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Abstract: This paper presents a study conducted using the Multi-Criteria Analysis (MCA) to explore surface irrigation
potential zones in the Didesa sub-basin of the Abay basin in Ethiopia. Physical land features, such as land use / land cover
(LULQ), slope, soil depth, drainage, and road proximity, along with climate factors like rainfall and evapotranspiration,
and population density, were identified as criteria for the exploration. The analytic hierarchy process (AHP) is a powerful
structured decision-making technique commonly used for complex multi-criteria analysis problems where multiple
criteria need to be considered. The importance of the criteria was prioritised and ranked in the analytic hierarchy process
(AHP). Five qualitative-quantitative based surface irrigation potential zones were identified, namely highly suitable
(48.40%), moderately suitable (27.26%), marginally suitable (13.27%), not suitable (4.91%), and irrigation constraints
(6.16%). The consistency of the AHP technique in the exploration of surface irrigation potential zones is evaluated by the
consistency index at CI = 0.011 and confirmed the correctness of weights assigned for the individual key factor in the
AHP. The accuracy of the potential zones generated in the AHP was evaluated with ground-truth points and a supervised
LULC classification map. Moreover, a good agreement was made among the classes with the kappa index (KI = 0.93).
Therefore, the application of the MCA for the exploration of surface irrigation potential zones was successful, and the
results of the study will be useful to strengthen the irrigation in the explored potential zones.

Keywords: analytic hierarchy process (AHP), key factors, multi-criteria analysis (MCA), physical land features,

potential zones

INTRODUCTION

Globally, more than 40% of the Earth’s land is used for
agricultural practices. This trend is consistent with many African
countries (Worqlul ef al., 2018; Girma, Gebre and Tadesse, 2020).
As studies conducted in Ethiopian agricultural sectors reveal,
about 80% of the labour is getting involved in agriculture
(Bagherzadeh and Daneshvar, 2011), which is mainly focused on
the rain-fed agricultural system. The agriculture practices in
Ethiopia are dependent on rain-fed, which is vulnerable to the
variability of rainfall and other physical land features (Iticha and
Takele, 2018; Mandal, Dolui and Satpathy, 2018). More than 95%
of the food source in Ethiopia derives from the low-yielding

agricultural system (rain-fed) and rainfall is the unique and single
factor in agriculture (Olika and Iticha, 2019).

A significant problem associated with the dependency on
rain-fed agriculture is that there was no study conducted that
helps the community to implement irrigation-based agricultural
systems (Scanlon et al., 2005; Panagos et al., 2018; Dawit et al.,
2020). The dual agriculture system is the best way of enhancing
and increasing productivity (Dawit et al., 2020), and that is why
the exploration of surface irrigation potential zones in this study
is very important. Less skilled and poor farmers can profit from of
surface irrigation, and it alleviates poverty, strengthens food
security (Pimentel and Burgess, 2013), and improves the quality
of life for low-income farmers. Although the local farmers have
little knowledge of surface irrigation, more than 95% of the world
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uses it (Dinka, 2020). Despite the high significant surface water
potential in the sub-basin (Raviraj, Kuruppath and Kannan, 2017;
Gebrie et al., 2018; Hamdani and Baali, 2020), there is no single
piece of land that the farmers are utilising for irrigation. Very
limited quantitative study is available on the exploration of
surface irrigation potential zones (Balsubramanian, 2017; Raviraj,
Kuruppath and Kannan, 2017; Gebrie et al., 2018) in the country,
and this study can put a milestone for the further analysis.

The multi-criteria analysis (MCA) method involving the
analytic hierarchy process (AHP) is extensively used for different
purposes like the land suitability analysis (Lange Salvia et al.,
2019), urban public transport (Nosal and Solecka, 2014), and the
evaluation of a manufacturing process based upon continuous
five axes CNC (Computerized Numerical Control) machine-tools
(Bologa et al., 2016). In this sense, this study explores potential
zones for surface irrigation using the MCA approach called the
AHP in ArcGIS version 10.4. Internationally, studies (Worqlul
et al. 2017; Ahmad et al., 2020; Dibaba, Demissie and Miegel,
2020) are available on the application of the AHP in assessing
land suitability for surface irrigation purposes. However, no study
was done in this sub-basin. In the AHP, key significant factors,
such as physical land features and climate data, are integrated and
indexed to generate surface irrigation potential zones (Dibaba,
Demissie and Miegel, 2020). To explore the surface irrigation
potential zones (Al-Adamat, 2012) in the sub-basin, the
availability of surface water resources from the river networks
on the basis of physical land features was evaluated first.

MATERIALS AND METHODS

DESCRIPTION OF THE STUDY AREA

The Abay River lies in the west of Ethiopia between latitude 7°
45', and 12°46'N, and longitude 34°06' and 40°00'E. Didesa is one
of the sub-basins found in the basin which covers a total area of
19,630 km? and extends over a few political-administrative
zones, such as East and West Wollega, Ilubabor, Jimma, and
Kamashi (Paola de, 2014; Dessalegn et al., 2017). The sub-basin
is situated (Fig. 1) between 8°00'N and 10°00' and 35°00'38°00'
latitude and longitude, respectively. The topographic condition
of the study area is characterised by a long valley, created by
erosive actions of the sub-basin river flowing from the highland
to the lowland of the sub-basin with an average elevation
ranging from 630 to 1500 m a.m.s.l. (Abay et al., 2017). The
mean annual rainfall varies between 45 mm to 3352 mm
(Prasannakumar et al., 2012). The sub-basin has the highest
contribution of any other tributaries of the Abay River. The
Didesa River receives water from different tributaries, such as
the Dabena River, Wama, Idris and Shifa. The Didesa River has
been gauged since 1960 at the station known as “Didesa near
Arjo” and the mean annual flow at this station is 117 m’s™".
This includes all the upstream areas drained by the Urgessa and
Temsa rivers with a mean average flow of 1.07 and 1.29 m>s™'
(Abay et al., 2017).
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Fig. 1. Map of the rainfall and potential evapotranspiration (ET) spatial distribution in the Didesa sub-basin generated in inverse distance weighted
(IDW): a) rainfall, b) potential evapotranspiration; source: own elaboration
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SELECTION OF THE KEY FACTORS

Beside the rain-fed agriculture practice, irrigation has a para-
mount role for food security and improvement of living
conditions in the sub-watershed (Yan et al, 2018; Magsoom
et al, 2020). The topographical conditions, physical terrain
features, and climate are considered as a primary criterion while
selecting significant factors for the exploration of surface
irrigation potential zones (Hammouri, El-Naqa and Barakat,
2012).

Field observations and reconnaissance survey were made
with different experts from the Agriculture Office, Irrigation
Authority Office, and other volunteered environmentalists to
determine key significant factors for the analysis of suitable
potential zones. Because of the topographic and availability of
surface water sources, the Didesa sub-basin was confirmed for the
exploration of surface irrigation potential zones. To explore the
surface irrigation potential zones in this sub-basin, the key
significant components, such as terrain, slope, soil, and rainfall,
were tested as surface irrigation development criteria (Mandal,
Dolui and Satpathy, 2018; Andualem et al., 2019; Tolche, 2020).
Data obtained from the local government office in a vector and
raster format had different pixel resolution and the resampling
technique in ArcGIS 10.4 version was applied and brought to the
same resolution (30 x 30 m). The key significant elements were
analysed and reclassified using a pair-wise comparison matrix in
ArcGIS 10.4 version (Hamdani, 2004; Dar, Rai and Bhat, 2020;
Hategekimana et al., 2020). Surface irrigation potential zones
were developed after the reclassification and weighted compo-
nents were integrated with the overlay analysis with the spatial
tool analyst in ArcGIS environment (Desta and Lemma, 2017;
Worqlul et al., 2017; Dibaba, Demissie and Miegel, 2020).

The combination of physical land features (slope, soil, and
land use), climate factors (rainfall) are an indicator of surface
irrigation potential zones. For this specific study, rainfall, slope,
soil and land use were considered as an indicator for the
exploration of surface irrigation potential zones. Historical mean
annual rainfall of 15-years (2005-2019) and the corresponding
evapotranspiration (ET) in the sub-basin were used for the
exploration of surface irrigation potential zones. The areal
distribution of these factors is presented in Figure la and 1b.

The land use used in this study was extracted from Landsat 8
image (Al-Nahmi et al., 2016; Akinluyi, Olorunfemi and Bayowa,

2018; Kayet et al., 2018). The slope of the study area was
generated from the Digital Elevation Model (DEM) of 12.5
x 12.5 m spatial resolution downloaded from CEOS (no data) and
NASA (no data) with the terrain corrected high resolution DEM
(Chandra Bose, Giridhar and Viswanadh, 2010; Saitaptim, 2011).
The data and temporal resolution for each data are summarised
in Table 1.

The physical land features (land use/land cover, slope,
distances, availability of surface water sources, and soil), climate
attributes (rainfall and potential evapotranspiration (ET)) and
socio-economic factor (population density) are considered as
primary criteria for the selection of factors that are significant for
the exploration of surface irrigation potential zones (Hammouri,
El-Naqa and Barakat, 2012). Field observations and reconnais-
sance survey were made with different experts from the
Agriculture Office, Irrigation Authority Office, and other
volunteers to choose the key significant factors used in the
multi-criterion analysis (MCA). Based on physical evidences,
availability of surface water sources, and availability of data in the
Didesa sub-basin, the key significant factors, such as land use/
land cover (LULC), soil, slope, population density, distance and
rainfall were confirmed as the parameters for the MCA during the
exploration of surface potential zones.

ANALYTIC HIERARCHY PROCESS (AHP)

The analytic hierarchy process (AHP) is a very popular multi-
criteria decision method and has been applied in a wide variety of
areas including suitable land selection, groundwater exploration,
and water resources allocation and planning. Since the explora-
tion of potential zones needs a combination of physical land
features, climate, and socioeconomic factor (USBR TSC, 2005;
Worglul et al., 2017; Ahmad et al., 2020), it is a best alternative to
use the AHP. The degree of importance for each significant factor
is different and for this purpose, the analytic hierarchy process
(AHP) was implemented to identify relative significance of each
key factor (Gedam Berhanu and Dagalo Hatiye, 2020; Hamdani
and Baali, 2020). A pair-wise comparison matrix developed in the
AHP helps to rate the relative importance of a factor correspond-
ing to the other factors, with a rating scale of 1 to 9 — Table 2
(Andualem et al., 2020).

Table 1. Summarised data with the sources and spatial/temporal resolution

S. No Data

Sources of the data

Spatial/temporal resolution

1 land use

http://geoportal.rcmrd.org

available for the year 2018

2 road networks

Ministry of Water Resources

Didesa sub-basin

3 soil Ministry of Water Resources available for the year 2018
4 river networks Ministry of Water Resources Didesa sub-basin

5 DEM(m) NASA (no data) Didesa sub-basin

6 rainfall (mm) Ministry of Water Resources 15-years

7 groundwater depth (m)

Ministry of Water Resources

Didesa sub-basin

Source: own elaboration.
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Table 2. Analytical hierarchy process scale and judgment

Scale Judgment
1 equal importance
3 moderate importance one over the over
5 essential or strong importance

7 very strong or demonstrated importance

9 extreme or absolute importance

intermediate values between the two adjacent judgments

Source: own elaboration.

STEPS IN THE ANALYTIC HIERARCHY PROCESS (AHP)

In the AHP, it is clear that there are several criteria that can be
evaluated in several ways. First of all, the AHP technique predicts
issues to be solved in three stages. The first stage is to identify the
issue, the next stage proposes different alternatives or possible
solutions, and lastly, the third stage evaluates possible solutions
against specific criteria. In general, there are four steps in the
AHP during decision making regarding the exploration of surface
irrigation potential zones, as shown in Figure 2. The natural
environment of a given watershed is governed by its physical
characteristics, such as LULC, soil, and slope. The land that is to
be used for irrigation is subject to these physical features. Without
knowing the physical evidences of a catchment, it is meaningless
to make a decision about the selection of surface irrigation
potential zones. The importance of these physical features for the
exploration of suitable surface irrigation potential zones are
presented in the following sections.

. Steps in AHP I

Developing a model for the exploration

Step 1: =l _ _
of surface irrigation potential zones

Deriving priorities (weights) for the key

Step 2:
P significant factors

Consistency check (checking whether the

Step 3: assigned weights are correct or not)

Deriving overall priorities (model

Step 4: . ; o
synthesis) and make a decision

ﬂ”ﬂ

Fig. 2. The detailed steps in the analytic hierarchy process (AHP) during
making a decision; source: own elaboration

LAND USE

The purpose for which the land serves is called land use (Fayas,
2019). The types of land use and the degree of suitability for
surface irrigation are correlated. The land use classification is
a commonly used technique to get information about the land
cover (Thapa, 2020; Yulianto et al., 2020). Land use and land

cover are interconnected and describe physical land types. Such
information from the exploration of surface irrigation potential
zones (Fig. 3a, b) is very important in decision making. Generally,
there are eight LULC classes (tress cover areas, shrubs cover areas,
grassland, cropland, vegetation covers, bare lands, built-up areas
and open water) in the sub-basin and these are divided into four
classes (as cropland, grassland, shrubs cover areas and vegetation
covers) based on the suitability of the land for cultivation.

SOIL DEPTH AND TEXTURE

The exploration of surface irrigation potential zones depends on
soil properties such as depth and texture. Soil depth is one of the
most important properties of soil and the major factor for
identifying appropriate soil characteristics that is suitable for
crops to receive water and essential minerals. Soil is one of the
physical land features, and its suitability is evaluated in terms of
physical and chemical properties (Gebremariam, 2010; Das and
Pardeshi, 2018). The physical component of soil in this study
includes the land suitability evaluation which relies on properties
such as infiltration capacity, sensitivity to runoff, and nutrient
composition. The other soil properties, such as texture, chemical
composition, soil depth, and drainage class, were extracted from
data provided by the Ethiopian Ministry of Water Resources.
Since plant roots grow and propagate in the soil, soil can have
either negative or positive impact on their health. The major soil
classification (Fig. 4c), texture (Fig. 4d), depth (Fig. 5a) and
drainage (Fig. 5d) maps generated in this paper were used as
criteria for the land suitability analysis.

SLOPE

The topographical condition has great impact on the evaluation
and selection of surface irrigation potential zones in a given area
and the gradient of land governs the method of irrigation to be
implemented in the area. There is a direct relationship between
slope degree and the soil depth, vulnerability to erosion, and
irrigation systems. If the topographic condition of an area under
consideration and the proposed sources of water cannot be
directly connected by a gravity system (if elevation of source is
higher than suitable land), the surface irrigation system is not
feasible. A digital elevation model (DEM) of 12.5 x 12.5 m spatial
resolution was used to generate slope and reclassification was
made in ArcGIS version 10.4. The ranges of slope (degree) and
the reclassified slope-based land suitability evaluation are
presented in Figure 3a, b.

RAINFALL

Rainfall is one of climate elements which describes the hydrologic
responses of a watershed to a hydrologic cycle (Scanlon, 2005;
Worgqlul et al., 2017). Historical rainfall data for the area were
considered in this analysis to map rainfall variability along the
sub-basin. Accordingly, the historical point rainfall data were
converted to areal with 30 x 30 m spatial resolution using the
inverse distance weight (IDW) (Al-Wagdany, 2020). The rainfall
intensity varies and the potential map which shows rainfall
distribution and classifications of precipitation depth was
analysed and presented. Rainfall distribution and corresponding
slope are presented on the same map as shown in Figure 3¢, d.
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Fig. 3. Map of Didesa sub-basin: a) slope, b) reclassified slope based on surface irrigation potential zone selection, c) rainfall,
d) reclassified rainfall based on surface irrigation potential zone selection: source: own study
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DISTANCE

The other constraint for the exploration of surface irrigation
potential zones is the distance between surface water sources and
land under consideration (Worgqlul et al., 2017). Logically, it is
acceptable that suitable and potential land should be located near
surface water sources (rivers or streams), and the distance should
be possibly short. Thus, the proximity analysis for the
determination of the relationship between land and sources of
water is important (Chuma et al., 2013). The capacity of the river
(whether river is perennial or not) is also evaluated, and this helps
us to select appropriate structures (weir or dam) while designing
and planning of an irrigation project. For this sub-basin,
a distance map presented in (Fig. 5) is based on river and road
networks.

POPULATION DENSITY

The 2019 census data from the Ethiopian Central Statistical
Agency (CSA) was used in this study to determine population
density (Worgqlul et al., 2019). The market and the availability of
community infrastructure in the study area were integrated to
evaluate the suitability of potential zones. Grid-based national
census data from the CSA were overlaid with road networks and
commercial centers within the study area (Al-Adamat, 2012). The
population distribution is shown in Figure 5¢) and it reflects the
estimated number of beneficiaries in the sub-basin.

CLASSIFICATIONS OF SURFACE
IRRIGATION POTENTIAL ZONES

After the key significant factors were prepared in ArcGIS 10.4
version, additional investigation was carried out for each factor
for better understanding of their influence on the exploration of
surface irrigation potential zones. The selection of suitable surface
irrigation potential zones using the key significant factors is based
on the FAO (1995) guidelines and the physical evidences collected
in the catchment. The classification of the individual key factors
influencing the selection of surface irrigation potential zones was
reclassified into four qualitative-based classifications as high
suitable (class S1), moderately suitable (class S2), marginally
suitable (class S3) and not suitable (N) with detailed descriptions
given in Table 3.

The map of the suitable surface irrigation potential zones in
the study area involves weighting of the key significant factors.
The main objective of weighing the surface irrigation potential
zones is to fix the rank of each key factor comparing to other
factors. The detailed steps of the analytic hierarchy process (AHP)
shown in Figure 3, which is a very popular method of the multi-
criteria decision analysis (MCA) technique, were used to explain
the degree of importance (weights) of each key factor. The relative
importance of an individual key factor is detailed in the pair-wise
comparison matrix (PWCM) which rates the significance among
factors concerning the exploration of surface irrigation potential
zones based on the scale value ranges 1-9 as shown in Table 2.
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Table 3. Land suitability classification
Class Potential zone Description
S1 | highly suitable land without any significant limitations
S2 | moderately suitable moderately severe limitations which reduce productivity
S3 | marginally suitable overall severe limitations; given land use is only marginally justifiable
S4 | not suitable limitations not currently overcome with existing

Source: own elaboration based on the work done by Ahmad et al. (2020).

The consistency of the weights derived from the pair-wise matrix
should be checked and this improve the accuracy of decision
making in the AHP method. The consistency of derived weights is
checked by reducing the error in the estimation and this can be
achieved by the consistency index (CI) and consistency ratio
(CR), as shown in Equations (1) and (2).

)\max —-n
==t ()
CI
CR=— (2)

where: A,y = maximum eigenvalue of the pair-wise matrix,

n number of criteria used in the pairwise comparison,
RI = random index for a number of an attributes used in the
evaluation; the RI values are 0.52, 0.89, 1.11, 1.25, 1.35, 1.4, 1.45,
1.49 for the respective attributes of 3, 4, 5, 6, 7, 8, 9 and 10.

The processes of making decision about the surface
irrigation potential zones in this particular study, a measurable
and stepwise evaluation criterion was implemented as shown in
the Figure 6. The ArcGIS 10.4 environment was used to prepare
the selected key factors, and the general hierarchical framework
for surface irrigation potential zone exploration implemented in
this study is presented in Figure 7.

Exploration of surface irrigation |

ACCURACY ASSESSMENT OF POTENTIAL ZONES

The accuracy of the multi-criteria analysis (MCA) for the
exploration of surface irrigation potential zones depends on
original/ground data validation. The accuracy assessment is
performed by comparing identified potential zones with a re-
ference to the remote sensing analysis. For this purpose, a hand-
held Global Positioning System (GPS) field survey was conducted
in the area and more than 60 points representing each land use
class (total 240) points of X-Y coordinates were identified. The
field survey data are supported by Google Earth Pro as a ground
for the validation of potential zones. Overall accuracy (OA),
producer accuracy (PA) and user accuracy (UA) were computed
using following equations (Egs. (3), (4) and (5)), respectively.

TNCCP

04 = (ch) 100 ®)
NCooCo

PA = (7TNR C) 100 (4)
NCood

UA = (TNCP)loo (5)

potential zones

Fig. 6. Hierarchical framework of surface irrigation potential zones exploration; source: own study
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where: TNCCP = total number of correctly classified pixels,
TNCP = total number of classified pixels, NCCC = number of
correctly classified class, TNRC = total number of references for
the class.

A standard measure of accuracy for thematic classifications,
such as land suitability analysis and exploration of surface
irrigation potential zones, a widely used technique called kappa
test is the best option. This test is used to evaluate results of the
potential zones accuracy by considering all criteria (land
suitability selection criteria used in this study) in confusion
matrix including diagonal element and the kappa index (KI) is
computed using predefined producer and user assigned ratings,
which can be expressed as shown in Equation (6).

KT — TS -TC — 3 tot. sum of Rows - tot. sum of Column
~\ TS?2 - Y (tot.sum of Rows — tot. sum of Column

(6)

where: TS = total number of samples, TC = total number of
samples correctly classified.

For the complete agreement value of KI = 1. If there is no
agreement among the raters than what would be expected, the
KI = 1.

RESULTS AND DISCUSSION

The principle of the pair-wise comparison matrix developed in
the analytic hierarchy process (AHP) and overall weights assigned
to key factors for the exploration of surface irrigation potential
zones in sub-basin are summarised in Table 4. Figure 8 presents
the explored surface irrigation potential zones in the Didesa sub-

basin. In this sub-basin, 48.40% of the area is highly suitable,
27.26% moderately suitable, 13.27% marginally suitable and
4.91% is not suitable, and 6.16% of the area contains irrigation
constraints (Fig. 9).

The importance of the key factors (LULC, soil depth, slope,
texture, drainage, road proximity, ET, and population density) has
been evaluated and weighted on the basis of their significance in
the exploration of surface irrigation potential zones. The weight
assigned for each key factor, the pair-wise comparison matrix, the
normalised pair-wise comparison matrix and eigenvalues are
presented in Tables 4 and 5. The qualitative-based results of the
overall surface irrigation potential zones obtained is presented in
Table 6. As we can see from Figure 9, the downstream portion of
the sub-basin is highly suitable for surface irrigation practice and

100 this will open door for the implementation of a small-scale

irrigation project. The consistency of the AHP technique in
capturing the exploration of surface irrigation potential zones is
evaluated by consistency index (CI) and consistency ratio (CR).
The summary of the consistency evaluation is presented in
Table 4. As we can see from the table, the CI > 0.1, which
indicates that weights assigned for the individual key factor in the
AHP are correct (Nagaraju et al, 2016; Mandal, Dolui and
Satpathy, 2018; Dinka, 2020).

The key factors were arranged and evaluated based on their
importance to generate the potential zones suitable for surface
irrigation (Nagaraju et al., 2016; Mandal, Dolui and Satpathy,
2018; Dinka, 2020). According to the result obtained in the study
area, qualitative-based on classifications, namely: highly suitable,
moderately suitable, marginally suitable, not suitable, and some
constraints irrigation sites. These were identified and the
corresponding areas of coverage is presented in Table 6. Almost
similar agreement is made in the studies conducted by Mandal,

© 2023. The Authors. Published by Polish Academy of Sciences (PAN) and Institute of Technology and Life Sciences — National Research Institute (ITP — PIB).
This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/3.0/)



www.czasopisma.pan.pl P N www.journals.pan.pl

POLSKA AKADEMIA NAUK

206

Habtamu Tamiru, Megersa O. Dinka

Table 4. Pair-wise comparison matrix and the key factors

f;“me' LULC D sl T D R RP ET PD

0.25 5.00 2.00 0.33 0.17 3.00 0.20

0.33 5.00 4,00 0.13 4,00 3.00

sl 4.00 0.25 0.33 0.33 0.20 4.00

0.20 0.50 2.00 3.00 8.00

D 0.50 0.20 4.00 5.00 0.14 0.33
0.08 0.19 0.07 0.38
RP 6.00 8.00 3.00 0.50 0.20
ET 0.33 0.25 5.00 0.33 7.00
PD 5.00 0.33 0.25 0.13 3.00
Total 17.37 17.78 14.50 12.29 18.78

Explanations: LULC = land use and land cover change, SD = soil depth, SI = slope, R = rainfall, T = texture, RP = road proximity, ET = potential

evapotranspiration, PD = population density, D = distance.
Source: own study.
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Fig. 8. Map of the explored surface irrigation potential zones; source: own study

Dolui and Satpathy (2018), Bhave, Katpatal and Pophare (2019),
and Gedam Berhanu and Dagalo Hatiye (2020).

The summary of accuracy assessment with kappa index (KI)
is presented in Table 7. As we can see from the detailed information
on the computed accuracy assessment parameters, such as overall
accuracy (OA), user accuracy (UA), and producer accuracy (PA),

the kappa index (KI) value is 0.93. This indicates that the agreement
among the raters is complete. A total number of 240 ground truth
points were collected and overlaid with the potential zones
generated in the MCA. Out of these points, 233 points were
correctly classified in the LULC map prepared by a supervised
classification and further evaluated with a base map (Fig. 10).
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Fig. 9. Ground truth data based validated surface irrigation potential zones: a) supervised LULC classification,
b) explored surface irrigation potential zones for MCA, c) base map for ground trothing for explored potential zones;
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Table 5. Normalised pair-wise comparison matrix
Parameter | LULC | SD SI T D R RP ET PD Normalised Normalised Eigenvector
sum of rows average rows
LULC 0.06 0.17 0.02 0.41 0.11 0.07 0.01 0.17 0.01 0.95 0.95/9 0.12
SD 0.02 0.06 0.03 0.03 0.27 0.15 0.01 0.23 0.17 0.81 0.81/9 0.10
Sl 0.23 0.11 0.07 0.16 0.01 0.31 0.02 0.01 0.23 0.85 0.85/9 0.11
T 0.01 0.17 0.03 0.08 0.02 0.47 0.14 0.17 0.47 1.09 1.09/9 0.13
0.03 0.01 0.28 0.24 0.05 0.35 0.34 0.01 0.02 0.98 0.98/9 0.12
R 0.08 0.19 0.07 0.21 0.38 0.23 0.04 0.19 0.03 1.07 1.07/9 0.18
RP 0.35 0.45 0.21 0.04 0.01 0.01 0.07 0.01 0.03 1.17 1.17/9 0.14
ET 0.02 0.01 0.34 0.03 0.37 0.14 0.27 0.06 0.01 1.12 1.12/9 0.14
PD 0.29 0.02 0.02 0.01 0.16 0.06 0.14 0.34 0.06 1.03 1.03/9 0.13

Explanations: A = 9.125, n = 9, CI (consistency index) = 0.017, RI (random index) = 1.45, CR (consistency ratio) = 0.01. Parameters explanations as in

Tab. 4.
Source: own study.

Table 6. Overall surface irrigation potential zone classifications

Suitability class Degree of suitability Total area” (km?) Percentage (%) Excluded area® (km?)
S1 1 - highly 9,501.52 48.40 1011.64
S2 2 - moderately 5,350.88 27.26 680.17
S3 3 — marginally 2,604.42 13.27 -
N 4 - not suitable 964.79 4.91 -
Constraints 5 — irrigation constraints 1,208.39 6.16 -

! Total area of land under each suitability class. > Total area of land demarcated as grave and religious areas.

Source: own study.
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Table 7. Accuracy assessment of surface irrigation potential zones

Suitability | S s2 3 N 1+2+3+4 UA PA Row. ;::'C"l' Row. TI“:)tt_ Col.
class
5 6 7 8 9
64 98.44 96.92 997.07 33.44
63 110.91 95.31 750.49 46.91
57 90.16 105.77 807.37 34.16
56 90.91 98.18 201.80 3591
240 2756.7 150.42
KI =093

Explanations: UA = user accuracy, PU = producer accuracy, S1 = highly suitable, S2 = moderately suitable, S3 = marginally suitable, and N = not
suitable.

Number of surface irrigation potential zones correctly classified = 233.

Overall classification accuracy (OA) = (63 + 61 + 55 + 54)/240 = 233/240 = 97.08%

KI =0.93.

Source: own study.
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Fig. 10. Map of the Didesa sub-basin, rainfall stations, and main river networks; source: own study

CONCLUSIONS soil depth, drainage, texture, rainfall, ET road proximity, and

population density were used to explore the surface irrigation

This paper presents the application of the multi-criteria analysis  potential zones. In this sub-basin, four areas have been designated
(MCA) for the exploration of surface irrigation potential zones as highly suitable (48.40%), moderately suitable (27.26%),
situated in the Didesa sub-basin, Ethiopia. A total of nine key marginally suitable (13.27%), not suitable (4.91%), and irrigation
significant factors, such as land use/land changes (LULC), slope, constraints (6.16%). The performance of the AHP technique for
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the exploration of the surface irrigation potential zones was
evaluated against the consistency index (CI = 0.011, which is less
0.1). It was found that values of weight assigned to each factor in
the MCA analysis were correct. The map of surface irrigation
potential zones explored in the MCA was evaluated against the
kappa index (KI) supported by ground truth technique. Accord-
ingly, out of a total 240 points collected for the evaluation, 233
points were correctly classified. A supervised LULC and base
maps were used to validate the potential zones generated in the
MCA, and a good agreement was made with KI = 0.93 among the
raters. In this study, the use of the multi-criteria analysis (MCA)
helped to explore surface irrigation potential zones in this sub-
basin. Finally, it was concluded that the results of this paper
would be useful for water resources developers, residents, and
entrepreneurs to intensify irrigation using the explored potential
zones in the sub-basin.
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