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Abstract

This research investigates the physical land suitability for teff (Eragrostis tef) cultivation in Mieso District, Oromia National
Regional State, Ethiopia, using Geographic Information Systems (GIS) and Remote Sensing (RS) techniques. Teff is a staple
crop of major economic and food security importance in Ethiopia; however, its productivity is strongly influenced by variations
in environmental and agro-ecological conditions. Therefore, identifying suitable land for teff cultivation is essential for
sustainable agricultural planning and improved crop yields. The study integrates multiple biophysical factors that significantly
affect teff growth, including soil type, altitude, slope, rainfall, and temperature. Spatial datasets were collected from satellite
imagery, digital elevation models, soil databases, and meteorological records. These datasets were processed and analyzed using
GIS tools. A multi-criteria decision-making (MCDM) approach, specifically a weighted overlay analysis, was applied to evaluate
and classify land suitability based on the relative importance of each factor. The results indicate that areas characterized by
gentle slopes, favorable elevations, nutrient-rich soils, and suitable climatic conditions exhibit high to moderate suitability for
teff cultivation. In particular, regions receiving annual rainfall between 800 and 1200 mm and experiencing moderate
temperatures were identified as the most suitable zones. Conversely, areas with steep slopes, poor soil conditions, or unfavorable
climatic characteristics were classified as marginally suitable or unsuitable. The findings demonstrate a strong relationship
between agro-ecological conditions and teff productivity in the study area. This research provides valuable spatial information
that can support farmers, planners, and policymakers in optimizing land use decisions. Ultimately, the study contributes to
enhancing agricultural productivity, promoting sustainable land management, and strengthening food security in the Mieso
District and similar agro-ecological settings.

Keywords
GIS, Remote Sensing, Teff, Land Suitability Analysis, Multi-Criteria Decision Making

1. Introduction

Globally, agriculture has the capacity to outpace population  sub-Saharan Africa, [13]. despite a generally positive global
growth in food supply, a trend expected to continue [18]. How- outlook [16]. The increasing world population necessitates a
ever, food security concerns are rising in Africa, particularly corresponding boost in food production [25] and [10].
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Teff, an essential cereal grain in Ethiopia, was domesticated
between 4000 and 1000 BC, with Eragrostis pilosa identified
as its wild ancestor and the Tigray region as its likely domes-
tication site [4]. While there is debate over the origin of an-
cient Egyptian teff seeds, Ethiopia remains the recognized
center for teff's development [5]. Current research aims to im-
prove teff's yield and climate resilience through advanced ge-
nomic and breeding techniques [3].

Teff is exported to different countries, mainly to the Middle
East, North America and to many European countries, where
Ethiopians or Ethiopian origin live. [14] in the Oromia region
of Ethiopia total of 1.4 million hectares of land were covered
by teff in the 2018/19 cropping season [9] From this, 26.9 mil-
lion quintals production was produced. [11], At the regional
level and 6.86 million rural households of Ethiopia were en-
gaged in Teff cultivation [24].

Teff is a vital crop in Ethiopia, facing challenges in produc-
tion, particularly in the Mieso District of the West Hararghe
Zone. The region's diverse geography and climate, along with
varied land use, [15], complicate the identification of suitable
areas for cultivation [13]. Traditional land suitability assess-
ments often lack the necessary detail and accuracy [22]. De-
spite its importance for food security and economic stability,

there is a gap in utilizing Geographic Information Systems
(GIS) and Remote Sensing for analysing land suitability. Cur-
rent studies frequently overlook advanced spatial techniques
to evaluate factors like soil quality and climate conditions,
which are essential for teff farming [7].

As climate change impacts agriculture, there is an urgent
need for a systematic approach that employs modern technol-
ogies [19]. This study seeks to address this gap by using GIS
and Remote Sensing to evaluate land suitability for optimal
teff production in Mieso District, offering valuable insights
for stakeholders.

2. Methods and Materials

2.1. Description of Study Area

Mieso is a woreda located in the Oromia Region of Ethiopia.
As part of the West Hararghe Zone, Mieso is bordered to the
south by Guba Koritha, to the west by the Afar Region, to the
north by the Somali Region, to the east by Doba, and to the
southeast by Chiro Zuria Woreda.
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Figure 1. Location Map of Study Area.

Mieso, situated at altitudes between 1,107 and 3,106 meters,
boasts its highest point, Mount Asabot, at 1,523 meters. It fea-
tures the Beke River, with 11.5% of its land arable—10.7%
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dedicated to annual crops. Additionally, 23.7% is potentially
cultivable with water access, while 8.9% is pasture and 28.7%
is forest. Key cash crops include sesame and haricot beans.
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The area houses the Monastery of Asabot Selassie, 20 kilome-
ters northeast of Asabot, and is accessible via the Ethio-Dji-
bouti Railways. The dry season lasts from November to Feb-
ruary, peaking in dryness during December and January.
Mieso's primary soil types are nutrient-rich, including Haplic
Yermosols and Chromic Cambisols, with soil depth varying
from shallow on steep slopes to 4 meters on gentler ones, mak-
ing it highly productive for both cereal and perennial crops
[25].

2.2. Research Design

This study utilized a partially mixed sequential dominant
status research design, incorporating both quantitative and
qualitative approaches [24]. According to in this design, the
quantitative phase takes precedence and occurs first, followed
by the qualitative phase. The two methods are integrated dur-
ing the data interpretation stage, with emphasis placed on the
quantitative data throughout the study.

Material used

Table 1. Material used.

Software Used Purpose
Employed for image processing and

ERDAS . .
classification.

Utilized for organizing and managing nu-

Microsoft Excel .
merical data.

Applied for comprehensive data manage-

ArcGIS Software .
ment and analysis.

2.3. Sources of Data

All data are downloading some global and regional spatial
data provender.

Table 2. Data source.

Source USGS FAO
Data LULC &temperature Soil type
Date 1/2/2024 1978

2.4. Methods of Data Collection

Field Surveys: Conducted on-site assessments to gather pri-
mary data on soil properties, land use patterns, and local agri-
cultural practices.

Satellite Imagery: Utilized high-resolution satellite images
(such as Landsat) for land use/land cover classification and to
assess vegetation health and distribution in the study area.

Remote Sensing Technologies: Employed remote sensing
tools to capture and analyze environmental variables, such as
temperature and rainfall patterns, relevant to teff cultivation.

Digital Elevation Model (DEM): Acquired a DEM for the
Mieso District to analyze topographical features and derive
slope and elevation data.

Existing Databases: Gathered secondary data from agricul-
tural databases and government reports to supplement field
data and provide context for the analysis.

2.5. Data Analysis

Geographic Information Systems (GIS): Integrated and an-
alyzed spatial data using GIS software to perform overlay
analyses, identify suitable land areas, and visualize results.

Image Classification: Processed satellite imagery using
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CHRS DIVAGIS
rainfall Elevation and slope
2021 2024

classification techniques to create a land use/land cover map,
which informs suitability assessments for teff production.

Surface Analysis: Derived slope and other topographical
features from the DEM to assess their impact on land suitabil-
ity for teff cultivation.

Soil Classification and Analysis: Converted soil type shape-
files into grid formats to evaluate soil characteristics relevant
to teff production.

Multi-Criteria Evaluation (MCE): Applied multi-criteria
evaluation techniques to combine various parameters (e.g.,
soil quality, climate, and slope) and create a comprehensive
land suitability model for teff cultivation.

Statistical Analysis: Conducted statistical tests to validate
the findings and ensure the reliability of the results in the con-
text of agricultural suitability.

2.6. Multi-Criteria Decision-Making Rules
(MCDM)

After preparing all the model parameters compatible to the
suitability model, estimating weights for the model parameters
is next step. Running a suitability model requires to estimate
weights for each individual model parapets.. Before the model
parameters are merged to the weighted overlay analysis, the
input model parameters are first converted in to a raster data


http://www.sciencepg.com/journal/ijics

International Journal of Information and Communication Sciences

http://www.sciencepg.com/journal/ijics

model. During the conversion of the vector data in to a raster
to make the data layers compatible for the raster analysis a 30
m cell size is taken on the basis of the DEM (Digital Elevation
Model) resolution.

Therefore, all the input parameters are resampled to 30 m
raster cell size resolution. In addition, to make the parameters
in to a uniform scale value for the overlay analysis, each pa-
rameter is reclassified in to 4 suitability classes ranging from
1 to 4 on the basis of their importance to the suitability model
objective, where 1 implies un suitable while 4 represents the

most suitable part of the study area. After each model param-
eter is reclassified in to a similar scale value, finally each
model parameter weighted using.

GIS methodologies of Multi criteria Decision Making
Rules in particular ranking methods. Finally, the model is run
in a GIS environment in a spatial analysis tool.

Analytic hierarchy process (AHP),

Analytical hierarchy process, is a structured technique for
organizing and analysing complex decisions, based on math-
ematics and psychology.

Pairwise comparison matrix

Table 3. Pairwise comparison matrix.

Rainfall Soil Temperature
Rainfall 1 2 3
Soil s 1 6
Temperature 1/3 1/6 1
LULC 1/5 1/3 Ya
Slope 1/7 1/7 /7
Elevation Vs 1/8 1/9

LULC Slope Elevation Criteria Weight
5 7 2 0.20
3 7 8 0.19
4 7 9 0.18
1 5 6 0.17
1/5 1 2 0.16
1/6 1/2 1 0.15

The consistency ration should be less than 0.1, then only the pair wise comparison satisfies

- . \

Suitable site map for Teff

Figure 2. Methodological flow chart.
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3. Results and Discussion

3.1 Results

In executing the suitability model, the following parameters
were utilized: Digital Elevation Model (DEM), slope, rainfall,
temperature, soil classification, and land use/land cover. Each
parameter layer was reclassified to a new evaluation scale
ranging.

3.1.1. Soil Classification

Below figures suitable land analysis 1 represents "unsuita-
ble," 2 indicates "low suitability," 3 signifies "moderate suita-
bility," and 4 denotes "high suitability. The figure below illus-
trates the suitable land analysis for teff cultivation, employing
a classification system where 1 represents "unsuitable," 2 in-
dicates "low suitability," 3 signifies "moderate suitability,"
and 4 denotes "high suitability."

Similar studies have utilized comparable classification
schemes to assess land suitability for various crops. For in-
stance, [23]. conducted a land suitability analysis for teff and
applied a similar four-tiered scale to categorize lands.
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Figure 3. Reclassified Soil types.

3.1.2. Digital Elevation Model (DEM)

The DEM shows an elevation range of very low altitude 855
meter above sea level and high peaks up to 2293 meter.

Elevation is also reclassified in to 4 classes with evaluation
scale 1 to 4 where 1 represents the unsuitability and 4 the high-
est suitability. Below figure (map) result revealed as reclassi-
fied DEM 1 indicate unsuitable, 2 low suitable, 3 moderate
suitable and 4 highly suitable.
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Figure 4. Reclassified Digital Elevation Model.

3.1.3. Slope

Slope is derived from DEM of the study area in a GIS plat-
form by using surface analysis in ArcGIS 10.3 software. The
resulting slope derived from digital elevation model of the
Mieso area comprises slope steepness ranging 0 to 60 degrees.
This value is again reclassified in to four slope classes so as to
make the slope compatible in the suitability modeling with
other model parameters.
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Figure 5. Reclassified Slope.

3.1.4. Temperature

Temperature is the most important factor that determines
the production of teff with water availability at the optimum
satisfaction. Areas that have the mean temperature between 10
and 27°C are suitable for optimal agronomical environment
for teff cultivation.
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It has the highest mean temperature of 18°C and the lowest
mean temperature is about 15°C and also this temperature is
reclassified again like other parameters to get the most suita-
ble temperature for teff production and make it compatible
with weighted overlay analysis.
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Figure 6. Reclassified temperature.

3.1.5. Land Use Land Cover

The land cover is taken as one major parameter that affects
the suitability modeling in the present study area. Land use is
the way in which, and the purpose for which, human beings
employ the land and its resources [1]. I was doing land use
land cover classification by comparing google earth.

land use land cover map ,
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Figure 7. Land Use Land Cover map.

18

In the land suitability analysis model, some areas such as
water body, urban built-up area, are unsuitable vegetation is
low suitable, grazing land moderate suitable and the remain
are high suitable are Reclassified. The Land Use Land Cover
is reclassified in to 4 suitability classes ranging from 1 to 4 on
the basis of their importance to the suitability model objective,
where 1 implies un suitable while 4 represents the most suita-
ble part of the study area.
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Figure 8. Reclassified Land Use Land Cover.

3.1.6. Rainfall

One of the single most important factor that determines teff
production is rainfall availability. Areas that “have annual
rainfall ranges from 800 to 1200 mm are the most advisable
place for the production of teff” [20]. As a result, the amount
of rainfall for teff production in the study area is identified by
mapping mean annual rainfall.

Like other model parameters, the rainfall map is reclassified
in to 4 suitability classes ranging from 1 to 4 where 4 indicates
“the most suitable” and 1 “the un suitable” areas. Then the
reclassified rainfall map would be compatible to run the
weighted overlay analysis of the suitability model. Under this
study, choosing suitable site for optimal teff production im-
plies assessing such things as land use land cover, slope, soil
type, rainfall, elevation and temperature. This information ex-
ists in different raster layers with different value scales; there-
fore, each data layer is reclassified in to uniform scale value
to obtain meaningful result.
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Figure 9. Reclassified Rainfall.

The final result of the study is based on the spatial model-
ling as the result shows (Figure 10) areas with enough
amounts of rainfall, fertile soil types, optimum temperature,
and with suitable elevation type, gentle slope, and also land
use land cover types with cultivated areas are identified as the
most suitable areas for teff production. Additionally, areas
with enough rainfall, moderate fertile soil types, optimum
temperature, moderate elevation and moderate slope gradient
and also with land use classes such as bare land are grouped
as moderately suitable areas for teff production in Mieso area.
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Figure 10. Suitability Map for teff production.

3.2. Discussion

This study evaluated the physical land suitability for teff
crop production in Mieso District using GIS and remote sens-
ing. Key findings show that elevation, rainfall, temperature,
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soil type, and land use significantly impact suitability, con-
sistent with [6]. The integration of GIS and remote sensing
enhances decision-making, supporting [2].'s assertion on the
importance of spatial analysis.

The study classified land into four suitability levels—un-
suitable, low, moderate, and high aligning with [23]. and al-
lowing stakeholders to prioritize interventions. Specific eleva-
tion ranges (1,107 to 3,106 meters) significantly affect yield,
corroborating [21]. Optimal rainfall is crucial, as noted by [20],
emphasizing the need for effective water management.

Soil quality, especially nutrient-rich types like Haplic Yer-
mosols, enhances productivity, echoing [17]. The findings of-
fer practical guidance for resource allocation and best prac-
tices for farmers and policymakers, similar to [12]. However,
the study focused mainly on physical attributes, neglecting so-
cioeconomic factors, a limitation highlighted by [8]. Future
research should include broader variables such as market ac-
cess and community engagement, and leverage advancements
in remote sensing for improved accuracy [25].

4. Conclusion and Recommendations

This study successfully evaluated the physical land suitabil-
ity for teff crop production in Mieso District using GIS and
remote sensing technologies. Key findings indicate that eleva-
tion, rainfall, temperature, soil type, and land use are crucial
factors influencing agricultural suitability. The integration of
these technologies not only enhances the accuracy of land as-
sessments but also supports informed decision-making for op-
timizing agricultural practices.

4.1. Conclusion

The research highlights specific areas suitable for teff cul-
tivation, providing valuable insights for stakeholders. The
classification of land into four suitability levels facilitates tar-
geted agricultural interventions, which can lead to improved
productivity and sustainable land use in the region. However,
the focus on physical factors necessitates caution, as socioec-
onomic variables remain critical in effective land management.

4.2. Recommendations

Incorporate Socioeconomic Factors: Future research should
integrate socioeconomic data, such as market access and com-
munity engagement, to provide a more comprehensive under-
standing of land suitability.

Enhance Water Management Strategies: Implement effec-
tive water management techniques to ensure sufficient rainfall
utilization, as it is essential for optimizing teff production.

Promote Soil Conservation Practices: Advocate for sustain-
able soil management strategies, particularly in nutrient-rich
areas, to maintain soil fertility and enhance agricultural resili-
ence.

Leverage Advanced Technologies: Utilize advancements in
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remote sensing and GIS to refine land suitability assessments,
ensuring higher resolution and accuracy in future studies.
Stakeholder Engagement: Actively involve farmers, policy-
makers, and local communities in land management planning
to foster a collaborative approach to agricultural development.
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FAO Food and Agriculture Organization

GIS Geographic Information System
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