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ABSTRACT

Intergrating Remote sensing and Geographic Information System(GIS) Proves useful for Evaluating
and understanding morphometric parameters, especially Watershed Management of - Soil and
Water Conservation at microlevel for sustainable Natural Resource management. The Linear ,
Areal and Relief characteristics of the basins Drainage can be analytsed Morphometrically. In this
investigation, geospatial techniques were employed to assess the hydrological features of the
Waghora Micro watershed within the Jam River basin, covering an area of 13.03 km2. Utilizing the
ALOS-PALSAR RTC DEM -12.5 m resolution, the basin and drainage network were delineated
using ArcGIS software. The analysis revealed a dendritic drainage pattern within the Waghora
micro-watershed, with drainage streams delineated up to the fourth order. The ratio of bifurcation
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Natural resources using sustainable initiatives.

(Rb) can be ranged within ~ 3 - 4.66, with an mean average of 3.76, showcases Geologic
Structures are undistorted and the drainage system sorted by moderate peaks and lower orer
streams. Additional morphometric parameters were assessed, using Form-factor(Rf), Circulatory-
Ratio(Rc), and finally Elongation-Ratio(Re) values of 0.32, 0.68, and 0.62 respectively. This is a
clear indication of Micro watershed being moderately Elongated with time. The Estimated Relief,
Relief Ratio(Rr), relative Relief (RR) and Ruggedness Ratio Number were determined to be 75 m,
1.2, 0.97, respectively, indicating a moderate erosion potential. Overall, the study underscores the
necessity for implementing — Soil and Water Conservation measures to be taken within the
watershed. These findings hold significant implications for various stakeholders,
managers and decision-makers involved in Management of Watersheds and Conservation of the

including

Keywords: Morphometric analysis; ArcGIS; remote sensing; DEM; watershed management; AlOS-

DEM.

1. INTRODUCTION

The imperative of promptly addressing
agricultural land degradation is underscored,
coupled with advocacy for the implementation of
production systems aimed at conserving soil
quality to guarantee the long-term sustainability
of agriculture [1]. In order to effectively address
and mitigate the impacts of land degradation,
watershed planning is essential. Watershed
planning involves the careful management and
organization of land use within a specific
watershed area to ensure that it continues to
provide essential goods and services without

compromising soil productivity and water
resources [2]. Effective land and water
management strategies tailored to each

watershed are essential [3].

Watershed morphometric analysis is employed to
characterize the hydrological response behavior
[4], soil water conservation measure [5] Diverse
morphometric analyses offer insights into the
physical attributes of watersheds, facilitating
applications in land wuse planning, soil
conservation, terrain elevation, and soil erosion
management [6] and addressing the immediate
need to assess the magnitude of issues related
to waterlogging, alkalinity, and salinity is
imperative, necessitating the establishment of
assessment norms and the identification of

appropriate  technologies for  prevention,
reclamation, and management [7].
Integrating morphometric  parameters  with

thematic maps, including land use/cover, soil,
and drainage density information, aids in the
decision-making process for water resources
management in areas with poor contouring,
contour bunds can be constructed to enhance
groundwater recharge and facilitate [8].
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Morphometric  analysis outcomes offer a
foundation for policymakers and planners to
formulate erosion control strategies [9,10]
Further more we can use this analysis to
understand the drain patterns which will help in
building preventive strategies (Root Blocking,
Strain Resilience) as well as be a building block
for Water harvesting(Micro Funneling).
Maximizing the natural resources and reusing
them strategically will further help in maintaining
the Floura and Fauna of the Land. And lastly
while developing any structure for manmade use
(Buildings, Roads, Highways, etc) these patterns
will help us construct new structures resilient to
the natural deformations that can be caused due
to the lands natural attributes [11,12]. These
measures also furnish valuable insights for
decision-makers and policymakers to devise pre-
assessment strategies for peak flooding events
and sustainable land-use policies [13]. Remote
sensing and GIS-based approaches are superior
to conventional methods for evaluating drainage
morphometry, landforms, and land resources, as
well as understanding their interrelationships for
river basin planning and management [8,14-18].

The Waghora micro watershed Jam River basin
showcases a diverse array of physiographic
units. However, the management of this area
suffers from inconsistent land use practices and
inadequate measures issues. This can be further
elaborated by analyzing the lands history. We
have consistently observed patterns such as
waterlogged soil every year which could be due
to the permeability of the soils and subsurface,
soil compactness which can be due to the
ruggedness and terrain formation. Understanding
these issues are vital for resolving soil Erosion

problems which we will study using
morphometric analysis. We know that soil
erosion disrupts all the natural hydrological
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processes. It compromises the soils structure,
integrity and accelerates erosion. Addressing
these challenges requires holistic approaches
that integrate land cover assessment with
morphometric analysis to devise targeted land
management strategies. Understanding the
linear, aerial, and relief features of the watershed
is crucial for effectively characterizing it and
directing  developmental  efforts  towards
optimizing its natural resources. With this goal in
mind, an endeavor was undertaken to evaluate
the watershed's morphometric parameters
utilizing Remote Sensing (RS) and Geographic
Information System (GIS) tools.

2. METHODOLOGY
2.1 Study Area

The Waghora microwatershed is situated in the
southern region of Sausar tehsil within the

Chhindwara district of Madhya Pradesh, India. It
constitutes a part of the Jam River basin and is
situated between 21° 33' 36" to 21 ° 36' N
latitude and 78 ° 45' 36" to 79 ° 48 36" E
longitude. The watershed covers an area of
about 1303 ha, this watershed is identified and
labeled as 4E8E5a3 according to the Soil and
Land Use Survey of India (2017). Within this
area, elevations vary from 328 meters to 479
meters. The region experiences an annual
rainfall of 1211.7 mm, characterized by a
subtropical, dry, and subhumid climate, featuring
distinct seasons including summer (March to
May), monsoon (June to September), post-
monsoon (October to November), and winter
(December to February). The mean annual
temperature stands at 25.4°C, with summer
reaching a mean maximum of 41.70 °C and
winter recording a mean minimum of 11.70°C.
The study area map is shown below in  Fig. 1.
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Fig. 1. Location map of waghora micro-watershed of Jam river basin

25



Sinha et al.; J. Geo. Env. Earth Sci. Int., vol. 28, no. 6, pp. 23-35, 2024, Article no.JGEESI.117423

2.2 Materials and Methods

The study utilizes the High-Resolution ALOS-
PALSAR RTC DEM obtained from the Alaska
Satellite Facility, featuring a spatial resolution of
12.5 meters, for the purpose of identifying and
extracting the drainage network to conduct
morphometric analysis. The use of the PALSAR
active microwave sensor operating at L-band
frequency facilitates the generation of high-
resolution DEM products immune to weather
conditions and suitable for day and night
observations. Additionally, the ALOS-PALSAR
RTC DEM undergoes processing, including
conversion from orthometric height to ellipsoid
height, to ensure consistency with other DEM

elevations. This dataset's fine spatial resolution
enables the detection of even shallow and
narrow drainage networks that may be missed by
coarser resolution products. The extraction of the
watershed and stream networks from the ALOS-
PALSAR DEM is automated using the Model
Builder tool in ArcGIS 10. This toolset employs a
graphical interface where various geoprocessing
tools and their respective parameters are
interconnected to process input data.
Preprocessing steps involve utilizing a fill tool to
rectify sinkhole errors in the input DEM, followed
by flow direction analysis for each pixel using a
deterministic eight-node approach [18], which
analyzes the eight directions from a pixel where
water flows outward. This flow direction raster

Table 1. Formula for calculating morphometric parameters

SrNo. Morphometric Formulae Reference
Parameters
(A) Linear aspect
1. Stream Order Hierarchical rank [25]
2. Stream number (Nu)  Nu=N1+N2+ ...... + Nn [26]
where N1 = Order of stream
3. Stream Length (Lu) Lu=L1+L2+ ... +Ln [26]
where L = Length of the basin
4. Mean stream length Lsm = Lu/Nu [25]
(Lsm) where Lu = Total stream length of order ‘u’
Nu = Total no. of stream segments of order ‘U’
5. Stream length ratio Lur = Lu/Lu — 1 where Lu = Total stream length of [26]
(Lur) order ‘v’
6. Bifurcation Ratio (Rb) Rb=Nu/Nu+1 [27]
where Nu = Total steam segments of order ‘U’ Nu
+ 1 = stream length of its next higher order
7. Rho coefficient (p) p = RL/Rb [26]
where RL = stream length ratio; Rb = bifurcation
ratio
(B) Areal aspect
1. Basin area (A), km2 Area enclosed within the boundary of watershed [25]
divide
2. Basin length (Lb), km  Lb =Distance between outlet and farthest point of [26]
basin boundary
3. Basin perimeter P = Outer boundary of drainage basin [27]
(P),km
4. Drainage Density (D) D=Lu/A [26]
where Lu = Total stream length of all orders; A =
Basin area
5. Length of overland Lg=1/2 x Dd [26]
flow (Lg) where Dd = Drainage density
6. Stream  Frequency Fs=Nu/A [28]
(Fs) where Nu = Total no. of streams of all orders; A =
Basin area
7. Drainage Texture Rt=Nu/P [27]
(Rt) where Nu = Total no. of streams of all orders; P =

Perimeter (km)
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8. Elongation Ratio (Re) Re=2/Lb sqrt (A/1T) [28]
where A = Basin area; Lb = Basin length
9. Form Factor (Rf) Rf=A/Lb2 [28]
where A = Basin area; Lb2 = Square of basin
length
10. Circularity Ratio (Rc)  Rc=4*m *A/P2 [29]
where A = Basin area (km2 ); P2 = Square of the
perimeter (km2 )
11. Constant of channel C = 1/Dd where Dd = Drainage density [27]
maintenance
12. Compactnes Cc = 0.2821P/A0.5 where P = Basin [26]
s coefficient perimeter; A = Basin area
(c) Relief aspects
8. Basin relief (H) (Maximum elevation — Maximum elevation) [25]
9. Relief Ratio(Rh) Rh =R/L [27]
where H = Maximum basin relief; Lb = Basin length
10. Ruggedness number Rn = Dd*(Rh/1000) [25]
(Rn) Where Dd= drainage density; Rh=relief ratio
output is also employed to compute flow 3. RESULT AND DISCUSSION

accumulation, which in turn aids in generating
streams by setting a critical threshold as
per recommendations from previous studies
for morphometric analysis [20-23].
similar methodology were used by Aziz et al.[24]
Subsequently, generated streams are used for
snapping pour points, facilitated by a point
shapefile, which serves as input for extracting
the  watershed. Additionally, the input
DEM is utilized to extract aspect,
contour, and slope information for the study
area.

2.3 Morphometric Indices

The morphometric indices include calculation of
majorly three aspects, namely, linear, areal, and
relief which consists of various parameters,
respectively. Linear aspects include
morphometric parameters such as stream order
(Nu ), stream length (L), bifurcation
ratio (Rb ), stream length ratio (Rl ), mean
stream length (Lu ), Rho coefficient (p), whereas
areal aspects include stream frequency (Fs ),
drainage density (Dd ), drainage texture (Rt ),
circularity ratio (Rc ), form factor (Ff ), and
elongation ratio (Re ), and the relief aspects
includes relief ratio (Rh ), relative relief (Rhp),
ruggedness number (Rn ), and length of
overland flow (Lg ).The respective
mathematical formulas used to assess
the morphometric indices are given in
Table 1.
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This research presents a morphometric analysis
of the Waghora micro watershed, examining it
from three distinct perspectives: Linear, Areal,
and Relief. Additionally, the study evaluates the
slope, aspect, and drainage density of the basin,
providing crucial insights into watershed
management. These parameters are explained
further based on various hydrological factors
listed:

3.1. Linear Aspects

The linear aspect encompasses all linear
features within a drainage basin, including
Stream Order (w), Stream Number (Nu),
Bifurcation Ratio (RbF), Stream length (km), and
their respective means, as illustrated in Table 2.

3.1.1. Stream order and number of streams

Establishing the stream order (Nu) serves as the
initial phase in morphometric analysis of a
watershed. As depicted in Table 2 and presented
in Fig 2(a), the data reveals that the Waghora
micro-watershed  exhibited a  fourth-order
drainage stream. Specifically, there were 51
streams of first order, while the second, third,
and fourth-order streams numbered 14, 3, and 1
respectively. The decrease in the number of
stream segments with ascending stream order
aligns with the principles outlined in Horton’s
laws [26].
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Table 2. Morphometric parameters (linear aspects) of Waghora micro-watershed

Stream No. of Total Mean Length Bifurcation Mean Rho
Order Streams Length of Length of Ratio Ratio Bifurcation coefficient
(w) (Nu) Streams Streams (RL) (RbF) Ratio (p)
(Lu) (km)  (km) (Rbm)
1 51 19.74 0.38 3.64 3.76
2 14 7.87 0.56 0.39 4.66 0.10
3 3 5.59 1.86 0.71 3 0.15
4 1 3.36 3.36 0.60 0.2
Total 69 36.57 11.3 0.45

3.1.2 Stream length

In the Waghora micro-watershed, the lengths of
streams of orders 1, 2, 3, and 4 measured 19.74
km, 7.87 km, 5.59 km, and 3.36 km respectively.
The combined length of all streams in this
watershed was calculated to be 36.57 km.
Notably, it was observed that the total length of
stream segments was highest for first-order
streams and decreased progressively with higher
stream orders. This pattern echoes findings
reported by Deka et al. [17] in their study
conducted in the Dhemaji District of Assam,
India.

3.1.3 Mean stream length

The mean stream length values for the Waghora
micro-watershed were computed for all four
orders, yielding 0.38, 0.56, 1.86, and 3.36 as
shown in Table 2 for stream orders 1, 2, 3, and 4
respectively. Notably, these values exhibit an
increasing trend with the order. This finding is
consistent with the results reported by
Premanand et al. [5]

3.1.4. Stream length ratio

The stream length ratio within the Waghora
micro watershed ranged between 0.39 and 0.70.
Notably, there was an observed ascending trend
in the stream length ratio from lower to higher
orders, suggesting a mature geomorphic stage.
These results align with those reported by Nayar
et al. [30] in their study of the Kosasthalaiyar
River in India.

3.1.5. Bifurcation ratio

The bifurcation ratio represents the ratio of
stream segments of a particular order to those of
the next higher order. According to various
studies, a ratio of less than five (5) is typically
classified as low, while a ratio exceeding five (5)
falls into the high category. A low classification
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suggests that the drainage pattern is unaffected
by geological structures, whereas a high
classification indicates that geological structures
influence the drainage pattern. Within this basin
region, the bifurcation ratio ranges from 3 to
4.66, indicating minimal structural disturbance.
The mean bifurcation ratio is calculated at 3.76.

The bifurcation ratio holds significance in
examining drainage basins as it aids in
interpreting basin shape and runoff behavior.
Higher bifurcation ratio values correspond to
increased flood risk. Therefore, the Ilow
bifurcation ratio observed in our area suggests a
low flood risk. The bifurcation ratio of the
Waghora micro-watershed was not the same
from one order to the next which might be due to
the possible variations in basin geometry and
lithology. A similar finding was also reported by
the study of Desai et al. [31]

The Rbm is the mean of all the sum of the
values. The value of Rbwmin the research area
was 3.76 (Table.2). The watershed mean
bifurcation ratio indicates that there is negligible
influence of geological features on the
drainage network, due to the variation in
geology and lithology in the watershed [32].

3.1.6 Rho coefficient (p)

The Rho coefficient signifies the correlation
between drainage density and the physiographic
maturity of a watershed, offering insights into the
water storage capacity within it. Elevated Rho
coefficient values denote a greater capacity for
water storage. In the case of the Waghora micro
watershed, the computed Rho coefficient stands
at 0.45, indicative of a high hydrological storage
capacity, particularly during flood periods [17].

3.2 Areal Aspects

The areal aspects of a watershed encompass
diverse areal components, including Area (km?),
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length (km), Perimeter (km), Drainage Density
(Dd), Elongation Ratio (Re), Drainage Texture
(T), Stream Frequency (Fs), Form Factor (Ff),
and Circulatory Ratio (Rc). These findings are
detailed in Table 3.

3.2.1 Basin area, length and perimeter

The runoff rate of a drainage basin is contingent
upon both its area and physiography. Generally,
smaller basin areas (A) tend to yield larger
runoff, whereas larger areas lead to diminished
runoff. For the Waghora micro-watershed, the
basin area, length, and perimeter were
measured at 13.03 km?, 5.63 km, and 15.55 km
respectively.

3.2.2 Drainage density

Drainage density (Dd) quantifies the total length
of stream segments across all orders per unit
area of the watershed. In the case of the
Waghora micro-watershed, the computed
drainage density was determined to be 2.80
km/kmz. This figure may be attributed to factors
such as permeable subsurface material, dense
vegetation cover, and relatively low relief [33,34].

3.2.3 Drainage pattern

“The drainage pattern (Dp) reflects the impact of
slope, lithology, structure and it helps in
recognizing the stage in the cycle of erosion. The
drainage pattern for the Waghora micro-
watershed was found to be dendritic and radial
which indicates that the time of formation of the
drainage basin was longer” [35].

3.2.4 Length of overland flow

The length of overland flow (Lg) represents the
distance water travels over the land surface
before converging into distinct stream channels
[25]. In the Waghora micro-watershed, the
calculated length of overland flow is 1.4 km. A
higher value of Lg suggests gentle slopes and
longer flow paths [36], facilitating increased
infiltration and reduced runoff [37] within the
study area.

3.2.5 Stream frequency

Stream frequency (Fs) is influenced by lithology,
slope gradient, stage of fluvial cycle, and surface
runoff. In the Waghora micro-watershed, the
calculated stream frequency is notably high at
5.29. This suggests the presence of
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impermeable subsurface materials, limited
infiltration, and low relief conditions, potentially
accompanied by reduced erosion [38].
watersheds with higher stream frequencies are
likely to have a greater concentration of streams
in a given area. These areas could be
considered as important zones for water
resource preservation [39].

3.2.6 Drainage texture

Drainage texture (Dt) denotes the spacing
between drainage lines and provides insights
into basic lithology, infiltration capacity, and
topographic relief. In the Waghora micro-
watershed, the calculated drainage texture value
is 14.83, indicating a very fine texture. A
watershed with a very fine texture or a high
drainage texture value (>8) suggests an
increased risk of soil erosion.

3.2.7 Elongation ratio

The elongation ratio (Re) serves as an indicator
of the river basin's shape, influenced by both
climatic and geological factors. Three classes
are typically used to classify Re: less elongated
(< 0.7), oval (0.8 — 0.9), and circular (>0.9)
[24,40,41]. In the case of the Waghora micro-
watershed in India, the elongation ratio was
measured at 0.72, indicating a moderately
elongated shape, with moderate relief and slope
in the study area.

3.2.8 Form factor

The calculated value of the form factor for the
Waghora micro-watershed was 0.41. A lower
value of form factor <0.78 indicated that the
shape of the basin was elongated s it has low
peak flows for longer duration. A low form factor
(0.32) was also observed by [5,42] in the
Patapur Micro-watershed in North-Eastern Dry
Zone of Karnataka India indicating a flatter peak
of flow for a longer duration in the basin.

3.2.9 Circularity r atio (Rc)

The circulatory ratio (Rc) is primarily influenced
by factors such as geology, slope, structure,
relief, stream frequency, climate, length, and
land use/land cover within the basin area. Higher
values of the circulatory ratio correspond to
increased flood hazard during peak times at the
outlet point. In the case of the Waghora micro-
watershed, the circulatory ratio was recorded at
0.68, suggesting an elongated basin with



Sinha et al.; J. Geo. Env. Earth Sci. Int., vol. 28, no. 6, pp. 23-35, 2024, Article no.JGEESI.117423

permeable sub-soil, associated with high
discharge of runoff materials [28]. Similarly,
Narmatha et al. [43] observed a comparable
circulatory ratio (0.61) in the Ponnaiyar River
basin of Tamil Nadu, India, indicating low runoff
discharge and highly permeable sub-soil.

3.2.10 Constant of channel maintenance

The computed constant of channel maintenance
(C) for the Waghora micro-watershed was
determined to be moderate at 0.35 km2/m. This
moderate value suggests moderate permeability,
slope, and surface runoff within the area [44,45].

3.2.11 Compactness coefficient

The compactness coefficient (Cc) directly
correlates with erosion risk assessment [46].
Lower Cc values imply reduced vulnerability to
risk factors, while higher values suggest
increased vulnerability, necessitating
conservation measures [47]. In the case of the
Waghora micro-watershed, the compactness
coefficient was measured at 1.20, indicating a
moderate erosion status within the studied area
[45].

3.3 Relief Aspects

The results of morphometric parameters related
to relief aspects of the Waghora micro-watershed
are presented in Table 3.

3.3.1. Basin relief

Basin relief (H) denotes the variation in elevation
between the lowest and highest points within a
basin. In the Waghora micro-watershed, the
computed basin relief was 75 meters. A lower
basin relief value suggests increased infiltration

and reduced runoff, aligning with the conclusions
drawn by Chaudhari and Kumar [44].

3.3.2 Relief ratio

The relief ratio (Rh) serves as a gauge of the
general steepness of a drainage basin, aiding in
the assessment of erosion intensity along its
slopes. Typically, the relief ratio tends to rise with
diminishing drainage area and size of the
watershed within a given drainage basin [48]. In
the case of the Waghora micro-watershed, the
calculated relief ratio was determined to be 1.2,
suggesting gentle slopes within the study area.
These findings parallel those reported by Sahu
et al. [48] for a comparable watershed in the
Nagpur district of Maharashtra, India.

3.3.3 Ruggedness number

The ruggedness number (Rn) serves as an
indicator of a basin's susceptibility to soil erosion,
with  higher values indicating increased
proneness and vice versa. In the case of the
Waghora micro-watershed, the calculated
ruggedness number stood at 0.97. Watersheds
characterized by high Rn values typically
undergo dynamic geomorphic  processes,
featuring long and steep slopes punctuated by

abrupt breaks due to rejuvenation.
Consequently, such catchments exhibit
heightened susceptibility to soil erosion,

sediment load generation, mass movements,
and heightened response to increased peak
discharge. This finding resonates with results
reported by Singh et al. [49] in the Dudhani
watershed, India, suggesting very low infiltration,
elevated surface runoff, and an increased risk of
soil erosion.

Table 3. Areal Aspects of Waghora micro-watershed

S.no.  Areal Aspect Value
1 Basin Area (km?) 13.03
2 Perimeter (km) 15.44
3 Basin Length (km) 5.63
4 Drainage Density (km/km?) 2.80
5 Length of overland flow 1.4

6 Stream Frequency (Fs) 5.29
7 Drainage Texture (T) 14.83
8 Elongation ratio 0.72
9 Form factor 0.41
10 Circularity Ratio (Rc) 0.68
11 Constant of channel maintenance (c) 0.35
12 Compactness of coefficient (Cc) 1.20
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Table 4. Morphometric characteristics (relief aspects) of Waghora micro-watershed

S.No Relief parameters Value
1 Maximum elevation, m 373
2 Minimum elevation, m 248
3 Basin relief (H), m 75
4 Relief ratio (Rh) 1.2
5 Ruggedness number (Rn 0.97
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Fig. 2. (a) Drainage Basin Map; (b) Slope Map; (c) Aspect Map; (d) Drainage Density Map

3.4. Aspect

Aspect indicates the direction of a slope. In this
context, slope directions are categorized based
on degrees: from 0-22.5° as north, from 22.5—
67.5° as northeast, and so forth. In the present
study, the aspect is south-facing, as illustrated in
Fig. 2b. This suggests that the south-facing
slope tends to have greater vegetation cover and
moisture content in comparison to the north-
facing slope.

3.5 Slope

Slope defines the steepness of the area. In the
Waghora micro-watershed, the maximum height
is 417 m, whereas the minimum height is 273 m.
Here, the slope is divided into five classes,
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(Mustrated in Fig. 2c) (0° to <5 ° ) is very gentle,
(>5° to =15°) is gentle, (>15° to <30° ) is
moderate, (>30° to <45° ) steep. Slope map
showed that the basin is ranging from Very
Gentle to moderate slope pattern. A very gentle
slope is great for groundwater infiltration as it
has less runoff comparted to steep or higher
slopes. The morphometric factor associated with
slopes shows the Hydrology of the Runoff
Volumes and Concentration time [50], While a
higher slope is associated with Higher Erosion
[61,52].

3.6 Drainage Density

We define the drainage density of
the basin as the total Length of Stream per unit
area. In this study, drainage density is classified
into five categories, as illustrated in Fig. 2d: very
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low (=4 km/km?), low (>4 km/km? to
<8 km/km?), moderate (>8 km/km? to <12
km/km?),  high (>12 km/km? to <16

km/km?), and very high (>16 km/km2 to 34.32
km/km?).0On the Map red indicates
areas of highest drainage densities — inferring
presence of gullies. While the Majority
of the basin has Very Low — Low Drainage
Density.

4. CONCLUSION

We Studied the morphometric characteristics
using Remote Sensing and GIS techniques for
Waghora micro-watershed in Jam River Basin,
India. By analyzing and understanding the
drainage morphometric parameters, aspects of
hydrology and morphology of the watershed
were depicted. From this Paper we understood
the classification and management of
watersheds using various factors such as
Stream length, Drainage Systems, Topology of
land, water division, the geomorphologic setup
etc. What we understand now is that the
watershed has fourth order drainage streams
with a total length of 36.57 kms in Stream length.
This is based on the morphometric studies. Due
to the Dendritic type of Basin drainage system,
we understand various topological aspects such
as infiltration rate, runoff and so on.
Furthermore, due to the low bifurcation ratio and
the primary drainage pattern — Dendritic, we get
a clear indication of low structural disturbance to
the watershed along with the elongated nature
further is observed due to low value of form
factors, elongation ratio as well as circularity
ratio. We also see that the area is permeable at
the subsurface, has dense vegetation cover and
a relatively low relief, all this is from the lower
drainage density. From this analysis and results
we can observe that the Erosion can be
predicted with our studies in particular to
watershed prioritization. We can further Explore
drainage morphologies for exploring, and
selecting water storage structures such as
ponds, check dams, percolation tanks etc. At
microlevel of natural resource
management, the planning and decision making
can be made based on these studies particularly
for  sustainable  watershed  development
programs as they will greatly value any terrain
for its resources. In near future,
these studies are crucial in investigating the
hydro-geological and geo-physical
aspects for efficient and effective watershed
management.

32

ACKNOWLEDGEMENT

| would like to take an opportunity to thank
ICAR-National Bureau of Soil Survey and Land
Use Planning, Nagpur-440 033, India for
providing facilities, data analysis and guidance
and Department of Soil Science and Agricultural
Chemistry, Indira Gandhi Krishi
Vishwavidyalaya, Raipur, 492012 for provide
opportunity to conduct research in NBSS and
LUP.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

Vohland K, Barry B. A review of in situ
rainwater harvesting (RWH) practices
modifying landscape functions in African
drylands. Agriculture, Ecosystems and
Environment. 2009;131(3-4):119-27.

Arora NK. Impact of climate change on
agriculture production and its sustainable
solutions. Environmental Sustainability.
2019;2(2):95-6.

Shekar PB, Mathew A. Morphometric
analysis for prioritizing  sub-watersheds
of Murredu River basin, Telangana State,
India, using a geographical information
system. Journal of Engineering and
Applied Science. 2022;69:44.

Chakraborty D, Duttn D, Chandrasekharan
H. Morphometric analysis of a watershed
using remote sensing and GIS - a case
study. Jour. Agric. Physics. 2002;2(1):52-
56.

Premanand BD, Satishkumar U,
Maheshwara Babu B, Parasappa SK,
Dandu MM, Kaleel |, Rajesh NL, Biradar
SA. Morphometric analysis of patapur
micro-watershed in North-Eastern dry zone
of karnataka using geographical
information system: A case study.
International Journal of Current
Microbiology and Applied Sciences.
2018;7(4):2319-7706.

Suma BN, Srinivasa CV. A study on
morphometric parameter of a watershed
for sustainable water conservation.
International Journal of Civil Engineering
and Technology. 2017;8(9):271-278.



10.

11.

12.

13.

14.

15.

Sinha et al.; J. Geo. Env. Earth Sci. Int., vol. 28, no. 6, pp. 23-35, 2024, Article no.JGEESI.117423

Ithal MP, Chandan KB, Ugarkar AG.
Morphometric analysis and mini
watersheds prioritization of doddahalla
watershed, Ghataprabha River Sub-Basin,
Karnataka, South India. International
Journal of Earth Science and Engineering.
2015;8(3):91-98.

Yogeswari P, Sekar ASS, Mahendiran N.
GIS Based morphometric analysis of a
microwatershed at Varaganadhi Basin,
South  Tamil Nadu. |India  Nature
Environment and Pollution Technology.
2009;8(3):555-560.

Asfaw D, Workineh G. Quantitative
analysis of morphometry on RIBB and
gumara watersheds: Implications for soil
and water conservation. International Soil
and Water Conservation Research.
2019;7(2):150-157.

Godif G, Manjunatha BR. Prioritizing sub-
watersheds for soil and water conservation
via morphometric analysis and the
weighted sum approach: A case study of
the Geba river basin in Tigray, Ethiopia.
Heliyon.2022;8(12):E12261.

Shelton RL, Estes JE. Integration of

remote sensing and geographic
information systems. InProc. 13th Int'l.
Symp. Remote  Sensing of the

Environment. 1979;463-483.

McPhail G, Rusbridge S, Placerdome
K. Erosion control, how practical is it—
really?. In Proceedings of the 2006
Workshop of Environmental
Management; 2006.

Rautela KS, Kumar M, Khajuria V, Alam
MA. Comparative geomorphometric
approach to understand the hydrological
behaviour and identifcation of the Erosion
prone areas of a coastal watershed using
RS and GIS tools. Discover Water.
2021;2(1).

Reddy GPO, Maji A, Gajbhiye KS.
Drainage morphometry and its influence on
landform characteristics in a basaltic
terrain, Central India — a remote sensing
and GIS approach. Elsevier BV.
2004;6(1):1-16.

Bera K, Bandyopadhyay J. Mini watershed
characterization and prioritization using
spatial information technology (SIT): A
Case Study of Kansachara Sub-

33

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

watershed, West Indian
Cartographer. 2012;32.

Chandra Bose AS, Sridhar P, Giridhar
MVSS, Viswanadh GK. Morphometric
analysis at Mini watershed level using GIS.
International Journal of Civil Engineering
Research. 2012;3(2):157-171.

Deka B, Bharteeyb PK, Duttab M, Patgirib
DK, Saikiab R. Morphometric analysis of
Moridhal watershed in Dhemaji District of
Assam, India using remote sensing and
Geographic Information System
techniques. Desalination Water
Treatment. 2021;235-242.

O’Callaghan J, Mark DM. The extraction of
drainage networks from digital elevation
data. Computer Vision Graph Image
Process. 1984;28:323-344.

Bengal.

and

Bogale A. Morphometric analysis of a
drainage basin using  geographical
information system in Gilgel Abay

watershed, Lake Tana Basin, upper Blue

Nile Basin, Ethiopia. Applied Water
Science. 2021;11:10.
Altaf S, Meraj G, Romshoo SA.

Morphometry and land cover based multi-
criteria analysis for assessing the soil
erosion susceptibility of the western
Himalayan watershed. Environ Monit
Assess. 2014;186(12):8.

Ozulu i, Gékgbéz T. Examining the stream
threshold approaches used in hydrologic
analysis. Int J Geo-Inf.2018;7(6):201.
Reddy GPO, Kumar N, Sahu N, Singh
SK.Evaluation of automatic drainage
extraction thresholds using ASTER GDEM
and Cartosat-1 DEM: A case study from
basaltic terrain of Central India. Egypt J
Remote Sens Space Sci.2018;21(1):95-
104.

Lin WT, Chou WC, Lin CY, Huang PH, Tsai
JS. Automated suitable drainage network
extraction from digital elevation models in
Taiwan’s upstream watersheds. Hydrol
Process. 2006;20(2):289-306.

Aziz NA, Abdulrazzaq Z, Mansur MN. GIS-
based watershed morphometric analysis
using DEM data in Diyala River, Irag. The
Iragi Geological Journal. 2020:36-49.
Strahler AN. Quantitative Geomorphology
of Drainage Basins and Channel Networks.
V.T. Chow, Ed., Handbook of Applied



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Sinha et al.; J. Geo. Env. Earth Sci. Int., vol. 28, no. 6, pp. 23-35, 2024, Article no.JGEESI.117423

Hydrology, McGraw Hill Book Company,
New York. 1964;4-11.
Horton RE. Erosional
streams and their
hydrophysical approach
morphology. Geol. Soc.
1945;56:275-370.

Schumm SA. Evolution of drainage
systems and slopes in badlands at Perth
Amboy New Jersey. Geol. Soc. Am.
Bull.1956;67:597-646.

Horton R. Drainage basin characteristics.
Trans Am Geophys Union. 1932;13:350—
361.

Miller VC. A quantitative geomorphic study
of drainage basin characteristics on the
clinch  mountain area, virginia and
tennessee, Project NR 389-402, Technical
Report 3, Department of Geology, ONR,
Columbia University, New York; 1953.
Nayar V, Nataragjan K. Quantitative
morphometric analysis of Kosasthalaiyar
sub basin (Chennai basin) using remote
sensing (SRTM) data and GIS techniques,
Int. J. Geomat. Geosci. 2013;4:90-102.
Desai S. Singh DK, Sarangi A, Khanna M,
Sahoo RN, Pathak H. Extraction of
geomorphological parameters of Betwa
basin using GIS and watershed
morphology estimation tool, Ind. J. Soil
Cons. 2016;44:241-248.

Karthik G, Nagarajan K, Manivannan S,
Kannan B, Duraisamy MR. Morphometric
analysis of nanjannad hill watershed in
south India using geographical information
system. International Journal of
Environment and Climate Change.
2022;12(10):524-539.

Nag SK. Morphometric analysis using
remote sensing techniques in the Chaka
Sub-Basin Purulia District West Bengal, J.
Ind. Soc. Remote Sens. 1998;26:69—76.
Mani A, Kumari M, Badola R.
Morphometric analysis of Suswa river
basin using geospatial techniques. Eng.
Proc. 2022;27:65.

Farhan Y, Anaba O. A remote sensing and
GIS approach for prioritization of Wadi
Shueib Mini-Watersheds (Central Jordan)
based on morphometric and soil erosion
susceptibility analysis, J. Geogr. Inf. Syst.
2016;8:1-19.

development of
drainage basins;
to quantitative
Am. Bull.

34

36.

37.

38.

39.

40.

41.

42.

43.

44.

45,

Kumar A, Samuel SK, Vyas W
Morphometric analysis of six sub-
watersheds in the central zone of Narmada

River, Arabian J. Geosci.2015;8:5685—
5712.

Clarke JI. Morphometry from Maps Essay
in Geomorphology, Elsevier Publ. Co.,
New York; 1996.

Verma S, Khalkkho D, Gupta LK.

Morphometric analysis of a drainage basin
using remote sensing and Geographical
Information System (GIS). Int. J. Curr.
Microbiol. Appl. Sci. 2020;9:1950-1959.
Tamma Rao G, Gurunadha Rao VVS,
Dakate R,Mallikharjuna Rao ST, Raja Rao
BM. Remote sensing and GIS based
comparative morphometric study of two
sub-watershed of different physiographic
conditions, West Godavari District, A.P. J
Geol Soc India. 2012;79(4):383-390.

Mesa LM. Morphometric analysis of a
subtropical Andean basin (Tucuman,
Argentina). J. Environ. Geol.
2006;50:1235-1242.

Rao JH, Patle D, Dubey S. Implementation
of morphometric analysis in prioritizing
sub-watersheds: A remote sensing and
GIS Aspect, Ind. J. Pure App. Biosci.
2020;8(4):318-329.

Rai PK, Mohan K, Mishra S, Ahmad A,
Mishra VN. A GIS based approach in
drainage morphometric analysis of Kanhar
River Basin. India, Appl. Water Sci.
2017;7:217-232.

Narmatha T, Jeyaseelan A, Mohan SP,
Mahalingam S, Natchimuthu S.
Morphometric analysis of upper part of
Pambar watershed Ponnaiyar River basin
Tamil Nadu India using geographical
information system. J. Acad. Ind. Res.
2013;1:726-729.

Chaudhari SB, Kumar S. Soil erosion
estimation and prioritization of Koshalyan-
Jhajhara watershed in North India. Ind. J.
Soil Cons.2018;46:305-311.

Benzougagh B, Meshram SG, Dridri A, et
al. Identification of critical watershed at risk
of soil erosion using morphometric and
geographic information system analysis.
Appl Water Sci. 2021;12:8.

Umak DK, Punwatkar VL, Parashar VK
Morphometric analysis and prioritization of
sub-watersheds of Barna watersheds,



47.

48.

49,

50.

Sinha et al.; J. Geo. Env. Earth Sci. Int., vol. 28, no. 6, pp. 23-35, 2024, Article no.JGEESI.117423

Raisen District, Madhya Pradesh, India

using remote Sensing and GIS
Techniques. Int J Sci Technol Eng.
2017;4(1):99-106.

Ali U, Ali SA. Analysis of drainage

morphometry and watershed prioritization
of Romushi-Sasar catchment Kashmir
Valley India using remote sensing and GIS
technology. Int. J. Adv. Res. 2014;2:5-23.
Sahu N, Obi Reddy GP, Kumar N,
Nagaraju MSS, Srivastava R, Singh SK.
Morphometric analysis in basaltic terrain of
central India using GIS techniques. Appl.
Water Sci. 2017;7:2493-2499.

Singh WR, Barman S, Tirkey G.
Morphometric  analysis  and watershed
prioritization in relation to soil erosion
in Dudhnai Watershed. Applied Water

Science. 2021;11:151.
Mesa LM. Morphometric analysis of a
subtropical Andean basin (Tucuman,

51.

52.

53.

Argentina). Environ Geol. 2006;50:1235—
1242.

Elhag M, Boteva S. Quantitative analysis
of diferent environmental factor impacts on
land cover analysis of diferent
environmental factor impacts on land cover
in Nisos Elafonisos, Crete, Greece. Int J
Environ Res Public Health. 2020;17:6437.

Elhag M, Hidayatulloh A, Bahrawi J,
Chaabani A, Budiman J. Exploring soail

erosion patterns through the
inconsistencies of wadi morphometric
parameters. Arabian Journal of

Geosciences. 2022;15(1299).

Babar MD, Ghute BB, Chunchekar RV.
Geomorphic indicators of neotectonics
from the Deccan basaltic province: A study
from the upper Godavari river basin,
Maharashtra, India. International Journal of
Earth Science and Engineering.
2011;4(2):297-308.

© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/117423

35


https://www.sdiarticle5.com/review-history/117423

