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ABSTRACT 

Water scarcity and population growth have emerged as the most pressing challenges as the world's 

population continues to expand, this coupled with the expansion of the irrigated area in the Shiroro 

district has led to high demand for irrigation water every day by day. This study deals mainly with 

geometry, with more emphasis being placed on the evaluation of morphometric parameters such as 

stream order, stream length, bifurcation ratio, etc. The Morphometric investigation of this drainage basin 

using GIS shows that it is a 6th-order drainage basin. These studies are extremely beneficial for planning 

rainwater harvesters and mitigating flood damage. 
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1.  INTRODUCTION 

 

The drainage basin is recognized as a fundamental hydro-geomorphic unit for watershed 

management (Chorely, R. 1971). Primarily the factors that control the drainage basins are 

physical, meteorological, and anthropogenic activities. Water scarcity and population growth 

have emerged as the most pressing challenges as the world's population continues to expand. 
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In Nigeria, the impacts of climate change have led to many severe cases of drought, 

desertification, flooding, and disruption in rainfall patterns. These impacts adversely affect 

man's health, well-being, and environment. Agricultural yields have been heavily affected 

causing a high poverty rate in the Northern part of the country. Extreme flooding and disease 

spread through contaminated water are reported in the Southern area of Nigeria. Also, due to 

unpredictable occurrences from the effects of climate change and global warming, the water 

levels have reduced to a deeper level.  

According to Waikar et al., 2014, it was explained that Remote Sensing and GIS 

techniques are proven efficient tools in the delineation, updating, and morphometric analysis of 

drainage basins. Remote sensing data can be used in conjunction with conventional data for 

delineation of ridgelines, characterization, priority evaluation, problem identification, 

assessment of potentials and management needs, identification of erosion-prone areas, evolving 

water conservation strategies, selection of sites for check dams and reservoirs, etc., (Dutta et 

al., 2002). To manipulate and analyze spatial data, GIS techniques are being employed to 

measure different topography and morphometric features of drainage basins or watersheds. 

Furthermore, Morphometric analysis helps in characterizing the watershed by revealing 

the hydrological and geomorphic processes intertwined and happen in the watershed utilizing 

developing and employing the methods to quantify the land exteriors (Singh,1992; and Daret 

al. 2013). The morphometric analysis of the drainage basin and its stream system can be better 

achieved through the measurement of linear, areal, and relief aspects of the drainage basin 

(Biswas et al, 1999; Fathima, 2021; Asirat, 2019; Tomas, 2017; Moses, 2021; Kavya, 2021; 

Owombo, 2018; Afera, 2020).  

Comprehensive morphometric analysis of a basin is of great help in understanding the 

effect of drainage morphometry on landforms and their characteristics (Albaroot et al., 2016). 

Using morphometric parameters is particularly important for watershed planning since it 

provides information about the basin's physical properties such as slope, topography, soil 

condition, and so on.  

Many studies have been done on the hydrological changes in river basins and their result 

revealed that human activity, land cover, climate variability, and other indicators have affected 

runoff and sediment load (Awotwi et al, 2016; Guo et al, 2014; Fang et al, 2011). This paper 

presents the climatic factors that caused Spatio-temporal changes in the geo-morphometric 

properties of the Shiroro drainage basin, Nigeria.  

 

 

2.  MATERIALS AND METHOD 
 

2. 1. Study area 

Shiroro Drainage basin is located on Longitude 6°25ˈE to 6°51ˈE and Latitude 09°58ˈN 

to 10°02ˈN approximately in Niger State, Nigeria. Shiroro Local Government Area in Niger 

State is home to one of the largest hydropower dams in Nigeria, and there are several settlements 

both upstream and downstream of Shiroro Dam. 

Furthermore, the climate of the studied locations is wet and dry, with a typical Nigerian 

climate system. The mobility of ITD is related to humidity. The highest values are reported 

during the rainy season (about 80%), and the lowest values are observed in January 

(approximately 30%). Furthermore, the rainy season begins in April and lasts between 161-200 

days, with the longest being reported in August and September. 
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Figure 1. Location map of Shiroro Drainage Basin, Nigeria 

 

 

2. 2. Methodology 

The survey of Nigeria topographical maps (1:50,000), and digital elevation data (Shuttle 

Radar Topography Mission) were used for the delineation of Shiroro Drainage Basins (Fast 

Watershed Delineation method; ESRI, 1997) and drainage analysis was based on Horton's 

(1945) and Strahler (1964) methods.  

The system of stream ranking (Strahler, 1957) has been used for calculating the 

morphometric parameters of the drainage basin of the study area. Area, perimeter, length, 

stream length, and stream order were also obtained for the basin, which was later utilized to 

calculate other parameters such as the bifurcation ratio, the stream length ratio, and the drainage 

density. Using established mathematical equations, the drainage texture, basin relief, relief 

ratio, elongation ratio, circularity index, and form factor were analyzed (Strahler, 1964). The 

morphometric parameters of the basin were split into three categories: linear, areal, and relief. 
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Table 1. Linear, areal and relief aspects calculated for morphometric analysis. 

 

S.No Parameters 
Definitions 

Linear aspects 
Units Reference 

1. Perimeter (P) Basin length Km 

Arc 

measurement 

tool 

2. Basin Length (Lb) 

The maximum length of the basin 

measured parallel to the main 

drainage line 

Km 

Arc 

measurement 

tool 

3. Stream order (Nu) Hierarchical ordering Dimensionless 
Strahler 

1957 

4. Stream length (Lu) Major stream length Km Horton 1945 

5. 
Bifurcation ratio  

(Rb) 

Rb = 
𝑁𝑢

𝑁(𝑢+1)
, 

Nu = Total no. stream segments of 

order “u” 

Nu + 1 = Number of segments of the 

next higher order 

Dimensionless Horton 1945 

6. 
Stream length ratio 

(R1) 

Rb = 
𝐿𝑢

𝐿(𝑢−1)
 , 

where Lu is stream length order u 

and Lu-1 is stream segment length of 

the next lower order 

Dimensionless Horton 1945 

  Areal aspects   

7. Area (A) Geographic area of river basin km²  

8. Drainage density (Dd) 
Dd =  

𝛴𝐿𝑡

𝐴
, where ΣLt is the total 

length of all the ordered streams. 
Km km-² Horton 1945 

9. Circularity ratio (Rc) Rc =  
4𝜋𝐴

𝑃²
 Dimensionless Miller 1953 

10. Elongation ratio (Re) Re = 
1.128√𝐴

𝐿𝑏
 Dimensionless 

Schumm 

1956 

11. 
Length of over-land 

flow (Lg) 
Lg = 

1

2𝐷𝑑
 km Horton 1945 

  Relief aspects   

12. Relief ratio (Rr) Rr = 
𝑅

𝐿𝑏
 Dimensionless 

Schumm 

1956 

13. 
Ruggedness number 

(Rn) 
Rn = R x Dd Dimensionless 

Strahler 

1958 
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3.  RESULTS AND DISCUSSIONS  

 

The DEM of the study area has been obtained and it was used to calculate slope and aspect 

maps. The total drainage area of the Shiroro basin area was 100km2 and it was divided into 6 

sub-basins for the analysis. The development of drainage networks of Shiroro drainage basins 

depends on geology, and precipitation apart from the exogenic and endogenic force of the area. 

Based on the drainage orders, the Shiroro Basin has been classified as a sixth-order basin to 

analyze linear, areal, and relief morphometric parameters as shown in Table 1 above (Sreedevi 

et al. 2005; Mesa, 2006). 

The following paragraphs describe the physical meaning of various morphometric 

parameters. Further values of these parameters are obtained as per methods proposed by various 

researchers for the study area and indicated in respective descriptions. 

 

3. 1. Linear Aspects 
 

The linear aspects of morphometric analysis of basin include stream order, stream length, 

mean stream length, stream length ratio, and bifurcation ratio. 

 

3. 1. 1. Stream Order (U)  
 

There are four different systems of ordering streams that are available [Gravelius (1914), 

Horton (1945), Strahler (1952), and Schideggar (1970)]. Strahler's system, which is a slightly 

modified of Horton's system, has been followed because of its simplicity, where the smallest, 

un-branched fingertip streams are designated as 1st order, the confluence of two 1st order 

channels give a channels segments of 2nd order, two 2nd order streams join to form a segment 

of 3rd order and so on. When two-channel of different orders join then the higher order is 

maintained. The trunk stream is the stream segment of the highest order. It is found that Shiroro 

river tributaries are of six (6) orders. In all 6,174 streams were identified of which 4180 are first 

order, 956 are second order, 464 are third order, 355 are fourth order, 218 are fifth order (1), 

and one for the sixth orde 

 

Table 2. Showing percentage change of stream order 

 

STREAM ORDER 
NUMBER OF 

SEGMENTS 

PERCENT TO TOTAL 

STREAM SEGMENT 

1 4180 67.70 

2 956 15.48 

3 464 7.52 

4 355 5.75 

5 218 3.53 

6 1 0.016 

TOTAL 6174 100.00 
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Figure 2. The stream order analysis of the study area 

 

 

3. 1. 2. Stream Length (Lu) 
 

The length of the first order stream is 5449.80 km, the second order stream is 2521.26 

km, the third order stream is 1311.02 km, the fourth order stream is 622.27 km, and the fifth 

order stream is 387.35 km and the sixth order is 124.22 km. The change may indicate the 

flowing of streams from high altitudes, lithological variation, and moderately steep slopes 

(Singh 1997). The observation of stream order verifies Horton's law of stream number i.e., the 

number of stream segments of each order forms a direct geometric sequence with an order 

number. 

 

3. 1. 3. Mean Stream Length (Lsm) 

The mean stream length is a characteristic property related to the drainage network and 

its associated surfaces (Strahler, 1964); The mean stream length (Lsm) has been calculated by 

dividing the total stream length of order by the number of streams. The mean stream length of 

the study area is 1.4770 for the first order, 1.6686 for the second order, 1.7342 for the third 
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order, 1.7746 for the fourth order, and 1.8784 for the fifth order. The mean stream length of the 

drainage basin increases with the increase of the order. The figure below shows that there is a 

positive relationship between stream order and cumulative mean stream length. 

 
 

Figure 3. Stream order vs cumulative mean stream length 

 

 

3. 1. 4. Bifurcation Ratio (Rb)  

Bifurcation ratio (RB) may be defined as the ratio of the number of stream segments of a 

given order to the number of segments of the next higher order (Schumn 1956). Horton (1945) 

considered the bifurcation ratio as an index of relief and dissections. Strahler (1957) 

demonstrated that the bifurcation ratio shows a small range of variation for different regions or 

different environmental conditions, except where the geology dominates. It is observed that RB 

is not the same from one order to the next order. In the study area mean RB varies from 1.6284 

to 4.3746; the mean RB of the entire basin is 2.3420. Usually, these values are common in the 

areas where geologic structures do not exercise a dominant influence on the drainage pattern. 

The mean Bifurcation ratio (Rb) is calculated below: 

 

Rb  =  
4.3724+2.0603+1.3070+1.6284

4
 

Rb  =  2.3420 
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Table 3. Bifurcation Ratio 

 

Stream Order Stream Number Bifurcation Ratio (Rb) 

1 4180 4180/956 = 4.3746 

2 956 956/464 = 2.0603 

3 464 464/355 = 1.3070 

4 355 355/218 = 1.6284 

5 218  

 

 

3. 1. 5. Sinuosity Index 

The sinuosity index explains how much a river delineates from the straight path. 

According to the American Earth Scientist, the Sinuosity index is calculated by dividing the 

actual length of the stream by the expected straight path of the stream. The value of the sinuosity 

index for the present area is 1.0637 and it shows that the stream is transitional i.e., it is between 

the straight and regular line. 

 

3. 2. Relief Aspect 

The relief aspects determined include relief ratio, relative relief, and ruggedness number. 

 

3. 2. 1. Relief Ratio (Rh) 

The relief ratio measures the overall steepness of a drainage basin and is an indicator of 

the intensity of the erosion process operating on the slope of the basin (Schumm, 1956). The 

value of Rh in the basin is 9.80 indicating relief and moderate slope. 

 

3. 2. 2. Relative Relief (Rbh)  

This term was given by Melton (1957). In the present study area, it is obtained by visual 

analysis of the digital elevation model (DEM) from SRTM data. The elevation varies from 

431m to 585m which represents the land has a gentle to moderate slope. 

 

3. 2. 3. Ruggedness Number (Rn) 

It is the product of maximum basin relief (H) and drainage density (Dd), where both 

parameters are in the same unit. An extremely high value of ruggedness number occurs when 

both variables are large and the slope is steep (Strahler, 1956). The value of the ruggedness 

number in the present basin is 223.3. (Schumm, 1956). 

 

3. 3. Aerial Aspects 

It deals with the total area projected upon a horizontal plane contributing overland flow 

to the channel segment of the given order and includes all tributaries of lower order. It comprises 
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drainage density, drainage texture, stream frequency, form factor, circularity ratio, elongation 

ratio, and length of overland flow. 

 

3. 3. 1. Form Factor 

Form factor (FF) is defined as the ratio of the basin area to the square of the basin length. 

This factor indicates the flow intensity of a basin of a defined area (Horton, 1945). The form 

factor value should be always less than 0.7854 (the value corresponding to a perfectly circular 

basin). The smaller the value of the form factor, the more elongated will be the basin. Basins 

with high form factors experience larger peak flows of shorter duration, whereas elongated 

watersheds with low form factors experience lower peak flows of longer duration. The FF value 

for the study area is 0.378, indicating an elongated basin with lower peak flows of longer 

duration than the average. 

 

3. 3. 2. Circulatory Ratio (Rc) 

The circularity Ratio is the ratio of the area of a basin to the area of a circle having the 

same circumference as the perimeter of the basin (Miller, 1953). It is influenced by the length 

and frequency of streams, geological structures, land use/ land cover, climate, and slope of the 

basin. The RC value of the basin is 0.2152, indicating that the basin is characterized by moderate 

to low relief, and the drainage system seems to be less influenced by structural disturbances.  

 

3. 3. 3. Slope 

The slope of terrain to the amount of inclination of a physical feature, landform is the 

horizontal surface. Slope analysis is an important parameter in morphometric studies. The slope 

elements, in turn, are controlled by climate morphogenic processes in areas having rocks of 

varying resistance. According to Burrough (1986), it is the maximum rate of change in value 

from each cell to its neighbors is identified as a slope grid. 

 

3. 3. 4. Basin Area Ratio 

 

Table 4. Calculation of basin area ratio 

 

Stream 

order 

Stream 

number 

Total basin area 

(sq.km) 

Mean basin area     

(sq.km) 

Mean basin area 

ratio 

1 4180 28.5 0.0068  

2 956 32.42 0.003  

3 464 40.10 0.086 12.59475 

4 355 60.02 0.169  

5 218 62.22 0.2854  

6 1 70.88 70.88 (outliers)  
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The Basin area ratio is the ratio between the mean basin area of a particular order and the 

mean basin area of the previous lower order. The law of basin area was postulated by A.N 

Strahler (1952) stated that the mean basin area of successive higher stream orders tends to form 

geometric series starting with the mean area of 1st order basin and increasing ascending to the 

constant basin area ratio. 

 

Bar  =  AN / An-1 

 

where: 

Bar  =  Basin Area Ratio 

An  =  mean area of the stream of the nth order 

An-1  =  mean area of the stream of n-1th order. 

 
Figure 4. The relationship between stream order and cumulative mean basin area. 

 

 

3. 3. 5. Elongation Ratio (RE)  

The Re value in the study area is 0.7 indicating a moderate to slightly steep ground slope 

and the area when collaborated with Strahler's range seems to suggest an elongated shape. 
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3. 3. 6. Drainage Density (Dd)  

It has been observed from drainage density measurements made over a wide range of 

geologic and climatic types that a low drainage density is more likely to occur in the region and 

highly resistant to highly permeable subsoil material under dense vegetative cover and where 

relief is low. High drainage density is the result of weak or impermeable subsurface material, 

sparse vegetation, and mountainous relief. Low drainage density leads to coarse drainage 

texture while high drainage density leads to fine drainage texture (Strahler, 1964). The drainage 

density (Dd) of the study area is 1.758 Km/Km2 indicating moderate drainage densities. The 

Moderate drainage density indicates the basin is highly permeable subsoil and vegetative cover 

(Nag, 1998). 

 

 

4.  CONCLUSION 

 

GIS and Remote sensing techniques have proved to be an accurate and efficient tool in 

drainage delineation and their modification. Bifurcation ratio, length ratio, and stream order of 

Shiroro basin indicate that the basin is Sixth order and it's a dendritic type of drainage pattern 

with homogeneous nature. Relief ratio, Ruggedness number, and visual interpretation of DEM 

of the study area indicate moderate and high relief, low runoff, and high infiltrations with the 

early mature stage of erosion development. Drainage density, texture ratio, circulatory ratio, 

and elongation ratio show that the texture of the basin is moderate and the shape of the basin 

almost elongated.  

The climatic variability in the Shiroro drainage basin is robustly reflected in the 

morphometry and the spatial variation in drainage properties is mainly because of the difference 

in relief and climate. However, the complete morphometric analysis of the drainage basin 

indicates that there are high possibilities of flooding because the drainage density of the basin 

is moderate-spacing streams and the basin is susceptible to flooding, and gully erosion. This 

study is very useful for flood control and watershed management plans. 1st and 2nd order 

streams are not useful for constructing check dams in the study area because these streams are 

situated on hilly terrains.  
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