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Abstract

Watershed prioritization is considered as the most significant aspect in wa-
tershed resource management and development program. The present work
attempts to prioritize seventeen sub-watersheds in Ruparel watershed of Al-
war district of Rajasthan, India. For prioritization of sub-watersheds, mor-
phometric and land use/land cover (LULC) analysis were performed using
remote sensing and GIS. Base map of the study area has been derived from
SOI toposheet on 1:50,000 scale whereas LULC mapping was done using IRS
P6 LISS III data. Standard methods for drainage morphometry have been fol-
lowed for computing morphometric parameters such as linear and shape for
seventeen sub-watersheds and allotted ranks based on their relationship with
erodibility and a compound value has been calculated for final ranking. Five
main LULC categories were computed and were assigned priority ranks and
subsequently a compound parameter was determined for final ranking. Inte-
gration of both morphometric and LULC results reveal that SBW5, SBW7,
SBW12 and SBW16 are the common sub-watersheds that fall under high
priority, SBW3 falls under Medium category and SBW11 comes under low
priority. The results of the analysis can be used to identify the sub-watersheds
which need immediate restoration and will eventually help in watershed re-
source management for sustainable development.
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1. Introduction

Natural resources like land, forest and water are finite, their improper and un-
controlled consumption is posing a serious threat to the precious environment
particularly in developing countries like India, hence their conservation and
proper management is essential for sustainable development. Watershed is con-
sidered as an ideal unit for proper management and effective planning of land,
forest and water resources by classifying it into smaller units, Ze.,, sub-watersheds
or milli-watersheds by taking into consideration various terrain conditions such
as contour values, drainage network, relief and spot height [1].

Watershed prioritization classifies different watersheds in order of their prior-
ity so that management and conservation measures can be implemented. Mor-
phometric analysis with the help of remote sensing and GIS techniques is consi-
dered to be the most useful approach for prioritization of watersheds [2]-[10].
Morphometry allows the quantitative analysis of a drainage basin which is an
important aspect in the characterization of watersheds [11]. Sub-watersheds can
be prioritized on the basis of a number of factors such as drainage basin mor-
phometry, Universal Soil Loss Equation (USLE), Sediment Yield Index (SYI),
LULC analysis etc. [1] [3] [12]. LULC mapping is considered as an important
component in which other characteristics are combined on the requirement ba-
sis to drive various developmental indexes for land and water resources [13].
Drainage basin morphometry together with soil and LULC analysis is very criti-
cal for developing a water resource action plan that includes locating recharge
and discharge zones as well as for classification and prioritization of the water-
sheds [6]. A host of workers have attempted watershed prioritization in different
parts of India with the help of remote sensing and GIS [1] [3] [4] [5] [8] [13].
The current study prioritizes seventeen sub-watersheds in Ruparel watershed of
Alwar district of Rajasthan using techniques such as morphometric and LULC
analysis with the help of remote sensing and GIS. The main objectives of this
study are to identify and classify sub-watersheds in the Ruparel watershed for
conservation of natural resources for ultimate sustainable development and to
recommend watershed conservation measures for planning and resource devel-

opment.

2. Study Area Description

Ruparel watershed is located in Alwar district of Rajasthan, India and occupies
an area of 1215.76 km®. The watershed lies between 27°10'N to 27°54'N latitudes
and 76°16'E and 76°45'E longitudes and the maximum and minimum elevation
of the watershed is 732 m and 231 m above mean sea level (MSL), respectively.
The study area falls in Alwar, Bansur, Thanghazi, and Rajgarh tehsils of Alwar
district. Agriculture is the primary economic activity in the study area and the
major crops grown are bajra, wheat, gram, Gaur, groundnut, arhar and mustard.
The main Ruparel River also known as Barah or Laswari Nadi originates from

Udainath hills in Thanaghazi tehsil of Alwar district, transverses northwards
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passing through the Sariska forest and then flows eastwards from Natni ka Bara

where from an 8 kms long feeder channel known as Barah Feeding Channel di-

verts the Alwar share of water to Jaisamand lake. The Ruparel River continues to

flow eastwards, passes through the fertile plains of the Alwar district and finally

terminates in the adjoining Bharatpur district (Figure 1). The Ruparel watershed

is mainly rainfed and experiences semi-arid climate. Watershed shows dendritic

to sub-dendritic drainage pattern in general but locally trellis, rectangular and

parallel patterns have also developed.
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Figure 1. Location map of Ruparel watershed.
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3. Data Used and Methodology

The present study has utilised Survey of India (SOI) toposheets 54A/6, 54A/7,
54A/8, 54A/10, 54A/11 and 54A/12 on 1:50,000 scale. The toposheets were
scanned, mosaiced and then georeferenced and registered to UTM projection
(WGS 84, zone 43) in ARC GIS environment for using as baseline data of the
study area. The watershed boundary was delineated by considering first order
channels, contour lines, spot height and drainage divide. SOI toposheets have
been utilized to generate the drainage network of the study area by on screen di-
gitization using ArcGIS 10.5 software (Figure 2). Elevation map of the study

76°2(l)'0"E 76°2§'0"E 76°3(l)'0"E 76°3.5'0"E 76°4IO'0"E 76°45.'0"E

27°40'0"N+

27°35'0"N 1

27°30'0"N+

27°25'0"N A

27°20'0"N

27°15'0"N 1

27°10'0"N

27°50'0"N

-27°40'0"N

27°35'0"N

-27°30'0"N

-27°25'0"N

-27°20'0"N

27°15'0"N
1st order

2nd order )
rd oider Elevation
4th ord er {In Meters)
—— 5th order 631.8-732 -27°10'0"N
— 6th order I 531.6-631.8
—7th order 431.4 -531.6.
Sub-watershedst - 3312-4314 oy o oy e Kilometers
Iiw bod 231-331.2 0 2 4 8 12 16 5
aterbody -27°50'0"N

76'200"E  76°250"E  76°300'E  76°350'E  76°400'E  76°45'0'E

Figure 2. Drainage network superimposed on the elevation map of the study area.
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area was produced from Advanced Space borne Thermal Emission Radiometer
data of 30 m resolution downloaded from USGS website

(https://earthexplorer.usgs.gov/) (Figure 2). The Ruparel watershed was classi-
fied into 17 sub-watersheds and named as SBW1, SBW2, SBW3, SBW4 and so
on. Smallest SBW Ze., SBW3 occupies an area of 12.67 km® whereas largest SBW

i.e., SBW1 occupies an area of 154.76 km®” For each sub-watershed quantitative
morphometric parameters such as bifurcation ratio, drainage density, stream
frequency, drainage texture, length of overland flow, basin shape, form factor,
elongation ratio, circularity ratio and length of overland flow were computed
using standard formulae and methods [11] [14] [15] [16] [17] [18].

Satellite data IRS LISS III FCC (False colour composite) of 2014 (Path-Row:
95 - 52) was utilized to identify various LULC categories. Seventeen LULC cate-
gories were identified and delineated using visual image interpretation methods
and include fallow land, cultivated land, dense forest, open forest, degraded for-
est, open scrub, dense scrub, ravenous land (with open scrub), ravenous land,
exposed rock (with open scrub), settlement/build up land, waterbody, dry wa-
terbody, plantation, barren land, barren/rocky/stony waste, and stone quarry.
LULC analysis in terms of area and percentage under each LULC category was
done sub-watershed wise using ArcGIS. Morphometric and LULC analysis were
used as basic elements for carrying out prioritization in Ruparel watershed.
Morphometric parameters such as linear and shape parameters were calculated
and priority ranking was given based on their relationship with erodibility [4]
[5]. For prioritization based on LULC analysis, categories such as cultivated
land, dense forest, open forest, open scrub and wasteland were considered. Based
on average priority ranking value, the sub-watersheds were given four priority

ranks as Very High, High, Medium and Low.

4. Results and Discussion

4.1. Morphometric Analysis

The quantitative morphometric characterization of Ruparel watershed was done
through the measurement of linear and shape parameters. The first step in the
morphometric analysis of a drainage basin is the designation of stream order (u),
using hierarchic ranking method of streams [11]. The whole Watershed has been
classified into 17 sub-watersheds (viz. SBW1, SBW2, SBW3 etc.) (Figure 2). The
mean bifurcation value in the Ruparel watershed ranges from 2.82 to 7 (Table
1). The lower mean bifurcation value in SBW11 shows lack of structural control
on drainage development whereas higher value in SBW3 suggests that the drai-
nage pattern is structurally controlled. The values of drainage density range be-
tween 0.62 (SBW11) and 4.28 (SBW13) km/km® (Table 1). High drainage den-
sity values are recorded in SBW13 and SBW14 which represent impermeable
sub-surface material, high mountain relief, increased runoff and decreased infil-
tration capacity whereas moderate drainage density values are observed in
SBW4, SBW5, SBW6, SBW7 and SBW8. Low drainage density values are
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Table 1. Morphometric analysis of the Ruparel watershed.

Morphometric
Parameters
SBW1
SBW2
SBW3
SBW4
SBW5
SBW6
SBW7
SBW8
SBW9
SBW10
SBW11
SBW12
SBW13
SBW14
SBW15
SBW16
SBW17
Whole
Watershed

Area (sq-km) 154.76 31.35 12.67 20.4 60.41 58.17 52.43 105.81102.66143.22154.62 62.17 15.83 16.97 40.12 90.1 94.07 1215.76

Bifurcation

i 3.52 4 416 4.15 386 434 44 455 439 376 334 426 393 422 405 3.89 4.04
ratio (Rb) I/II

II/1II 465 328 10 48 711 31 43 438 48 481 371 4.18 428 375 3.85 427 557 442

II/1Iv 4.14 7 25 45 475 333 371 3 366 7 266 233 4 35 36 35 3.67
Iv/vV 7 2 2 4 3 7 2.5 3 2 5 1 4.23
V/VI 0.66 2 2.16
VI/VIL 1 3.0
Mean

Bifurcation 4.87 4.6 7 336 444 392 374 487 3.1 347 2.82 339 347 342 385 423 319 3.58
Ratio (Rbm)

Stream
Length Ratio 0.39 0.22 04 037 0.34 028 034 03 034 021 031 03 028 028 032 04 028 032
(SLR) II/1

II/11 0.54 1.15 032 059 033 076 0.68 0.66 039 058 047 098 058 058 0.73 047 0.84 0.59

IV/1II 0.54 0.12 0.52 0.87 041 049 047 0.82 029 0.79 075 063 09 0.57 0.62 044 0.55
V/IV 0.7 0.14 041 1.25 054 0.34 0.44 0.77 0.37 0.9 0.81 0.50
vI/v 2.64 1.22  0.88
VII/VI 0.5 1.87 0.37
Perimeter
(km) 83.84 39.27 18.26 26.35 57.44 49.55 35.93 62.67 59.78 65.77 69.33 44.61 20.3 24.53 32.82 60.14 49.69 269.28
Basin
17.79 9.28 3.76 7.19 13.47 13.16 11.7 18.53 18.21 24.28 21.89 15.13 4.65 6.64 10.66 17.68 18.26 47.9
Length (km)
Drainage

Density ~ 2.84 256 2.85 3.55 372 3.3 308 39 211 1.09 062 203 428 41 233 29 137 232
D (km/km?)

Stream
Frequency 434 3.6 41 647 566 534 467 614 4.13 21 086 5.03 1068 9.36 3.76 4.58 2.15 3.93
(Fs)

Drainage

8.01 287 2.85 5 595 6.27 6.81 1037 7.1 459 193 7.01 832 648 46 6.86 4.08 17.75
Texture (Rt)

F

orm 048 0.36 0.89 0.38 0.33 033 038 03 03 024 032 027 073 038 0.35 0.28 0.28 0.52
Factor (Rf)
Circularity

R 0.27 0.25 047 039 023 0.29 051 033 036 041 04 039 048 035 046 031 047 0.21
Ratio (Rc)
Elongation

. 0.78 0.68 1.06 0.7 0.65 065 0.7 062 062 055 064 058 097 07 067 06 059 0.82
Ratio (Re)
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Continued

Basin

2.04 2.71
Shape (Bs)

Compactness
Coefficient 1.9 1.97
(Co)

Length of
Overland 0.17 0.19
Flow (Lo)

Constant of
Channel
Maintenance
©

0.35 0.39

1.44

0.17

0.35

2.53

1.64

0.14

0.28

298 297 261 324 323 411 3.09 368 136 2.6 283 346 354 1.88

2.08 1.83 14 172 166 155 157 16 143 1.69 147 1.78 144 2.17

0.13 0.15 0.16 0.12 0.23 045 0.79 024 0.11 0.12 021 0.17 036 0.21

026 03 032 025 047 091 159 049 023 024 042 034 0.72 042

reported from SBW1, SBW2, SBW3, SBW9, SBW10, SBW11, SBW12, SBW15,
SBW16 and SBW17 indicating permeable sub soil, low relief, decreased runoff
and increased infiltration capacity. Drainage texture values of sub-watersheds
range from 1.93 (SBW11) to 10.37 (SBW8). SBW2 and SBW3 represent coarse
drainage texture, whereas SBW6, SBW7, SBW9, SBW12, SBW14 and SBW16 display
a fine drainage texture. SBW8 is the only sub-watershed which shows very fine drai-
nage texture, whereas remaining of sub-watersheds indicate moderate drainage
texture (Table 1). Fine drainage texture is generally observed in sub-watersheds
which are characterized by soft and impermeable sub soil material with high ba-
sin relief and higher susceptibility to erosion.

The values of Basin shape in sub-watersheds lie between 1.11 (SBW3) and 4.11
(SBW10) (Table 1), which suggest that SBW3 and SBW13 have sharply peaked
flood discharge whereas the other 15 sub-watersheds show low flood discharge
periods. Circularity ratio values within Ruparel watershed range from 0.23 for
(SBW5) to 0.51 (SBW7), indicating overall elongated shape of the sub-watersheds
with low runoff and high infiltration due to presence of permeable subsoil ma-
terial. Lower (Rc) values indicate that the basin is less circular and the discharge
rate will be slow and hence the possibility of erosion will be less [6]. Elongation
ratio values range from 0.55 (SBW10) to 1.06 (SBW3). Only two sub-watersheds
ie, SBW3 and SBW13 are found to be circular in shape whereas the remaining
15 sub-watersheds fall into elongated to less elongated category. Higher Re val-
ues in SBW3 and SBW13 suggest increased infiltration and decreased runoff;
whereas, lower Re values in remaining 15 sub-watersheds indicate strong erosive

and sediment-load susceptibility.

4.2. Land Use and Land Cover Analysis

Seventeen land use/land cover classes (LULC) were identified in Ruparel wa-
tershed by visual image interpretation of IRS P6 LISS III FCC imagery of 2014
using various image interpretation elements such as tone, texture, pattern, size,
association etc., [19]. LULC categories within the Ruparel watershed include

Cultivated land, fallow land, dense forest, open forest, degraded forest, open
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scrub, dense scrub, ravenous land (with open scrub), ravenous land, exposed
rock (with open scrub), settlement/build up land, waterbody, dry waterbody,
plantation, barren land, barren/rocky/stony waste, and stone quarry (Figure 3).
LULC statistics has been derived from LULC map by computing area and per-
centage under each category of LULC (Table 2).

Five main LULC categories such as Cultivated land, Dense Forest, Open For-
est, Open scrub and wasteland were taken for the prioritization of sub-watersheds
as adopted by [5]. The most dominant land cover category in the Ruparel wa-
tershed is Dense Forest, which occupies an area of 373.6 km? (30.73%). Culti-
vated land is the second most dominant category comprising 342.67 km’
(28.19%) of the watershed area. Wasteland covers 143.48 km?* (11.8%) of the to-
tal watershed area and comprises ravenous land, ravenous land (with open
scrub), barren land, barren/rocky/stony waste and degraded forestland [20].
Open forest covers an area of 33.66 km” ie. (2.77%). Open scrub is covering an
area of 70.13 km? i.e., (5.77%).
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Figure 3. LULC map of Ruparel watershed based on IRS P6 LISS III data of 2014.
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Table 2. Sub-watershed wise LULC analysis of Ruparel watershed.

Area Area Area Area Area Area Area Area Area
LULC
CLASSES Sq-:Km (%) Sq-Km (%) Sq-Km (%) Sq-Km (%) Sq-Km (%) Sq-Km (%) Sq-Km (%) Sq-Km (%) Sq-Km (%)
SBW1 SBW2 SBW3 SBW4 SBW5 SBW6 SBW7 SBWS8 SBW9
Cultivated
land 18.65 12.05 2.29 7.31 138 109 0.69 338 116 192 4.04 695 439 8.37 19.18 18.13 30.91 30.11
an
Fallowland 6.41 4.14 027 086 035 276 0.09 044 399 6.6 119 2.05 175 334 841 795 8.85 8.62
Dense forest 71.46 46.17 17.02 54.31 5.72 45.15 6.36 31.18 4.50 7.45 37.34 64.19 26.3 50.16 36.38 34.38 39.50 38.48
Openforest 10.56 6.82 0.67 529 6.89 3377 6.89 1141 0.04 0.07 2.66 5.07 3.61 3.52
Degraded
forest 20.23 13.07 7.32 23.36 1.54 12.15 493 8.16 11.28 19.39 10.08 19.23 25.88 24.46 5.53 5.38
Openscrub 10.03 6.48 251 8.0 2.58 20.36 6.11 2995 13.38 22.15 2.88 495 5.06 9.65 7.48 7.07 091 0.8
Dense scrub  0.15  0.09 426 4.03 095 0.93
Exposed
rock with 7.69 497 097 3.09 0.13 1.03 0.01 0.05 0.03 0.05 0.63 1.08 0.82 1.56 2.06 195 352 343
open scrub
Ravenous
land with 3.35 2.16 8.29 13.72 0.23 0.22
open scrub
Ravenous 033 0.32
land
Waterbody 08 0.56 061 195 0.15 1.18 0.08 0.40 0.51 0.84 036 0.62 0.05 0.10 0.77 0.72 299 291
D
Y 0.07 0.05
waterbody
Settlement/
Buildup 229 148 0.34 1.09 0.05 039 0.16 0.78 069 1.14 041 0.7 068 130 1.26 1.19 3.50 341
Land
Barren/
Rocky/Stony 2.53 1.63 0.09 0.71 5.19 8.60 0.04 0.08 0.34 0.33
waste
Barrenland 0.29 0.19 0.19 0.31 0.60 1.14 0.17 0.16
Stone quarry 0.01 0.08 0.11 0.11
Plantation 0.19 0.12 0.01 0.03 0.01 0.05 0.22 0.36 0.13 0.12 1.21 1.18
Total 154.76 100 31.35 100 12.67 100 20.40 100 60.41 100 58.17 100 52.43 100 105.81 100 102.66 100

LULC
CLASSES

Cultivated
land

Area Area Area Area Area Area Area Area
Sq:Km (%) Sqkm (%) Sq-Km (%) Sq-Km (%) Sqkm (%) Sq-Km(%) Sq-Km (%) Sq-Km (%)

SBW10 SBW11 SBW12 SBW13 SBW14 SBW15 SBW16 SBW17
84.52 59.01 86.06 55.66 16.05 2582 1.13 7.14 1.54 9.07 11.23 2799 8.78 9.74 40.23 42.77
Fallowland 30.89 21.57 37.69 24.38 9.57 1539 026 1.64 0.46 271 490 1221 3.8 4,22 15.32 16.29
4,85 3.39 6.72 10.81 10.37 65.55 7.81 46.02 11.66 29.06 63.8 70.81 23.81 25.31

Dense forest
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Continued

Open forest

Degraded
forest

Open scrub
Dense scrub

Exposed
rock with
open scrub

Ravenous
land with
open scrub

Ravenous
land

Waterbody

Dry
waterbody

Settlement/
Build up
Land

Barren/
Rocky/Stony
waste

Barren land
Stone quarry
Plantation

Total

0.13 0.09
2.14  1.50
2.84 198
1.62 1.13
3.96 2.76
1.06 0.74
1.04 0.73
0.07 0.05
595 4.15
2.89  2.02
0.37 0.26
0.89 0.62
143.22 100

0.38

17.04

2.65

0.16

0.92

0.28

6.03

1.90

0.04
0.14
1.33

0.84 531 1.09 6.42 0.08 0.09 020 0.21

339 845 982 109 351 373

0.25 047 0.76 0.72 455 3.51 20.68 4.19 1044 19 211 518 5.51

11.02 21.33 3431 2.29 1447 186 1096 297 7.40 046 0.51 039 041

1.71 052 0.84 0.24 060 0.14 0.16 046 0.49

0.1 0.18 0.20

0.6 026 042 008 051 004 024 031 080 046 051 0.28 0.30

0.18 0.23 0.37 0.09 053 0.06 0.15 0.04 0.04 0.07 0.07

3.89 513 825 0.12 076 0.17 1.00 1.07 266 061 0.68 3.08 3.27

1.23 032 0.51 1.01 1.07

0.03 0.02 0.03 0.26 153 0.01 0.02
0.09 0.03 0.05 0.01 0.06 011 065 0.04 0.1
0.86 152 2.44 0.03 0.18 0.05 0.12 021 023 035 0.37

154.62 100 62.17 100 15.83 100 16.97 100 40.12 100 90.1 100 94.07 100

4.3. Prioritization of Sub-Watersheds Based on
Morphometric Parameters

The morphometric parameters like linear and shape are also termed as Erosion
risk assessment parameters [3] and have been taken for the prioritization of
sub-watersheds. The linear parameters with direct relationship with erodibility
like drainage density, stream frequency, mean bifurcation ratio, and length of
overland flow were used for priority ranking. Shape parameters show an inverse
relationship with the erodibility Ze. circularity ratio, elongation ratio, form fac-
tor and compactness coefficient and were also considered in the ranking process
[4].

Hence highest priority ranking was given to the linear parameters with the highest
values whereas lowest ranking to the shape parameters with the lowest values.

A compound parameter (Cp) was computed by averaging the rankings for
each linear and shape parameters. The sub-watersheds with lowest (Cp) value
were given highest piority, next lowest value was assigned second priority and so

on and the sub-watersheds were categorized into Very High, High, Medium and

DOI: 10.4236/ijg.2022.132008

147 International Journal of Geosciences


https://doi.org/10.4236/ijg.2022.132008

M. Meraj, A. Javed

Low priority classes (Table 3). The results of the analysis show SBW8 and
SBW13 fall in the Very High priority category, SBW1, SBW4, SBW5, SBW6,
SBW7, SBW12, SBW14 and SBW16 in High priority, SBW2, SBW3, SBWY,
SBW10 and SBW15 fall in medium priority whereas SBW11 and SBW17 fall
under low priority category (Figure 4).

Table 3. Sub-watershed wise priority ranking based on Morphometric analysis.

Morphometric Parameters

Linear parameters Shape parameters
Sub-watersheds D Fs Rbm Lo Rt Re Rc Rf Bs Cc  Cp Priority value

SBW1 2.84 4.34 4.87 0.17 8.01 0.78 0.27 0.48 2.04 1.9 74 High
[154.76] [1o]  [10] [2] [8] [3] [11] [3] [10] [3] [14]

SBW2 2.56 3.6 4.6 0.19 2.87 0.68 0.25 0.36 2.71 1.97 9.1 Medium
[31.35] [y 14 37 [7] [15]  [¢]  [2]  [8] [7] [15]

SBW3 2.85 4.1 7.0 0.17 2.84 1.06 0.47 0.89 1.11 1.44 3.8 Medium
[12.67] g1 [z [y (8] [16]  [13]  [13] [12] [1]  [3]

SBW4 3.55 6.47 3.36 0.14 5.0 0.7 0.39 0.38 2.53 1.64 8.2 High

[20.4] g1 B 1z 1) (1] [10]  [¢] [9]  [4]  [8]

SBW5 3.72 5.66 4.44 0.13 5.95 0.65 0.23 0.33 2.98 2.08 75 High
[60.41] 4] 51 [+ [z [0  [7]  [1]  [6] [10] [16]

SBWé6 3.3 5.34 3.92 0.15 6.27 0.65 0.29 0.33 2.97 1.83 76 High
(58.17] (6] [e] [6] [10] [¢9] [7] [4 [6] [8] [13]

SBW7 3.08 4.67 3.74 0.16 6.81 0.7 0.51 0.38 2.61 1.4 8.0 High
[52.43] [7r (8 (8 ¢  [71  [10] [15] [9]  [6]  [1]

SBWS 3.9 6.14 4.87 0.12 10.37 0.62 0.33 0.3 3.24 1.72 6.1 Very High
[105.81] B M+ 21 (13 [ 5] [6] [4]  [12] [11]

SBW9 2.11 4.13 3.1 0.23 7.1 0.62 0.36 0.3 3.24 1.66 8.5 Medium
[102.66] (13 [11] [14]  [5]  [4]  [5]  [8] [4] [12] [9]

SBW10 1.09 2.1 3.47 0.45 4.59 0.55 0.41 0.24 4.11 1.55 9.0 Medium
[143.22] [16]  [16] [9]  [2] [13] [1] [11] [1]  [16]  [5]

SBW11 0.62 0.86 2.82 0.79 1.93 0.64 0.4 0.32 3.09 1.57 10.5 Low
[154.62] [17]  [17] [15] [1]  [17]  [6] [10]  [5] [11]  [6]

SBW12 2.03 5.03 3.39 0.24 7.01 0.58 0.39 0.27 3.68 1.6 76 High
(62.17] (¢ 7] [11]  [4] [5] [2] [9] [2] [15] [7]

SBW13 4.28 10.68 3.47 0.11 8.32 0.97 0.48 0.73 1.36 1.43 6.8 VeryHigh
[15.83] ayp o g g 14 2] 12 [14]  [11]  [2]  [2]

SBW14 4.1 9.36 3.42 0.12 6.48 0.7 0.35 0.38 2.6 1.69 76 High
[16.97] 21 21 [10) [13] [8] [10] [7]  [9]  [5] [10]

SBW15 2.33 3.76 3.85 0.21 4.6 0.67 0.46 0.35 2.83 1.47 8.9 Medium
[40.12] (2] [13] [7]  [e¢] [12] [8] [12] [7]  [8]  [4]

SBW16 2.9 4.58 4.23 0.17 6.86 0.6 0.31 0.28 3.46 1.78 73 High

[90.1] (81 o1 51 [8]  [e] [ [5]  [3] [13] [12]

SBW17 1.37 2.15 3.19 0.36 4.08 0.59 0.47 0.28 3.54 1.44 9.6 Low

[94.07] [15]  [15]  [13]  [3]  [14]  [3] [13]  [3] [14]  [3]
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Figure 4. Sub-watershed priority ranking map based on Morphometric analysis.

4.4. Prioritization of Sub-Watersheds Based on LULC Analysis

Five LULC categories namely cultivated land, dense forest, open forest, open
scrub and wasteland were considered for sub-watershed prioritization in Ruparel
watershed. Sub-watersheds with a higher percentage of wasteland or a lower
percentage of cultivated land, dense forest, open forest, and open scrub were
given high priority, whereas those with a lower percentage of wasteland or a
higher percentage of cultivated land, dense forest, open forest, and open scrub
were given low priority [8]. Based on the (Cp) value, sub-watersheds were ca-
tegorized into Very High, High, Medium and Low priority classes. Results
show SBW6 and SBW10 fall under Very High priority category, SBW2,
SBWS5, SBW7, SBWS8, SBW9, SBW12, SBW13 and SBW16 fall under High
priority, SBW1, SBW3, SBW4 and SBW17 under Medium priority, whereas
SBW11, SBW14 and SBW15 fall under low priority category (Table 4 and Fig-
ure 5).

The findings of both the morphometric and LULC analysis were then com-

pared to identify the common sub-watersheds that fall within each priority class
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Table 4. Sub-watershed wise priority ranking based on LULC analysis.

Sub-watersheds asteland

SBW1
[154.76]

SBW2
[31.35]

SBW3
[12.67]

SBW4
[20.4]

SBWS5
[60.41]

SBW6
[58.17]

SBW7
[52.43]

SBWS
[105.81]

SBW9
[102.66]

SBW10
[143.22]

SBWI11
[154.62]

SBW12
(62.17]

SBW13
[15.83]

SBW14
[16.97]

SBW15
[40.12]

SBW16
[90.1]

SBW17
[94.07]

(%]

17.05
[6]
23.36
3]
12.86
7]

30.79
1
19.39
5]
20.45
4]
24.46
2]
6.41
11
7.28
[10]
3.07
[13]
1.38
[15]

1.53
[14]
9.07
9]
11.06
18]
5.49
[12]

Land use and Land cover Analysis

Cultivated Dense Open Open
forest forest Scrub

land
(%]
12.05
9]
7.31
4
10.9
181
3.38
1
19.2
[11]
6.95
2]
8.37
5]
18.13
[10]
30.11
[14]
59.01
[17]
55.66
[16]
25.82
[12]
7.14
3]
9.07
(6]
27.99
[13]
9.74
7]
42.77
[15]

[%]
46.17
[11]
54.31
[13]
45.15
9]
31.18
(6]
7.45
2]
64.19
[14]
50.16
[12]
34.38
7]
38.48
8]
3.39
n

10.81
3]
65.55
[15]
46.02
[10]
29.06
5]
70.81
[16]
25.31
4]

[%]

6.82
9]

5.29
(6]
33.77
[11]
11.41
[10]
0.07
1
5.07
5]

3.52
4]
0.09
2]

5.31
7]
6.42
8]

0.09
2]
0.21
3]

(%]
6.48
9]
8.0
11
20.36
[14]
29.95
1zj
22.15
[16]
4.95
7]
9.65
[12]
7.07
[10]
0.89
3]
1.98
4]
0.25
1
0.76
2]
4.55
[6]
20.68
[15]
10.44
[13]
2.11
5]
5.51
18]

value

8.8

7.75

8.8

8.75

8.0

5.8

7.6

7.25

8.0

6.8

10.0

8.0

7.75

10.6

10.0

7.6

8.4

Priority

Medium

High

Medium

Medium

High

Very
High

High

High

High

Very
High

Low

High

High

Low

Low

High

Medium

(Table 5). It was concluded that SBW5, SBW7, SBW12 and SBW16 are the
common sub-watersheds that fall under High priority, SBW3 falls under Me-

dium priority whereas SBW11 falls under Low priority, based on morphometric

and LULC analysis. The remaining eleven sub-watersheds show very less or no

co-relation under morphometric and LULC analysis. Figure 6 presents the
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Figure 5. Sub-watershed priority ranking map based on LULC analysis.

Table 5. Sub-watershed wise common priority ranking in Ruparel watershed.

Sub-watersheds (Cp) value for Morphometric Final Priority (Cp) value for F‘inzfl Cor‘nn‘lon

Parametetrs LU/LC parameters Priority Priority

SBW1 7.4 High 8.8 Medium

SBW2 9.1 Medium 7.75 High

SBW3 8.8 Medium 8.8 Medium Medium

SBW4 8.2 High 8.75 Medium

SBWS5 7.5 High 8.0 High High

SBW6 7.6 High 5.8 Very High

SBW7 8.0 High 7.6 High High

SBWS 6.1 Very High 7.25 High

SBW9 8.5 Medium 8.0 High

SBW10 9.0 Medium 6.8 Very High

SBW11 10.5 Low 10.0 Low Low

SBW12 7.6 High 8.0 High High

SBW13 6.8 Very High 7.75 High

SBW14 7.6 High 10.6 Low

SBW15 8.9 Medium 10.0 Low

SBW16 7.3 High 7.6 High High

SBW17 9.6 Low 8.4 Medium
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Figure 6. Sub-watershed wise final prioritiy ranking map based on superimposition of Morpho-
metric and LULC parameters.

composite sub-watershed prioritization, on the basis of integration of both

morphometric and LULC parameters after their superimpostion in GIS.

5. Conclusion

The current study illustrates the holistic approach of remote sensing and GIS
techniques for the prioritization of sub-watersheds in Ruparel watershed based
on drainage morphometry and LULC analysis. Basin morphometry in integra-
tion with LULC analysis enables prioritization and characterization at sub-watershed
level giving a measure of risk potential of sub-watersheds. The present study in-
dicates the stress of the sub-watersheds within the rainfed Ruparel watershed.
Correlation of results based on morphometric and LULC analysis show SBW5,
SBW7, SBW12 and SBW16 fall under High priority and demand prompt atten-
tion from planners and decision makers for conservation measures. The
sub-watersheds, SBW3 falls under Medium priority, whereas SBW11 falls under
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Low priority category. The remaining sub-watersheds show little or no correla-
tion and therefore differ in their priority. Sub-watersheds with High priority
ranking need to be taken up for immediate conservation measures for sustaina-
ble development under watershed development programme of the state/central

governments.
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