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Abstract 

The lower and upper region of River Kaduna and other present rivers in LGA 

of Shiroro, Niger State has been harnessed for the environmental development 

for the sustenance of life in the country and the area specifically. Such as 

electricity generation at Shiroro dam, irrigation purposes, fishing purposes and 

for domestic uses at home. Therefore, the aim of the study is to identify and map 

out of watershed areas using geospatial techniques in Shiroro Local 

Government Area, Niger State, Nigeria. There are two (2) sources of collection 

of data which were utilized for this research namely: Secondary and primary 

data sources. Field survey was carried out which handheld GPS personal was 

used and as well as structured questionnaires. Secondary data is the type of 

data accumulated through ready-made materials source from different places 

which consists of; reports seminar paper, satellites imagery, and journals, from 

the net. For this research, Landsat satellite images for three varying epochs 

1988, 2008, 2018 were acquired from USA geological survey website (earth 

explorer). Enhanced Thematic Mapper, the Landsat Thematic Mapper and 

Operational Land Imager with a resolution of 30m of 1988, 2008, and 2018 

respectively were used for LULC classification. These datasets were imported 

to IdrisiTerrset. Delineation and identification of water parameters was done 

using DEM. The study shows that in 2018, the built-up areas has a coverage a 

total of 226.224 (Km2) (15.72%) of the complete location which actually consist 

of commercial, residential and other land use areas. Similarly, farm land also 

increased  from 376.4835 (Km2) (26.16%)  in 2008 to 404.4231 (Km2) (28.11%) 

in 2018 which may be attributed to the inflow of humans resulting in explosion 

in the number of the inhabitant and mounting pressure on the LULC, in the 
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other way round vegetation has declined furthermore to  359.2962 (Km2) 

(24.97%) in 2018  from 421.0254 (Km2) (29.26%)in 2008, which was attributed 

to the translation of the region to other land uses as well as improved in 

farmland. Also, cleared land which covers 157.7142 (Km2) (10.96%) in 2008 

reduced little to 136.4859 (Km2) (9.48%) in 2018. Water bodies on the other 

sides reduced to 312.3700(Km2) (21.7%) in 2018. It’s therefore recommended 

that multiple-used sustainable management and coordination of watershed that 

combines all water resources developmental process with compatible economic 

land productive systems (i.e. crops, trees, recreation, fish and livestock) is 

effectively introduce. 
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Introduction 

With the advent of another century, man is faced with several social and 

ecological problems which are much serious than what was obtainable before, 

the scope of these problems is extending from localized scales to global scales 

(Sreenivasulu, Jayaraju and Lakshmi, 2014). 

Watershed is a location marked with a well-organized topographic outlets and 

boundary. It’s an area where geo-hydrological factors are such that water get 

accumulated within a specific area, taken for an example, a reservoir, through 

which the watershed is dried. Within the topographical outlet, watershed 

consists of a complex of landforms, soils, land uses and vegetation (Rawat and 

Manish, 2015). 

The watershed management can be explained as a collaborative approach of 

greenery for a sustainable environment. Scientist believes that environmental 

catastrophe is happenings because of change in climate. The watershed provides 

a management unit and powerful study, which encompasses ecological, 

geological, cultural and geographical aspects of the location. (Gumma et al., 

2016).  

The watershed is a good concept for collaborating science with other issues like 

politics, history and others. Waters (movement, use, cycling and quality etc). 

Provides a focal point collaborating varying aspects of watershed use (Gumma 

et al., 2016).  
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Watershed is a location or an area marked with a well-organized topographical 

outlets and boundaries. It is a territory within which hydrologic factors are such 

that water gathered and get     concentrated within an area, taken for an example, 

a river body or reservoir (water), by which the watershed is emptied and 

drained. Within the topographical boundary or water split, watershed consist of 

vegetation, landforms, soil and land use. The terminologies; catchments, basins 

and watershed are often used interchangeably (Rawat and Manish, 2015). 

They are already established as the desirable units for implementing and 

planning building programmers (Rawat and Manish, 2015). 

Everybody lives in a watershed region. Watersheds are the locations we call our 

home, where we play and work. Every individual relies on natural resources 

especially water to exist. What we on the land determines the quantity and 

quality of natural resources like water. Watersheds that are healthy are 

important for the country economy and human environment. Watersheds make 

provisions for irrigation, industry and drinking. Lakes and streams are 

appreciated for their natural beauty (Mustaq and Farjana, 2015).  

The abilities of Geographic Information System (GIS) and REMs technology 

in analysis/querying, data captures, display and storage has proven to be precise, 

cheap and fast thus a useful instrument for ecological management and 

conservations (Chang, 2009).  

The collaboration of new techniques including REMs and Geospatial 

Information System (GIS) within the coordination of the natural outlet of a 

drainage region of any ecological centers are valid maximum impact on natural 

resources to meet the social necessities of animals and man (wild and domestic) 

in a bearing and sustainable way. This is a section of watershed management 

process (Kaburi et al., 2014). 

The lower and upper region of River Kaduna and other present rivers in LGA 

of Shiroro, Niger State has been harnessed for the environmental development 

for the sustenance of life in the country and the area specifically. Such as 

electricity generation at Shiroro dam, irrigation purposes, fishing purposes and 

for domestic uses at home. 

There are numerous self-help, private and small scale water supplying 

equipment’s within the region. Population expansion in this region is one of the 

greatest in Nigeria, (NPC, 2007).  
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It’s a concern that not much vegetation exists in the lower and upper parts of 

the Shiroro Watersheds with exclusion of river lines valley floor and few 

swamps. This is because of clearance to make provision for settlement and 

cultivation of crops.  

Many of the present vegetations in the region are of secondary characteristics. 

In previous years, the basic vegetations that happened within the valley of the 

rivers have been cleaned out as an effect of swamping reclamations to house the 

growing population (Musa et al., 2016).  

This vegetal coverage of the area of around currently being secondary in its 

characteristics includes of food crops namely bananas, millet, beans, yam, 

maize, and other crops to some other extents. The yam is just the commonest in 

these watersheds. Also practices like moulding bricks are frequent too within 

the watershed and will have ecological effects on the watersheds due to the 

landscape degradation they leave behind and the amount of soil they consume. 

This study seeks to analyze the effects of man’s practices on land covers through 

land use activities within the Shiroro catchments watershed. Therefore, the aim 

of the study is to identify and map out of watershed areas using geospatial 

techniques in Shiroro Local Government Area, Niger State, Nigeria. 

Shiroro is a LGA in Niger State, Nigeria. It’s capital is located in Kuta within 

lat 9o 55’ 2.38” N and the long 6o 48’ 4.18”. It covers a total region of 5,014 sq 

kms (1,937 sq mil) and also total population of 236,402.  

 
Figure 1: The Study Area (Shiroro L.G.A, Niger State Nigeria) 
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Material and Methods  

There are two (2) sources of collection of data which were utilized for this 

research namely: Secondary and primary data sources. Field survey was carried 

out which handheld GPS personal was used and as well as structured 

questionnaires. Secondary data is the type of data accumulated through ready-

made materials source from different places which consists of; reports seminar 

paper, satellites imagery, and journals, from the net. For this research, Landsat 

satellite images for three varying epochs 1988, 2008, 2018 were acquired from 

USA geological survey website (earth explorer). 

 

Method of data analysis 

Enhanced Thematic Mapper, the Landsat Thematic Mapper and Operational 

Land Imager with a resolution of 30m of 1988, 2008, and 2018 respectively 

were used for LULC classification. These datasets were imported to 

IdrisiTerrset. Delineation and identification of water parameters was done using 

DEM.  

The choices of questionnaires over other forms of data collection is based on it 

advantage of reaching a larger number of citizen quickly, efficiently and easily. 

It is also easy to code, interpret and create (especially if closed ended questions 

are utilized). The questionnaires contains closed ended. The questionnaires 

were divided into segments, because of the limited time and resources for this 

research work, it is impractical to survey the entire population of citizen. Hence, 

purposeful sampling using random sampling was adopted for administering the 

questionnaires. Purposeful sampling includes the deliberate selections of 

specific units of the regions for constituting the sample which represent the 

region. 

Statistics represent that body of techniques by which characteristics of a 

population are inferred through notices made in a representative sample from 

that population. Since scientists rarely observe entire sampling, statistical 

inference and populations are essential. This research through the utilization of 

SPSS package basically used descriptive statistics. 

 

Results and Discussions 

Classifications of the various Land use and Land cover (1998, 2008 and 

2018) 

The classification’s result of LULC changes of Shiroro watershed are provided 

here using figures and charts for interpretations and illustrations of every LULC 

changes in Shiroro catchment. 
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Figure 2: 1998 Land use and Landcover distributions Map generated from 

LandSat 4 TM 

Source: Author’s Analyses, 2020. 

 
Figure 3: 2008 Land use/Landcover distribution Map generated from LandSat 

7 ETM+ 

Source: Author’s Analysis, 2020 
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Figure 4:  2018 land use/land cover distribution generated from LandSat8 (OLI) 

Source: Author’s Analyses, 2020 

 

 
 

Figure 5: Summary chart of the various land use and land cover category 

The illustrations of Landuse and landcover 1998 images in (Fig 2) indicate that 

the most  frequent the land use/land cover surfaces features is vegetation which 

occupy an area 603.7839km2 (41.94%) in Shiroro, spread on the whole area,  
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especially at the northen and southern part of the study areas. Another object 

which occupy a main area is water body which accounted for 387.9675km2 

(26.94%) of the complete land area. Major water bodies were situated mainly 

on the lake and tributaries running northern area. Accordingly it is followed by 

agricultural land space with a coverage of 293.2434km2 (20.37%) were 

typically discover all through the north eastern, north western, and southern 

area. The settlement sections covers a region of 109.4319km2 (7.6%) which 

shows that homes available in the area are very few in 1998. Bare surface 

occupies an area of 45.3258km2 (3.15%). Figure 4 shows that in 2018, the built-

up areas has a coverage a total of 226.224 (Km2) (15.72%) of the complete 

location which actually consist of commercial, residential and other land use 

areas. Similarly, farm land also increased  from 376.4835 (Km2) (26.16%)  in 

2008 to 404.4231 (Km2) (28.11%) in 2018 which may be attributed to the inflow 

of humans resulting in explosion in the number of the inhabitant and mounting 

pressure on the LULC, in the other way round vegetation has declined 

furthermore to  359.2962 (Km2) (24.97%) in 2018  from 421.0254 (Km2) 

(29.26%)in 2008, which was attributed to the translation of the region to other 

land uses as well as improved in farmland. Also, cleared land which covers 

157.7142 (Km2) (10.96%) in 2008 reduced little to 136.4859 (Km2) (9.48%) in 

2018. Water bodies on the other sides reduced to 312.3700(Km2) (21.7%) in 

2018. The increment may be possibly due to deforestations which makes a way 

for satellite image to record the water bodies. 

 

Identification and Delineation of the Various Watershed Parameters in the 

area 

The Shiroro watersheds shows a dendritic drainage patterns which is a 

commonest form of drainage pattern and behaves like the branching system of 

roots. This kind of drainage pattern system originate in areas underlained by 

homogeneous earth-geological objects. The undersurface geologicals has a 

similar resistances to weatherings so there are no full oversight over the 

directions the tributaries follow. The shapings of drainage pattern is depends on 

the relief of a location, the types of bedrock and soil, the vegetation and climatic 

conditions which are cogents composition of a watershed.  
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Dendritic drainage patterns are located where there are rocks that are 

sedimentary in nature which are easily flushed away. The drainage pattern of 

Shiroro is Dendritic as shown in Figure 5. 

 
Figure 5: Stream Network of the study area 

 

Flow Direction Map of the Study Area 

In a DEM, the direction of flow of operational determines, where close pixel, 

any water in a center pixel will run into in a natural way. Flow directions was 

calculated for every center pixel of input blocks of 3 by 3 pixels, each time 

comparing the value of the center pixel with the values of its 8 neighbouring 

pixel.  

The resulting map consists of flow directions as NE (to North East), N (to 

North), etc. One can determine if you intend to calculate the flow direction for 

the center pixels: by the lowest height: quickly find the closet pixel that has the 

smallest value of all the eight neighbours or steepest slope: find the steepest 

downhill slope of a center pixel to one of its eight neighbour pixels, or while 

these values should be smaller than the value of the central pixel. The Steepest 

Slope method was utilized; height differences were calculated for each block of 

3x3 input pixels between the center pixel and the eight neighbouring pixels. The 
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position of these neighbours can predict the flow directions of the current center 

pixel. The flow direction map was created as shown in Figure 6. 

In compensating for distances, the heighten difference values of the four corner 

neighbour pixels were divided by 1.4 while the heighten difference values of 

the two horizontal neighbours and also the two vertical neighbours were divided 

by 1 then, the neighbours with the largest downhill slope steepness value was 

also found.  

 
Figure 6: Flow direction map of Shiroro catchment 

 

Digital Elevation Model 

Digital elevation is a representation of the continuous variations of relief over 

space is known as a DEM.  DEM explains the elevation of any and every point 

in a particular location in digital format and consist of information of the so-

called 'skeleton' lines. The minimum height from mean sea level (MSL) is 263 

m and the maximum height is 641metre. The minimum elevations are found 

around areas where the Dam is located majorly at the western section as well as 

along the tributaries of rivers flowing into and out of the lake. The implications 

of these is that whenever there is upsurge in the volume of the lake or dam the 

settlement down the dam will experience flooding. 
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Figure 7: Digital Elevation Model of the Study Area 

 

Risk map of the study area 

The flood risk map shows that 562.9338 (Km2) (40.67%) of the areas are on 

low land, 654.642 (Km2) (47.29%) of the areas are on moderate land area and 

settlements like Gwada, Chiri, Gidan Dangan, etc are found there where as 

166.5279 (Km2) (12.03%) are on low area where settlements like Gidan Barde, 

Kuchi and Banda etc are located as reveal on figure 4.8. 

 
Figure 8: Risk map of the study area 

Watershed Management Strategies in the Study Area 
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Based on the respondent knowledge on if there has been a watershed plan 

developed for the area. Responses received reveals that 70 respondents 

representing (46.66%) disagrees that they don’t think there has ever been a 

watershed plan development in the area. 30% are not sure while 23.33% agrees 

that there are plans to develop the watershed of the area in the future.Some of 

the strategies used for watershed management are summarized on Table 1. 

 

Table 1: Strategies for watershed management on the study Areas 

S/N QUESTION SA % A % DA % % 

Total 

Total  

1 Are wetlands the only areas 

considered in watershed 

management 

63 42 47 31.33 40 26.66 100 150 

2 Is it important to protect and 

restore 

wetland/stream/floodplain/and 

riparian corridors 

87 58 51 34 12 8 100 150 

3 Is there need for ecosystem 

protection standards to be 

applied in watershed 

management 

79 52.66 57 38 14 9.33 100 150 

4 Are there any Priority Assigned 

to Agricultural Development 

64 57.33 60 40 26 17.33 100 150 

5 Emphasis on Objective-oriented 

Coordination 

44 29.33 66 44 40 26.66 100 150 

6 Adoption of a Compromise 

Attitude 

49 32.66 55 36.66 46 30.66 100 150 

7 Creation of a Minimal yet 

Stimulating Package 

52 34.66 48 32 50 33.33 100 150 

8 Seeking Alternative Resources 82 54.66 37 24.66 31 20.66 100 150 

 

Conclusion 

This research gives some physical analysis of human impacts on watersheds 

making use of REM and techniques of GIS on Shiroro catchment. This 
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particular research highlight some of the issues of the environment as 

concerning the watersheds, the importance of REMS and GIS, the present state 

of the ecological system within the watersheds with respect to agriculture from 

293.2434km2 (20.37%) in 1998 to 404.4231 (Km2) (28.11%) in 2018 and 

urbanization from 109.4319km2 (7.6%) in 1998 to 226.224 (Km2) (15.72%) 

which shows a continuous increase across the three decades respectively. 

In Nigeria, watersheds are characterize with much subsistence farmers, and the 

land is abusively used for sustain which may be suited only for growing food 

crops. Regulated soil conservation, land use, or other protection measures 

cannot be implemented without first motivating the farmer's perspective.  

Management of watersheds projects and programs are being effected all through 

the world. It is taken by so many to be one of the most important developmental 

sectors now. As the pattern continues towards enabling of rural farmers to 

manage their resources, the multiple use of watershed management concept at 

the community and farming levels with linkages to the governments will 

become more visible and viable. Based on this study, it’s therefore 

recommended that multiple-used sustainable management and coordination of 

watershed that combines all water resources developmental process with 

compatible economic land productive systems (i.e. crops, trees, recreation, fish 

and livestock) is effectively introduce.  
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