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Abstract
Malaria has been a cause of human suffering and mortality in Sub- Saharan Africa, particularly

in Ethiopia. This study aimed to assess the spatial distribution of malaria risk using MCE (Multi-
Criteria Evaluation). To analyze and generate a spatial malaria risk level distribution map.
Factors that affect the spatial malaria hazard and risk distribution have been considered. As;
temperature, rainfall, elevation, slope, soil type, distance from the river, distance from health
facilities, population density, and land use land cover factors were selected to produce a malaria
risk map of the Hadiya Zone, SNNPR, and Ethiopia. GIS-based multi-criteria evaluation method
applied using weighted overlay analysis by considering three map layer factors (i.e. malaria
hazard map layer, an element at risk map layer, and vulnerability map layer), an optimum
malaria risk map is produced. The malaria risk map result shows that 36.2%, 10.68%, 27.1%, and
20.52% 5.5% of the study area fall under very high, high, moderate, low, and very low spatial
malaria risk levels respectively. The findings indicate that malaria is heavily influenced by major
environmental parameters and socio-economic factors and these factors play a vital role either
directly or indirectly in the occurrence of this vector-borne disease. In conclusion, 46.88%
(59871.10km2) of the study area has a high potential risk of malaria disease manifestation and
event. The result of this report indicates that there are high malaria-risk areas in the district. This
ascertains the communities living in those areas are prone to the disease. Therefore, there is an
urgent need to prevent and progressively reduce malaria disease distribution through policy
formulation and health care implementation in prioritized areas. This study is helpful as a
guideline for further research study in combating malaria distribution, particularly in developing

countries.

Keywords: Hadiya Zone; GIS; malaria; MCE; risk; weighted overlay
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CHAPTER ONE
1. INTRODUCTION

1.1 Background of the study

Malaria is one of the most severe public health problems and the leading cause of death in many
developing countries (Ahmed, 2014). Globally, there were an estimated 214 million new cases of
malaria and 438,000 deaths in 2015. Of this, 88% of the cases and 90% of the deaths occurred in
the African region. In 2016, there were an estimated 216 million cases and 445,000 deaths
attributable to the disease globally (Fekadu et al., 2018).

According to Manoharan et al., (2020) Plasmodium falciparum is the maximum general on the
African continent and is accountable for maximum deaths from malaria. Plasmodium vivax has a
much wider geographical distribution than Plasmodium falciparum due to the fact it may
increase through the Anopheles mosquito vector at decreased temperatures and might live to tell
the tale at better altitudes and in cooler climates and the distribution of the Plasmodium Vivax is
focused inside the horn of Africa which includes Ethiopia, Djibouti, Somalia, Sudan, and South
Sudan (WHO, 2015).

In most parts of Ethiopia, malaria is seasonal with the periodic transmission that outcomes inside
the outbreak of an epidemic (Belay et al., (2021). The transmission pattern and intensity vary
significantly, due to the massive range in altitude, rainfall, and population migration. In Ethiopia,
75% of the landscape areas below 2000m above the sea level are affected by malaria cases.
Elevations are considered to be areas with malaria hazards or functionality vicinity with malaria
hazards. These areas are home to approximately 68% of the Ethiopian population (Zewga,
2021).

According to Malaria Indicator Surveys (MIS 2007-2015) and Health Management Information
System (HMIS) reports (2016— 2020) cited in (Malaria Operational Plan FY,(2022) in Ethiopia,
malaria is especially seasonal and volatile with epidemic-inclined transmission styles in lots of
components of the country. Peak malaria transmission takes place between September and
December, after the primary wet season from June to August. Some regions additionally enjoy
today minor malaria transmission duration from April to June, following a quick wet season
from February to March. In 2007 and 2015; there has been a discount in malaria occurrence from
0.9 percent in 2007 to 0.5 percent in 2015. Malaria morbidity has proven substantial discount

1



as Well. The range of showed malaria instances reduced via way of means by 31 percent in
2016 and 2020. Based on the Health Management Information System (HMIS) reports (2016—
2020), malaria-associated admissions have additionally notably reduced over the equal duration. In
particular, the decline in 2019 has been the best with the simplest 15,307 admissions, down from
over 30,000 admissions in 2018. Similarly, mortality because of malaria has been reduced via way
of means by 58 percent, from 510 in 2016 to 212 in 2020. In 2020, Plasmodium vivax accounted

for 18 percent of malaria instances.

According to(Toh et al.,(2021)access to healthcare are vital in controlling the malaria burden and,
as a result, distance or travel time to health centers is mostly a great predictor in modeling malaria
prevalence. Adding new health centers may also reduce the average journey time to health centers
and can lower malaria transmission. To assist manual nearby choice makers asthey scale up
community-primarily based accessibility, we carry out a location-allocation analysis to locate the
most suitable places of recent health centers with the aid of using minimizing three district-
extensive targets separately: malaria prevalence, malaria prevalence, and common journey time to
health centers (Millar et al., 2018)

According to the Hadiya zone heath bureau, a higher prevalence of malaria was recorded in Soro,
Shashogo, and Misrak Badawacho woredas (Solomon et al., 2020). Investigating the occurrence of
malaria trends each year is important for expanding the prevention and control strategy as well as
for designing new policies for appropriate intervention that could assist in the elimination of

malaria in 2030.

Access to healthcare in the zone is ensured via public and personal health care systems. Currently,
there are 308 public health centers, inclusive of four hospitals, 60 health centers, and 244 health
posts, in the zone. A general of 1918 healthcare experts from various backgrounds serves the
facilities. These consist of 135 medical doctors, 95 health officers, 495 nurses, 96 midwives, 81
pharmacists, 218 laboratory specialists, 131 druggists, 629 health extension workers, 28
environmental fitness specialists, seven anesthesiologists, and 3 biomedical engineers (Yohannes et
al., 2022) Therefore combination of environmental variables and socio-economic characteristics
producing of hot spot malaria risk map through GIS based can investigate the major causes of
problem that occurs spatially and temporally also might help in the action of health utilities easier

to access along the host community.



1.2 Statement of the problem

Malaria is one of the most extreme and complicated public fitness troubles in the tropical and
sub-tropical components of the sector (Delil et al., 2016). Globally, approximately 1/2 of the
world population (3.3 billion people) had been susceptible to malaria contamination and around
300 to 500 million instances happened annually, main to about 1.24 million deaths every year
earlier than in 2010(Haileselassie et al., 2022).

Even today, convinced is that in some parts of the countries, the prevalence and incidence of
malaria are increasing with the ultimate cause of socio-economic obstacles. An estimated 2.4
billion people are at risk of infection and 3000 to 5000 million suffer in a short period from the
disease each year perhaps 90 percent of these occur in the tropic of Africa (WHO, 2012) Malaria
kills between 1.1 and 2.7 Million people per year off these deaths, approximately one million are
children in the tropic of Africa between the ages of 18 months and 5 years (Tinsaye, 2016).

In Ethiopia, the problem is specifically extreme and it is the important reason for infection and
loss of life mentioned, with 75% of the entire region being malarious and about 68% of the
Ethiopian population staying in those affected areas (Deress, 2019). Annually, approximately 4
to5 million Ethiopians are affected by malaria. Malaria transmission in Ethiopia is seasonal,
relying totally on altitude and rainfall, with a lag time that varies from some weeks earlier than
the beginning of the wet season to greater than a month after the give up of the wet season
(Schabenberger et al., 2005). From an agro-ecological perspective, the best malaria occurrence
was stated from an examination performed on blended areas of low lands andmidlands whilst the

least became from low lands (Gebre et al., 2020).

In the past decade, widespread scale-up and implementation of key malaria interventions, which
include insecticide-treated nets (ITNs), indoor residual spraying of families with insecticide
(IRS), and fast diagnostic tests (RDTs) of malaria coupled with activating and powerful case-
control with artemisinin-based combination therapy (ACT) ended in a great discount in the

superiority of the malarial in Ethiopia (Amare et al., 2022).

Ethiopia's health system has a three-tier structure, primary care level, secondary care level, and
tertiary care level. The primary care level is established on the district level and includes a
primary hospital with population coverage of 100,000 people, local health centers with 25, 000
people per health center, and rural health posts with 5000 people per health post. The secondary

3



And tertiary levels are comprised of general and specialized hospitals, and the coverage of each

extends to larger portions of the population (Alene & Yimer, 2020).

Analysis of data relevant to malaria from healthcare centers and health facility records provides
essential information needed to evaluate the national malaria control program and gives insight
into the changing malaria situation, which intern guides modification of the malaria control

program (Deressa, 2004).

Health insurance has been geographically heterogeneous and the health facility will be
constructed ideally in a terrain with a gentle slope and supplied with a road, water supply,
electricity-free from risky flooding land sliding...etc. as a result, we aimed to discover the
geographic variation of health insurance and related elements amongst women in Ethiopia
(Kebede et al., 2020).

In the study area, different researches were conducted concerning malaria, For example, research
conducted by (Delil et al., 2016). The magnitude of malaria and elements amongst febrile
instances in low transmission regions of the Hadiya Zone found that malaria continues to be the
main source of morbidity inside the study region amongst febrile illnesses. Poor degree of
knowledge, bad prevention practices, not the usage of mattress nets, journey history to endemic
regions, and dwelling close to stagnant water had been related elements to malaria positivity in
the study region. Identification of geographic distributions of health facilities and the impact of
risk factors on health facilities coverage by area is important to prioritize and design targeted
intervention programs to address universal health coverage through health insurance. In addition,
understanding the spatial variation of health insurance coverage is crucial to designing
community-based intervention in the identified hotspot areas (low health insurance coverage)
and using limited resources effectively, and also for proper mobilization, accumulation, and

allocation of money to cover the health needs of the people.

However, they didn’t remember the significance and application of GIS and remote sensing
technology in malaria hazard mapping and threat stage identification. As a result, inside the
study place, the threat degree of malaria based on environmental elements isn't always identified,
which can facilitate malaria prevention and control activities. To feel this gap, this study tried to
identify environmental elements facilitating conditions for mosquito breeding, anda malaria risk

map is generated, which will make malaria prevention and control exercise cost
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And time efficient. Thus, this study aimed to map malaria risk areas and health facilities
distribution in the Hadiya zone. The findings may insight stakeholders to revise malaria control

strategies in the study area
1.30bjectives

1.3.1General objective

The main aim of this study onto assess the health utility center distribution and malaria risk

mapping using GIS technologies in the in the Hadiya zone, Southeast, Ethiopia.

1.3.2Specific Objectives

In line with the general objective, the specific objectives of this study would include the following:

v' To assess and map the spatial -temporal distribution of malaria in the Hadiya zone

v To assess the relationship between environmental and socio-economic factors on the one
hand and the distribution of health utilities on the other hand.

v" To model and map malaria risk hotspot areas for better surveillance and decision-making

efforts in the fight against the disease;

1.4 Research questions

Basic questions that would be answered by this research work are:

1. Which parts of the study area have very high, high, and low malaria risk levels?

2. What are the main environmental and socio-economic factors facilitating mosquito

breeding conditions?

3. What is the current distribution of health facilities in the Study Area?
1.5 Significance of the study
This study is significant in identifying the malaria risk level of the study area by producing the
risk map and health facilities distribution. This would enable the Zone health offices (bureau) to
prioritize malaria prevention and control actions based on the risk level such as insecticide
house spraying, anti-malaria drugs distribution, and bed net distribution. In other words, the
findings from this study will make malaria preventionand controlling program time and cost-
efficient and will provide vital information tomake inputs to inform government policies

and strategies on the issue of the spatial distribution of public health facilities in Hadiya zone.



Again, it will provide the platform to review existing policies on the issue of spatial inequality in
the distribution ofhealth facilities and accessibility within the study Area. The campaign program
to control malaria made by the Regional and Federal governments makes time and cost-efficient.
Besides, it will help stakeholders that work in emergency response in this area as a guideline and an
input to other researchers who study a risk assessment with related objectives.

1.6 Scope of the study
Spatially this study is enclosed both in geographical area and issue of concern. Geographically, itis
delimited to the Hadiya zone, in SSNP Region. Regarding the area of concern, the main focus of
the study was to develop a geospatial technologies-based malaria risk mapping and health facilities
distribution in the Hadiya zone. Moreover, it is limited to a GIS-based malaria risk map integrating
both environmental and socio-economic factors.

1.7 Limitation of the study
The main constraint of the study included lack of satellite images taken at different seasons for some years
which can help to map seasonal variation of climatic variables in relation with malaria epidemics. There
was also lack of the necessary climate data (relative humidity).Lack of well documented monthly malaria
case data at zone as well as at Woreda level over extended years, and lack of a spatial population
distribution data of the study area were also encountered, which made analysis of risk map with malaria
case at zone levels difficult.

1.8 Ethical Considerations
The ethical principles of scientific research are declared in (States National Commission for the
Protection of Human Subjects of Biomedical & Research, 1974). These principles were shedding
light on issues like informed consent, beneficence, anonymity, and respect for the respondents.
Cognizant of this truth consent of the key informants will be obtained before the interview. They
have informed about the objectives and outcomes of the research quite adequately. Beyond the
ethics on human subjects, research ethics also considers acknowledgment of data generated by
others and appropriate citations of scholarly research outputs, books, websites, and any other
related documents to assure intellectual and scientific integrity. By recognizing this, all the
information taken from scholarly works of literature and data generated by other individuals or

organizations will be cited and acknowledged.



1.8. Definition of terms

Risk Map: the outcome model of potential disease risk level; based on spatial environment and

socio-economic data of the malaria infection in a specified tertiary area(Toh et al., 2021).

High malaria areas: May describe areas for a full year (endemic) or seasons (rainy seasons)

classifying all children with fever as “malaria” is considered acceptable(Carlos et al., 2019).
High-risk areas: all children with febrile diseases assumed to have malaria (Kaufmann etal., 2004).

Low malaria areas: No simple method for detecting malaria in low-risk area Low-risk areas:

only children with no other diagnoses should be considered to have malaria(Carrasco et al., 2020).
No risk areas: anti-malarias’ should not be used (WHO, 2014).

Risk: the Consequence of a specified hazardous event(saaty , 2001).

Hazard: a situation with a potential for harm(Shook , 1997).

Elements at Risk: Human population living in the geographical areas where locally acquired
malaria cases occur(Hu et al., 1998).

Vulnerability: is the exposure to a given element. Malaria: the area affected by malaria Risk(Al,
2012).

Assessment: Overall process of risk analysis in a given area(Ahmed, 2014).

GIS: a set of tools for collecting, storing, retrieving, transforming, and displaying spatial data
from the real world for a particular set of purposes(Amare et al., 2019).
1.9 Organization of the Paper

This study encompasses five chapters. The first chapter deals with background of the study, statement of
the problem, objectives of the study, significance, scope, limitation and organization of the paper. The
second chapter deals with review of different related literature about the concept, risk of malaria in the
world, in Africa as well as in Ethiopia and the importance use of Geographic information system and
remote sensing techniques to assess the risk of malaria. The third chapter discusses the methodology and
data used for the study both GIS-based and socio-economic characteristics. Chapter four comprises
analysis of the data and discussions. This includes analysis of data gathered from field through ground
survey, questionnaire, interview, observation as well as secondary sources. The final chapter constitutes
Summary of major findings and recommendations. Moreover, reference materials and additional

information were presented in appendix.



CHAPTER TWO

2. Literature review
2.1 Concepts of Malaria and Health Utility Distribution

2.1.1Malaria parasite
According to Minwuyelet et al.,(2020) Malaria stays critical worldwide health trouble in phrases
of morbidity and mortality, ensuing in great medical, financial and social impacts. It is resulting
from the genus Plasmodium and is transmitted with the aid of using female anopheles

mosquitoes.

The World Health Organization (WHO) World Malaria Report 2021 estimates that there had
been 241 million malaria instances, consisting of 627,000 deaths, global in 2020, which
represents around 14 million greater cases, and 69,000 extra deaths, than in 2019. Approximately
two-thirds of those extra deaths had been related to disruptions in the provision of malaria
prevention, analysis, and remedy at some stage in the COVID-19 pandemic. Sub-Saharan Africa
maintains to hold the heaviest malaria burden, accounting for approximately 95% of all cases
and 96% of all deaths in 2020, with around 80% of deaths in the area amongst kids below 5
years old. Since 2015, the baseline date for the WHO’s worldwide malaria strategy, registered
will increase in malaria deaths had been stated in 24 nations. In the 11 nations that convey the
best burden of malaria global, cases extended from 150 million in 2015 to 163 million cases in
2020, and malaria deaths extended from 390,000 to 444,600 over that same period (WHO, 2021).

Four species of parasites affect humans, however, of them, Plasmodium falciparum and P. vivax
account for greater than 95% of cases. Falciparum is the maximum risk of the pair, degrees at
some stage in the deep tropics from Africa to Asia and South America. P. vivax, which could
broaden in mosquitoes at cooler temperatures, has a much wider range, extending past the
fringes of P. falciparum distribution and regularly coexisting with P. falciparum in lots of areas
(Mestewat, 2014).

2.1.2 Global distribution of malaria

Malaria is vector-borne environmental contamination due to plasmodium genus protozoan
parasites and unfolds through the Anopheles species bite of female mosquitoes (Ahmed, 2014). It
is commonly placed in the hotter places of the earth, i.e. the tropical and sub-tropical worldwide
places. It is one of the main public health problems affecting the worldwide populace as an entire
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Around half of the world’s over hundred million instances of malaria rise up each year
(Manoharan et al., 2020).

According to Bisrat, (2017).the worldwide number of malaria instances in 2008 has been a
predicted 243 million. The massive majority of instances 85% were an interior issue the African
Region observed via way of manner of the South-East Asia 10% and Eastern Mediterranean
Regions 4%. And it accounted for a predicted 863,000 deaths, of which 85% were an interior
issue in the African Region, observed through manner of way of the Eastern Mediterranean 6%
and the South-East Asia Regions 5%. At the global level malaria has been recorded from 64°
North range to 32° South range and in altitude ranges of 400m below sea level as an exceptional
deal as 2,800m.a.s.l. But inner those limits of altitude and range, there are large regions freed
from malaria (Gilles and Warrell, 1993). Therefore, malaria transmission is primarily based

totally upon via way of manner of nearby environmental aspects.

M Maolaria transmission
ocours throughout

B Malaria transimission
ocours In somae parts

| | Malaria transmission
is not known to occur

Figure 1 Global distribution of malaria transmission
Source: WHO, 2021

2.1.3 Malaria Distribution in Africa

Malaria is an extreme vector-borne disease affecting an additional percent of the world’s
population. Sub-Saharan Africa consists of a disproportionately immoderate percent of the global
malaria burden. In 2015, the region has become home to 90% of malaria times and 92% of

malaria deaths (Tegegne et al., 2021).

Malaria is a severe health problem in some developing countries, affecting 300—500 million people

annually, and the illness is a major cause of human mortality in sub-Saharan Africa.



Malaria is increasing at an alarming rate in developing countries, wherein the transmission
charges are better. Africa money owed for more than 90% of the burden, wherein over 80% of
malaria deaths occur. A predicted 1,000,000 people in Africa die from malaria, every year
(Ababa, 2015).

Plasmodium falciparum is maximum widespread in the African continent and is accountable for
maximum deaths from malaria. Plasmodium vivax has a much broader geographical distribution
than Plasmodium falciparum due to the fact it could increase through the Anopheles mosquito
vector at decreased temperatures and may live to tell the tale at better altitudes and in cooler
climates (World Health Organization, 2015). The distribution of the Plasmodium Vivax is
focused inside the horn of Africa such as Ethiopia, Djibouti, Somalia, Sudan, and South Sudan
(Gebre et al., 2020).

2.1.4 Distribution of malaria in Ethiopia

Ethiopia, one of the sub-Saharan countries in Africa is the victim of the malaria epidemic and it’s
some distance reaching terrible impacts. Malaria is one of the major health issues in Ethiopia in
which its times are one of the most and its miles growing at an alarming rate. In Ethiopia,
malaria affects around 4 to 5 million people every year sooner or later of the country, with
morbidity and fatality expenses of 13 to 35% and 15 to 17%, respectively (Ministry of Health,
2004). Of the 4 species that infect people, Plasmodium falciparum and Plasmodium vivax are the
two most dominant malaria parasites in Ethiopia. They are regular in all malaria areas within the
country (typically beneath 2000 meters above sea level) with Falciparum representing about 65-
75% of the total cited malaria times, relative frequency numerous in time and place internal a
given geographical ranges. About 75% of the land and 60% of the population is exposed to
malaria in Ethiopia (Wondim et al., 2017).
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Figure 2 Distribution of malaria in Ethiopia

Source; - Ethiopian malaria operational plan FY 2018
Varying topographical and climatic features make contributions to the seasonal and risky malaria
transmission pattern in Ethiopia that is commonly characterized via common focal, cyclic, and
great epidemics. In general, the peak of malaria occurrence follows the precept rainfall season in
July, August, and September each year. Previous cross-sectional studies of malaria occurrence in
Ethiopia have demonstrated the great range (2.8 to 39.6%) of malaria occurrence (Delil et al.,
2016)

2.2 Attributing factors to the prevalence of malaria
2.2.1Environmental factors

2.2.1.1Temperature

Hotness and coldness changeability influences the improvement and development of the cycle
system. In cold temperatures the larvae increase very slowly and in lots of instances they will be
eaten by predators and might by no means stay to transmit the disease. Once larvae emerge to
grow to be adults, the price at which they feed on man depends upon the ambient temperature. At
17°C the female mosquitoes feed on human beings every 4 days even at 25°C they take blood
food from human beings each day. The incidences of malaria can be better in regions with

excessive temperatures mainly in the variety of 18°C to 32°C, with excessive relative humidity
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(Above 60%) rainfall and dense plants offering conducive situations that favor the survival of the
vector and improvement of the parasites (Githeko, 2009). However, the amount to which several
environmental and climatic factors can also have contributed to extra appropriate charges of
malaria transmission spherical the one's web-websites remains poorly understood. Climatic
variables which incorporate precipitation and air temperature are important determinants of the
spatial distribution and relative abundance of malaria vector species in Africa (Solomon et al.,
2020)

2.2.1.2Rainfall

It plays an important role in malaria epidemiology because water not only provides the medium
for the aquatic stages of the mosquito’s life but also increases the relative humidity and thereby
the longevity of the adult mosquitoes Rainfall increases the reproduction habitats for mosquitoes
leading to increased population sizes and the rate of malaria transmission (Paaijmans et al.,
2010). Therefore, breeding increases dramatically in the rainy season when water collects in
stagnant bodies and these provide ample breeding ground through wells, ponds, water tanks,
paddy fields,etc., which act as breeding grounds(Sivani, 2010).

2.2.1.3 Surface Water

The frequency, duration, and intensity of precipitation contribute to the formation of suitable
water habitats for mosquito breeding. Although water swimming pools need to persist for a
prolonged enough time for mosquito development, heavy precipitation has been associated with

immature mortality (Castro, 2017).

2.2.1.4Altitude

In Ethiopia, malaria often happens in regions under 2000 meters in elevation and the
transmission may be very severe in regions under 1500 meters in elevation (Afrane et al., 2011).
The occurrence of malaria parasites in human beings varies with altitude. People in low lands
have a notably better occurrence of malaria than the ones in the center and highlands. Even
though altitude has a great in figuring out the distribution of malaria and its seasonal effect on
many components of the World different elements can affect the prevalence of malaria which

create conducive breeding web website online for mosquitoes (Bisrat, 2017).

12



2.2.1.5 Proximity to rivers
One of the important parameters that someday play an important characteristic in boom malaria
parasites and malaria illness is the distance to the river. The closeness of the populated vicinity to
drainage systems is an important parameter for malaria vector breeding delivered in malaria
risky areas (Bisrat, 2017).

2.2.2 Socio-economic factors

2.2.2.1Agriculture and irrigation

According to Agisho et al.,(2014), agriculture is one of the dominant and number one economic
activities in the Hadiya zone. From the whole land cover cultivated land is used for developing
unique vegetation, grazing land, bush and woodland, used for non-agricultural activities,

cultivable and not cultivable land. It consisted of planting vegetation and preserving animals.

2.2.2.2 Location of housing and livelihood system

Peoples who live in rural areas appear to experience higher rates of transmission. Rural locations
can be associated with increased malaria risk for both epidemiological and socioeconomic
reasons. Certain types of housing may influence malaria transmission. Greater exposure to the
outdoors (lack of windows or screens, for example), may increase contact between an individual
and the mosquito vector. Similarly, the presences of particular structural features that limit

contact with the mosquito vector are likely to reduce infection (Woldesemayat, 2015).

2.2.2.3 Land use /land cover

Land cover has been associated with malaria transmission because it provides a suitable
environment for mosquito breeding. According to the type and distribution of vegetation,
grassland and pasture can influence mosquito populations. The presence of these creates
microclimatic conditions which are moderate temperature and humidity; it is suitable for

mosquitoes (Mestewat, 2014).

2.2.2.4 Population density
A higher population living in space often leads to an increase in malaria transmission because of
poor housing and sanitation, lack of proper drainage of surface water, and use of unprotected

water reservoirs that increase human-vector contact and vector breeding (Agisho et al., 2014).
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2.2.2.5 Health center facilities
The existence of health institutions in a particular area is very important for the reduction of
disease, awareness creation about different diseases and their means of prevention, easily
convenience and distant health institutions result in difficulties inaccessibility and high cost of
treatment. Therefore, people who are near health institutions are safer relative to those who are at
farther places and takes lower risk level (MOH, 2008).

Ethiopia's health system has a three-tier structure, primary care level, secondary care level, and
tertiary care level. The primary care level is established on the district level and includes a
primary hospital with population coverage of 100,000 people, local health centers with 25, 000
people per health center, and rural health posts with 5000 people per health post. The secondary
and tertiary levels are comprised of general and specialized hospitals, and the coverage of each

extends to larger portions of the population(Abdo et al., 2021).

Identification of geographic distributions of health insurance and the impact of risk factors on
health insurance coverage by area is important to prioritize and design targeted intervention
programs to address universal health coverage through health insurance. In addition,
understanding the spatial variation of health insurance coverage is crucial to designing
community-based intervention in the identified hotspot areas (low health insurance coverage) to
use limited resources effectively and also for proper mobilization, accumulation, and allocation

of money to cover the health needs of the people(Kebede et al., 2020).

2.2.3Malaria incidence and controlling framework
Modeling of conceptual framework readers can understand easily its direction, workflow, and
points to be incorporated along with the entire study structure. In this study conceptual
framework includes five parts, thus environmental variables, Anopheles cycle, parasite cycle,
socio-economic characteristics, and malaria control(Abdo et al., 2021).

2.2.4 Environmental factors
Separated into subgroups are, climatic factors (temperature, humidity, and rainfall), topographic
factors (slope and altitude), and ecological factors (wetland, soil drainage, and hydrology) while,
ecological factors are subjective to human activities may vary the malaria risk in a given area
(Kenneth, 2016).
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2.2.4.1Anopheles cycle
A favorable breeding site for mosquito increases the population on its life cycle and leads to a
high mortality rate that reduces its population in a given place Spread by successively infected
between two hosts called female Anopheles mosquito and all peoples are vulnerable to malaria
may depend on socio-economic factors among the population livelihood system (Kleinschmidt et
al., 2015).

2.2.4.2Malaria control

All measures are taken to prevent malaria transmissions. Possible measurement may scientifically
diagnose treatment or transmission prevention as an artificial method. Since the conceptual
framework is broadly categorized into five groups, this study focuses on the interactions of
environmental variables and demographic and socio-economic characteristics used in the
production of the risk map in the Hadiya zone(Kebede et al., 2020).
2.3Health utility Distribution Standards in Different Parts of the World

2.3.1Concept of Health Utilities
Health utility is a number that describes the health state or outcome of a patient, ranging from zero
(representing death) to one (representing full health). Since the range of values permits a consistent
analysis of the value of health states for cost— effectiveness purposes, health utility values are widely used
in conducting economic analyses to determine how to better allocate healthcare resources and assist policy-

and decision-making processes(Payakachat et al., 2009)

A health facility is, in general, any location where healthcare is provided and Health facilities range
from small clinics and doctor's offices to urgent care centers and large hospitals with elaborate
emergency rooms and trauma centers(Ahmadi-Javid et al.,2017). The number and quality of
health facilities in acountry or region is one common measure of that area's prosperity
and quality of life. In many countries, health facilities are regulated to some extent by law;
licensing by a regulatory agency is often required before a facility may open for business, and
Health facilities may be owned and operated by for-profit businesses, non-profit organizations,
governments, and in some cases by individuals, with proportions varying by country(Bogale,
2015).
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Despite growing consensus to combat inequalities in inaccessibility to health care around the
world, large disparities in health care accessibility remains a problem in countries with an ongoing
rural-to-urban transition. According to the “Tracking Universal Health Coverage: 2017 Global
Monitoring Report,” half of the worldwide population lacks essential health services (Carrasco-
Escobar et al., 2020). To overcome the disadvantage of marginalized populations, the international
community through the United Nations (UN) has stated 17 Sustainable Development Goals (SDG)
that are being targeted by 2030 (Johnston, 2016). From these goals the interface between goal 3—
“Good health and well-being” and goal 10— “Reduced inequalities” plays an important role to

foster and coupling endeavors toward ensured access to health care services(Gintamo et al., 2020).

Health care access focuses on multiple domains such as the provision of health care facilities,
supply chain, quality and effective services, human resources, and on the demand side, health-
seeking behaviors (Ahmadi-Javid et al., 2017). All these characteristics point to the ability of a
population to receive appropriate, affordable, and quality medical care when needed (Manrique et
al., 2017). Following Tudor’s inverse health care law the most common factors that prevent access

to health care in rural (Carlos et al., 2019).

2.3.2Health Utility Distribution Standards in Africa
The African continent is facing a health crisis occasioned by very low funding for health services
and deterioration of health service infrastructure (Bogale, 2015). Weak infrastructure and limited
distribution systems in low-income countries complicate access to health services, especially in
rural areas. Government health outlets may be relatively few and widely dispersed and private-
sector sources often favor wealthier urban areas, resulting in uneven service availability within a
country. In the absence of solid health infrastructure, strengthening primary health care and
innovative community-based health service delivery systems help provide more equitable access to

health services (Carrasco-Escobar et al., 2020).

Several studies in developing countries report that geographical accessibility is the main factor that
prevents the use of primary health care access (Johnston, 2016) and not only conditions the ability
of the population for health-seeking but also the capacity of the health system to implement
prevention and control strategies with adequate coverage. However, fewer studies have explored
the heterogeneity in geographical accessibility across areas with contrasting land coverage

(Ahmadi-Javid et al., 2017). i.e., the marked variation in the topography and environment
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conditions overlapped with different transport facilities between rural and urban areas that may
influence the geographical accessibility across these areas. The geographical accessibility to health
services and health care facilities (HCF) has a direct impact on health outcomes since it determines
the timeliness of the response to patients that seek care, community-based campaigns (i.e.,
vaccination, iron supplements to combat anemia, etc.), or the delivery of the first response to
accidents or natural disasters(Bogale, 2015).

2.3.3Health utility center distribution in Ethiopia
The Ethiopian healthcare delivery system has three tiers consisting of primary healthcare level
(primary hospital, health center, and health posts), secondary level healthcare (general hospitals),
and tertiary level (spatialized hospitals)(Alene & Yimer, 2020).A10km distance or two hours walk
to a health facility from residential locations is used to measure the physical access to health
facilities. Equally, geographic distribution in terms of health service coverage is measuredby taking
functional health facilities to the total population ratio in a given year (Abdo et al., 2021).There is
limited evidence from Ethiopia on the geographic distribution of and physical accessibility to the
health facilities that offer malaria services. Expectedly the number of hospitals varies from region
to region in response, partly, to differences in population sizes (Brhane & Kassahun, 2021).
Despite its spatial coverage, the highest number of hospitals is located in Oromia regional state.
But this figure does not indicate the adequacy of hospitals since the region is large in terms of area
and a high proportion of the national population. The second and third population regions, Amhara
and SNN, have the largestdistribution of hospitals next to the Oromia regional state. This figure
simply shows us the spatial distribution of hospitals over the region but not hospitals its adequacy
of accessibility to the total ratio of the population.
Health Post means basic public health services unit at the local level.
Health center shall mean a health facility at primary level of the healthcare system which provides
promotive, preventive, curative and rehabilitative outpatient care including basic laboratory and pharmacy
services with the capacity of 10 beds for emergency and delivery services
Hospital is a health care institution providing patient treatment with specialized health science and

auxiliary healthcare staff and medical equipment
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Ethiopia health system has three-tier structure, primary care level, secondary care level and
tertiary care level. The primary care level is established on the district level and includes a
primary hospital with population coverage of 100,000 people, local health centers with 25, 000
people per health center and rural health posts with 5000 people per health post. The secondary
and tertiary levels are comprised of general and specialized hospitals, and the coverage of each
extends to larger portions of the population(Kebede et al., 2020).

The health service system of Ethiopia is federally decentralized along eleven administrative
regions with a total health infrastructure of 14000 health facilities. From this number 195
hospitals, 1375 health centers, 12,488 health posts, 1662 health stations and 2853 are private
clinics, and the remaining are owned by others such as NGO and traditional method. The
differentiations of various services level is made by population size(Azage etal., 2020).
2.4 GIS and Remote sensing technology application in malaria risk mappingresearch
and control
2.4.1GIS Application
On a smaller scale, GIS has several applications to the study of mosquito biology and ecology. In
many cases, GIS is the best or the only available method to answer questions regarding mosquito
ecology(Lee et al., 1999), as a function of distance from known breeding sites studies of risk are
one common application of GIS. This is particularly useful in areas with a small number of
discrete breeding sites around urban or highland areas where mosquitoes exhibit strong spatial
patterns over short distances. Below, were view some of the applications of GIS technology to

the study of malaria risk mapping, with an emphasis on the vectors(Mestewat, 2014).

I). Mapping and geoprocessing; many maps of global malaria risk distribution in space and
time have been prepared using GIS and Remote sensing. Mapping the global distribution of
malaria risk is motivated by a need to define the population at a malaria risk to combat the
disease (Stoffel etal.2001).Defined the global extent of the clinical episodes caused by
plasmodium falciparum Worldwide by combining epidemiological, geographical, and
demographic data. Hay et al (2002) used GIS to overlay historical maps of malaria risk to create
a single global distribution map of malaria risk which illustrated the range changing from 1900
to 2002, and overlaying of contemporaneous population surfaces helped quantity changes in the

numbers of people living in areas of malaria risk
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I1). Distance Calculation; measuring distance is one of the fundamental functionalities of the
GIS Euclidean/straight line or linear distance function measures the distance from one point to
another. (Nissen et al., (2017) tried to associate malaria incidence and distance from settlement to
breeding sites which has been documented in different parts of the world where different vectors
play role in malaria transmission. This parameter will be quantified and suggest the use of a
distance of 2000m as a cut-off point for developing a risk map of malaria. The concept of
distance as a primary influence on malaria-related hospital admissions, prevalence, and mortality
has been well established by various studies that have been done showing that the greater
distance from the health facility is one of the significant risk factors for higher prevalence of
plasmodium falciparum and anemia among children (WHO, 2011).

According to Schellenberg et al., (1999).investigated in the rate of patients with severe malaria

was strongly associated with the distance from the health center and the distant road.

I11). Digital Elevation Model (DEM); can be represented as a raster (a grid of squares) or as a
vector triangular irregular network (TIN). DEM is used to calculate derivate such as slope,
aspect, and wetness index which have been applied in many studies relating malaria to
topography. The slope is a measurement of how steep, gentle/plain the ground surface is terrain
orientation which is derived from slope and wetness index is considered an approximate measure
of predicted water accumulation provides a meaningful description of how topography may
affect malaria risk via suitability for potential mosquito breeding.

1V). Buffer zone analysis; Buffering (proximity), the function of the most commonly defined
neighborhood involves the ability to create distance buffers around the selected features. The
buffer zone has been used to identify disease risk areas where control activities need to be
strengthened. According to (WHO, 2012),World Malaria Report, the qualification of a risk area's
size or distance helps in qualification and selecting control activities of a risk area. In Natroun
lakes in Egypt, GIS was used to create a 2 km buffer zone around breeding habitats to delineate

risk areas for mosquito nuisance and disease transmission.

2.4.2 Remote Sensing and LULC and/or Change
RS, an earth-observing instrument on satellite platforms, provides information on landscape

features and climatic factors and can be used to associate these factors with the risk of vector-

borne diseases ((Rujoiu-Mare & Mihai, 2016). Ever since the launch of the first remote sensing
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satellite (Landsat-1) in 1972, land use land cover studies were carried out on different scales for
different users. For instance, wasteland mapping of India was carried out on 1:1 million scales by
NRSA using 1980 — 82 Landsat multispectral scanner data (Tinsaye, 2016).

The malaria risk factor, the influence of LULC such as bare land and dry vegetation; rain-fed
farmland and water body; forest and bushland, and irrigated farmland show risk levels of low,
medium, high, and very high, respectively (Dambach et al., 2009).A study in the Amazon region
has revealed that almost half the malaria-risk is estimated to occur among people living in
forested areas (Carlos et al., 2019). Another study conducted in Cameroon showed that
agricultural water resource development; deforestation, wetland, and land-use changes for
agricultural purposes were all expanding habitats for malaria transmission mosquitoes (Levins
etal.,(2007).

20



Malaria Risk conceptual framework

1. Environmental

Topographic Ecological Climatic
-Elevation -vegetation cover ~Temperature
-slope -river -Rainfall
p— -swamps &soil
4. Demographic 2. Anophles cycle bite
andsocio-economic ,l,

characteristics -
-Age,sex,Household Breedmg 3.parasite cycle
number,house,units,
animal,health
distance...etc — ( >

Mortality Prevalence = Cured
Control E

Malaria

Resource
allocation / 5.Malaria Control . Treatmen

~

Artificial Prevalence
-ITNS -Environmental T':eélrtl:nint
-IRS management g

L_Coping Capacity

Figure 3 conceptual frame works

21



CHAPTER THREE
3Methods and Materials
3.1 Description of the Study area
3.1.1Location

Hadiya zone is located and bordered on the south by Kembata Tembaro, on the southwest by the Dawro
Zone, on the west by the Omo River which separates it from Oromia Region andthe Yem Special
Woreda, on the north by Gurage, on the northeast by Site, and on the east bythe Alaba special Woreda;
the woredas of Mirab Badawacho and Misraq Badawacho form an exclave separated from the rest of the
zone by Kembata Tembaro(Abdo et al., 2021). The administrative center of Hadiya- is Hossana. The
absolute location of the Hadiya zone is between 6° 50°-8° 0°N and 37° 10°-38° 40’E. The total population is
1,688,820 million and this zone has a population density of 366per-hectare (Abdo et al., 2021). Hossana is
its capital city and 232 km away from Addis Ababa, thecapital of Ethiopia and it is also 200km away from
the capital of the SNNPR (Agisho et al., 2014).
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Figure 4 Locational map of the study area
Source: CSA, 2007
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3.1.2 Climate and Topography
3.1.2.1 Temperature

Based on the simplified agro-climatic classification of Ethiopia, Hadiya Zone lies in three agro-climatic
zones having a total area of 346958.5 ha. The highlands are temperate and cold climate, ranges from 2500-
3200 m.a.s.I midland warm areas, ranges from 1500 to 2500 m.a.s.| and lowland are hot and arid ranges
from 500 to 1500 m.a.s.| each comprising 23.7%, 64.7% and 11.6% of the land area, respectively(Nurebo,
2017)The mean annual temperature of the study area ranges between 15.1-20 °C and the elevation ranges
from 1501-2500masl(Agisho et al., 2014)

Monthly Temperature (1991 2021)
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Figure 5 Mean monthly Temperature of Hadiya zone (1991-2021)
Source: National meteorological agency, 2022

3.1.2.2 Rainfall
The annual rainfall ranges from 801 to 1400mm/year. Generally, in the Hadiya zone rainy (winter) season

falls from June to September and spring starts from September to November belongs to the wet season.
Summer is from December to February and an autumn start from March to May months belongs to the dry
season. The plain topography combined with the availability of optimum climatic and fertile soil conditions

makes the zone suitable for mixed crop-livestock production (Salo et al., 2017).
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Figure 6 Mean monthly rainfall of Hadiya zone (1991-2021)
Source: National meteorological agency, 2022

3.1.3 Soil and Hydrology
According to the FAO association framework, the maximum principal soil types in the zone are xerosols,
cambisols, luvisols, nitisols, fluvisols, and leptosols,(FAO, 2012). The Zone has some Stream, rivers,
channelized rivers, for example, Bilate, Guder, and Warra, etc. Lakes (Lake Boyo found in shashogo
woreda, Budamed, Mechefar, and Tiillo’o Badawacho) are found in the study area(Tinsaye, 2016).

3.1.4 Socio-economic activities
The livelihood of the community in the district depends mainly on mixed farming (crop and livestock
production). The majority of rural households are engaged in subsistence agriculture taking place on small
and fragmented plots through the employment of oxen and traditional farm implements and sharing their
living quarters with their domestic animals. Dominantly growing crops in the study area include wheat,
teff, sorghum, bean, pea, barley, maize, potato, and Enest. None of these crops could be grown without
chemical fertilizer application since natural fertilizer of the soil is insufficient, except enset. Enset is the
staple food in the area and is usually grown for consumption and sale. Fruits such as avocado, banana,
papaya, and coffee are also cultivated for household consumption and to some extent for income
generation (HZAD, 2019).

3.1.5 Demographics
Based on the census conducted by the CSA, this zone has a total population of 1,638,721.876, of whom

814,606.606 are men and 824,115.27 are women, with an area of 3,593.31 square kilometers. Hadiya has a
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population density of 342.64, and 134,041 or 10.89% are urban inhabitants, with further 157 individuals
being pastoralists. A total of 231,846 households were counted in this zone, which results in an average of
5.31 households and 223,403 housing units. The four largest ethnic groups reported in Hadiya were Hadiya
(90.04%), Kembata (1.96%), Gurage (1.53%), and Amhara (1.32%), with all other ethnic groups making
up 5.15% of the population. Hadiyisa is spoken as a first language by 90.94%, 2.24% spoke Amharic, and
1.94% spoke Kembata. The remaining 4.88% spoke all other primary languages reported. 75.35% of the
populations were Protestants, 11.13% were Muslims, 8.45% practiced Ethiopian Orthodox Christianity,
and 4.31% were Catholic (CSA, 2019).
3.1.6 Land use land cover

The study area has a long history of land use with high erosion damage, especially on increasing slopes. As
the remnants of the trees indicate, the area was once covered by dense indigenous forests. However, the
vegetation cover has been partly removed for cultivation and replaced by some exotic species such as
eucalyptus trees. Between 1974 and 1991, forest coverage declined to 32%, and rapidly dropped to 15%
between 1991 and 2008. The major reason for this rapid decline of forest coverage was extensive
deforestation due to population growth and expansion of cultivation land. Thus, like other parts of the
country, the natural vegetation of the area has been influenced by human activities. Grassland and
bushland, like forest land, are also overgrazed and gradually changed into farmland. Due to the shortage of
grazing fields, farmers own small numbers of animals, resulting in accelerated soil erosion and fertility
decline becoming the main problem of the area once the forest cover was lost (Mitku, 2019). The study
was conducted through frequent field visits to identify some of the LULC classes and discussions with
farmers, and by consulting secondary data, to gain a clear understanding of the main categories of LULC,
as well as to find out what types of changes were expected over time. Hence, five land use/cover types,
settlement, grassland, agricultural land, forest, water body, and bare land (Table 1), were identified and

mapped based on the researcher's experience in the study area.
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Table 1Land use land cover classes after some modifications

NO LU/LC Classes LU/LC Classification
1. Forest land (both natural | Area covered with shrubs forming closed canopies and trees
and plantation) including Asst (Erica arborea) and others, which are relatively tall

and dense trees, include scattered remnant Juniperus procera,
Ficusvasta, and Ficus sur. Besides, plantations both indigenous and
mainly exotic (Eucalyptus globulus and Cupressus lusitanica) trees

that are planted in hillsides, mountains, and degraded areas.

2. Bare land Land features with no vegetation cover; highly degraded areas with

very little grass cover or bare rocks, and giving no or little services.

3. Farm Land Avreas allotted to extended rain fed crop production, mostly oil seed,

cereals and pulses are managed

4. Settlement Land, which is mainly covered by bare soil and rock out crops and

land covered by structures, which included towns and rural villages.

5. Water body Lakes, rivers and streams.

3.2 Research design

This study was based on a partially mixed sequential dominant status-quantitative and technical research
design, as indicated in Powell et al. (2008). Quantitative and qualitative phases occurred one after the
other, with the quantitative phase having higher priority and mixing occurring at the data interpretation
stage. The quantitative phase of research was related to the identification and spatial assessment of the
malaria risk factor, and the qualitative data obtained from expert interviews and FGDs was used to verify

and validate the analysis results.

3.2.1 Materials and soft wares

By running different software and using materials output of this study was produced. Such ERDAS
IMAGINE 2015 was used for the classification of land sat image; ArcMap 10.3 would use for the
production of factor maps, Garmin GPS for collection of ground control points to prepare accuracy
assessment for distance to swamps, health stations that digitized from topographic map. Besides IDRISI

v.17 software was used for MCE weighted overlay processing.
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3.2.2 Data type and source

Both primary and secondary data were used for the malaria risk mapping of the study area. Data obtained
from field surveys such as GPS points, field observations of land use and land cover, and data of socio-
economic factors, key informant interviews, and focus group discussions were primary sources of data.
Climatic data (rainfall and temperature) was collected from the National Meteorological Agency over a 30-
year period with seven-station neighboring zones including the study area. Satellite imagery from Landsat
8 (OLI) and a digital elevation model with 30 m spatial resolution data were downloaded from the USGS
American free web. The health facility's distribution data was obtained from the Hadiya Zone Health
Office (Bureau) and local non-governmental organizations that provide health services to the communities

were considered secondary data.

Table 2 Sources and types of data

NO | Types of data Source of data

1. | Satellite image and Topographic Map | USGS(ASTER)Ethiopian Mapping Agency (EMA)
2 Digital Elevation Model USGS (SRTM) National

3 Rainfall and temperature data National Meteorological Agency (1:50000)

4 Study area boundary shape file Central Statistical Agency

5 Ground control points Field survey and Google Earth

6 Soil map Ministry of Agriculture (FAO,2012)

3.2.3 Sample Size and Sampling Procedure

The objective of this study was to rely on both environmental and socio-economic factors, thereby
integrating both factors to accurately identify hotspot malaria risk areas. Hadiya zone was purposively
selected due to its high temperature and its suitability for mosquito breeding compared to other zones. The
study area was affected by floods and water loading and, due to its weak road network with other zones
and its remote location, prioritization was made. The researcher purposively focused on three out of ten
Woreda with the highest population size that described their homogenous characteristics and cross-checked
with environmental factors to determine which areas were most affected. This selection method helped to
identify multiple activities in the study area, such as population in its socio-cultural, demographic, and
geographical diversity. Accordingly, 15 key informants and 3 focus group discussions were purposely
selected to collect data about causes of malaria risk and health utilities related problems in the study area.
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3.2.4 Data collection method

To perform the research on Health facilities distribution and Malaria risk mapping in the study area, the
researcher used different tools to collect and analyze spatial and non-spatial data.

Key Informant Interview: Key informants' interviews were also carried out to capture more first-hand
qualitative socio-economic and accessibility of health facilities distribution data for the study. The semi-
Structured interview type was used in this study as the main method of gathering data from the subjects
under investigation. Key informants interviews were conducted with different individuals head managers
and employees at Hadiya Zone Health Head Office. Each interview was carried out by the researcher to
make further investigations based on the information received from the respondents, and all the above-
mentioned sources of data have been consulted to check and cross-check the validity of the data collected.
In selecting key official informant samples for an interview the researcher considered Time, Accessibility,
and Opportunity to gather detailed information as criteria to collect information on the health facility's
distributions in the study area.

Focus Group Discussion (FGD): Three focus group discussions were carried out with representatives
from different economic statuses (well-off and indigent), religions, gender, age group (youth, adult, and
elderly), and community-based organizations. This technique used to extract information in a participatory
manner so that the perceptions and views of the community were captured and interpreted. Suitable
conditions were set for the discussants so that they would be able to describe the issues under investigation
precisely in their language, Hadiyyisa. The participants were respectfully requested for their time.

3.2.5 Method of Data analysis

3.2.5.1 Environmental malaria risk factors

The main objective of this project work is to produce malaria risk zone map of Hadiya zone based on
environmental factors responsible for malaria incidence. These environmental factors were selected based
on Shook model (1997) and depending on previous research works. Including the study area Quilito, Sodo,
Wolkite, Worabe, Durame, Saja and Hossana were the meteorological station for temperature and rainfall
data used. From six neighboring stations the nearest station is Quilito, 50km and the farthest Saja about 200

km boundary of study area so that station was not used for interpolation.
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Figure 7 Map of meteorology stations surrounding the study area

Source: National Meteorological Agency, 1991 2021 and field survey

3.2.5.1. Temperature

Temperature related risk map were derived a data available from 30 years mean monthly maximum and
mean monthly minimum temperature data from seven stations were examined. After computing mean
annual temperature that produced a single value each stations. Then spatial temperature data of Hadiya
zone were interpolated in ArcGIS environment Spatial Analysis Tool by Inverse Distance Weight (IDW)
method. The temperature map was reclassified by spatial analyst stools in ArcGIS. According to Bisrat,
(2017) The Study area was reclassified in to three classes based on its suitability to mosquito breeding.
New values 3, 4 and 5 were assigned to temperature class 23.3-26.5.C, 26.6 and 29.3.C, respectively. Then,
the classes were labeled as moderate, high and very high malaria risk level respectively. Thus, the
majority of the study area has temperature value between 18° -23°%, which indicates the area have

conducive temperature for malaria breeding (Patz et al., 2008)
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Figure 8 Temperature interpolated data map
Source: National Meteorological Agency, 1991-2021 and field survey
3.2.5.2 Rainfall
Rainfall, irrigation canals, rivers, swamps and other water bodies plays significant role in creating
favorable ground for mosquito breeding. Thus, the area with high source of water is more comfortable for
malaria breeding. Even though, an increase in temperature and rainfall increases mosquito breeding, it
should be known that this is up to some maximum limit beyond which the relationship could be reversed.
High rainfall may destroy mosquito larvae from its stable habitat or interrupt the process of breeding (Reid,
2000). Mean annual rainfall data of study area were interpolated from six metrological stations in ArcGIS
environment Spatial Analysis Tool using Inverse Distance Weight (IDW) technique Continuous surface
was created become the range between 801 to 1400annually.
According to Getaneh, (2016)The rainfall map was then reclassified to three classes based on its suitability
to mosquito breeding. New values 3, 4 and 5 were assigned to rainfall class 145-176mm, 176-207mm and
207-237mm, respectively. Then the classes were marked as moderate, high and very high malaria risk
level, respectively. Generally, when Temperature increase, the period of the saprogenic cycle will be

shorted (Ahmed, 2014)Even though an increase in temperature and rainfall increases mosquito breeding, it
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should be known that this is up to some maximum limit beyond which the relationship could be reversed.
High rainfall destroys mosquito larvae from their stable habitats (Alemayehu, 2011).
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Figure; - 9 Rainfall interpolated data map

Source: National Meteorological Agency, 1991-2021 and field survey

3.2.5.3 Elevation

Elevation is an important factor for the development of malaria in a particular area, this is because of
elevation highly determines the amount of temperature, and temperature in turn affect mosquito breeding
as the length of immature stage in life cycle. In high temperature, the egg, larval and pupil stages will be
shortened so that the turnover will be increased and also affect the length of the saprogenic cycle of the
parasite with in the mosquito host i.e. when temperature increase, the period of the saprogenic cycle will be
shorted (Patz et al., 2008).Elevation of study area was generated from Digital Elevation Model DEM 30
meter resolution with path 169 and row 055 zone of 37 N in south eastern Ethiopia. There is a proven
relationship between increasing altitude and decreasing mosquito abundance in many parts of Africa.
According to Gebre et al., (2020)the elevation map was reclassified on the basis of the relationship
between elevation and malaria incidence with the study area. The elevation of study area classify in to four

0-500, 500-1500, 1500-2000 and 2500-3200m new values were assigned to each as 5 and 4 respectively.
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Finally elevation based malaria risk level is leveled as very high and high respectively.

3.2.5.4 Proximity to water bodies related factors

One of the various water bodies which are used for mosquito breeding is river (Negassi, 2008). For
breeding, Mosquito needs stagnant or slow-moving water to lay its eggs and to complete its life cycle to be
an adult. Unlike other water bodies, the river is not conducive to this since it disturbs and destroys the eggs
and larvae during the downslope movement. But when the water is diverted from rivers for different
purposes and in case of flood inundations it decreases its speed and becomes comfortable for mosquito
egg-laying. This condition may affect a particular area by increasing mosquito breeding sites and malaria
prevalence (Ra et al., 2012). Proximity to rivers will be generated by using Euclidean distance in spatial
analyst tools of ArcMap. According to Christian and Hans (Kaufmann & Briegel, 2004; Van der Hoek et
al., 2003), the maximum flight range of Anopheles mosquitoes is 2 km. Thus, based on the flight range of
mosquito the study area was reclassified into five and these classes were assigned new value 5, 4, 3, 2, and
1, based on malaria risk levels, these classes: 0-500 m, 500 m- 1000 m, 1000 m- 1500 m, 1500 m—2000 m
And >2000 was labeled as very high (short distance), high, moderate, low, and very low (long-distance)
river-related malaria risk levels respectively

3.2.5.5 Soil

Soil data was derived from (FAO, 2012), xerosols, cambisols, luvisols, nitisols, fluvisols, and leptosols.
Soil types of the study area reclassified based on their ability to hold moisture or based on being permeable
or impermeable. As it was mentioned above in description part, Vertisols are very sticky poorly drained
soils and Fluvisols are found along tidal marshes and alluvial plains allow water stagnation. Accordiing to
Tinsaye, (2016)they were reclassified, Vertisols very high malaria risk level and assigned new value 5,
Fluvisols also high moisture storage capacity are given new value 4 and Xerosols have good drainage
leveled as low malaria risk level and assigned new value 2.

3.2.5.6. Slope

Slope is also another topographic factor that may affect the existence of mosquito larval habitat in a certain
area. Slope is the measurement of the rate of change of elevation of the land per unit distance. It affects the
constancy of aquatic habitats; steeper slopes are slopes that allow the fast movement of water (Munga,
2006 and Burlando, 2012). Hence, they didn’t allow the development of stagnant water bodies which can
be conducive for breeding of mosquito. Relative to steeper slopes, gentler slopes are slopes where surface
water movement is stagnant and this creates suitable condition for mosquito breeding. Therefore,

identifying gentler slopes can help to detect the relative importance of areas for mosquito breeding. Slope
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map of the study area was generated from SRTM 30 meter resolution Digital Elevation Model. According
to Getaneh, 2016)the slope of the study area was reclassified in to five classes using natural break standard
reclassification technique. The natural break (Jenks) method is a widely accepted method and it has the
logic which is very most consistent with the purpose of data classification that is forming groups that are
internally homogeneous while assuring heterogeneity among classes. Areas with gentle slope are usually
typical characteristics of plain, plateau, and suitable physical area of the earth for malaria breeding’s. This
creates a favorable condition for mosquito breeding. It allows the formations of various pond areas that are
comfortable for mosquitoes to 49 lay eggs and progress to the next development cycle(Getaneh,2016).
According to Manoharan et al., (2020) the new classes (0-5, 5-8, 8-15, 15-30, and >30), were seen
associated with slope malaria risk levels of very high, high, medium, low and very low respectively based
on the relative degree of suitability of the slope class for malaria incidence

3.2.6 Socio-economic malaria risk factor

3.2.6.1 Health facilities center

. The spatial distribution of health centers of the study area was collected from field as point data Using
GPS instrument. Based on the spatial distribution of health center in the study area, using Euclidean
distance how much far settlement from each health institution were calculated and reclassified in to five
class based on minimum requirement accessible distance. WHO (2003) States that areas found within 3
Km radius from a health centers are assumed to be at lesser malaria risk than areas found outside this
distance. According to Gebre et al., (2020).the new classification were <500 m, 500 m to 1000 m, 1000 m
to 2000 m, 2000 m to 3000 m, and >3000, thus assigned malaria risk level very high, high, moderate, low
and very low.

3.2.6.2 Population density

Growth of population is another factor in the determination of health events such as epidemics of malaria.
When population rapidly increases, it opens doors to new habitats for the malaria vector (Prakash, 2014).
According to Endrias, (2015)the population density layer was reclassified into three classes as low,
moderate and high. The value high is assigned to the denser population and the value low was labeled to

less dense population.

3.2.6.3 Land use/ land cover
The image of study area was derived from USGS archived Landsat Land sat 8 (OLI) of path 169 and raw

055 obtained on 02, 23, and 2021 with 30m spatial resolution. The quality of spatial resolution was
improved by rescaling in to 15m x15m panchromatic which black and white color. Supervised image

33



classification was taken five representative samples for each land-use/land-cover types were conducted.
The image was classified in to five major namely water body, settlement, farm land, bare land and forest
area types. Based on the study area susceptibility to suitable breading site, source of food and use as a
shelter from climatic condition for the vector mosquito were reclassified in to five classes with new values
5 to 1, water bodies were considered as very high risk in terms of malaria breeding and repose sites in the
study area and the remaining bare land, settlement, farm land and forest, assigned as high, moderate, low
and very low malaria risk respectively(Chikodzi et al., 2013)

Table 3 Land use /land cover risk ranking

New value Feature name Rating

5 Water body Very high
4 Bare land High

3 Settlement Moderate
2 Farm land Low

1 Forest Very low

LULC (Land use land cover) layer was reclassified into five classes based on the order of susceptibility to
be suitable for mosquito breeding sites, source of food, and use as a shelter from a climatic condition for
the vector mosquito. Thus, the new values were assigned to each as 1, 2, 3, 4, and 5. The value 5 was

assigned for a water body, 4 for farmland value 3 for settlement, value 2 for forests, and 1 for bare land
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Figure 10 Land use/ land cover map
Source: USGS,
The accuracy assessment of classifying a satellite image and ground truth is always a concomitant issue
(Manoharan et al., 2020). During KII and FGD, ground 121 GPS control points were collected side-by-
side. Proportional GPS points were then convened for each five classification land use land cover maps.
All points were integrated with the classified image into the ArcGIS environment; from which values
raster’s and error matrixes were generated from pivot raster analysis. Thus, the overall classification
accuracy was 83.47, and the overall Kappa statistics was 79.21; values less than 0.40 indicate a low
classification performance. From the error matrix of the study area, Kappa coefficients were calculated
using the following formula: the Kappa statistic measures the variation between the true agreements of the
classified satellite image and the chance agreement of GPS points randomly classified compared on the
error matrix (Zewga, 2021). Complete error matrixes, user accuracy, and producer accuracy are attached in

the appendixes.
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Table 4 Ground truth point error matrix result
Water
Class body Bare land | Settlement | Farm land | Forest | Total row | user
Water body 20 1 3 3 0 27 | 74.07
Bare land 0 19 3 1 1 24 | 79.17
Settlement 1 1 16 1 1 20 | 80.00
Farm land 1 0 0 28 2 31]90.32
Forest 0 0 1 0 18 19 | 94.74
Total column 22 21 23 33 22
producer 90.90 90.48 69.57 84.85 81.82 121
Overall 83.47
Kappa
cofficient 79.21
Class name Total Number of Users Producer
Classified Correct Accuracy Accuracy
Water body 27 20 74.04 90.9
Bare land 24 19 79.17 90.48
Settlement 20 16 80.00 69.57
Farm land 31 28 90.32 84.85
Forest 19 18 94.74 81.82
Total 121 101

Overall Classification Accuracy = 83.47
Overall Kappa Statistics = 79.21

N 21 xiis xieexi)
k= N2 — YK (xit * xti)-
N =121
Xii=101
¥ (xit* Xti)=( (22*27)+(21*24)+(23*20)+(33*31)+(22*19)=2999

K= (121*101)-2999
(121%) -2999
K=12221-2999
14641-2999
K= 9222
11642
0.7921*100
K=79.21
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3.3Data base for malaria risk analysis
In order to analyze and produce a malaria risk map, different socio-environmental factors analysis were
considered, namely elevation, slope, river, temperature, rainfall, LULC, population density and Health
centers.
To produce a malaria risk map for the study area, the risk computation model (equation), which
Is developed by (Shook, 1997) was used.
RISK= (HAZARD) * (ELEMENTATRISK) * (VULNERABILITY)

R=H*E*V

“Hazard (H)” is the probability of occurrence of a potential damaging natural phenomenon within a
specified period and a given area.
“Element at risk (E)” includes the population, buildings, and civil engineering works, economic activities,
public services, utilities, and infrastructures, etc., at risk in a given area.
“Vulnerability (V)” is the exposure of a given element or set of elements at risk resulting from the
occurrence of a damaging phenomenon of a given magnitude.
“Risk (R)” is the expected degree of loss due to a particular natural phenomenon. It may be expressed as
the product of hazard (H), vulnerability (V), and element at risk (E).
To produce malaria hazard areas, some environmental factors (includes temperature, rainfall, elevation
slope, and distance from rivers) were selected that affect malaria disease incidence based on related
previous works s (FMoH, 2009; FoMH, 2004) the malaria hazard area mapping was done by using the
Multi-Criteria Evaluation (MCE) approach by reclassifying all the above factors and giving weight. MCE,
in IDRISI software the selected factors were weighted according to their suitability for the vector mosquito
and the prevalence of malaria, and then the overlay analysis was carried out using ArcGIS spatial analyst
tool. The results of these processes provided us the malaria hazard map. To produce an element of at-risk
map population density layer and LULC were reclassified based on the risk level of malaria and weighted
for their relative importance. The final malaria risk map was produced from the malaria hazard layer, an
element at risk layer, and a vulnerability map that was produced by reclassifying distance from health
institutions layers(Gebre et al. 2020).
3.3.1 Malaria hazard analysis
Hazard is the probability of occurrence of damaging natural phenomenon within specified time through
infective Anopheles mosquitoes to spread malaria in a given area(Negasi, 2008).Hazard analysis was
mapped depending and approached environmental factors that suitable for mosquito life cycle on surface in

the study area. Identification of malaria hazard in this study were evaluated five variables are temperature,
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rainfall, distance to river; soil and elevation were processed in IDRISI software for appropriate weight
values. Once organized all the factors which compatible with the study area hazard analysis approximation
weights for hazard parameter was become processed in IDRISI software. Operating of hazard parameters
in IDRISI software requires estimating weight for each individual factors hazard parameters can produced
scientifically(Bisrat, 2017) Each hazard map factors were changed to IDRIS readable format using the
ArcGIS environment which conversion tool from raster to ASCII format. Accordingly weight values for
each were 36 assigning comparing each other based on the susceptibility potential to malaria transmission
in AHP weight derivation tool. Finally after running the tool with in second new values was produced
between 0 and 1, later each value changed in to percentage. Calculated Eigen vector, which is an output of
the pair wise comparison matrix to produce a best fit set of weight, of Weight Module was: temperature
0.4066 (40%), rainfall 0.2546 (25%), distance to water body 0.210 (7%), soil 0.0301 (3%) and elevation
0.987 (10%). The consistency ratio (CR) of the calculated Eigen vector was 0.07 which is acceptable. The
computed Eigen vector values was changed in to percentage used as a coefficient for the respective factor
maps to be combined in Weighted Overlay in ArcGIS software.

Table 5 AHP weight derivation for hazard map

Soil Elevation | Water body Rain fall Temperature
Soil 1
Elevation 3 1
Water body 5 3 1
Rain fall 7 5 3 1
Temperature 7 5 5 3 1

After completing weight based on their significance for each parameter, the hazard map layer was
computed by over laying the six selected hazard parameter factors using AHP extension GIS environment.
Based on pervious work of (Tinsaye, 2016)it was reclassified in to 3 sub classes’ the new values 5, 4, 2,

assign for risk Ranking as, very high, high, and low respectively
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Table 6 Weight and ranking of malaria hazard factors analysis

Factors Weight | Class Level of risk | Rank Percent | Source
Temperature | 0.4066 | 23-25% 3 Moderate
. (WHO, 2014).
_070c i 0

25-27 4 High | 40% Mestewat.
>27% 5 Very high (2014)

Rain fall 0.2546 25 (Bisrat, 2017)
100.3-110.8mm | 3 Moderate
110.8-117.1mm | 4 High
117.1 -5 Very high
121.4mm

Proximity to | 0.21 .

river 0-500m 5 Very High Gebre et al,

21% 2020

500-1000m 4 High (2020)
1000-1500m 3 Moderate
1500-2000m 2 Low
>2000m 1 Very Low

Elevation 0.987 ] 11% (WHO, 2013)
362-401 m 5 Very high
402-501 m 4 High

Soil 0.0301 ] ] 3% Thomson et al.
Vertisols: 5 Very High (1999) and
Fluvisols 4 High (FAO, 2012)
Xerosols 3 Low

Total 1 100%
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3.6.3 Malaria Vulnerability

Vulnerability is the susceptibility or weakness often associated with a particular situation such as illness,
economy; gender (Stephenson, 2014).Malaria vulnerability is the susceptibility to be affected by its causal
agent (plasmodium sp.). According to stratton (2008), Malaria vulnerability is influenced by demographic
characteristics, access to health facilities and socioeconomic condition. However, Malaria vulnerability can
be reduced by the advancement of vector control mechanisms. The people that live far from health care
facilities were identified the most vulnerable to malaria in most sub_ Saharan African countries (Stratton,
2008). Vulnerability (Accessibility index) is prominent factor to malaria vulnerability. It was generated
from digitized after geo-referencing GPS field collected data in ArcGIS environment. According to
Tinsaye, (2016)the vulnerability was further reclassified in to 3 sub class as: 3, 4, and 5. And the
reclassified sub groups of vulnerability (accessibility index) raster layer were ranked as:, high, moderate
and, low respectively, and new values re-assigned in order of Malaria vulnerability rating.

Table 7 Vulnerability risk level weight derivation

Feature name Weight | Class Ranking Degree of vulnerability
Population density | 50% 322-900 3 Low
900-1130 4 Moderate
1130-1320 5 High
Distance to health | 50% <3000m, 1 Very low
facilities 3000-4000m 2 Low
4000-5000m 3 Moderate
5000-6000m 4 High
>6000m 5 Very high

3.6.2.1 Malaria risk analysis

Malaria transmission is coupled with socio-economic and environmental factors. But environmental factors
strongly associated with incidence of malaria which it can shape the potential of mosquito maturity and
parasites’ life cycle development (Ahmed, 2014). Even though, the discipline GIS have multi strategies
model on producing malaria risk map for this study by integrating three elements of environmental and
socio-economic factors data set in to one were produced a hotspot malaria risk map of Hadiya zone. The
developments of malaria risk map of the study area were prepared on the basis of risk computation model
developed by ( Shook, 1997).

Risk = Element at risk * Hazard * Vulnerability
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Based on previous work of Wondim et al., (2017)the final out put raster layer generated by multiplying the
risk components was the malaria risk raster layer, and it was reclassified according to the risk level in to

five sub groups as very high, high, moderate, low and very low risk areas

Table 8 Malaria risk factors

Factors Weight Ranking Level

Hazard Map Low
High
Very high

Low
High
Very high

Vulnerability

Map Algebra

Element at risk (Raster calculator) Very low
Low
Moderate
High
Very high

OO WOWNEROODNOOORADND

3.2.5.2 Analytical Hierarchical Process (AHP)

AHP is a multi-criteria decision method that uses hierarchical structures to represent a problem and makes
judgments based on experts to derive priority scales(saaty and Vargas, 2001). This method is widely used
in MCDM to obtain the required weightings for different criteria (Mendoza & Martins, 2006). It has been
successfully employed in GIS-based MCDM since the early 1990s(Cressie & Hulting, 1992). This
approach enables us to compare different variants and rank the factors, criteria, and parameters according
to their importance. The AHP method calculates the required weights associated with the respective
criterion map layers with the help of a preference matrix, in which all relevant criteria identified are
compared against each other based on preference factors. The weights can then be aggregated. G1S-based
AHP has gained popularity because of its capacity to integrate a large quantity of heterogeneous data, and
because obtaining the required weights can be relatively straightforward, even for a large number of
criteria. It has been applied to a variety of decision-making problems(Wu et al., 2009) (Feizizadeh &
Blaschke, 2013)

According to (Chikodzi et al., 2013), the AHP was used to obtain the mapping weight or importance of
each malaria risk factor. The process of deriving the weights of each factor involved the following steps:
(1) Formulation of a pairwise comparison matrix for each of the nine input parameters.

(2) Establishment of the relative weights of each input parameter.
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(3) Checking for consistency in the pairing process.
The risk factors do not have the same role and weight in the modeling of the final malaria risk zones. So, to
designate the importance of each parameter, he has weighted them using a pairwise comparison method
which is one of the components of AHP. To assist in the weighting process of the pairwise matrix, Saaty’s
pairwise comparison will be used in the research. After computing the pairwise matrix, a measure of
consistency was used to check if the matrix was derived at an acceptable level of consistency. Equations
(2) and (3) (saaty and Vargas, 2001)) shows how the consistency index was calculated.

Table 9 Saaty’s pairwise comparison table with 9 degrees

Intensity of importance | Definition of Explanation | Explanation
1 Equal importance two | Two factors contribute equally to the
factors contribute equally | OPJective
to the objective
3 Somewhat more | Experience and judgment slightly
important favor one over the other
5 Much more important Experience and judgment strongly
favor one over the other
7 Very much more | Experience and judgment very
important Strongly favor one over the other.
Its importance is demonstrated in
practice
9 Absolutely more | The evidence favoring one over
important the other is of the highest possible
validity
2,4,6,8 Intermediate values When compromise is needed

Cl = Amax — n
n—-1
CR =CI/RI

Where Cl is a consistency index, CR is a consistency ratio, it uses to aid the decision on revising the matrix
or not. CR is a random index; it is the ratio of the CI to the so-called random index (RI) which is a CI of
randomly generated matrices. N is the dimension of the comparison matrix, lambda max is the maximum

eigenvalue of the comparison matrix. It is important to understand and measure the consistency ratio and
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assure its value is correct. The main objective is to make sure that the original preference ratings will be
consistent. There are three major steps required to reach the consistency ratio. l.e. calculate the consistency
measure, calculate the consistency index (Cl), then calculate the consistency ratio (CI/ RI), where Rl is a
random index.

To derive the exact weighting for each parameter map, the matrix will be raised to large powers and
summing each column and dividing each by the total sum of all the columns, or by adding each column of
the matrix and dividing by their total. The total weight of the entire factors must add up to 1 and range
from 0.01to 1(Ahmed, 2014)). In the index overlay method, each of the input maps is allocated a weight as
well as every class and spatial unit existing in each factor map. In other words, the different classes on a
single map have different weights and each parameter map also has its weight. The method produced the
final malaria risk map by summing up all the input parameter maps after each had been multiplied by its
overall weight (Freeman, 1991).

S= 2;% Where: WI = the weight of ith factor map Sij = the ith spatial

class weight of jth factor map S = the spatial unit value in the output map.

3.2.5.3. Weighted overlay analysis

A weighted overlay is a technique for applying a common measurement scale of values to diverse and
dissimilar inputs to create an integrated analysis. To prioritize the influence of different factors or inputs to
produce a malaria risk map using weighted overlay analysis uses an evaluation scale from 1 to 9. For
example, a value of 1 represents the least suitable factor in evaluation while a value of 9 represents the
most suitable factor in evaluation(Janssen & Rietveld, 1990).

Table 10 Consistency index interpretation (Saaty & Vargas, 2001)

Consistency Index interpretation

0 Judgments are perfectly consistent

<0.1 Consistent enough

>0.1 Matrix needs improvement

>0.9 Judgments are just about random and are
completely untrustworthy
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Methodology of the study
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Figure 11Methodological framework and method of data analysis
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CHAPTER FOUR

4. Results and Discussion
In this chapter, the result is presented, interpreted, and discussed in line with the research objectives,

conceptual framework, and methodology of the study. Potential anopheles mosquito habitats were detected
through satellite imagery and data acquired from the field. Malaria prevalence is spatially analyzed within
administrative boundaries are detected. Malaria-causing environmental factors are identified. Finally,
malaria risk area mapping and its causing factors are analyzed through the integrated application of GIS

and Remote Sensing environment.

4.1. Environmental factors
4.1.1 Temperature

Malaria life cycle not survived under 15°C and if it does, it cannot transmit malaria parasite at this
temperature. Hence, areas with such temperature value caked malaria free with respect to temperature
related malaria risk. Both the vector and the parasite start to reproduce gradually as temperature boosts
above 15°C up to 20°C (WHO, 2014).
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Figure 12 Reclassified temperature related malaria risk map
Source: National Meteorological Agency, 1991-2022

45



Table 11 Temperature related risk area coverage

New value | Risk level | Temperature range (°C) Area km® Percent (%)
3 Moderate 23.3—-255 82839.40 23
4 High 25.5-26.9 151271.95 42
5 Very high | 26.9-29.3 52945.18 35
Total 360171.33 100

The reclassified temperature map Figure 12 shows that the mean annual temperature of thirty years of the
study area falls into 23-25. C, 25-27.C, and >27C the corresponding temperature-related malaria risk level
was assigned moderate high and very high respectively were observed. The new values were assigned 3, 4,
and 5 for moderate, high and very high respectively. Figure 12 depicts most of the study area falling with
very high malaria risk levels. Table 11 shows the reclassified temperature map, 52945.18km2, and
151271.95km2 were mapped as -high and very high malaria risk levels, respectively, which is based on the
suitability of temperature for mosquito breeding. As in the figurel2, the study area is a temperature range
between 23 °C to 27 °C, suitable for mosquito breeding. Finding similar to a study conducted by Mestewat,
(2014) Arba Minch Zuria Woreda the temperature ranges from 21.9 °C to 29.2 °C of the area is at high
malaria risk level. Therefore, the temperature of this study area is above 23 °C highly suitable for mosquito
breeding. The discussion with key informants and FGDs revealed that the increment of temperature was
the main means for malaria prevalence in the Study Area. The same source further indicated that the peak
malaria transmission and severe season in the district are from September to May. Hence, higher malaria
cases are usually observed during the lowest rainfall months. As temperature and relative humidity
conditions increase, the longevity and density of mosquitoes will increase and, thus, initiate malaria

transmission.
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4.1.2 Rainfall

37°20'0"E  37°30'0"E  37°40'0"E  37°50'0"E 38°0'0"E 38°10'0"E

N

Kilometers

[ Miles

0 4 8 16 24

Legendl 'Legend
— P Taa MR —
B ; B Moderate
Figure 13 Reclassified rainfall related malaria risk level map
Source: National Meteorological Agency, 1991-2021
Table 12 Rainfall related risk area coverage
New value | Risk level Rainfall range Area km? Percent (%)
3 Moderate 145-176mm 77652.94 21.56
4 High 176-207mm 127680.73 35.43
5 Very high 207-237mm 154837.65 42.99
Total 360171.33

The reclassified rainfall map Figure 13 shows that 43701.36 km2 areas have a moderate risk of malaria,
116153.46 km2 and 43701.36 km2 areas have a high and very high risk of malaria depending on the
amount of rainfall. Based on the amount of rainfall, the whole study area is at a very high and high risk of
malaria.

A study conducted in Amhara north Shewa (Getaneh, 2016) argues that low rainfall is associated with
favorable mosquito life and dropping high rainfall leads to destroying mosquitoes, thus assigning low

amounts of rainfall a very high risk of malaria. While in this study the opposite is true, dropping low
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rainfall is uncomfortable for the mosquito life cycle. While similar findings observed in research conducted
in Mekuye Woreda (Bisrat, 2017) showed that a high amount of rainfall makes it favorable for mosquito
larva production sites. Based on the interview conducted with local experts, elders, and FGDs, there is a
positive relationship between malaria cases and rainfall between January and April and September and
November. However, the relationship becomes negative between the months of May—October and in the
month of December. There is a dramatic decrease and increase in malaria cases before and after the peak
rainy season in May. During periods of heavy rainfall, breeding may be hampered due to the excess water
resulting from heavy rain that makes the streams and the pools move fast, so these flush away the eggs and
larvae, thus killing mosquitoes in their immature stages, so that the turnover was decreasing in malaria
case. Conversely, after the peak rainy season, the intensity of the rain declines and the temperature
increases, therefore progressive dryness begins, so it creates a favorable environment for mosquito

breeding in areas where water has been accumulating from the main rain season.

4.1.3 Elevation
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Figure 14 Elevation related malaria risk level map
Source: USGS - DEM, 2021
Table 13 Elevation related risk area coverage
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New value Risk level Elevational range Area km* Percent

1 Very high <500m 28890 34.3%

2 High 500_1000m 27893 33.1%

3 Moderate 1000 _1500m 19963 23.7%

4 Low 1500_2000m 6997 8.3%

5 Very low >2000m 408 0.5%
Total

Figure 14, the reclassified elevation map covered 34.3% very high, 33.1% high ,23.7% moderate, 8.3%,
low and 0.5% very low were indicated malaria risk level respectively. In Ethiopia malaria frequently
occurs in areas with elevation below 2000 m above sea level and its transmission is very severe in areas
below 1500 m (WHO, 2013).But other determinant to malaria transmission should underestimate. A
research conducted Tinsaye, (2016)in shone town administration described below 500 m.a.s.l classified
into 0-20, 100-500, and >500 m.a.s.l coastal plain, low land plain and high land plain respectively. Thus
classes have different potential to malaria exposure. The information acquired from Klls and FGDs
revealed that Elevation is generally considered to play an important role in limiting malaria in the tropical
highlands by negatively influencing the breed of vector species. The increased water run-off downstream
and warmer temperature in lowlands makes low altitude areas a preferred breeding location for malaria
parasite however, according to (Gebre et al., 2020) malaria transmission in Ethiopia mainly occurs up to
the 2000 meter elevation but can also occasionally affects areas up to 2300 m elevation As indicated in
Arega (2009), steeper slopes allow the fast movement of water and they have less chance to accumulate
stagnant water. Hence, it is unlikely to attract mosquito. Relative to steeper slopes, gentler slopes are slopes

where surface water movement is stagnant creates favorable situation for mosquito breeding
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4.1.4 Slope factor
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Figure 15 Figure 15 Slope related malaria risk level map

Source: USGS — DEM, 2021
Table 14 Slope related malaria risk area coverage
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New value Risk level Slope range Area km? Percent

1 Very high 0 3% 28890 34.3%

2 High 3 6% 27893 33.1%

3 Moderate 6 8 19963 23.7%

4 Low 8 10 6997 8.3%

5 Very low >10 408 0.5%
Total
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Figure 15 shows that a result based on the suitability of the slope for mosquito breeding, the reclassified
slope map shows of the area covered about 34.3%, is incorporated in a very high; 33.1.0%, in high; 23.7%,
in moderate; 8.3%, is considered as low; and 0.5%, is also incorporated in very low hazard of malaria
incidence. Thus, relatively, more than 60% of the areas are more favorable for malaria mosquitos breeding
than steeper slopes due to their high capacity of accumulating stagnant water as heavy rainfall showers the
area. Areas leveled as high and very high malaria hazard levels have slope less than 0-3% and 3-6% that
allow water stagnation and create suitable conditions for mosquito breeding.

With reference to relationship between slope and malaria case, water appears to be logged in areas with
low-lying slopes, and in such a case speeds up the chances of water stagnation. Lack of proper water
drainage can lead to the formation of stagnant water pools, which in effect, encourage mosquito breeding
and survival (Thomson et al. 1999).

The interview with higher officials and experts indicated that the bottom areas characterized by flat or
gentle slopes are mostly under swamps and water bodies. As slope increases from lower parts to middle
and upper slopes, mosquito populations cannot sustain.

4.1.5 Proximity to water bodies
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Figure 16 Water body related malaria risk level map
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Source: USGS — DEM, 2022
Table 15 Distance to water body malaria risk area coverage

2

New value Risk level Distance range Area km Percent
1 Very high 28890 35%
<500m
2 High 27893 28.1%
500_1000m
3 Moderate 1000_1500m 19963 19.2%
4 Low 6997 11.4%
1500_2000m
5 408 6.3%
Very low >2000m
Total

The reclassified map (Fig. 16) and Tablel5 of distance to water bodies indicate that very high malaria
danger area covers 35%; mild malaria danger covers 28.1%; moderate hazard covers 19.2%; and low and
very low malaria hazard occurrence covers an area of 11.4% and 6.3%, respectively. This is based on the
mosquito’s range of flight. Since mosquito can fly 2 km from its origin, areas mapped as very high, high
and low malaria risk located <500 m, 500—21000 m and 1000—21500 m, respectively, which account for
82.3%, low and very low hazard located 1500-2000 m, and greater than 2000 m, respectively, accounts for
17.5% of the study area. Similar research conducted by Gebre et al., (2020)reviewed article about
Anopheles mosquito breeding distance and found average flying distance for Anopheles speed was around
2000 m (2 km). However, the mosquito flying distance depends on the habitats of the species and some
species have a stronger dispersal capacity than other species.

Furthermore, the key informants also agreed that Distribution of water bodies plays an important role for
influencing the incidence and spreading of malaria cases, past the larval breeding sites for malaria disease
Subsequently, the occurrence of water sources is an immediate predictor of malaria risk, and the distance to

water is a significant determinant of the incidence of malaria chance occurrence
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4.1.6 Soil
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Figure 17 Reclassified risk level soil map
Source: MOA, 2021
Table 16 Soil related malaria risk area coverage

New value Risk level Soil type Area km* Percent

2 Low Vertisols 175659.80 48.82%,

4 High Fluvisols 132914.23 36.94%

5 Very high Xerosols 50373.56 14%
Total

Figure 17 the reclassified soil map shows that 48.82%, of the area mapped, has a very high and 36.94%
high malaria hazard level, as well as 14%, is low hazard values. The reclassification was based on the
water-storing capacity of soils, which determines their suitability for mosquito breeding. Vertisols and
Fluvisols are poorly drained soils levelled at very high and high-risk levels, covering 308574.03 kmz2.

Xerosols characterized by poor water storage capacity was reclassified as low malaria risk accounting for
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50373.56 km2. In the study conducted by Arba-Minch (Mestawot, 2014) similar findings were observed.
Half of the study area is with Vertisol whose rich water storage makes a favorable condition for mosquito
breeding. Thomson et al. (1999) pointed out the soil moisture content as one of the factors for mosquito

breeding and transmission conducted in western Africa.

4.2 Socio-economic factors
4.2.1 Distribution of health centers
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Figure 18 Health utilities distribution
Source: HZHB and field survey
Presence of health institutions in a particular area is very important for reduction of disease, awareness
creation about different diseases and their means of prevention, easily accessibility and fair cost of
treatment The study area has four hospitals namely Gimbichu primary hospital, Homacho primary-hospital
Shone primary hospital and Nigist eleni Mohamed metasabya hospital 64 Health Center and 244 health
posts. The number of health institutions in the study area varies from Woreda to Woreda. Spatially the
location of these health facilities in the study area were indicated on a map and distance from the nearest

health institution (Euclidian distance) was generated in arc GIS environment
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Figure 19 Reclassified health utilities risk level
Table 17 Distance to Health facilities distance malaria risk area coverage

New value Risk level Health catchment distance range | Area km® Percent

1 Very low <500m 28890 31.7%

2 Low 500_1000m 27893 28.8

3 Moderate 1000_1500m 19963 28%

4 High 1500_2000m 6997 8.4%

5 Very high >2000m 408 (3.1%)
Total

As can be noted from Table 17 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.3.1 % or 408

km2 of the area falls under very high vulnerability to malaria because these areas are with scarce health
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facilities. 8.4% or 6997 km2 of the district is also highly vulnerable. The other 28% or 19963 km2 and
28.8% or 27893 km2 of the area were designated to be moderate and low vulnerability respectively (Figure
19). Therefore access to health centers and hospitals in the area would greatly affect the population's
vulnerability to malaria. To identify health institutions' accessibility and their effectiveness in those
inaccessible areas, the spatial location of health institutions within the study area was collected with GPS
on field survey for accessible areas and from zone Health Office for those remote and accessibility was
limited. There are 64 health institutions were collected from the study area of east Hadiya zone Woreda.
According to WHO (2003), areas found within a 3 Km radius of a health facility are assumed to be less

risky than areas found beyond this distance

4.2.2. Population density related malaria risk
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Figure 20 Reclassified Population densities risk level
Source: CSA, 2022
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Table 18 Population density related malaria risk level

New value Risk level Population densities | Area km? Percent

2 Low 322900 38204.5 45.4%,

4 High 900_1130 132914.23 21%

5 Very high 1130_1320 50373.56 33.6%
Total

Figure 20 and Table 18 Population distribution of the study area shows that 38204.5 km? (45.4%), 17671.7
km? (21%) and 28274.7 km? (33.6%) of the study area mapped as very high, high and low malaria risk
level as population density as risk factor respectively.

(Manoharan et al., 2020).high population density areas that are prone to malaria manifestation may
increase the rate of malaria risk. For instance, urban environments create complex socioeconomic
interaction and development conditions that would influence the transmission of vector-borne diseases due
to unprotected water storage and poor waste disposal system (Santos et al., 2016). This is true in high-
density slum areas of India.

According to key informants when the population quickly increases, it becomes high demand to search and
find to new habitats for the malaria vectors. Densely population have intensive work activities
environmental as well as in social can lead to more efficient transmission of the disease and thus enlarged
exposure to infection over the population continuously. Malaria risk level identification is related to the
assumption that a high population density is more vulnerable to malaria risk compared to a low population
density. Malaria incidence showed a strong correlation with population size and the area of the villages
(Gebre et al., 2020)
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4.2.3 Land use land cover (2021)
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Figure 21 Reclassified land use land cover map and element at risk
Source: USGS — ASTER, 2022

Table 19 Land use land cover, area coverage (2021)

New value Feature name Risk level Area (hac) Percent (%)
1 Water body Very high 47978.88636 13.18
2 Bare land High 94978.53768 26.08
3 Settlement Moderate 87824.75003 24.12
4 Farm land Low 55126.0966 15.14
5 Forest Very Low 78251.39785 21.49

Figure 21 the reclassified land use land cover element at risk map shows that water body the smallest area
coverage at 13.18% very high-risk level, Bare land at 26.08% at a high-risk level, Settlement area occupied
at 24.12% at a moderate risk level, Farmland 15.14% low 21.49% and forests were very low-risk level and
level in the study area. The type of land use in the land cover of the study area especially bare land which

surrounds high mosquitoes provided ideal sites for resting in these conditions enhancing the longevity of
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the vectors in the environment. Land use has a big influence on the Anopheles mosquito life cycle

(Manoharan et al., 2020) the same author suggested that land use features increase Anopheles larvae

survival rate and shorten the pupation due to their influence on the temperature, water nutrients, and

irrigated farming has a positive effect on the larval survivorship and on the adults breeding.

The information acquired from elders and key informants also confirmed that Waterbody favors mosquito

breeding to the level highly risk full for the local populations. Forests bush shrub land and acacia woodland

in the study area favor mosquito breeding at a low level.

4.3.1 Hazard map
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Figure 22 Hazard map risk level
Table;20. Hazard map area coverage
New value Risk value level Area km? percentage
2 Low 43701.36 12.13
4 High 116153.46 32.25
5 Very High 200316.51 55.62
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Based on Figure 22 the reclassified malaria Hazard map, 55.62% of the study area is very highly
vulnerable to malaria. High malaria vulnerable area covers about 32.25%malaria hazard level and low
hazard risk level areas account for 12.13%. Therefore, it is 88.2% of the total region falls into the high and
very high risk of malaria. For the purpose of identifying areas of malaria hazard, this study focused on
elevation, soil, distance to River, and temperature and rainfall area as the factors of malaria incidence in the
study area.

Hazard is the probability of occurrence of a potentially damaging natural phenomenon within a specified
period and within a given area. As a hazard, malaria incidence is mapped by depending on some climate
and environmental factors that create favorable conditions for the survival of mosquitoes. These factors
include temperature, rainfall, the elevation of soil, and distance from rivers. The malaria hazard area
mapping was done by using Multi-Criteria Evaluation (MCE) by reclassifying all the above factors and
weighted overlay analysis in the ArcGIS environment using a spatial analyst tool after each factor was
given the appropriate weight Malaria hazard map predictable that to 55.62 %, 32.25%, and 12.13% were
subjected to very high, high, and moderate hazard area respectively. This study is parallel with the study
conducted by (Emebet et al., 2016) using factors like rainfall, altitude, streams, temperature, swamps, and
ponds were the predictors of the presence of malaria with a percentage influence of 44%, 38%, 4%, 7%,
and 7%, respectively. In this study also as compared to my study, climate and topographic factors have a
high probability of a percentage of influence on malaria hazard level distribution. There is a high chance of

malaria hazard occurrence in the study area.
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4.3.2 Vulnerability map
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Figure 23 Vulnerability Map
Table 21 Vulnerability risk level and area coverage

Risk value level Area km® percentage
Low 200316.51 55.62
Moderate 116153.46 32.25
High 43701.36 12.13

Figure 23 the reclassified vulnerability map indicated the largest area coverage occupied 12.13% high
vulnerable risk level, 32.25% subjected to moderate and 55.62 low vulnerability malaria risk level. From
this, it can be assumed that more than half of the population is situated near the health centers. Therefore, it
is only 44.38% of the total region that falls into the moderate and high risk of malaria. From the result we
can understand peoples are under peril situation they need quick follow-up treatment and pre medications
activities. Presence of health institutions in a particular area is very important for treatment of patients,

awareness creation and to implement preventive measures. These in turn influence the prevalence of
61



disease in the locality. Absence and distant health institutions result in difficulties in accessibility and
enhanced cost of treatment Therefore, people who are near to health institutions are safer relative to those
who are away from such centers’ people who live far from heath center and densely population areas were
considered to be most vulnerable to malaria (Brhane & Kassahun, 2021). According to Stratton et al.
(2008), the susceptibility to malaria is affected by geography, access to health facilities and socioeconomic
conditions. However, malaria vulnerability can be reduced by the advancement of vector control
mechanisms. The humans that live far away from health centers have been recognized as the most

susceptible to malaria in maximum sub-Saharan African nations.

4.3.3 ldentifying areas of malaria risk
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Figure 24 Malaria risk map of the study area
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Table 22 Malaria risk level and area coverage

New values Risk value level Area km? percentage
1 Very Low 30826.83 5.5

2 Low 115012.10 20.52

3 Moderate 151892.20 27.1

4 High 59871.10 10.68

5 Very High 202896.59 36.2

Total 560487.84 100

Figure 24 Malaria risk map of the study area shows 36.2 % (202896.59 km?), very high 10.68% (59871.10
km?) high, and 27.1% (151892.20km?) moderate, 20.52% (115012.10km?) low and 5.5% (30826.83km?)
very low risk level respectively. Hence, it is possible to conclude that from the total area of the district
about 46.88% is under high and very high risk of malaria incidence.

Malaria risk mapping which is based only on natural conditions is not sufficient to locate the malaria risk
area but needs to include socio-economic factors that have a profound effect on the survival of the vector
Anopheles mosquitoes. The basis for the production of the map is the risk computation model i.e.

(Risk = Hazard * Element at Risk * Vulnerability).

The malaria risk map of the study area was produced and analyzed using weighted overlay methods.
Therefore, Malaria hazard, the element at risk, and vulnerability layers were overlaid based on their
weights. The corresponding weight assigned to each of the factors was computed which is based on the
pairwise comparison of the three parameters. Accordingly, 40%, 20%, and 40% were given for malaria
hazard, vulnerability, and element at risk respectively. The risk level in this study was relatively lower than
reported by (Tinsaye, 2016) shone town administration districts, which was more than 54.4 percent of the
total area. In another study conducted by (Getaneh, 2016) Case Of Kewe Woreda, North Shewa Zone,
Amhara Region more than 70 percent of the total area has a high tendency of malaria risk incidence. The
difference is in between the present study compared with (Tinsaye, 2016) and (Getaneh, 2016) study area
could be due to the higher presence of wetlands, swampy areas, and small schemes irrigation activities in

their study areas
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CHAPTER FIVE
5. Conclusion and recommendation

5.1 Conclusion

The objective of this study was intended at producing a malaria risk map of the Hadiya zone that can help
to improve the management and control of malaria vectors. This study has shown that GIS and remote
sensing techniques used malaria hazard and risk zone maps based on maps for environmental factors,
reclassification, overlaying and identification of risk levels. Remote sensing also took part in an important
role by providing remotely sensed raster data (ecological information). Therefore, 1GIS and remote sensing
technology is a vital tool for the health-related sector and stakeholders, which could facilitate vector born
disease control and prevention programs and assist vector-controlling organizations to identify hazards and

risk areas for handling the disease.

The hazard, malaria prevalence areas were mapped based on some of the environmental (topographic)
factors which provide for the endurance of Anopheles mosquitoes such as: - elevation, slope, distance to
rivers, Temperature and Rainfall as the factors of malaria incidence in the study area.

Consequently, this research confirmed the method used was capable to integrate all the malaria hazard
causative topographic factors and the components of malaria risk as well in a GIS environment. One of the
Multi Criteria Evaluation technigues which are known as Weighted Overlay in GIS environment was used

mapping malaria hazard and malaria risk zones.

Moreover, factor weight computation in AHP module, that is developed by providing a series of pair wise
comparisons of the relative importance of factors to the suitability of pixels for the activity being evaluated,
has generated valuable information. This could be useful for disaster control in the future. Therefore, it has
been shown that MCE GIS based model combination has potential to provide through lucid approach in

making decisions.

The final malaria hazard map of the study area showed that of the total area, about 55.62 % which is about
half of the area was identified very high and high malaria hazard prevalence zone while the remaining half
of an area was identified as moderate (32.25%) to low and very low hazard risk zone (12.13%).

Risk maps are essential for predicting the scale of the risk, and for this reason the resources needed to fight
malaria. The study attempted to develop a risk map of malaria that would support malaria related decision

making process in Hadiya zone. Findings of the study showed that of the total area, about 46.88% which is
64



half of the area was identified very high and high malaria risk prevalence zone while the remaining 27.1%
of an area was identified as moderate to low and very low hazard risk zone covers small areas (26.2%).In
other words, according to the result of the findings large area of the zone is located moderate and low risk
level area for malaria. In malaria endemic areas, partial immunity is developed over years of exposure, and
even if it never provides complete protection, it reduces the risk that malaria infection will cause severe
disease to adults.
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5.2 Recommendation

The finding of this study depicts that vital contribution to the decision making and implementation process

of malaria prevention and control program in Hadiya zone. Therefore based on the findings the Researcher

was providing the following recommendations.

R/
A X4

The result of the study identifies malaria risk areas was highly associated with population density,
as a result highly risky areas were around towns and cities to overcome this problem the concerned
body should have to work to minimize the unmanageable liquid waste that create favorable
condition for mosquito spreading.

Since the community have poor awareness about the modes of malaria transmission and control
measures, health education targeting the population at risk will be necessary. The zones’ health
professionals should actuate peoples to keep their environmental sanitation and to cover over
swamp areas surrounding their home.

The zones’ health professionals could make malaria prevention and control program like, anti —
malaria drug provision, bed net distribution and house spraying by prioritizing based on the risk
level of areas.

Hadiya zone administration and different stakeholders like NGOs should have to expand health
centers like hospital, clinic and others for the areas incorporated in very high and high risk areas
those are far from health centers.

Lowland areas of the Hadiya zone creates good conditions for malaria spreading according to the
results of the research so that the government, NGOs, other concerned bodies have to give attention
for lowland areas of the zone.
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Appendix 1
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JIMMA UNIVERSITY
COLLEGE OF SOCIAL SCIENCE AND HUMANITIES
DEPARTMENT OF GEOGRAPHY AND ENVIRONMENTAL STUDIES

Field of Specialization: GIS and REMOTE SENSING
Key Interview Questionnaires
I. KIl for Hadiya zone Health Offices Experts

Introduction
Dear respondents my name is Getachew Liranso and | am a postgraduate student at Jimma

University undertaking research entitled Malaria risk mapping by using geospatial technologies in

case of Hadiya zone SNNP, Ethiopia.

This interview is prepared to assess the socio-environmental factors that determine Malaria risk areas
and health facilities distribution in the study area. Therefore the intention of my interview is together
necessary information on the aforementioned topic so as set the fitness of a given type of land for a
specified kind of land use. | have a great appreciation for your participation and time devoted to me.
Accordingly, you are politely requested to give reliable responses to interviews presented below us of
your knowledge and experience. The information gathered during this interview remains confidential
and cannot be transferred to a third party. | am not interested to know your name or any things related

to your personality rather than the information you provide.
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Interviews will be asked to get specific information concerning the study topic

1. Which parts of the zone have very high, high, and low malaria risk levels?

2. What are the main environmental and socio-economic factors facilitating mosquito breeding
conditions? Explain briefly their degree of influence.

.3.Based on the above 2nd question standardize the major factors based on your experience and

recommendation by the experts.

Temperature elevation Distance from river
Rainfall LULC Distance from health centers
slope river Population density
1st 2nd
3rd 4th
5th 6th
7th 8th and 9th---------

4. What is the current distribution of health facilities in the Study Area?

5. Do you think the public health facilities are equally distributed in the Hadiya zone?
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6. What type of climate (Temperature and Rainfall) is suitable for the mosquito breeding conditions?

as on your experience and standard?

7. what type of elevation (slope) is suitable for the mosquito breeding conditions?) as on your

experience and standard?

8. What type of factor (river, LULC, population density, distance from rivers, and Health centers).is

suitable for the mosquito breeding conditions as of your experience and standard?

9. Which parts of the study area have very high, high, and low malaria risk levels

Interviewee Interviewer
Name Name
Signature Signature
Date Date
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Focus Group Discussion
For Hadiya Zone Health Office Experts

Dear respondent this discussion is conducted for the academic purpose of the fulfillment of MSc
degree in GIS and remote sensing. Therefore, your response is very important for the success of the
study because all information that you provide determines the analysis and conclusion of the research.
Hence, you are kindly requested to give your response. Your response will remain confidential. |

would like to thank you in advance for your cooperation.
Interview Questions for Focus Group discussions (FGD)

1. What are the major environmental factors facilitating mosquito breeding conditions?
2. What are the major socio-economic factors facilitating mosquito breeding conditions?.
3. Which parts of the zone have very high, high, and low malaria risk levels?

4. What are the measures taken by the government to control malaria in your zone?

5 During which months (season) do you attend a high number of Malaria patients?

6. What general preventive methods do you take to control Malaria?

7. What is the current distribution of health facilities in the Study Area?

8. Do you think the public health facilities are equally distributed in the Hadiya zone?

9. How many health facilities are there in the Hadiya zone?
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Appendix 2
Ground truth point error matrix result

Class Water body | Bare land | Settlement | Farm land | Forest | Total row | user

Water body 20 1 3 3 0 27 | 74.07

Bare land 0 19 3 1 1 24 | 79.17

Settlement 1 1 16 1 1 20 | 80.00

Farm land 1 0 0 28 2 3190.32

Forest 0 0 1 0 18 19 | 94.74

Total

column 22 21 23 33 22

producer 95.24 90.48 69.57 84.85 81.82 121

Overall 83.47

Kappa

coefficient 79.21

Total Accuracy Results

Class name Total Number of Users Producer
Classified Correct Accuracy Accuracy

Water body 27 20 74.04 95.24

Bare land 24 19 79.17 90.48

Settlement 20 16 80.00 69.57

Farm land 31 28 90.32 84.85

Forest 19 18 94.74 81.82

Total 121 101

Overall Classification Accuracy = 83.47
Overall Kappa Statistics = 79.21

N =121
Xii=101

K
N Zi=1 Xii Y (Xit+Xti)

k =

N2 — YK (xit * xti)-

T (Xitx Xti)=( (22%27)+(21*24)+(23*20)+(33*31)+(22*19)=2999

K= (121*101)-2999
(121%) -2999
K=12221-2999
14641-2999
K= 9222
11642
0.7921*100
K=79.21
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Appendix 3

GPS Points reading used for land use land cover map

accuracy
X-Coordinate

358184
355256
343009
356851
347344
348671
336769
330724
348487
347080
359159
360119
385969
378647
395853
390109
397605
388665
392729
398474
395073
394874
369573
362345
358852
361233
367208
367751
369531
359240
347932
344808
340482
356467
392056
400511
403369

Coordinate

844117
852261
853346
865080
867245
874088
838123
836344
808792
812614
811988
810820
788966
786648
783050
784233
791351
787855
793171
795971
801630
800146
787477
788933
790872
790201
788252
784927
841313
827679
836309
850023
846933
870683
823460
825728
824200

Land use
type

Water Body
Water Body
Water Body
Water Body
Water Body
Water Body
Water Body
Water Body
Water Body
Water Body
Water Body
Water Body
Water Body
Water Body
Settlement
Settlement
Settlement
Settlement
Settlement
Settlement
Settlement
Settlement
Settlement
Settlement
Settlement
Settlement
Settlement
Settlement
Farm land
Farm land
Farm land
Farm land
Farm land
Farm land
Farm land
Farm land
Farm land

Coordinate

374749
377485
359294
358520
367508
358263
355466
347730
349065
355279
355605
364760
399323
399697
389583
389030
388152
388013
394797
396674
390031
386456
384270
380536
362046
359001
360303
361109
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Y-Coordinate

837793
836306
850076
850388
862355
869400
855824
823765
823229
825069
825306
824325
831206
830133
847737
848346
847628
851788
849255
838371
831815
833198
824505
824452
810570
813476
813511
813319

Land use
type

Bare land
Bare land
Bare land
Bare land
Bare land
Bare land
Bare land
Bare land
Bare land
Bare land
Bare land
Bare land
Bare land
Bare land
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
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