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   Abstract 

The ability of GIS to manipulate various types of data helps to perform complex analysis extracting information 

about spatially distributed phenomena in greater efficiency, which enables suitability analysis for small to large 

areas. The present study was aimed to assess land suitability for different types of irrigation systems including 

surface, drip, and sprinkler methods by parametric approach in dabus watershed. The study used soil texture, soil 

depth, Calcium Carbonate (CaCO3) content, electrical conductivity, drainage and slope for suitability analysis. The 

analysis revealed that, 82689 ha of the land was suitable for surface irrigation, 412483.071 ha for sprinkler 

irrigation, and 745488 ha for drip irrigation. The results show that the highest irrigation potential obtained on 

lowland parts of the watershed. The main limiting factors were physical limitations of low slope, clay and clay loam 

dominated soil texture.  
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1. INTRODUCTION   

Ethiopia, one of the mountainous countries in East 

Africa, is often called the “Water Tower of Africa” 

due to its topographical nature and climatic condition. 

The country is endowed with a substantial amount of 

water sources. It receives about 980 billion cubic 

meters square of rainwater per year. The irrigation 

potential is estimated to be about 3.7 million hectares, 

of which only 190,000 hectares (5.3% of the potential) 

has currently been under irrigation and plays 

insignificant roles in the country‟s agricultural 

production (Negash and Seleshi, 2004). Despite the 

presence of immense potential for expanding irrigated 

agriculture in Ethiopia, irrigation systems are little 

developed and at an infant stage in the country, with 

very low contributions to the growth of the agriculture 

sector, which is the backbone of the country‟s 

economy (MOA, 2011 and Seleshi, 2010). The 

country largely depends on rain-fed agriculture, which 

is highly vulnerable to high degree of rainfall 

variability and unreliability (Hailemariam et al., 

2018). This in turn has resulted in frequent crop 

failures and droughts, which negatively affect the 

agricultural productivity and food supply of the fast-

growing population in the country.  

The high dependency on rain-fed farming in the dry 

lands of Ethiopia and the erratic rainfall requires an 

alternative means to improve agricultural production 

and productivity. These can be achieved through an 

optimal development of irrigation scheme (FAO, 

2003). Improper use of irrigation water has resulted in 

degradation of natural resources that leads to decline 
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in the productivity of land resources and deterioration 

of land quality for its future use (Sulieman et al., 

2015). So as to address this water challenge, 

Geographic Information System (GIS) based 

parametric evaluation approach Land Suitability 

Analysis techniques were applied. The techniques can 

handle large volumes of datasets considering all 

spatial factors to select irrigation site. Kumi-Boateng 

et al. (2016) suggested that GIS based parametric 

Evaluation Land Suitability Analysis techniques are 

possible way of making optimal decisions in selecting 

suitable land for irrigation system. Therefore, this 

study was aimed at identifying suitable areas on GIS-

based parametric evaluation approach for irrigation 

system along the dabus watersheds, Ethiopia  

      2.  Objectives of the study 

 To estimate land suitable for surface, drip 

and sprinkler irrigation systems in Dabus 

watersheds; 

3. Materials and Methods 

3.1. Description of the study area 

Dabus watershed is part of the Blue Nile River basin 

and is situated in the North-West Ethiopia (Fig. 1). It 

has an area of 21,030 km2 and its altitude ranges 

between 485 and 3150 m above mean sea level. The 

Dabus River has an average annual flow of about 

6246Mm3 even though not yet exploited for 

hydropower and other Agricultural development. The 

slope gradient of the study area varies from flat to 

steep slopes. Based on National meteorological 

service agency of Ethiopia (2016), the annual rainfall 

in the area varies between 970 and 1985 mm. The 

annual maximum and minimum temperature vary 

between 20–35 °C and 8–20 °C, respectively.  

                                                          Figure 1 location of study area                      
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3.2. Methods 

The methodology of the study was applied parametric evaluation approach to map suitability of land for 

surface, sprinkler and drip irrigation methods.  

                                                   Figure 2 flow chart of the study area                         

    3.3. Datasets 

The irrigation potential of Dabus watersheds 

was mapped using Geospatial data from ISRIC 

(Soil Properties Map of Africa at 250 m 

Resolution) (Hengl et al., 2015) , ISRIC- WISE 

derived soil property estimates on a 30 by 30 

arcsec global grid (Batjes, 2015) and SRTM 

DEM (Shuttle Radar Topography Mission )(30 

m).  

                                           Table 1 Summary of data used for the study 

No. Data Type Resolution Acquisition Date                                        Source 

1. SRTM DEM 30 m February-2021                                    Earthexplorer.usgs.gov/ 

2. Soil property grids (Africa) 250 m Long-term average                              www.isric.org. 

3. ISRIC WISE Database 1 km Long-term average                              www.isric.org. 

http://www.isric.org/
http://www.isric.org/
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     3.4. Land Suitability Analysis for Irrigation 

Among the different land suitability assessment 

methods, this work is interested in the parametric 

evaluation approach. The method consists in the 

numerical rating of the different level of land 

characteristics on a numerical scale from 0 to 100. 

The rating thematic layer of Soil texture (T), soil 

depth (D), Calcium carbonate/CaCo3/ (C), 

Salinity/Alkalinity (S), Drainage (E) and slope (F) the 

capability index for irrigation (Ci) calculated using 

rating tables adapted from the tables that prepared by 

(Sys et al, 1991). 

𝐶𝑖 = 𝑇 x 
𝐷

100
x

𝐶

100
x

𝑆

100
x

𝐸

100
x

𝐹

100
… (1) 

To get the capability index (Ci), the following GIS 

operations have been done: 

i. In order to obtain the average soil properties 

for ISRIC data provided with sections six(6) 

sections, weighting factors of 2,1.5, 1, 0.75, 

0.50 and 0.25 used for each section, 

respectively from top to bottom. 

ii. Texture classification using SAGA GIS 

2.3.2 soil texture classification tool that is 

developed based on the USDA texture 

triangle from soil separates (clay, silt, and 

sand) average values. 

iii. Join the raster data to the derived soil 

properties files, as managed the MS-

Access® database (WISE30sec.mdb). The 

linkage is done through the map unit code or 

grid cell identifier (NEWSUID) of the raster 

set and the NEWSUID of the various soil 

attribute data files. 

iv. Extract CaCO3 and EC using Lookup tool in 

ArcGIS 10.5 to get individual data set of 

each. 

v. Convert CaCO3 provided in g/kg to percent 

(1percent =.10g/kg) 

vi. Combine datasets using Combinatorial And 

too to combine the cell values in accordance 

with the requirement of rating table (Texture 

with Coarse Fragment, EC with Texture, and 

Drainage with Texture) 

vii. Prepare a slope map of the watersheds from 

SRTM DEM 

viii. Fill the values according to rating tables 

(Appendix 1: Rating Tables for Parametric 

Evaluation) using a query of attributes for 

the respective irrigation system. 

ix. Export each column of rating values by 

Lookup as new raster. 

x. Finally, multiply thematic layers created 

according to the model above. 

For irrigation, soil is a cultivation space in which 

during the vegetative period is lacking specific 

amount of water and which has to be introduced by 

artificial means. Thus, soil and land properties that 

resulted maximum usage of added water and 

preservation of soil structure especially if there is a 

risk of soil salinization have been considered for the 

study. These are: 

a. Soil Texture: Texture influences the movement of 

water through the soil, how much water can be stored 

in the soil, and how much of the stored water is 

available to plants. It determines the rate at which 

water should be applied, how much should be applied 

and how often irrigation should occur 
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b. Soil Depth: soil depth determines the 

potential rooting depth of plants to be 

grown and any restrictions within the soil 

that may hinder rooting depth. Any 

discontinuities in the soil from layers of 

sand, gravel, or even bedrock can 

physically limit rooting irrigation. 

c. Calcium Carbonate: The presence of free 

lime in the soil affect the structural 

arrangement of the soil mass, and the soil 

reaction and the physico-chemical constitution 

of the solum. The calcium carbonate status 

influences thus at the same time the soil-water 

relationship of the soil and its available 

nutrient supply for plant growth. Moderate 

CaC03 content has a favorable effect on soil 

suitability for irrigation. 

Figure 3: Soil Texture and Soil Depth Map of Dabus watersheds  

D  Electrical Conductivity: Electrical conductivity (EC) is the most common measure of soil salinity and is 

indicative of the ability of an aqueous solution to carry an electric current. The higher conductivity indicates 

excessive clay, which may limit production and suitability of the land. 
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                                Figure 4: Calcium Carbonate and Electrical Conductivity map of Dabus watersheds 

E Soil Drainage: Imperfect or poor drainage is an 

evident limiting factor. It is related to soil texture and 

to the depth and salinity status of the groundwater. It 

affects soil plant relationship and workability of soil. 

F Slope: Slope is important to soil formation and 

management because of its influence on runoff, soil 

drainage, erosion, the use of machinery and choice of 

crops. Gravity (surface) irrigation can be used only on 

simple slopes. Greater slopes could be irrigated only 

with sprinkler or drip systems. To accommodate 

gravity or sprinkler irrigation systems, land smoothing 

can be used to modify the slope in a field. 
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                                                Figure 5: Soil Drainage and Slope Map map of Dabus watersheds 

4. Results and discussion 

In this section, results obtained on parametric land evaluation for irrigation suitability for 

Irrigation are presented, described and discussed. 

4.1. Potential Area for Irrigation 

In this study, an attempt has been made to analyze and 

compare three irrigation systems by taking into 

account various soil and land characteristics based on 

the parametric evaluation system of Sys et al., (1991). 

The results obtained showed that sprinkler and drip 

irrigation methods are more suitable than surface 

irrigation method. 

The result showed that, 82689 ha of the land 

was found suitable for surface irrigation, 

412483.071 ha for sprinkler irrigation, and 

745488 ha for drip irrigation. The values of land 

capability indices for surface irrigation at the 

study area ranged from 27.20 to 90; for 

sprinkler irrigation 30.60 to 90 and for drip 

irrigation 29.75 to 90. The geographic 

distribution of capability classes for irrigation at 

the study area revealed that the potential areas 

extensively found on lowlands of the 

watersheds. 

The soil texture map of the watersheds was 

classified into clay, sandy clay loam, and clay 

loam. Nearly 64.52% of the area is under the clay 

soil texture, sandy clay loam 0.07%, and the rest 

area 35.41% of the area was covered by clay 

loam texture. Mean slope of the study area 

9.86%. 
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Table 2: Mean Rating Values for different factors 

Factor Mean Surface Rating Mean Sprinkler Rating Mean Drip Rating 

Texture 87.05 87.05 87.07 

Depth 98.25 98.85 99.44 

Drainage 92.77 95.11 97.50 

EC 100 100 100 

Slope 68.48 73.23 77.32 

Carbonate 95 95 93.33 

Areal distribution of different Biophysical Characteristics used for irrigation suitability analysis with their 

classes and percentage of each class from the total area of the watersheds are summarized in the following 

tables.                   

Table 3: Classes of Factors and their area 

Tex* 
Area (103 

ha) 

Area 

(%) 

Depth 

(m) 

Area (103 

ha) 

Area 

(%) 

 CaCO3 

(%) 

Area (103 

ha) 

Area 

(%) 

C** 1329.34 64.52 <20 0.13 0.006  <0.3 1892.461 91.85 

CL 729.57 35.41 20–50 1.97 0.095  0.3-10 36.180 1.76 

SCL 1.44 0.07 50–80 10.44 0.506  >10 131.712 6.39 

   80–100 119.60 5.804     

   >100 1928.21 93.586     

 
 

* Tex: Textural Classes. ** C: Clay CL: Clay Loam SCL: Sandy Clay Loam  

 

 
 

Drainage Area (103 ha) Area (%) Slope (%) Area (103ha) Area (%) 

Very poorly drained 1.42 0.07 0–1 0.51 2.85 

Poorly drained 16.61 0.81 1–3 1.56 8.73 

Imperfectly drained 198.88 9.65 3–5 1.96 10.94 

Moderately well drained 386.53 18.76 5–8 2.47 13.77 

Well Drained 1423.37 69.08 8–16 4.14 23.11 

Somewhat excessively 33.51 1.63 16–30 3.64 20.34 

   >30 3.63 20.26 

The comparison between surface and pressurized 

systems shows a big difference in the suitability 

of the different irrigation methods. Additional 

land of 128.0355 ha is almost suitable, 

206043.1975 ha is Slightly suitable, 82403.17 ha 

is suitable and 41219.668 ha is excellent 

applying sprinkler instead of surface irrigation 

methods. Drip irrigation could also increase 

additional land of 624014 ha is Suitable and 

66916 ha is Excellent; while slightly suitable 

area decreases by 28131 ha in the watershed. 

Therefore, Pressurized irrigation systems 

(sprinkler and drip irrigation systems) are good 

irrigation methods to apply. The analysis of the 

suitability irrigation maps for surface irrigation 

indicates that the most limiting factor is slope. 
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Land with less slope have more suitable area for surface irrigation.

4.2. Surface Irrigation 

As shown in Tables Table 4 for surface irrigation the watersheds area classified as Unsuitable (95.98%), 

Almost suitable (0.01%), Slightly suitable (2.45%), Suitable (1.40%) and Excellent (0.16%). Total area of land 

estimated by the analysis that can be developed by surface irrigation is about 82689 ha.  

                                              Table 4: Surface Irrigation Suitability of dabus  Watersheds 

 

 

 

 

 

                                                      Figure 6: surface irrigation suitability map

4.3. Sprinkler Irrigation 

The basin area Unsuitable (79.98%), almost suitable (0.01%), slightly suitable (12.45%), Suitable (5.40%), and 

Excellent (2.16%) (Table.5) 

No. Class Definition      Area (ha)     Area (%) 

1 Unsuitable               1977666         95.98 

2 Almost suitable         78                 0.01 

3 Slightly suitable      5047               2.45 

4 Suitable                    288561           1.40 

5 Excellent                   3284              0.16 
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                                Table 5: Sprinkler Irrigation Suitability of Dabus watersheds 
No. Class Definition Area (ha) Area (%) 

1 Unsuitable 1647871.929 79.98 

2 Almost suitable 206.0355 0.01 

3 Slightly suitable 256514.1975 12.45 

4 Suitable 111259.17 5.4 

5 Excellent 44503.668 2.16 

 

                                Figure 7: Sprinkler Irrigation suitability Map of Dabus watershed 
 

4.4. Drip Irrigation 

For drip irrigation the basin area is Unsuitable (63.81%), Almost suitable (0.01%), Slightly suitable (1.08%), 

Suitable (31.68%) and Excellent (3.40%).  

Table 6: Drip Irrigation Suitability with Percentage of watershed Area 
 

No. Class Definition Area (ha)           Area (%) 

1. Unsuitable 1314867   63.81 

2. Almost suitable      78 0.01 

3. Slightly suitable 22340 1.08 
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4. Suitable 652870 31.68 

5. Excellent 70200 3.40 

 

 
 Figure 8: Drip Irrigation Suitability Map of dabus watersheds 

5. Conclusion 

The result shows that 82689 ha of the land was 

found suitable for surface irrigation, 

412483.071 ha for sprinkler irrigation, and 

745488ha for drip irrigation. The main limiting 

factor was physical limitation of low slope and 

clay and clay loam dominated soil texture. The 

potential land found mostly lowland part of 

watershed.  

Generally, using GIS with the aid of remote 

sensing data provides spatially explicit 

irrigation area suitability, with short period of 

time and limited budget. 
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APPENDICES 

Appendix 1: Rating Tables for Parametric Evaluation 

Table 7: Rating of Soil Texture (Original) 
 

Tex* Rating for surface irrigation 
Rating for sprinkler 

Irrigation 

 
Rating for drip irrigation 

 
Fine gravel (%) 

Coarse 

gravel (%) 
Fine gravel (%) 

Coarse 

gravel (%) 
Fine gravel (%) 

Coarse 

gravel (%) 

 
<15 

15– 

40 

40– 

75 

15– 

40 

40– 

75 
<15 

15– 

40 

40– 

75 

15– 

40 

40– 

75 
<15 

15– 

40 

40– 

75 

15– 

40 

40– 

75 

C** 100 90 80 80 50 100 90 80 80 50 100 90 80 80 50 

CL 100 90 80 80 50 100 90 80 80 50 100 90 80 80 50 

SCL 95 85 75 75 45 95 85 75 75 45 95 85 75 75 45 

* Tex: Textural Classes. 

** SCL: Sandy Clay Loam C: Clay: CL: clay loam 

Due to lack of separate data availability of fine gravel and coarse gravel data, the average 

value is used using coarse fragment data downloaded from ISRIC. 

Table 8: Rating of soil Texture (Adapted) 
 

Tex* Surface Irrigation  Sprinkler Irrigation  Drip Irrigation  

 Coarse Fragment (%) Coarse Fragment (%)  Coarse Fragment (%) 

 <15 15 – 40 40 – 90 <15 15 – 40 40 –90 <15 15– 40 40 –90 

C** 100 85 65 100 85 65 100 85 65 

CL 100 85 65 100 85 65 100 85 65 

SCL 95 80 60 95 80 60 95 80 60 

                                     Table 9: Rating of Soil Depth for Irrigation 
 

Soil depth (cm) surface irrigation sprinkler irrigation drip irrigation 

<20 25 30 35 

20–50 60 65 70 

50–80 80 85 90 
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80–100 90 95 100 

>100 100 100 100 

 

Table 10: Rating of CaCo3 for irrigation 
 

CaCo3 (%) surface irrigation sprinkler irrigation drip irrigation 

<0.3 90 90 90 

0.3–10 95 95 95 

10–25 100 100 95 

25–50 90 90 80 

>50 80 80 70 

 

Table 11: Rating of slope for irrigation 
 

Slope Classes (%) surface irrigation sprinkler irrigation drip irrigation 

 Non-terraced Terraced Non-terraced Terraced Non-terraced Terraced 

0–1 100 100 100 100 100 100 

1–3 95 95 100 100 100 100 

3–5 90 95 95 100 100 100 

5–8 80 90 85 95 90 100 

8–16 70 80 75 85 80 90 

16–30 50 65 55 70 60 75 

>30 30 45 35 50 40 55 

Table 12: Rating of salinity for irrigation 
 

EC (ds.m-1) surface irrigation sprinkler irrigation drip irrigation 

 *C, SCL, CL  *C, SCL, CL  *C, SCL, CL  

<4 100  100  100  

4–8 90  95  95  

8–16 80  85  85  

16–30 70  75  75  

>30 60  65  65  

                                         * C: Clay SCL: Sandy Clay Loam CL: Clay loam 
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Table 13: Rating of Drainage Classes for Irrigation 
 

Drainage classes surface irrigation sprinkler irrigation drip irrigation 

 C, SCL, CL, 

  textures 

C, SCL, CL, 

 Textures 

 C, SCL, CL, 

  Textures 

Well drained 100 100  100 

Moderately 

Drained 

80 90  100 

Imperfectly 

Drained 

70 75  80 

Poorly drained 60 65  70 

Very poorly 

Drained 

40 45  50 

Drainage status 

not known 

70 70  70 

* C: Clay SCL: Sandy Clay Loam CL: Clay loam 

Table 14: Suitability classes for the irrigation capability indices 
 

Capability index Class Definition 

>80 I Excellent 

60–80 II Suitable 

45–59 III Slightly suitable 

30–44 IV Almost suitable 

<30 V Unsuitable 

 


