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Abstract
Characterization and prioritization of watersheds has gained importance for proper planning and management of natural 
resources in sustainable development. Implementation of management practices over a larger area at the same time is inacces-
sible and uneconomical. So, it has required applying a viable technique for prioritization of critical sub-watersheds. Thus, the 
present study was aimed to prioritizing erosion-prone sub-watersheds using morphometric analysis. Advanced space-borne 
thermal emission and reflection radiometer of 30m resolution DEM has used to generate drainage networks and delineation 
of sub-watersheds using ArcGIS software. The important derived morphometric parameters have computed on the base of 
already developed mathematical formulae and methods. The study area (a watershed) has classified into seven interesting 
sub-watersheds, which have ordered SW1–SW7. The very important quantitative watershed aspects such as linear, relief 
and areal have been taken in consideration, and eighteen morphometric parameters have been selected and used for ranking 
and prioritizing of sub-watersheds. In this regard, sub-watersheds (SW7, SW3 and SW4) and (SW5, SW6 and SW2) have 
categorized into higher and medium priorities, whereas sub-watershed (SW1) has assigned at lower priority. This implied 
that SW1 is relatively sustainable than others, on the contrary, SW7 is relatively affected sub-watershed by runoff and soil 
erosion that needs first priority for management practices. Therefore, the study proposes a useful soil and water conserva-
tion practices such as bunds, check dams, micro-basins and multipurpose tree species planting based on suitable location 
and design parameters. The decision makers should optimally allocate the investments according to this final priority. And 
it has required to monitor and evaluate due to environmental sound, economical viable and socially acceptable. Also it has 
required developing an integrated approach for characterizing and prioritizing of sub-watersheds.
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Introduction

A watershed is defined as any surface area from which runoff 
resulting from rainfall is collected and drained through a 
common confluence point (Desta et al. 2005). It is similar to 
a drainage basin or a catchment area. The study of watershed 
plays an important role for any kind of developmental activi-
ties and sustainable management (Sangma and Guru 2020). 
Because, watershed is made up of natural resources, such 
as water, soil and vegetation resources. People interact with 
land resources in a watershed; due to their socioeconomic 
activities, watershed is the hydrological, bio-physical and 
socioeconomic units. This implies that, a watershed consists 
of both natural and social systems; it forms unique and inter-
acted landscape hierarchies. Hence, we can use a watershed 
as an ideal unit for planning and management of natural 
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resources. Also it has been used as a comprehensive devel-
opment concept and a strategy to achieving food security 
(German et al. 2007; Mekonnen and Fekadu 2015; Worku 
and Tripathi 2015). For example, a watershed harmonizes 
the use of soil, water and vegetation if we conserve these 
resources; it optimizes productivity with minimum environ-
ment impacts (Sharma et al. 2005; Kerr 2007; Alemu and 
Kidane 2014). Therefore, watershed management is aimed to 
protect the environment and enhancing food security (Kumar 
and Palanisami 2009).

The history of watershed management was date back 
to 5000 years old; since agricultural production and the 
origin of modern approach has started in the last quarter 
of nineteenth century (Darghouth et al. 2008), it became 
prominent in developing countries in the 1970s and 1980s. 
By following the 1984/1985 drought and famine happened 
to Ethiopia, watershed development concept has started 
since 1980s (Desta et al. 2005). Since and then, although 
watershed management practices showed positive results 
to rehabilitate severely degraded land, enhancing agricul-
tural productivity and diversifying farmers income, it has no 
more achievements as expected due to different factors like 
top-down approach and lack of local community participa-
tion (Chimdesa 2016). Moreover, it has required supporting 
through research and educational institutions.

All watershed management activities cannot be carried 
out at the same time over a larger area. Because it is a very 
complex and has variable characteristics, it is not accessible 
and uneconomical to apply all at once. Firstly, it is essential 
to understand existing watershed characteristics, logics and 
potentials. Then, it is a prerequisite to select and apply viable 
parameters for characterizing and prioritizing sensitive sub-
watersheds. Here, watershed characterization is defined as 
the process involves gathering information and describing 
the very nature of a watershed and its components. This 
offers the bio-physical and socioeconomic components of 
the watershed to determining vulnerability issues and oppor-
tunities for developing interventions. Watershed prioritiza-
tion is the ranking of different sub-watersheds of a watershed 
according to their order in which they have to take for soil 
and water conservation (Iqbal and Sajjad 2014). Also, this 
required to prepare comprehensive watershed management 
planning.

At the present, analyzing watershed morphometry is 
used as a basic and the most logical choice (Imran et al. 
2011); it is the most viability method and relatively sim-
ple approach to describe quantitative watershed charac-
teristics (Mesa 2006; Deepak 2015; Umer et al. 2015). 
Since watershed morphometric analysis only depends on 
drainage system and spatial relationship among streams, 
it has also characterized by using other data like soil and 
land use maps (Kiran and Srivastava 2012). The mor-
phometric analysis is very much useful in dealing with 

where information accessibility is limited data and other 
resources, and high soil variety (Meshram et al. 2020; 
Sangma and Guru 2020; Rahmati et al. 2019). Sub-water-
sheds can be categorized using morphometric parameters 
without facing with high cost and a waste of time (Mesh-
ram et al. 2019). Moreover, morphometric analysis is a 
comparative evaluation and understanding of landforms, 
soil properties, hydrological and erosion characteristics of 
sub-watersheds, which have to assess and compare through 
morphometric parameters (Dar et al. 2013; Amulya et al. 
2018). Morphometric feature of a watershed typically cov-
ers the quantitative aspects and physical characteristics of 
the watershed. It is static criteria or natural characteristics 
that do not change easily over time. It also required to 
prioritize sub-watersheds for effective natural resources 
management (Javed et al. 2009; Sharma et al. 2010; Ajay 
et al. 2014; Ayele et al. 2017).

Morphometric analysis is the measurement and math-
ematical analysis of earth’s surface, shape and dimension 
of landforms (Clarke 1996; Agarwal 1998; Obi et al. 2002). 
It computes quantitative attributes of landscapes such as: 
linear, areal and relief aspects of a watershed. Watershed 
morphometric parameters are either direct or inverse rela-
tionship of runoff, peak to discharge, lag time, soil erosion 
and sedimentation risks (Nookaratnam et al. 2005; Gajbhiye 
and Sharma 2017), and these can be used to identify and 
prioritize critical sub-watersheds. Watershed prioritization is 
one of the most important processes in natural resource man-
agement system especially in areas of sustainable watershed 
development and planning (Balasubramanian et al. 2017). 
For instance, Welde (2016) has attempted to identifying and 
prioritizing sub-watersheds based on their annual sediment 
yield; Abdulkareem et al. 2018 and Singh and Singh 2014 
have attempted to prioritizing sub-watersheds based on peak 
discharge and lag time. Morphometric parameters are highly 
efficient in identifying erosion-prone areas (Meshram et al. 
2020). Morphometric analysis is significant to identify and 
assess seasonal changes in drainage basin characteristics, 
understand the groundwater potentialities and address issues 
related to floods proneness during the high flows (Mangan 
et al. 2019; Choudhari et al. 2018). Moreover, various stud-
ies have used to prioritizing and comparing sub-watersheds 
through analyzing their morphometry (Sharma et al. 2010; 
Kumar et al. 2015; Thapliyal et al. 2017; Kumar and Lal 
2017). In general, watershed morphometric study is crucial 
in providing significant information about the drainage net-
work, hydro-geo-morphometric characteristics and natural 
hazards of the basin for sustainable natural resources man-
agement planning processes (Karabulut and Özdemir 2019; 
Gunjan et al. 2019; Nitheshnirmal et al. 2019). And some 
have used both morphometric and land use characteristics 
(Javed et al. 2009; Ajay et al. 2014; Iqbal and Sajjad 2014; 
Suji et al. 2015).
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Unfortunately, there were few studies conducted in our 
country, Ethiopia. Therefore, this study aimed to analyze 
watershed morphometric characteristics for prioritizing 
sub-watersheds for management planning in Gidabo sub-
basin, rift valley of Ethiopia. The study has attempted 
to answer the research questions like, why and how we 
analyze watershed morphometric characteristics. For the 
advancement, Geographical Information System (GIS) 
and Remote Sensing (RS) technique has been used for 
this study. Combining with the past studies, this research 
provides essential information on the scholars, decision 
makers, local communities and the others. It contributes 
to watershed science with regard to integrated designing 
and implementing programs, and for the scaling up of 
good management practices. It also benefits the research-
ers that deal with similar research topics for other areas.

Methodology

Study area

The study watershed is found in Gidabo Sub-Basin, Rift Val-
ley of Ethiopia. It locates at 359 km from Addis Ababa, the 
capital city of Ethiopia. It covers 782.574 km2. It bounds 
with two regional states (SNNP and Oromia), three adminis-
trative zones (Gedeo, Sidama and West Guji), eight districts 
(Bule, Wenago, Dilla zuria, Dera, Aleta wondo, Chuko, 
Hula and Abaya) and it includes 98 kebeles. An estimated 
total population is 659,734 (Male: 328, 852 and Female: 
330,882) (CSA 2013). It locates between 6° 10′ 30″ to 6° 
36′ 00″ N and 38° 10′ 00″ to 38° 32′ 00″ E (Fig. 1). Altitude 
ranges from 1197 m.a.s.l (at Semero Gamibela kebele) to 
3025 m.a.s.l (at Kochore kebele), and the slope is range from 
0° to 62°. According to Bekele-Tesemma (2007) traditional 
agro-climatic classification, the watershed covers the three 
agro-climatic zones, namely moist lowland (Kolla), moist 
mid-highland (Weyna dega) and moist highland (Dega). The 

Fig. 1  Location map of the study area. (Source: Authors)
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area has categorized into three agroforestry systems, such 
as: Enset-based (> 2300–3200 m.a.s.l), Coffee-enset-based 
(1500–2300 m.a.s.l) and Fruit-coffee based altitude of less 
than 1500 m.a.s.l (Kanshie 2002; Kura 2013; Negash 2013). 
The mean annual rainfall and temperature is 1200–1800 mm 
and 15–27 °C, respectively (Erifo and Amanuel 2015; Kef-
fale et al. 2017). The area is among the bimodal regions of 
Ethiopia. July to December is the main rainy season, while 
March to May is the small rainy season of the area. The 
watershed drains with perennial rivers like: Sala, Darra and 
Majege rivers. The area covers a variety of volcanic rocks 
and to a minor part by lacustrine sediments (Mechal et al. 
2015). According to FAO (1988) soil classification, the 
major soil units of the area are Haplic Luvisols, Chromic 
Luvisols and Rhodic Nitosols. The area is known by mixed 
farming and evergreen agroforestry systems. Coffee (Coffea 
arabica) and enset (Ensete ventricosum) are the dominant 
perennial crops of the area. Barely, maize, wheat, teff, peas, 
haricot beans, groundnut, tomato, onion, potato, pepper, 
cabbage, etc. are the crops grown in the area; and cattle, 
sheep, goats, equines and chickens are the livestock raring 
in the area. Millettia ferruginea, Syzygium guineense, Albizia 
gummifera, Cordia africana, Aningeria attissima, Polyscias 
ferruginea, Croton macrostachys, Erythrina abbyssnica, 
Podocarpus flactus, Eucalyptus spp. and bamboo are the 
tree species as well as banana, mango, avocado, guava and 
papaya are the fruit trees grown in the area.

Watershed morphometric parameters

Advanced space-borne thermal emission and reflection 
radiometer of 30 m resolution (ASTER_DEM) was used 
to generate drainage networks and delineate interested sub-
watersheds using ArcGIS10.3 software. Toposheets with 
1:50,000 scale of the study area have obtained from Ethio-
pian National Map Authority. Field visits and control points 
have used to verify the ground truth by using Geographical 
Positioning System (GPS) tool. The very important quanti-
tative morphometric parameters are selected and used for 
this analysis. These would be categorized into linear, relief 
and areal aspects. Because they have direct or inverse rela-
tionship with runoff, peak discharge and soil erosion risks 
(Nookaratnam et al. 2005; Javed et al. 2009; Singh and Singh 
2014; Gajbhiye and Sharma 2017), then these have used to 
prioritize more sensitive sub-watersheds. Based on com-
puted basic parameters due to ASTER_DEM and GIS soft-
ware, the derived parameters have been calculated based on 
the mathematical formulae and methods which have already 
been developed and summarized in Table 1. Other methods, 
approaches and information have also reviewed from related 
literature. See Fig. 2: the methodological flowchart used for 
watershed morphometric analysis.

Results and discussion

The study watershed was delineated to seven sub-watersheds 
with coded as SW1 to SW7. Predominantly it is dendritic to 
sub-dendritic drainage pattern which intersecting branches 
at acute angles. This indicates the presence of homogenous 
rocks and uniform soil type in mountainous and hilly area. 
Map of each sub-watersheds and drainage networks is 
located in Fig. 3.

Watershed morphometric analysis

Depending on the formulae and methods described in 
Table 1, the computed results of morphometric parameters 
are summarized in Table 2, and their implications are also 
discussed.

Basic parameters

Watershed area (A) is the total area projected upon horizon-
tal plane of a watershed. It is the most important watershed 
characteristics since it directly reflects volume of water in a 
watershed. Larger size intercepts greater volume of rainfall, 
higher runoff and peak discharge. Sometimes, the smaller 
size has also recorded maximum flooding and sedimentation. 
This is due to other watershed morphometric characteristics 
like stream networks, shape and length and relief param-
eters. In present study, the area ranges 81.90–151.16 km2, 
the smallest at SW6 and the largest at SW7.

Watershed perimeter (P) is length of delineated watershed 
boundary. It also represents watershed size. The perimeter 
ranges 46.34–97.21 km; the shortest at SW6 and the longest 
at SW7.

Watershed length (Lb) it is the longest dimension of basin 
parallel to the principal drainage channel (Schumm 1956). It 
shows the main channel of watershed in which the greatest 
volume of water travels. In this regard, the length of sub-
watersheds is the longest at SW7 (22.69 km) and the shortest 
at SW6 (16.02 km).

Watershed relief (Bh) is the elevation between outlet and 
the highest point on the perimeter of a watershed. Here, at 
the study area, elevation ranges 1200–3020 m.a.s.l.

Stream order (U) is a measure of the position of a stream 
in the hierarchy of tributaries. Stream ordering or stream 
categorization is based on the number and the type of trib-
utary junctions, which is the initial step in morphometric 
analysis. The streams are given order designation based on 
Strahler (1964) method. The smallest finger type and not 
branched tributaries are nominated as first stream orders; 
where two first stream orders join, these are second stream 
orders; where the second stream orders join, these are 
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third stream orders, and so on. It increases from upstream 
to downstream due to geomorphology of a watershed, and 
the highest order of stream segment is the main channel in 
which all discharges, runoff and sediment pass (Kumar and 
Lal 2017). The main and highest order (5th order) is shown 
at SW1 and SW7; and others with the 4th order.

Stream number (Nu) is the number of stream segments 
present in each order. The relationship between the number 
of streams of a given order and the stream order form an 
inverse geometric series (Horton 1945). It informs about 
surface runoff features. For example, a watershed with 
maximum numbers of first-order streams indicates highest 
permeability and infiltration rate, and erodible topography. 
A watershed with higher in number and order of streams is 

characterized by soft shale and slate rocks (Biswas 2016). In 
the present study, number of first stream order is highest and 
lowest at SW7 (68) and SW6 (33), respectively.

Stream length (Lu) is the average lengths of streams of 
each of the different orders in a drainage basin that tends 
closely to approximate a direct geometric series in which the 
first term is the average length of streams of the 1st order. 
Stream length is the highest in first-order consequently it 
increases as stream order increases (Horton 1945). Rela-
tively, shorter the stream length is at area of steep slopes and 
finer texture, whereas longer the stream lengths are at area of 
lower slopes (Strahler 1964). Besides, it measures hydrologi-
cal characteristics and bedrock formation of the area. Rela-
tively, the permeable bedrock and well-drained watershed 

Table 1  Formulae and methods adopted to compute watershed morphometric parameters

Parameters and aspects Formulae/methods Units References

Basic parameters
 Area (A) GIS software analysis km2

 Perimeter (P) “ km
 Maximum elevation (H) “ m
 Minimum elevation (h) “ “
 Length Lb = 1.312 × A0.568 “ Nookaratnam et al. (2005)
 Stream order (U) Hierarchical rank Dimensionless Strahler (1964)
 Stream number Nu = Nu1 + Nu2 + ··· + Nun “ Horton (1945)
 Stream length Lu = Lu1 + Lu2 + ··· + Lun km “

Derived parameters
 Linear aspects
  Mean stream length (Lsm) Average of stream length of all orders km “
  Bifurcation ratio Rb = Nu/Nu+1 Dimensionless Schumm (1956)
  Stream length ratio Rl = Lu/Lu−1 “ Horton (1945)
  Mean bifurcation ratio (Rbm) Average of bifurcation ratios of all orders “ Schumm (1956)
  Mean stream length ratio (Rlm) Average of stream length ratios of all orders “ “
  Stream frequency Fs = Nu/A km−2 “
  Drainage density Dd = Lu/A km/km2 “
  Drainage texture Dt = Nu/P km−1 “
  Length of overland flow Lo = 1/(2Dd) km “
  Drainage intensity Di = Fs/Dd km−1 Faniran (1968)
  RHO coefficient Rlm/Rb Horton (1945)
  Infiltration number If = Fs × Dd km−3 Faniran (1968)

 Relief aspects
  Relief Bh = H–h km Strahler (1952)
  Relief ratio Rh = Bh/Lb Dimensionless Schumm (1956)
  Relative relief Rhp = H × 100/P “ Melton (1957)
  Ruggedness number Rn = Bh × Dd “ Strahler (1954)

 Areal/shape aspects
  Circulatory ratio Rc = 4πA/P2; π = 3.14 “ Miller (1953)
  Elongation ratio Re = (2/Lb) × (A/π)0.5 “ Schumm (1956)
  Form factor Ff = A/Lb

2 “ Horton (1945)
  Lemniscates ratio K = Lb

2/4A “ Chorley et al. (1957)
  Compactness coefficient Cc = P/2(πA)0.5 “ Horton (1945)
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is formed a smaller in stream number and longer in stream 
length and the vice versa (Sethupathi et al. 2011). For the 
current study, the longest and the shortest stream lengths of 
all orders are at SW7 (158.75 km) and SW6 (85.761 km), 
respectively (see Table 3).

Derived parameters

Linear aspects Bifurcation ratio (Rb) is the ratio between 
total numbers of streams in a given order (Nu) to the number 
of next higher order (Nu + 1) (Schumm 1956). Rb is related 
to the branching pattern of a drainage network which shows 
degree of integration between streams of various orders 
(Horton 1945). Lower Rb values show structurally less dis-
turbed watersheds without any distortion in drainage pattern 
(Suji et al. 2015). In the present study, Rb value is the highest 
and lowest at SW1 (14.33) and SW6 (10.21), respectively. 
This implied that SW1, SW7 and SW3 are relatively more 
disturbed sub-watersheds than others, whereas SW6, SW4 
and SW5 are relatively sustainable sub-watersheds.

Stream length ratio (Rl): is the ratio of mean stream 
length of a given order (Lu) to the mean stream length of the 

next smaller order (Lu − 1) (Horton 1945). In fact, the mean 
length of a stream of any given order is always greater than 
the mean length of a stream of the next lower order. It gives 
an idea about chronological developments of the stream seg-
ments and relative permeability of the rock formation in a 
watershed.

According to Horton (1945), two fundamental laws are 
related to the stream numbers and lengths of different orders 
in a drainage basin.

1. Law of stream numbers: the relation between streams 
number of a given order, and stream order in terms of 
an inverse geometric series, in which bifurcation ratio 
is the base. This law was checked for all sub-watersheds 
and the results are in line with that of Horton’s law of 
stream numbers (Fig. 4), where the number of streams 
and stream order exhibited well inverse and strong rela-
tionship with coefficient of determination (R2) ranges 
from 0.78 (at SW1) to 0.99 (at SW3).

2. Law of stream lengths: the average length of streams of 
a given order in terms of stream order, average length 
of streams of 1st order, and the stream length ratio, this 

Fig. 2  Methodological flowchart for watershed morphometric analysis
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law takes the form of a direct geometric series. This law 
was also checked for all sub-watersheds and the result 
deviated from that of Horton’s law of stream length 
(Fig. 5), where the stream length and stream order show 
weak relationship with coefficient of determination (R2) 
ranges from 0.36 (at SW1) to 0.83 (at SW6). Here, the 
deviation and the differences among sub-watersheds 
may indicate the sub-watersheds are varying in lithology 
(bedrocks) and presence of geological control in addi-
tion to other environmental factors, for example water 
erosion processes.

Stream frequency (Fs): is total number of streams per 
unit area (Horton 1945). Values of drainage density and 
stream frequency for small and large drainage basins are 
not directly comparable because they usually vary with the 
size of the drainage area. But stream frequency exhibits 
positive correlation with drainage density to indicate the 
increase stream population drainage density at the same 

(Suji et al. 2015). In this analysis, stream frequency is 
higher at SW7, SW5 and SW6; and lower at SW1, SW2 
& SW3.

Drainage density (Dd) is the total length of streams per 
unit area (Horton 1945). It represents channels develop-
ment and their spacing closeness in watershed. Here, drain-
age density is higher at SW7, SW6 and SW2; and lower at 
SW5, SW3 and SW1.

Drainage texture (Dt) is the total number of streams per 
perimeter of a watershed (Horton 1945). It shows the relative 
spacing of drainage lines. In the present study SW7, SW6 
& SW4 are higher; and SW1, SW2 and SW3 are lower in 
drainage texture.

Length of overland flow (Lo) is roughly equal to half of the 
reciprocal of drainage density (Horton 1945). It is used to 
describe the length of flow of water over the ground before 
it becomes concentrated in definite stream channels. In the 
study area, SW5, SW3 and SW1 are higher and SW7, SW6 
and SW2 are lower in length of overland flow, respectively.

Fig. 3  Map of sub-watersheds and drainage networks
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Drainage intensity (Di) is the ratio of stream frequency 
to the drainage density (Faniran 1968). A watershed with 
low values in drainage density, drainage texture and drain-
age intensity is sensitive to flooding, erosion and landslide. 
In the present analysis, SW5, SW7 and SW3 are higher, 
whereas SW1, SW2 and SW4 are lower in drainage intensity.

Rho coefficient (ρ): is the ratio between the stream length 
ratio and the bifurcation ratio. It is an important parameter to 
relate drainage density to physiographic development which 
determines the storage capacity of drainage network and ulti-
mate degree of drainage development (Horton 1945). Here, 
Rho coefficient is higher at SW1, SW2 and SW5, while 
lower at SW6, SW7 and SW3. This suggests SW1 has the 
highest storage capacity during floods and attenuation effects 
of erosion during elevated discharge.

Infiltration number (If) is the product of drainage density 
and stream frequency. At higher infiltration number, lower 
the infiltration rate and higher in surface runoff (Faniran 
1968). In the present study, SW7, SW6 and SW5 are higher, 

and SW1, SW2 and SW3 are lower values in infiltration 
number. This indicates that SW7, SW6 and SW5 are rela-
tively dominating higher values in linear aspects while SW1, 
SW2 and SW3 are lower characteristics.

Areal aspects Circulatory ratio (Rc) is ratio of watershed 
area to area of a circle having the same circumference as 
perimeter of the watershed (Miller 1953). A circular water-
shed is the most susceptible to peak discharge because it will 
yield the shortest time of concentration. Lower, medium and 
higher values of Rc indicate young, mature and old stages 
of watershed development. SW1, SW2 and SW3 are lower, 
while SW6, SW4 and SW7 show higher values in circula-
tory ratio at the study area.

Elongation ratio (Re) is the ratio between the diameter of 
a circle of the same area as the watershed and the maximum 
length of the watershed (Schumm 1956). It usually ranges 
from 0.6 to 1.0. If the value is equal to one, a watershed is 
equal from all sides. Re is lower values at SW7, SW3 and 

Table 2  Computed results 
of watershed morphometric 
parameters

T. no. Parameters Computed results for sub-watersheds

SW1 SW2 SW3 SW4 SW5 SW6 SW7

1 Area (A) 112.025 115.714 132.971 92.893 95.913 81.900 151.159
2 Perimeter (P) 97.209 88.639 86.562 55.533 68.295 46.737 74.904
3 Maximum elevation (H) 2100 2780 2880 2980 2560 3000 3020
4 Minimum elevation (h) 1200 1220 1220 1420 1440 1480 1480
5 Length (Lb) 19.140 19.496 21.097 17.209 17.524 16.021 22.691
6 Highest stream order (U) 5th 4th 4th 4th 4th 4th 5th
7 Stream number (Nu) 47 54 67 48 53 43 89
8 Stream length (Lu) 108.771 117.962 128.053 94.121 92.211 85.761 158.747
9 Mean stream length (Lsm) 0.049 0.055 0.053 0.053 0.055 0.057 0.052
10 Bifurcation ratio (Rb) 14.333 11.100 11.633 10.500 10.792 10.214 13.583
11 Stream length ratio(Rl) 29.006 2.919 2.273 2.273 2.789 1.567 1.907
12 Mean bifurcation ratio (Rbm) 3.583 3.700 3.878 3.500 3.597 3.405 2.717
13 Mean stream length ratio (Rlm) 7.252 0.973 0.758 0.758 0.930 0.522 0.477
14 Stream frequency (Fs) 0.420 0.467 0.504 0.517 0.553 0.525 0.589
15 Drainage density (Dd) 0.971 1.019 0.963 1.013 0.961 1.047 1.050
16 Drainage texture (Dt) 0.483 0.609 0.774 0.864 0.776 0.920 1.188
17 Length of overland flow (Lo) 0.515 0.490 0.519 0.493 0.520 0.477 0.476
18 Drainage intensity (Di) 0.432 0.458 0.523 0.510 0.575 0.501 0.561
19 RHO coefficient (ρ) 2.024 0.263 0.195 0.217 0.259 0.153 0.176
20 Infiltration number (If) 0.407 0.476 0.485 0.524 0.531 0.550 0.618
21 Relief (Bh) 0.900 1.560 1.660 1.560 1.120 1.520 1.540
22 Relief ratio (Rh) 0.047 0.080 0.079 0.091 0.064 0.095 0.068
23 Relative relief (Rhp) 2.160 3.136 3.327 5.366 3.748 6.419 4.032
24 Ruggedness number (Rn) 0.874 1.590 1.599 1.581 1.077 1.592 1.617
25 Circulatory ratio (Rc) 0.149 0.185 0.223 0.378 0.258 0.471 0.338
26 Elongation ratio (Re) 0.017 0.017 0.015 0.021 0.021 0.024 0.013
27 Form factor (Ff) 0.306 0.304 0.299 0.314 0.312 0.319 0.294
28 Lemniscate ratio (K) 0.818 0.821 0.837 0.797 0.800 0.783 0.852
29 Compactness coefficient (Cc) 2.592 2.325 2.118 1.626 1.968 1.457 1.719
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SW1, whereas SW6, SW4 and SW5 have higher values of 
elongation ratio at the study area.

Form factor (Ff) is the ratio of watershed area (A) to the 
square of watershed length (Lb). Smaller the value of form 
factor, more the elongated watershed (Strahler 1964). A 
watershed with higher form factor has high peak discharge 
in a short period of time (Horton 1945). Here, value of Ff 
is lower at SW7, SW3 and SW2 while SW6, SW4 and SW5 
are higher in form factor in the study area.

Lemniscate’s ratio (K) is used to determine gradient of 
the watershed (Chorley et al. 1957). In the present study, 
SW6, SW4 and SW5 have lower K values, whereas SW7, 
SW3 and SW2 have the higher values.

Compactness coefficient (Cc) is the ratio of perimeter of 
watershed to circumference of equivalent circular area of the 
watershed (Horton 1945). It is an independent of watershed 
size, but it depends on the slope. In the present study, value 
of Cc is lower at SW6, SW4 and SW7 whereas SW1, SW2 
and SW3 are relatively higher in compactness coefficient. 
In general, regarding to areal and shape aspects of the sub-
watersheds, SW7, SW6 and SW3 have dominated with lower 
values whereas SW4, SW2 and SW3 have relatively higher 
values.

Relief aspects Relief ratio (Rh) is the ratio of maximum 
watershed relief to the maximum watershed length, which 

is parallel to the principle drainage line. It measures overall 
steepness of a watershed, and it is an indicator of erosion 
process and intensity on watershed slopes (Schumm 1956). 
Rh value is higher value at SW6, SW4 and SW2, whereas 
SW1, SW5 and SW7 have lower value of relief ratio at study 
area.

Relative relief (Rhp) has calculated by using perimeter and 
watershed relief (Melton 1957). In the present study, SW6, 
SW4 and SW7 have higher while SW1, SW2 and SW3 have 
lower values in relative relief.

Ruggedness number (Rn) is the product of maximum 
basin relief and drainage density (Strahler 1964). It com-
bines slope steepness and length. Its higher values occur 
when slopes are not only steep but long as well. It has higher 
values at SW7, SW3 and SW6, and it has lower values at 
SW1, SW5 and SW4 in the study area. In general, regarding 
relief aspects of sub-watersheds, SW6 and SW4 are dominat-
ing the higher values whereas SW1 and SW5 are relatively 
lower values.

Ranking and prioritization of sub‑watersheds

Linear and relief parameters have direct relationship 
with soil erodibility (Nookaratnam et al. 2005; Singh and 
Singh 2014; Sujatha et al. 2015), the highest their value 
shows the most erodible soil in a watershed. Therefore, 

Table 3  Stream orders and 
numbers

T. no. Stream orders Code of watersheds

SW1 SW2 SW3 SW4 SW5 SW6 SW7

1 Number of stream (Nu) 47 54 67 48 53 43 89
1st order (Nu1) 38 41 53 35 41 33 68
2nd order (Nu2) 6 10 10 10 8 7 16
3rd order (Nu3) 1 2 3 2 3 2 3
4th order (Nu4) 1 1 1 1 1 1 1
5th order (Nu5) 1 1

2 Length of stream (Lu) 108.77 117.96 128.05 94.12 92.21 85.76 158.75
1st order (Lu1) 52.60 54.31 57.06 48.36 41.19 43.79 88.10
2nd order (Lu2) 29.34 23.39 35.87 25.34 19.55 19.91 28.57
3rd order (Lu3) 13.25 13.92 15.97 6.02 11.56 19.36 24.33
4th order (Lu4) 0.47 26.34 19.15 14.40 19.91 2.71 17.72
5th order (Lu5) 13.11 0.04

3 Bifurcation ratio (Rb) 14.33 11.10 11.63 10.50 10.79 10.21 13.58
Nu1/Nu2(Rb1) 6.33 4.10 5.30 3.50 5.13 4.71 4.25
Nu2/Nu3(Rb2) 6 5 3.33 5 2.67 3.50 5.33
Nu3/Nu4(Rb3) 1 2 3 2 3 2 3
Nu4/Nu5(Rb4) 1 1

4 Stream length ratio (Rl) 29.01 2.92 2.27 2.27 2.79 1.57 1.91
Lu2/Lu1(Rl1) 0.56 0.43 0.63 0.63 0.48 0.46 0.32
Lu3/Lu2(Rl2) 0.45 0.60 0.45 0.45 0.59 0.97 0.85
Lu4/Lu3(Rl3) 0.04 1.89 1.20 1.20 1.72 0.14 0.73
Lu5/Lu4(Rl4) 27.96 0.002
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a sub-watershed showed the highest value in linear and 
relief parameters has rated at first rank, second higher 
value has rated as second rank and so on; and the least 
value has rated at last the rank. In the contrary, areal/
shape parameters have inverse relationship with soil erod-
ibility (Javed et al. 2009; Raja et al. 2017); the lowest 
their value the most erodible soil in a watershed. Thus, 
a sub-watershed showed the lowest value in areal/shape 
parameters has rated at first rank, the next lower value 
has rated at second rank and so on, then the highest value 
has rated at the last rank. Compound method of averag-
ing value was used in this study, because it has expected 
all morphometric parameters have equal importance for 
final ranking (Ajay et al. 2014; Farhan 2017). After rank-
ing of all (seven) sub-watersheds based on every single 

parameter, the ranking values for all parameters of each 
sub-watershed have added and divided by the number of 
all parameters, in this case it has divided by eighteen; 
and then to arrive at compound value. So that, the sub-
watershed with the least compound value has assigned at 
the highest priority and denoted by number 1, the next 
higher value has denoted by number 2 and so on, then the 
sub-watershed that got the highest compound value has 
assigned at the last priority number (Ayele et al. 2017; 
Sheikh et al. 2017; Thapliyal et al. 2017; Kumar and Lal 
2017). This implies that, the highest priority indicates the 
greatest degree of runoff, peak discharge and soil ero-
sion risks in that sub-watershed. Thus, it is important to 
plan proper land and water management practices for each 
sub-watersheds as per their sensitivity ranks. Eighteen 

Fig. 4  Relationship between stream order and stream number
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morphometric parameters were selected and used for 
ranking and prioritizing of sub-watersheds based on their 
values obtained from the calculation (see Table 4).

Figure 6 shows the final priority map of sub-water-
sheds. SW7, SW3 and SW4 are relatively the most sus-
ceptible to land degradation being prone to soil erosion, 
respectively. This is due to their inherent geomorphomet-
ric characteristics. Hence, they need immediate attention 
for soil and water conservation measures or practices 
according to the final priority.

Conclusion and recommendations

Morphometric analysis is very important approach 
to describe physical and quantitative characteris-
tics of a watershed. Also it has been used to prioritize 

Fig. 5  The relationship between stream order and stream length
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sub-watersheds for effective natural resources manage-
ment. Rather than conventional methods, Remote Sens-
ing and Geographical Information System application 
enable to estimate watershed morphometric aspects. After 
prioritization of critical sub-watersheds, it is crucial to 
prepare a comprehensive watershed management plan-
ning and implementation. Analyzing watershed morpho-
metry is not enough for characterizing and prioritizing 
of sub-watersheds, but it has required other an integrated 
approach, which includes land use and land cover changes, 
estimation of runoff and sediment yield. Here, the study 

proposes a useful tool to define areas for planning the 
strategies to control soil erosion and promote soil con-
servation. This may include both physical and biological 
measures such as constructing bunds, check dams, micro-
basins and planting multipurpose tree species based on 
suitable location and design parameters. Decision makers 
should optimally allocate the investments to critical sub-
watersheds in an economically effective and technically 
efficient manner. Finally, it has required to monitor and 
evaluate as per environmental sound, economical viable 
and socially acceptable.

Table 4  Computed parameters 
used for ranking and 
prioritization of sub-watersheds

T. no. Parameters Computed parametric values and ranks

SW1 SW2 SW3 SW4 SW5 SW6 SW7

1 Rbm 3.583 [4] 3.700 [2] 3.878 [1] 3.500 [5] 3.597 [3] 3.405 [6] 2.717 [7]
2 Rlm 7.252 [1] 0.973 [2] 0.758 [4] 0.758 [4] 0.930 [3] 0.522 [6] 0.477 [7]
3 Fs 0.420 [7] 0.467 [6] 0.504 [5] 0.517 [4] 0.553 [2] 0.525 [3] 0.589 [1]
4 Dd 0.971 [5] 1.019 [3] 0.963 [6] 1.013 [4] 0.961 [7] 1.047 [2] 1.050 [1]
5 Dt 0.483 [7] 0.609 [6] 0.774 [5] 0.864 [3] 0.776 [4] 0.920 [2] 1.188 [1]
6 Lo 0.515 [3] 0.490 [5] 0.519 [2] 0.493 [4] 0.520 [1] 0.477 [6] 0.476 [7]
7 Di 0.432 [7] 0.458 [6] 0.523 [3] 0.510 [4] 0.575 [1] 0.501 [5] 0.561 [2]
8 ρ 2.024 [1] 0.263 [2] 0.195 [5] 0.217 [4] 0.259 [3] 0.153 [7] 0.176 [6]
9 If 0.407 [7] 0.476 [6] 0.485 [5] 0.524 [4] 0.531 [3] 0.550 [2] 0.618 [1]
10 Bh 0.900 [7] 1.560 [2] 1.660 [1] 1.560 [2] 1.120 [6] 1.520 [5] 1.540 [4]
11 Rh 0.047 [7] 0.080 [3] 0.079 [4] 0.091 [2] 0.064 [6] 0.095 [1] 0.068 [5]
12 Rhp 2.160 [7] 3.136 [6] 3.327 [5] 5.366 [2] 3.748 [4] 6.419 [1] 4.032 [3]
13 Rn 0.874 [7] 1.590 [4] 1.599 [2] 1.581 [5] 1.077 [6] 1.592 [3] 1.617 [1]
14 Rc 0.149 [1] 0.185 [2] 0.223 [3] 0.378 [6] 0.258 [4] 0.471 [7] 0.338 [5]
15 Re 0.017 [3] 0.017 [3] 0.015 [2] 0.021 [5] 0.021 [5] 0.024 [7] 0.013 [1]
16 Ff 0.306 [4] 0.304 [3] 0.299 [2] 0.314 [6] 0.312 [5] 0.319 [7] 0.294 [1]
17 K 0.818 [4] 0.821 [5] 0.837 [6] 0.797 [2] 0.800 [3] 0.783 [1] 0.852 [7]
18 Cc 2.592 [7] 2.325 [6] 2.118 [5] 1.626 [2] 1.968 [4] 1.457 [1] 1.719 [3]
Compound parameter (Cp) 4.94 4 3.67 3.78 3.89 4 3.50
Ranking 6th 5th 2nd 3rd 4th 5th 1st
Final priority Low Medium High High Medium Medium High
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