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ABSTRACT 
 
Low adoption of soil water conservation technologies has been one of the main causes for 
decreased agricultural productivity in the Upper Tana Catchment of Kenya. Proper identification of 
locations to scale-out the individual technologies necessary to improve water conservation is a key 
determinant for the rate of adoption. Our main aim was to identify the suitable sites for water 
conservation technologies using the suitability model created by the model builder function in 
ArcGIS 10.5®. The model combined the thematic layers of soil texture, slope, rainfall, and stream 
order, which were acquired from assorted online sources. The factors were converted to raster 
format and reclassified based on their suitability and were assigned fixed scores and weights by 
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use of multi influencing factor (MIF) method. The suitability evaluation was carried out by use of 
weighted overlay to produce suitability classes for each of the water conservation technique. The 
delineated suitability maps indicated that check dams are highly suitable in 50% of the study area. 
Mulching, on the other hand, is highly suitable for 49% of the study area. Zai pits are highly suitable 
in 43% of the study area. Majority of the study area is moderately suitable for the use of terraces, 
covering 41% of the study area. The highly suitable areas for the Checkdams are Machakos, Kitui, 
Tharaka-Nithi and lower parts of Embu. The highly suitable areas for mulching are Kirinyaga, 
Murang’a, Nyandarua and Nyeri. The highly suitable areas for the Zai pits are Kitui, lower parts of 
Tharaka-Nithi and the highly suitable areas for the terraces are Murang’a, Nyeri and Kirinyaga. 
Furthermore, the results demonstrated the effectiveness of GIS in delineating the suitable areas for 
the use of water conservation technologies. 
 

 

Keywords: Agriculture zai pits; mulching; terraces; check dams; Geographical Information System 
(GIS); weighted overlay; suitability map. 

 

1. INTRODUCTION  
 

Rain fed agriculture contributes to around 60% of 
the world’s agricultural productivity [1]. In Sub-
Saharan Africa (SSA), the per capita food 
availability has decreased over time and 
consequently led to food insecurity [2]. Rain-fed 
agriculture is the source of staple food production 
among the poor people in Sub Saharan Africa. 
The frequent dry spells in SSA have made water 
the main limiting factor in agriculture posing a 
threat to the livelihood of the smallholder farmers 
[3,4]. In Kenya, agriculture is the backbone of the 
economy, and more than 75% of people make a 
living from agriculture [5]. However, agricultural 
productivity has continued to decline despite the 
growing population. The Arid and Semi-Arid 
areas of Kenya occupy 80%of the total Kenyan 
land, and the people occupying these areas are 
generally poor and depend on food handouts to 
survive [6]. The low levels of moisture in Arid and 
Semi-Arid Areas of Kenya make the water 
conservation technologies an important 
intervention in water supply and food production 
[7]. 
 

Over 80% of agriculture in the Upper Tana 
Watershed of the Central Highlands of Kenya is 
rain-fed, and sufficient soil moisture retention is 
therefore important [8]. The farmers in the Upper 
Tana region have, however, been facing 
challenges of decreased agricultural productivity, 
which are linked to the degradation of natural 
resources due to excessive runoff leading to 
excessive nutrients depletion. One of the main 
reasons for the decreased agricultural 
productivity is the low or non-adoption of soil 
water conservation practices by the smallholder 
farmers. Therefore, part of the solution to the 
challenge of inadequate food availability would 
be the adoption of soil water conservation 
techniques. Some regions of the Upper Tana 

Region Watershed face frequent dry spells 
droughts [9]. There is a need to increase water 
availability to the crop grown in these areas 
through soil water conservation. Some water 
conservation practices have been developed, 
tested, adopted by some farmers, and seen to 
increase soil water availability and retention [10]. 
 

Water conservation technologies have continued 
to gain recognition in the world with an emphasis 
on erosion control [11]. The soil water 
conservation technologies mostly used in in the 
Upper Tana Catchment of Kenya are mulching, 
Zai pits, Terraces, and Check-dams. Despite the 
positive impacts arrived from using these 
technologies, the farmers in the Upper Tana 
region have not fully adopted these technologies. 
One of the main reasons for the low adoption of 
the technologies is the poor scaling out of the on-
station developed technologies. Therefore, there 
is a need to conduct a site evaluation to identify 
the most suitable sites for the use of water 
conservation technologies. 
 

Mulching prevents soil erosion by reducing the 
rate of runoff [12]. When mulches are spread 
over the soil, they slow down the rainwater runoff 
increasing the amount of water retained by the 
soil. As the mulches decompose, they provide 
organic matter which keeps the soil loose [13]. 
Zai pits are water conservation technologies that 
deal with the issue of land degradation, soil 
fertility, and soil moisture instead of the water 
being lost to runoff it is trapped inside the pits 
close to the crop roots. The Zai pits can provide 
for growth of water demanding crops and also 
reduce the chances of crop failure during dry 
spells [14]. The pits are about 0.6m in diameter 
and 0.3m in depth in which seeds are planted in 
the pits. The Zai pits gained popularity in Kenya 
and especially the dry areas [15] The Zai pits are 
especially relevant in areas receiving low rainfall 
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of between 300mm to 800mm [16]. Terraces 
reduce the slope steepness as they divide the 
slope into small, gently sloping sections. The 
terraces reduce runoff by encouraging it to 
infiltrate, evaporate, or is directed to a safe 
predetermined outlet at a controlled velocity to 
avoid soil erosion [17] Check-dams are devices 
made of rock, gravel bags, sandbags, and fibre 
rolls that are placed on natural or manmade 
ditches. Check dams reduce soil erosion as they 
reduce the flow velocity and encourage sediment 
settlement [18]. 
 

The factors necessary for the identification of 
suitable sites according to the Food and 
Agriculture Organization (FAO) are climate, soils, 
hydrology, topography, and agronomy [19]. Clay 
soils are prone to waterlogging; hence, the soil 
texture is an important factor in determining the 
suitability of soil water conservation technologies. 
In the drier areas (e.g., rainfall less than 750 mm 
per annum) it is usually desirable to keep 
rainwater in situ and to prevent runoff. Other 
factors that must be considered in reaching a 
decision, besides the availability of a discharge 
area or waterway, include the soil texture, slope, 
land use, and the risk, if any, of retaining water in 
situ. Soils in higher rainfall areas that are prone 
to waterlogging because they are shallow or 
because of the clay content, such as the grey soil 
(planosols) or black cotton soils (vertisols) in 
other areas, normally require structures that will 
drain water [20]. Some soil on steep slopes, such 
as the areas with Andosols, it is better to drain 
water. Also, areas prone to landslides become 
unstable if they are very wet, and conservation 
structures should be designed to drain the water 
away. 

 
Traditional methods such as field visits in 
determining the most suitable sites for the use of 
water conservation are tedious and time-
consuming [21]. GIS-based techniques are fast 
and most effective in conducting suitability 
analysis and can be used in preparing a map 
showing potential zones for water conservation 
structures and their appropriate measures [22]. 
Therefore, the main objective of the study was to 
identify the suitable sites for the use of water 
conservation technologies by use of a geospatial 
approach in the Upper Tana region of Kenya. For 
this purpose, the necessary biophysical and 
meteorological factors were identified, evaluated, 
and mapped by use of the GIS for proper zoning 
out of the suitable areas for the use of the water 
conservation technologies. 

2. MATERIALS AND METHODS  
 
The methodology adopted is illustrated in Fig. 1. 
The first step was the generation of the spatial 
database. The data used in this study was slope, 
Land use/Land Cover, Soil texture, and rainfall. 
The data was projected into a common 
coordinate system. The data were reclassified 
into five classes based on their suitability. Scores 
were assigned to each data set to bring them into 
comparable units. The thematic maps of each 
dataset were combined through weighted overlay 
obtaining the suitability maps for each of the 
water conservation technology.  

 
2.1 Data Acquisition 
 
Digital Elevation Model (DEM), rainfall, soil 
texture, and land use data was needed for this 
study. Rainfall was used as a climate parameter; 
slope represented topography, the streamflow 
order represented hydrology, land cover 
represented agronomy while the soil texture was 
used as a parameter for soil. DEM was used to 
generate the slope and the stream order layers. 
The DEM was downloaded from 
http://earthexplorer.usgs.gov (Site of United 
States of Geographical Survey). The rainfall data 
were obtained from the National Aeronautical 
Space Administration (NASA) 
https://power.larc.nasa.gov/common/php/POWE
R_AboutPOWER.php. The soil texture was 
obtained from ISRIC (International Soil 
Reference and Information Centre) database of 
Kenya https://data2.isric.org/geonetwork/srv/ 
search?keyword=Kenya. The land Use/ Cover 
was obtained from the Kenya GIS data/World 
Research Institute https://www.wri.org 
/resources/data-sets/kenya-gis-data. 
 

2.1.1 Slope 
 

Slope affects the suitability of water conservation 
technologies as the surface runoff depends on 
the slope of an area. The position of a slope 
determines the moisture availability since it 
determines the amount of runoff.                 
Topography affects vegetable establishment 
hence affecting water conservation. Linear 
profiles have widespread plant cover on the 
topsoils compared to the concave profiles with 
which plant cover is much widespread at the 
bottom of the slopes [23]. The slope layer was 
generated from DEM through the surface option 
on the spatial analyst tool (Fig. 2). 
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Fig. 1. Methodology framework 

 
The slope layer was classified based on the 
slope degree based on the IMSD (Integrated 
Mission for Sustainable Development) 
guidelines. Slope percentage of 35 and above is 
considered very steep while slope of less than 
3% is considered to be gentle sloping. The 
moderate slope of 5-10% is considered suitable. 
Fig. 2b illustrates the classification of slope 
based on its suitability. The least suitable areas 
were represented by 1, the Marginally suitable 
areas were represented by 2, the moderately 
suitable areas were represented by 3, the 
medium highly suitable areas were represented 
by 4 while 5 represented the very highly suitable 
areas. 
 

2.1.2 Stream order  
 

The stream order is determined by the tributaries 
connection. The stream order is based on the 
hierarchical connection of the tributaries, which 
helps in the classification of drainage basins 
based on their size. Low stream orders have high 
permeability as compared to the high stream 

orders. The low stream orders also have high 
infiltration rates as compared to the high stream 
orders [24]. Stream orders are essential in the 
planning of conservation measures in terms of 
storage and capacity [25]. 
 
The Stream order map was generated from the 
DEM data through the hydrology function in the 
spatial analyst tool. The flow direction map was 
determined, and the flow accumulation map was 
prepared by eliminating values less than 200 
through the raster calculator tool under math 
algebra function. The results obtained from the 
flow accumulation tool were used to create a 
stream network where the cells that had more 
than 200 cells flowing into them were used to 
identify the stream network. The set null tool 
created a stream network where the flow 
accumulations of 200 or more went to one, and 
the remainder was put into no data. The resultant 
stream network was used to generate the stream 
order of the sub-basins. The stream order map is 
illustrated in Fig. 3. 
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Fig. 2. Slope map of the upper Tana catchment of Kenya 

 
2.1.3 Land Use/Land Cover (LULC) 
 
Land cover is important in determining the 
suitability of the water conservation technologies 
as it determines the runoff of an area. The 
denser the vegetation, the higher the interception 
and infiltration, and the lower the run-off.  Data 
on Kenya’s land cover was obtained from the 

Kenya GIS data/World Research Institute 
https://www.wri.org/resources/data-sets/kenya-
gis-data. Upper Tana region comprises of the 
Agricultural lands, Bushlands, Barren land, 
towns, Forests, Swampy areas, woodlands, 
Plantations, and water bodies. Fig. 4 shows           
the LULC (Land Use Land Cover)                      
map.



 
 
 
 

Nganga et al.; IJPSS, 30(1): 1-20, 2019; Article no.IJPSS.51079 
 
 

 
6 
 

 
 

Fig. 3. Stream order map of the upper Tana catchment of Kenya 
 
2.1.4 Rainfall  
 
Rainfall is also an important factor to consider as 
it is a big determinant of runoff. For instance, dry 
areas are much prone to erosion as the 

prolonged dry spells destroy the vegetation 
making the soils prone to erosion [26]. In the 
drier areas, it is usually desirable to keep 
rainwater in situ and to prevent runoff. Fig. 5 
illustrates the rainfall map distribution map.
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Fig. 4. Land Use/Land Cover map of the upper Tana catchment of Kenya 
 
2.1.5 Soil texture 
 
Soil texture affects the rate of runoff and 
infiltration [27]. Soils with fine textures are 
suitable for water conservation technologies such 

the check dams and the water pans due to their 
high retention capacities while the medium 
textured soils are more suitable for technologies 
such as Mulching and the Zai pits. The soil 
texture map is illustrated in Fig. 6.
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Fig. 5. Annual Average rainfall map of the upper Tana catchment of Kenya 
 
Each water conservation technology has its 
peculiarities, and therefore the proposal for the 
suitable areas was made judiciously. For 
instance, check dams are suitable in areas with 
defined straight stream channels, soils with high 
water retention capacity, and gently sloping 

areas. Terraces, on the other hand, are suitable 
in medium textured soils and in slopy areas. Zai 
pits are suitable in areas receiving 300-800 mm 
of rain, medium-textured soils, and gently sloping 
areas. Mulches are suitable in gently sloping 
areas and in medium-textured soils.
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Fig. 6. Soil Texture map of the upper Tana catchment of Kenya 
 

2. 2 Data Analysis 
 
The data layers were converted to raster format 
under the conversion tool. Each data set was 
reclassified under the spatial analyst tool where 
they were assigned values ranging from 1-5 
based on their suitability. The very low suitable 
areas were represented by 1 while 5 represented 
the very highly suitable areas. Each data was 
reclassified based on the suitability of each of the 
water conservation technologies. The weights 
were assigned depending on the weight of each 
factor. The Multi-Influencing Factor (MIF) method 
was used to calculate the weights of each of the 
factors based on their influence in determining 

the suitability of the water conservation 
technologies. The four influencing factors in the 
study (slope, soil structure, stream order, and 
land-use) were delineated to determine the 
suitability of each the water conservation 
technology. Each factor was evaluated against 
the other factors to determine the significance of 
the factors in determining suitability as all the 
factors are interdependent. 
 
The relationship between the factors is indicated 
in Fig. 8. Each relationship was weighed 
according to its strength. The major influencing 
factors were assigned a score of 1.0 while the 
minor influencing factors were assigned the 
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score of 0.5, whereby the total score for each of 
the factors was used in calculating the weights. 
The factor with the highest weight value was the 
factor with the largest impact, while the factor 
with the lowest weight value had the least 
impact, as shown in tables 1 and 2.  The factors 
were then integrated by use of weighted overlay, 
which was carried out in a suitability model 
created under the model builder function in Arc 
GIS 10.5. The restrictions were then set like a 
mask, and all the restrictions were excluded. The 

towns, urban centres, and the forests were used 
as restrictions, and a buffer was provided for 
each of the restrictions. The towns and the urban 
centres were given a buffer of 300 meters while 
the forests were given a buffer of 50 meters. The 
buffer was provided under proximity in the spatial 
analyst tool. The restrictions were set as null and 
given a score of 0. All the factors were then 
combined through the raster calculator under 
math algebra, and the suitability maps for each of 
the factors were obtained. 

 

 
 

Fig. 7. The interrelationship between the influencing factors determining the suitability of 
water conservation technologies 

 

Table 1. Factor weights for the check dams 
 

Factor Stream order Slope Land Use Soil 
Texture 

Total 
Scores 

Weightages 

Stream Order 0 0 0.5 0 0.5 8 
Slope 1 0 1 0 2 31 
Land Use 0.5 0 0.5 0 1 15 
Rainfall 1 0 1 0 2 31 
Soil Texture 0.5 0 0.5 0 1 15 
Total     6.5 100 

 

Table 2. Factor weights for the Mulches, Terraces and Zai Pits 

 

 Slope Rainfall Texture Land Use Total Scores Weightages 
Slope 0 0 0 1 1 33 
Rainfall 0 0 0 1 1 33 
Texture 0 0 0 0.5 0.5 17 
Land Use 0 0 0.5 0 0.5 17 
Total     3 100 
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3. RESULTS AND DISCUSSION 
 

The suitability model generated suitability maps 
for each of the water conservation technology 
divided into five classes; Restrictions (0), very 
high suitability (5), high suitability(4), moderate 
suitability(3), low suitability (2) and very low 
suitability (1) (Figs. 8, 9, 10 and 11). The 
percentages of the suitable areas are indicated in 
(Table 3). Results should be clearly described in 
a concise manner. Results for different 
parameters should be described under 
subheadings or in a separate paragraph. Table 
or figure numbers should be mentioned in 
parentheses for better understanding.  
 

3.1 Check-Dams 
 

The results indicated that check dams are highly 
suitable in Machakos, Kitui, Tharaka-Nithi, lower 

parts of Embu, and the upper parts of Meru (Fig. 
8). The very highly suitable areas occupied 
Kirinyaga and the upper parts of Embu and 
Kirinyaga. The low and very low suitable areas 
occupied Murang’a Nyeri, Laikipia, and 
Nyandarua. 
 
The high suitability of the Check-dams was 
attributed to the dense hydrological networks, 
and the low rainfall received in these areas. [28] 
reported that Check-dams are suitable in dry 
areas receiving less than 700mm of rainfall and 
areas with defined straight stream channels. 
They also reported that the Check-dams are 
suitable in areas with a slope of less than 2%. 
Their results were in line with our results as the 
very highly suitable areas lie in the gently sloping 
areas (Fig. 2). The soils in the highly suitable 
areas are fine-textured, as described in (Fig. 6).

  

 
 

Fig. 8. Checkdams suitability map 
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Table 3. Summary results for the water conservation technologies 
 

Technologies Suitability value Area(ha) Area % 

Mulching 0 3408 22 

 1 12 0.08 

 2 191 1 

 3 3229 21 

 4 7551 49 

 5 1033 6.70 

Total  15424 100 

Zai pits 0 3408 22 

 1 1 0.01 

 2 357 2 

 3 4022 26 

 4 6606 43 

 5 1030 7 

Total  15424 100 

Terraces 0 3408 22 

 1 33 0.21 

 2 3230 21 

 3 6269 41 

 4 2361 15 

 5 121 0.78 

Total  15424 100 
 
 [29] also indicated that check-dams are suitable 
in areas receiving <1000mm of rainfall. Our 
results were also in line with, [30] who reported 
that the Check-dams are suitable in areas with 
fine textures due to their high retention 
capacities. The low suitable areas were the 
areas that received a high amount of rainfall, as 
indicated in the rainfall map of the Upper Tana 
watershed (Fig. 5). The low suitability can also 
be attributed to the steep slopes in these areas, 
as indicated in the slope map of the Upper Tana 
watershed (Fig. 2). 
 

3.2 Mulching 
 
The results from the mulching suitability map 
indicated that the restricted areas occupy 22% of 
the areas. The restricted areas used in this study 
were the forest ecosystems, wetlands, and urban 
centres. These areas were considered unsuitable 
and were given a score of zero. The very high 
suitable areas for mulching were distributed in 
Kirinyaga, Murang’a, Nyandarua, and Nyeri (Fig. 
9). Mulching was highly suitable in 49% of the 
areas (Table 3). The highly suitable areas are 
distributed in the study region. The moderately 
suitable areas occupied 21% of the areas. The 
moderately suitable areas were also distributed 
across the study area. The low suitable areas 

were in Embu and Tharaka-Nithi (Fig. 9). The low 
suitable areas covered 191 hectares, which were 
1% of the study region. 
 
The very high suitability of the mulches was 
attributed to the fact the areas suit the selection 
criteria for the use of mulches . For instance, 
these areas are gently sloping, have medium 
textured soils, and the major type of land use is 
agriculture. Mulching is applied in agricultural 
areas to reduce the rate of runoff [31]. The very 
high suitable areas receive an average annual 
rainfall of above 1000mm. [32] reported that 
mulches are suitable in areas receiving high 
rainfall as for the mulches to decompose, there 
needs to be sufficient moisture in the soil. They 
also indicated that the best time to apply mulches 
is during the beginning and end of the rainy 
season. [33] reported that the mulches are 
suitable in areas receiving low rainfall and in 
well-drained soils. The high percentage of the 
highly suitable areas means that mulching can 
be applied across areas with different kinds of 
soils and areas receiving different amounts of 
rainfall. The largest percentage of the areas in 
the Upper Tana region of Kenya are moderately 
slopy (5-10%), with medium-textured soils and 
the largest form of land use is agriculture which 
suits the suitability criteria for the mulches. This 
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makes mulching the most suitable water 
conservation technology in the upper Tana 
watershed. 
 

3.3 Zai Pits 
 

The very highly suitable areas covered Kitui and 
lower parts of Tharaka-Nithi (Fig. 10). The very 
high suitable areas covered 1030 hectares of the 
study area, which was 21% of the total area. The 
low and the very low suitable areas, on the other 
hand, covered Nyeri, Laikipia and Murang’a 
which are high rainfall areas. These areas 
covered 358 hectares of the study area, which 
was 2% of the study area. These areas also 
have steep slopes making them less suitable for 
the use of Zai pits. The highly suitable areas 

occupied 6606 hectares, which were 43% of the 
study area (Fig. 10).  

 
The very high suitability of the Zai pits was 
attributed to the low rainfall received in the areas. 
[34] reported that Zai pits are highly suitable 
areas receiving an average rainfall of 300-
800mm. These areas have medium textured 
soils and are moderately sloping, which                
make them more suitable for the use of Zai pits. 
According to Mati et al[35], Zai pits are suitable in 
areas with a slope of 1-15%. The highly suitable 
areas were distributed across the study area.             
The wide distribution of suitable areas means 
that the Zai pits are highly suitable across areas 
with different biophysical characteristics. 

 
 

Fig. 9. Mulching suitability map
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The distribution of the highly suitable areas 
across the study area can also be attributed by 
the fact that a large percentage of the Upper 
Tana region has medium textured soils and is 
moderately sloping. It can also be attributed to 
the fact the large percentage of the areas in the 
Upper Tana region are agricultural areas, and 
Zai pits are suited in agricultural areas. [36] 
reported that Zai pits are most suited in dryland 
areas receiving rainfall of less than 700mm per 
year. According to Namirembe et al. [37], Zai pits 
are suitable in arid to Semi-Arid areas, and 
moderately sloping areas which were in line with 
our results. 
 

3.4 Terraces 
 
The very highly suitable and highly suitable areas 
covered Murang’a Nyeri and Kirinyaga (Fig. 11). 
The moderately suitable areas were distributed 
across the study area and covered an area of 

6269 hectares, which is 41% of the study area 
(Table 3). From the Terraces suitability map, the 
terraces are highly suitable in Kirinyaga, 
Murang’a, Nyandarua, Nyeri, and upper parts of 
Tharaka-Nithi. The highly suitable areas covered 
2361 hectares, which are 15% of the study area. 
The low and very low suitable areas covered 
Machakos, Tharaka-Nithi, and Kitui. The low 
suitable areas covered 3263 hectares, which are 
0.21 and 21 respectively of the study area. 
These areas occupy the lowlands of Kenya. The 
moderately suitable areas were distributed 
across the study region and covered 41% of the 
study area.  

 
The very highly suitability was attributed to the 
fact that Terraces are mostly suitable in steep 
areas, with medium-textured soils and also     
areas receiving high rainfall. The high               
suitability was attributed to the fact the highly 
suitable areas are highly slopy (Fig. 2).

 

 
 

Fig. 10. Zai pits suitability map 
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Fig. 11. Terraces suitability map 

 
Meru is proximal to the highest mountain in 
Kenya, Mt. Kenya and the Nyambene hills while 
Nyandarua and Nyeri have the Aberdare ranges. 
The results were in line with [38,39] who reported 
that terraces are suitable in areas receiving more 
than 700mm of rainfall per annum and with 
slopes higher than 12%. Report from [40] 
indicated that terraces are suitable                      
in an area with a slope percentage of above 
10%. Murang’a Nyeri and Kirinyaga receive a 
high amount of rainfall as indicated in Fig. 5. The 
low suitability of these areas can be attributed to 
the fact these areas range from moderately 
sloping to gently sloping, and very few of 
sections in these areas have a slope percentage 
of 12 and above. The high percentage of the 
moderately sloping areas that are widely 
distributed across the Upper Tana region means 
that the terraces can be constructed in areas with 
varied biophysical characteristics. [41] reported 
that the terraces are suitable in semi-arid to 
humid regions, and in medium to steep slopes of 
12-47%. 

4. CONCLUSION 
 

From the findings of the study, the highly suitable 
areas for the Checkdams are Machakos, Kitui, 
Tharaka-Nithi and lower parts of Embu. These 
are areas with defined straight channels, and 
have soils with high retention capacity and are 
gently sloping The highly suitable areas for 
mulching are Kirinyaga, Murang’a, Nyandarua 
and Nyeri as they are gently sloping and have 
medium-textured soils. The highly suitable areas 
for the Zai pits are Kitui, lower parts of Tharaka-
Nithi which receive rainfall of 300-800mm and 
are gently sloping and the highly suitable areas 
for the terraces are Murang’a, Nyeri and 
Kirinyaga as they have a higher slope 
percentage. The results also demonstrated the 
effectiveness of GIS in delineating the suitable 
areas for the use of water conservation 
technologies. Therefore, it is recommended to 
scale out the technologies to the different areas 
in the Upper Tana watershed based on the 
suitability maps provided. 
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APPENDIX 
 

Appendix 1. Selection criteria for the check dams 
 

Criterion Class Score  

Stream order 1 5 

 2 4 

 3 3 

Soil Texture Clay 5 

 Silty Clay 4 

 Sandy Clay 3 

 Sandy Loam 2 

 Sandy 1 

Slope Level (0-1) 2 

 Gentle Slope( 3-5) 4 

 Moderate Slope (5-10) 5 

 Very Steep (10-50) 3 

 Extremely Steep(>50) 1 

Rainfall 0-500 5 

 500-1000 4 

 1000-1500 3 

 1500-2000 2 

 >2000 1 
1= Very low suitability 2=Low suitability 3= Moderate suitability 4= High suitability 5=Very high suitability 

 
Appendix 2. Selection criteria for mulching 

 

Criterion Class  Score 

Slope (%) Level (0-1) 2 

 Gentle Slope( 3-5) 4 

 Moderate Slope (5-10) 5 

 Very Steep (10-50) 3 

 Extremely Steep(>50) 1 

Rainfall 0-500 1 

 500-1000 2 

 1000-1500 3 

 1500-2000 4 

 >2000 5 

Soil Texture Clay 1 

 Silty Clay 3 

 Sandy Clay 4 

 Sandy Loam 5 

 Sandy 2 

Land Use Agricultural 5 

 Barren Land 3 

 Bush Land 2 

 Plantation 4 

 Woodland/Forests/towns Restricted 
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Appendix 3. Selection criteria for the zai pits 
 

Criterion Class Score 
Slope Level (0-1) 2 
 Gentle Slope( 3-5) 4 
 Moderate Slope (5-10) 5 
 Very Steep (10-50) 3 
 Extremely Steep(>50) 1 
Soil Texture Clay 1 
 Silty Clay 3 
 Sandy Clay 4 
 Sandy Loam 5 
 Sandy 2 
Rainfall 0-500 5 
 500-1000 4 
 1000-1500 3 
 1500-2000 2 
 >2000 1 
Land Use Agricultural 5 
 Barren Land 3 
 Bush Land 2 
 Plantation 4 
 Woodland/Forests/towns Restricted 

 
Appendix 4. Selection criteria for the terraces 

 
Criterion Class Score 
Rainfall 0-500 1 
 500-1000 2 
 1000-1500 3 
 1500-2000 4 
 >2000 5 
Slope Level (0-1) 1 
 Gentle Slope( 3-5) 2 
 Moderate Slope (5-10) 3 
 Very Steep (10-50) 4 
 Extremely Steep(>50) 5 
Soil Texture Clay 1 
 Silty Clay 3 
 Sandy Clay 4 
 Sandy Loam 5 
 Sandy 2 
Land Use Agricultural Lands 5 
 Barren land 3 
 Bush Land 2 
 Plantation 4 
 Woodlands/Forests/towns Restricted 
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