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Abstract
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Watershed is unique bio-physical unit of the Earth’s surface and source of resources to the
people. These resources are being exploited for various purposes. AHP based multi-criteria
analysis is useful for prioritization of watersheds for planning, management and
development. Nineteen criterion i.e. R, Ly, A, Ly, P, Dg, Fs, Re, Rc, Re, Ce, Dy, T, Dy, Iy,
Rp1, Ry, slope and soils were selected for prioritization of sub-watersheds of Kas basin in
Maharashtra (India). Correlation analysis suitable for robust judgment for ranking the
criterion was used for prioritization of selected watersheds. Drainage intensity (27.80%),
texture ratio (13.90%), bifurcation ratio (9.27%), geology (6.95%) and basin length
(5.56%) show higher influence on formation of watershed structure in the region.
Influences of criterion were estimated based on weights calculated using AHP techniques.
Values of influences were normalized using distribution of selected criterion within the
sub-watersheds. Watersheds were classified into three categories of priorities: high,
moderate and low priorities. The methodology formulated in this study can be efficient
tool for rapid prioritization of watersheds for planning and management for development.
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1 INTRODUCTION

Watershed is a hydrological unit (Swallow et al., 2001;
Johnson et al., 2013). It is a unique bio-physical unit
(Corn, 1993; Cannon, 2000) of Earth’s surface including
morphology, soils, surface water, surface geology, near
surface atmosphere, vegetation influencing potentials of
land use and result of past and present human activity,
etc. (Bhagat, 2012; Wani et al., 2008). Watershed
contours the natural resources including soil, water,
vegetation as well as socio-eco-cultural resources
(Ghanbarpour and Hipel, 2011). In view of the depleting
conditions of natural resources and increasing demands
for meeting the requirements of the rapidly growing
population, a holistic, well-planned long-term strategy is
needed for sustainable watershed development and
management (Perez and Tschinkel, 2003; Igbal and
Sajjad, 2014; Joshi et al., 2006; Wani et al., 2011,

Gajbhiye et al., 2011). Therefore, many governments,
non-governmental agencies and personalities have
invested their energies for conservation of these
resources. Some of them have wused watershed
management techniques to conserve soils, groundwater,
vegetation, improve agricultural productivity (Shah and
Gibson, 2013), increase soil moisture and protective
irrigation (Bhagat, 2014; Joshi el al., 2004; Pokharkar,
2011), increase groundwater level (Evers and Lars,
2013; Ferrer et al., 2014), reduce soil (Bhattacharyya et
al., 2015) and vegetation degradation (Perez and
Tschinkel, 2003; Bishop et al., 2012; Kaur et al., 2014)
with public participation (Perez and Tschinkel, 2003;
Montz, 2008; Ghanbarpour and Hipel, 2011; Swami et
al., 2012; Shah and Gibson, 2013; Mitchella et al., 2014;
Oel et al., 2014; Watson, 2014).
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Watershed approach is the integration of
protection and saving of resources (Rockstrom et. al.,
2004). Many action projects have adopted this
watershed approach (Ames et al., 2005; Tiwari et al.,
2008) for conservation of natural resources including
soil, water, vegetation, etc. as well as socio-cultural
resources for enriching livelihood of rural peoples
(Pangare, 1998; Willett and Porter, 2001; Ali et al.,
2010; Mitchella et al., 2014).

Morphometric analysis of river basin provides
useful information for monitoring the groundwater
(Kaushal and Belt, 2012; Swami et al., 2012; Jankar and
Kulkarni, 2013), surface water (Li, 2009), degradation
of soil and vegetation. Morphometric analysis is
measurements and analysis of linear, aerial and relief
parameters in relation of land surface, shape and
dimension (Singh and Singh, 2011; Igbal and Sajjad,
2014; Raja and Karibasappa, 2016). Theses parameters
have been widely used for prioritization analysis of
watersheds at micro and regional scale.

Sridhar et al. (2012), Kothari and Garde (2016)
and Mishra and Nagarajan (2010) have used
morphometric  parameters  for  prioritization  of
watershed. Further, scholars like Igbal and Sajjad (2014)
have added data of land use/land cover along with
morphometric analysis for prioritization of watershed,
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while Gajbhiye et al. (2014) have used Sediment Yield
Index estimated from RS and GIS approach for this
purpose. Sepehr et al. (2017) have adopted morpho-
hydrological approach with criteria like slope, flooding,
climate, geomorphological phenomena and rainfall.
However, Gumma et al. (2016) and Gashaw et al.
(2017) have noted the limitations of watershed
prioritization due to partial knowledge of hydrological
classifications and invalid models for estimation of soil
losses. Existing models of prioritization are based on
morphometric analysis and ranking techniques.
Therefore, present study focused on watershed
prioritization using robust techniques like correlation
analysis for selection of parameters, weighted index and
influence analysis for prioritization of watersheds for
planning, management and development. The
methodology used in the study may be helpful in
successful implementation of developmental projects as
well as for monitoring the natural resources for
sustainable development.

2 STUDY AREA

The Kas basin (182.66 sq km) is the part of upper Mula
Basin in hilly zone of Deccan plateau in Maharashtra
(India) (Figure 1). The region enclosed Aa and
pahoehoe basaltic lava flow. The height varies from

o INDIA

AHMEDNAGAR DISTRICT

73,963 741005 74 054

I

a-E
\ P
p
§ i
N t
\ ( A D)
LA 0 300 gookm
.
74,145 74,190

I I

191216 191257 191297 191338 19]379

19]175

KAS BASIN

19,134

Figure 1. Location map: Kas Basin
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620 m to 1060 m. The average annual rainfall is 473
mm, varies from 777 mm at Bramhanwada to 358 mm at
Bota. Kas (Figure 2) is tributary of river Mula and
receives water from many minor streams. Shallow, very
shallow, slightly deep well drained soils are observed
with 68.03 % area under crop lands. About 93% basin
area observed fine calcareous soil on gently sloping
lands with severe and moderate erosion. Cereals like
Bajra, Rice and different Pulses, Vegetables,
Groundnuts are major crops in the kharip (rainy) season
and Jawar, Wheat, Maize and Sunflower are major
crops in rabbi (winter) season. Farmers use available
surface water and groundwater for seasonal irrigation
for vegetables and groundnuts. About 7.42% lands
especially on hill slopes (Figure 5) are covered by sparse
forests and 16.96% by shrubs and grasses. Majority of
population in the region is living below poverty line and
facing many problems for livelihood. The Kas basin has
been divided into ten sub watershed namely SW1 to
SW10 for analysis and prioritization (Zende et al.,
2013).

3 METHODOLOGY
3.1 Database and Software

The present analysis (Figure 3) needs information of
morphometric  parameters, geological and soil
characteristics of the region. Maps showing
morphometric parameters (Table 1) including linear
[Stream Order (U), Bifurcation Ratio (R,), Stream
Length (L,)], aerial [Basin Area (A), Basin Length
(Lp), Basin Perimeter (P), Drainage Density (D;),
Stream Frequency (F;), Form Factor (R;), Circularity
Ratio (R.) , Elongation Ratio (R,) , Compactness
Coefficient (C.), Drainage Texture (D,) ,Texture Ratio
(T), Drainage Intensity (D;)] and Relief [Relief Ratio
(Rp1), Ruggedness Number (R,,)] were prepared from
the topographic maps (471/3 and 471/4), SOI [survey of
India]. ASTER DEM data was used for delineation of
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watershed boundaries. Geological map (Figure 4) was
prepared using map procured from National Institute of
Geological Survey, Nagpur (India). Soil map (Figure 6)
procured from National Bureau of Soil Survey and Land
Use Planning (NBSS and LUP), Government of India
for preparation of soil map of Kas basin. Rainfall data
was collected from Government of Maharashtra (India)
for three rain gauge stations (1992-2013) located within
the study area. Topographic, geological and soil map
have been loaded and registered (Zeilhofer et al., 2008)
in GIS software for preparation of maps.

3.2  Criterion

Morphometric properties (Zolekar and Bhagat, 2015)
have close relationship with watershed planning,
management and development. Gharde and Kothari
(2016), Gabale and Pawar (2015), Ali and Ali (2014),
Rao and Yusuf (2013), Rekha et al. (2011), Romshoo et
al. (2012), Singh and Singh, (2011), Sharma et al.
(2009), Vandana (2013), Zende et al. (2013), Aravinda
and Balakrishna (2013) and Khare et al. (2014) have
used the linear, aerial and relief aspects of the
prioritization of watershed. Rao et al. (2014), Aouragh
and Essahlaoui, (2014), Raja and Karibasappa (2014)
and Kiran and Srivastava (2014) have used linear and
aerial aspects. Land use/land cover directly reflects the
impact of geomorphology, slope, soil, land surface
processes, climate, hydrology, etc. as well as human
activities (Mishra and Nagarajan, 2010; Panhalkar,
2011; Romshoo et al., 2012; Gashaw et al., 2017).
Therefore, Kaur et al. (2014) have used morphometric
parameters in combination of land use analysis. Further,
Gebre et al. (2015) have added information about
changes in land cover and land use, soil type, soil
texture with morphometric parameters. Gumma et al.
(2014) have used the information of population, slope
and rainfall with these parameters for prioritization of
watersheds. Vulevic et al. (2015) have used all these

— 2nd
3rd
— 4th
5th
— 6th

Figure 2. Drainage network
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Figure 3. Schematic preparation

parameters for prioritization of watershed using the
multi-criteria decision analysis. Here, multi-criteria
decision making based on analytical hierarchy process
was performed using morphometric parameter and soils.
Influences of criterion were calculated using estimated
weights and these influence normalized using variations
of criterion within selected watersheds. Rainfall is
important parameter in prioritization analysis at regional
level. However, selected sub-watersheds have no spatial
variation in rainfall.

Geology of the region defines nature of
subsurface materials, rate of infiltration, amount of
runoff, level of ground water and hydraulic conductivity

of the surface (Engelhardt et al., 2011; Olden et al.,
2012; Dhanalakshmi and Shanmugapriyan, 2015).
Bedrock permeability mainly depends on geology and
water stability (Flint et al.,, 2013; Aouragh and
Essahlaoui, 2014). Therefore, watershed characteristics
are responsive to nature of geology of the region
(Gharde and Kothari, 2016). The study area is the part
of Deccan trap with 12 to 15 compound pahoehoe flows
and some Aa flows (up to 260m), megacryast compound
pahoehoe basaltic flows M3 (50 to 60m), 5 Aa and 1
compound pahoehoe basaltic flows M3 (up to 150m)
and alluvium type geology (Figure 4). However, no
significant spatial variation observed in the region.
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Table 1: Morphometric parameters

Aspects  Parameters Equation Description Author(s)
Linear Stream order Hierarchical ranks  The first step is to Igbal and Sajjad, 2014; Raja and
() determine the stream Karibasappa, 2016.
orders and basin analysis
Bifurcation Ry R, = bifurcation ratio Kulkarni, 2015; Chitra et al., 2011,
ratio (R,) = (N,)/(N,+ 1)  N,=number of stream Romshoo et al., 2012; Jagadeesh et
segments al., 2014; Aravinda and Balakrishna,
2014; Kedareswarudu, et al., 2013;
Igbal and Sajjad, 2014.
Stream length N L,,= mean length of Horton, 1945; Ali et al, 2014,
(Ly) Ly =ZU channel Nongkynrih and  Husain, 2011;
=1 U = stream order Kulkarni, 2015.
Aerial Basinarea (4) A=axnx10" q: cell area (m?) Romshoo et al., 2012; Khadri and

Basin

(Ly)

Basin P
perimeter (4)  =dXxnpx 1073

D, =ZLu/A

length

Drainage
density (D)

Stream
frequency (F,)

Fo= ) N,/

Form  factor
(Ry) Rp = A/(L,+1)?
or
Ry = A/L,*
Circularity R, = 4m (A/P?)
ratio (R.)
Elongation R =2 [A
ratio (R,) ¢ G2
or
A
R, =2 E/Lu
P
Compactness  ~ _ 5821205
coefficient A
(Co)
Drainage D, = N, /P
texture (D,)
Texture ratio T =Dy x F,
(M)

n: number of cells in
watershed

L, = farthest distance from
watershed ridge to outlet.
d: cell size (m)

np: number of watershed
edge cells

Dd = drainage density

L,, = total stream length

A = basin area

Fs = stream frequency
N, = number of stream
segments

A = basin area

Ry = form factor

A = basin area

L,, = farthest distance from
watershed ridge to outlet
or

A = area of the basin

L, = axial length of the
basin.

A = basin area (km?)

P = perimeter (km)

R, = elongation ratio
m=3.14

A = basin area

L, = total stream length.

C. = compactness
coefficient

A = area of the basin
(km?)

P = basin perimeter (km)
N, = total streams of all
orders

P =basin perimeter (km)

D, = drainage density
F, = stream frequency

Thakur, 2013.
Khadri and Thakur, 2013.

Nagal et al.,
Thakur, 2013.

2014; Khadri and

Kulkarni, 2015; Nongkynrih and
Husain, 2011; Nagal et al., 2014,
Aravinda and Balakrishna, 2013;
Singh and Singh, 2011.

Kulkarni, 2015; Nongkynrih and
Husain, 2011; Nagal et al., 2014,
Aravinda and Balakrishna, 2013;
Singh and Singh , 2011.

Rao and Yusuf, 2013; Ali et al.,
2014; Kedareswarudu, et al., 2013;
Zende et al., 2013; Nagal et
al.,2014;

Igbal and Sajjad, 2014.

Rao and Yusuf, 2013; Igbal and
Sajjad, 2014; Ali et al., 2014.
Aravinda and Balakrishna, 2014;
Kedareswarudu, et al., 2013; Khadri
and Thakur, 2013; Igbal and Sajjad,
2014.

Igbal and Sajjad, 2014.

Igbal and Sajjad, 2014; Zende et al.,
2013.

Nagal et al., 2014; Kedareswarudu,
etal., 2013.
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D;= drainage Intensity
F, = stream frequency
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Nagal et al., 2014; Kedareswarudu,
etal., 2013; Ali et al., 2014,

D, = drainage density

Nagal et al., 2014.

Drainage Di =F,/D,
intensity (D;)
Relief Relief  ratio R, = B,/L, Ry, = relief ratio
(Rn1) By,= basin height
L,= basin length
Ruggedness R
99 R, =Dy x (—=)

number (R,,) 1000

R = relief

R,, = ruggedness number
D, = drainage density

Kaur et al., 2014; Aouragh and
Essahlaoui, 2014.

Lithology

Alluvium

12-14 mainly of compound pahoehoe
flows and some Aa flows (Max. 260 m)

5 Aa and 1 compound pahoehoe
basaltic lava flows (Max. 150 m)

Megacryst compound pahochoe
basaltic flow M3 (Max. 50-60 m)

0 5Km
L |

Figure 4. Lithology

3.2.1 Linear Aspects

Khare et al. (2014), Rao et al. (2014), Aouragh and
Essahlaoui (2014), Raja and Karibasappa (2014), Kiran
and Srivastava (2014) and Farhan and Anaba (2016)
have used linear parameters: stream order, stream length
(Ly ), mean stream length(L,,), (Wilson et al., 2012),
stream length ratio (L), bifurcation ratio(R,). These
parameters are related with land surface erodibility.
Therefore, linear aspects of the study area: stream
order (U), stream number (N,), bifurcation ratio(R,),
mean stream length(Lg,,) and stream length(L,), are
selected for analysis of selected watersheds for
prioritization.

a. Stream Order (U)

Stream orders indicate lithology, physiography,
structure and uniformity of rocks in the watershed
(Singh and Singh, 2011; Vandana, 2013; Chitra et al.,
2011; Zende et al., 2013; Ali and Ali, 2014). Streams
are appeared as the segments in GIS. The orders of these
segments are calculated with the help of GIS software,
Global Maper 11. About 79% streams (809) are
recognized as first order (Table 2), 16.11% (165)
second order, 3.52% (36) third order, 0.78% (08), fourth
order and 0.49 (05) fifth order. The sub-watersheds:
WS1, WS2, WS3, WS4 and WS5 were delineated at
fifth order of streams.

b. Bifurcation Ratio (R;,)
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Bifurcation ratio indicates the shape of basin, branching
pattern, surface erodibility. Higher R, values show an
elongated basin whereas lesser represents circular basin
(Chitra et al., 2011; Khare et al., 2014). It is the ratio
between the total number of first order streams to that of
the next higher order streams in the basin (Pareta and
Pareta, 2011; Igbal and Sajjad, 2014). The lesser values
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indicate less structural disturbances (Strahler, 1964)
with stable drainage (Pareta and Pareta, 2011) (Table 2)
whereas more values indicate a strong structural control
over drainage system (Chitra et al., 2011). The
bifurcation ratio varies from 2.97 to 6.74 and indicates
higher erosion activity in the basin (Strahler, 1957; Rai
atel., 2014) and need of soil conservation.

Table 2. Stream orders and bifurcation ratio

Sub- Stream orders Bifurcation ratios
watersheds |t meov" v vI™ R,1 R,2 R,3 R,4 R,5 Total Mean
WS1 309 64 12 4 1 0 583 633 400 500 0.00 2116 4.23
WS2 120 28 7 1 0 0 529 500 8.00 0.00 0.00 1829 3.66
WS3 32 7 1 0 0 0 457 7 0 0 0 1157 2.89
WS4 24 7 1 0 0 0 3.42 7 0 0 0 1043 261
WS5 18 4 1 0 1 0 550 500 000 100 0.00 1150 2.30
WS6 90 22 4 0 0 1 509 650 0.00 000 100 1259 252
WSs7 10 2 0 0 1 0 600 0.00 000 100 0.00 7.00 140
WS8 58 10 4 1 0 0 6.80 350 5.00 000 0.00 1530 3.06
WSs9 75 14 5 2 1 0 636 380 350 3.00 0.00 16.66 3.33
WS10 81 19 2 1 0 0 526 1050 3.00 0.00 0.00 1876 3.75

Slope in degree

B o0

0
L |

5 km

Figure 5. Slope
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c. Stream Length (L,,)

Stream length indicates surface run-off characteristics
like slopes steepness, lithology and topography
(Nongkynrih and Husain, 2011; Chitra et al., 2011;
Igbal and Sajjad, 2014). The stream length of each order
of stream in Kas basin has been measured from
topographic maps (Nagal, et al., 2014). Longer streams
have permeable bedrock and well-drained network
(Kulkarni, 2015). Stream number and length are

R. Gaikwad and V. Bhagat

observed higher for first order and decreases according
to increasing stream order. Total length of first order
streams is estimated about 395.78 km (62.61%), second
order streams 116.81 km (18.48%), third order streams
66.11 km (10.46%), fourth order streams 28.47 km
(4.50%), fifth order streams 16.3 km. (2.58%) and sixth
order streams 8.71 km (1.38%) (Table 3).

Soil types

- Loamy calcareous soils on gently sloping area
|| Loamy calcareous soils
I Fine calcareous soils

- Clayey calcareous soils

Figure 6. Soils

Table 3: Stream length

Stream orders

Watersheds
I° (km) 1™ (km) mekm) V™ (km) V™ (km) VI™ (km)
WS1 149.66 46.59 26.5 11.28 6.82 0
WS2 50.07 12.55 9.1 7.45 0 0
WS3 13.8 5 2.05 0 0 0
WS4 13.24 4.45 3.14 0 0 0
WS5 7.81 1.56 2.3 0 1.75 0
WS6 46.88 12.73 7.14 0 0 8.71
WS7 5.62 1.39 0 0 1.93 0
WS8 29.3 8.01 2.66 3.04 0 0
WS9 41.24 14.05 5.05 3.55 1.98 0
WS10 38.33 10.48 8.18 3.15 0 0
Total 395.95 116.81 66.12 28.47 12.48 8.71
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Table 4. Parameters

Sub- Parameters
Watershed -
Ry Ly A Ly P Dyq Fs R¢ R, Re Cc D¢ T D; I¢ Rh1 Ry Slope Soil
WS1 423 23186 759 1542 69.82 305 505 032 020 064 226 549 549 165 1541 007 3.30 41.32 64.58
WS2 366 7678 1896 707 2761 405 823 038 03L 070 179 565 565 203 3332 015 429 1147 1379
WS3 289 2068 648 410 1894 1894 617 039 023 070 210 211 211 165 11691 3293 7.13 302 280
ws4 261 2004 723 541 2105 2105 415 025 020 056 221 143 143 203 87.34 2366 6.08 330 0.0
ws5 230 1405 493 705 1797 285 467 010 019 036 228 128 128 164 1330 011 228 256 0.0
WS6 252 7480 2276 745 322 329 501 041 028 072 190 354 354 152 1646 011 269 1056 0.0
Wws7 140 88 282 225 995 315 461 056 036 084 167 131 131 146 1452 034 239 177 124
ws8 303 4239 1082 436 1863 392 647 057 039 085 1.60 3.76 3.76 165 2535 021 3.60 678 0.0
WS9 333 6463 1744 62 2605 371 550 045 032 076 1.76 369 369 149 2040 015 341 1092 531
WS10 375 6022 1442 845 3027 418 693 020 020 051 225 330 330 166 2896 012 4.34 8 1227
3.2.2 Aerial Aspects 4.18 km/km?) (Table 4). Higher values of D, indicates
. . . . . . moderate slopes (VVandana, 2013; Argyriou et al., 2016)
Aerial includin in ar in length in - . : ' '
eeririe'?e srpe(étrsain; Léd dgngiatls :treezmbagre ueen%:t ’ ?‘gim with semi-permeable hard rock, coarse textures,
P ' 9 Y, g Y favorable conditions for groundwater conservation

factor, circularity ratio, elongation ratio, compactness
coefficient, drainage texture, texture ratio, drainage
intensity and infiltration number are selected for the
analysis.

a. Basin Area (A)

Basin area is indicator of size (Strahler, 1957) and
significant for calculating the drainage density (Dd),
stream frequency (Fs), form factor (Rf), circularity
ratio (Rc) , elongation ratio (R,) , compactness
coefficient (C.)and lemniscates (k) (Gabale and Pawar,
2015; Kothari and Garde, 2016). The Kas River drains
over 181.65 km? (Figure 2) (Table 4).

b. Basin Length (L)

Basin length indicates basin shape and hydrological
characteristics (Chitra et al.,, 2011) including
lemniscate’s value, form factor and elongation ratio
(Pareta and Pareta, 2011; Nagal et al., 2014). The basin
length in the study area varies from 15 km (WS1) to
2.25 km (WS6) (Table 4). Maximum basin length
indicates more texture, infiltration number and basin
perimeter showing need of conservation.

c. Basin Perimeter (P)

Basin perimeter is the length of outer boundary of the
watershed forms the size, shape and drainage density
(Strahler, 1957; Nagal et al., 2014). The perimeter of
Kas basin is 85.19 km and varies for sub-watersheds
from 69.82 km for WS1 to 9.95 km for WS4,

d. Drainage Density (D,;)

Drainage density is useful for analysis of terrain, rocks,
relief, soils, groundwater, erodibility and discharge of
water and sediment (Pareta and Pareta, 2011; Engelhardt
et al., 2011; Kaur et al., 2014; Gebre et al., 2015;
Gabale and Pawar, 2015). Drainage densities in this
watershed can be categorized (Gebre et al., 2015) as
very coarse (2.17 to 3.92 km/km?) and moderate (3.29 to

(Khare et al., 2014; Gebre et al., 2015; Gabale and
Pawar, 2015). Drainage densities in Kas basin vary from
2.85 t0 4.18 km/km? (Table 4).

e. Stream Frequency (F; )

Stream frequency indicates nature of subsurface
materials, relief, infiltration rate, permeability, stream
population, vegetative cover and have relationship with
drainage density (Chatterjee and Tantubay, 2000; Pareta
and Pareta, 2011; Singh and Singh, 2011; Chitra et al.,
2011; Romshoo et al., 2012; Vandana, 2013; Patel et
al., 2013; Igbal and Sajjad, 2014; Rai et al., 2014; Kaur
et al., 2014; Gebre et al.,2015; Farhan and Al-Shaikh,
2017). Stream frequency depends on lithology, rock
structure, subsurface permeability, infiltration capacity,
relief, drainage network, rainfall, vegetation cover, etc.
(Wilson et al., 2012; Aouragh and Essahlaoui, 2014;
Gabale and Pawar, 2015; Kulkarni, 2015; Raja and
Karibasappa, 2016; Argyriou et al., 2016). Sub-
watersheds with dense forest show less frequency of
streams in drainage network whereas agricultural lands
show higher frequency (Zende et al., 2013). Stream
frequency in the region varies from 2.31 to 6.47 km/km?
(Table 4). Higher stream frequencies of WS2 (8.23),
WS7 (6.47) and WS9 (6.93) indicate impermeability and
less infiltration capacity of subsurface and higher relief
with thin vegetation cover.

f. Form Factor (Ry)

The form factor (Ry) indicates shape (Rai et al., 2014)
and length of basin (Patel et al., 2013). The elongated
watershed estimates less value and nearly circular
watersheds show higher values (Gabale and Pawar,
2015). Perfectly circular watershed shows form factor
about 0.75 (Pareta and Pareta, 2011). WS6 (0.56), WS7
(0.57) and WS8 (0.45) (Table 4) are nearly circular
whereas WS1 (0.32), WS2 (0.38) and WS3 (0.35) are
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moderate elongated and WS4 (0.10) and WS9 (0.20) are
more elongated.

g. Circularity Ratio (R.)

Circularity ratio indicates flow of discharge, erosion,
(Patel et al., 2013; Rao and Yusuf, 2013), stage of
topography and shapes (Gray, 1961; Ali and Ali, 2014;
Farhan and Anaba, 2016). Length and frequency of
tributaries, geological structures, land use/land cover,
climate, relief and slope of the basin affect the
circularity ratio (Mishra and Nagarajan, 2010;
Nongkynrih and Husain, 2011; Chitra et al., 2011; Igbal
et al., 2013; Kaur et al., 2014; Farhan and Anaba, 2016).
Estimated circularity ratios (0.16 to 0.39) for watersheds
in the region indicate high erosion with permeable
homogeneous geology (Aravinda and Balakrishna,
2014; Wilson et al., 2012; Farhan and Anaba, 2016).
Less circularity ratios for WS1 (0.20), WS3 (0.16), WS4
(0.19 and WS9 (0.20) indicate dendritic stage, whereas
WS2 (0.31), WS5 (0.28), WS6 (0.36), WS7 (0.39) and
WS8 (0.32) are comparatively mature dendritic streams
(Table 4).

h. Elongation Ratio (R,)

Elongation ratio indicates shape, hydrology, slope,
infiltration and runoff (Kaur et al., 2014; Igbal and
Sajjad, 2014; Zende et al., 2013; Wilson et al., 2012;
Chitra et al., 2011; Mishra and Nagarajan, 2010).
Elongation ratio is the ratio between the diameter and
the maximum length of the basin (Nongkynrih and
Husain, 2011; Strahler, 1964). Higher elongation ratios
show more infiltration capacity of land surface and less
runoff (Igbal and Sajjad, 2014). WS6 (0.84) and WS7
(0.85) show oval shapes with more infiltration capacity
of land surface; WS2 (0.70), WS5 (0.72) and WS8
(0.76) show less infiltration capacity and more runoff,
whereas WS1 (0.64), WS3 (0.67), WS4 (0.36) and WS9
(0.51) show nearly elongated shape with less runoff and
more infiltration. Therefore, watershed with higher
relief and steep slopes should be selected for
conservation purpose with high priority (Table 4).

i Compactness Coefficient (C,)

Compactness coefficient indicates erosion risk and
relationship of hydrology of the basin (Ali et al., 2014;
Igbal et al., 2013). Nagal et al. (2014) and Patel et al.
(2013) have described the compactness coefficient
dependent on size and slope in the watersheds.
Estimated compactness coefficients in the study area
vary from 1.60 to 2.48. WS1 (2.26), WS3 (2.48), WS4
(2.28) and WS9 (2.25) show high compactness
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coefficient which indicate less elongation and high
erosion whereas WS2 (1.79), WS5 (1.90), WS6 (1.67),
WS7 (1.60) and WS8 (1.76) show more elongation and
less erosion (Table 4).

j. Drainage Texture (D,)

Drainage texture indicates lithology of the watershed
(Rao and Yusuf, 2013). Drainage texture shows
influence of climate, vegetation, rock, soil, infiltration
capacity, relief, etc. (Kulkarni, 2015; Aouragh and
Essahlaoui, 2014; Vandana, 2013; Igbal et al., 2013;
Chatterjee and Tantubay, 2000). Smith (1950) has been
classified drainage density into five categories of
drainage texture. The watersheds in the study area:
WS3, WS4, WS5, WS6, WS7, WS8 and WS9 show
coarse drainage texture (1.28 to 5.65). WS1 (5.49) and
WS2 (5.65) indicate intermediate texture (Table 4)
which are favorable for resource conservation.

k. Texture Ratio (T)

Texture ratio indicates morphometric structure, runoff
and drainage texture of the basin (Farhan and Anaba,
2016; Nagal et al., 2014). It depends on lithology,
infiltration capacity and relief in the region (Farhan and
Anaba, 2016, Khare et al., 2014; Rekha et al., 2011;
Pareta and Pareta, 2011). WS1 (5.49) and WS2 (5.65)
show higher texture ratio with high relief and
intermediate topography; WS4 (1.28) and WS6 (1.31)
show very coarse texture and WS3 (2.13), WS5 (3.54),
WS7 (3.76), WS8 (3.69) and WS9 (3.30) show course
topography and moderate runoff. Estimated ratio values
are classified into four categories after Smith (1950).

l. Drainage Intensity (D;)

Drainage intensity indicates runoff, flooding, gully
erosion, landslides and denudation of the basin (Gabale
and Pawar, 2015; Pareta and Pareta, 2011). The drainage
intensity is the ratio between stream frequency and
drainage density (Nagal et al., 2014). Drainage intensity
in the study area varies from 1.46 to 2.03 (Table 5).
Watersheds in the region indicate small influence of
drainage density and stream frequency.

m. Infiltration Number (/)

Infiltration number indicates infiltration characteristics,
runoff, vegetation cover and permeability of soil cover
(Nagal et al., 2014; Rao and Yusuf, 2013; Ranjan, 2013;
Singh and Singh, 2011). Normally infiltration number of
any watershed is defined as the product of drainage
density and stream frequency (Nagal et al., 2014).
Infiltration numbers vary from 13.30 to 33.32. WS1
(15.41), WS3 (16.79), WS5 (16.46) and WS6 (14.52)
show more runoff during rain spells.
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Table 5. Correlation matrix
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R, L, A L P Dg F R R R, C D T D I Ry R, Slope Soil
R, 1
L, 073 1
A 067 099 1
L, 074 092 092 1
P 074 098 098 096 1
Dy 012 -034 -029 -03 -0.24 1
F, 055 007 -003 001 001 -0.19 1
R 022 -005 -006 -042 -02 -015 0.3 1
R, -028 -022 026 -053 -039 -036 025 09 1
R, 013 002 0 -036 -012 -012 018 099 086 1
C. 028 024 028 055 041 033 -026 -09 -099 -0.87 1
Di 081 077 07 063 069 -043 061 019 016 026 -0.17 1
081 077 07 063 069 -043 061 019 016 026 -0.17 1 1
: 03 -001 -003 007 003 048 032 -034 -028 -029 025 018 018 1
[ -003 -033 -03 -032 -025 096 003 -009 -031 -005 027 -033 -033 043 1
R,, 013 -033 -028 -031 -024 097 -015 -01 -035 -007 031 -043 -043 034 098 1
R, 022 -019 -018 -018 -011 089 023 -011 -032 -004 028 -011 -011 053 096 09 1
Slope 0.7 1 1 091 097 -032 001l -004 -022 002 025 073 073 -003 -032 -031 -0.19 1
Soil ~ 068 095 095 089 094 -024 004 -014 -033 -008 036 064 064 004 -023 -022 -01 096 1

3.2.3 Relief Aspects
a. Relief Ratio (Ry,)

Relief ratio is important to understand overall slope,
relief and erosion process in the watershed (Strahler,
1957; Chatterjee and Tantubay, 2000; Sharma et al.,
2009; Engelhardt et al., 2011; Wilson et al., 2012;
Vandana, 2013; Kaur et al., 2014; Yunus et al., 2014).
The relief ratio is defined as the ratio between the total
relief of a basin and the longest dimension of the basin
similar to the main drainage line (Nagal et al., 2014).
Relief ratios in the region vary from 0.07 to 0.34 (Table
4). The relief ratio normally increases with decreasing
drainage area and size of the basin. Relief ratios for
WS1, WS2, WS3, WS4, WS5, WS8 and WS9 indicate
moderate slopes whereas WS6 (0.21) and WS7 (0.34)
show high relief ratio.

b. Ruggedness Number (R,,)

Ruggedness values indicate nature of relief, drainage
density, slope, soil erosion, topography, lithology and
discharge through the streams (Chitra et al., 2011;
Pareta and Pareta, 2011; Rao et al., 2004; Nagal et al.,
2014; Aouragh and Essahlaoui, 2014). The ruggedness
number is the product of basin relief and drainage
density. It is usefully relationship with steepness and
length to understand the relief and drainage density
(Kaur et al., 2014; Nagal et al., 2014). Higher R,
indicates irregular topography, lithological
heterogeneity, high drainage density and high soil

erosion. R, values for WS4, WS5 and WS6 are
moderate indicating flat surface, moderate degree of
dissection and soil erosion.

3.2.4 Physiographic Aspects
a. Slope

Slope analysis is helpful to identify the potential sites
for watershed management (Zolekar and Bhagat, 2015;
Argyriou et al., 2016). Slope is significantly affecting
the morphometric aspects and drainage characteristics in
the region (Kothari and Garde, 2016; Patel et al., 2013).
Slope plays key role in formation of amount of runoff,
rate of infiltration (Sepehr et al., 2017), drainage density
(Nagal et al., 2014; Kaur et al., 2014; Argyriou et al.,
2016; Rekha et al., 2011; Wilson et al., 2012), intensity
of flood, quantity of erosion (Chang et al., 2013), soil
depth, etc. The gentle slope shows less potentials of
construction for water storages (Emamgholi et al.,
2007). Land with moderate slope (10°-22°) is more
suitable for conservation of resources and key criterion
in watershed management. Therefore, area with
moderate slopes was considered as the criterion for
analysis of sub-watershed prioritization in the study
area.

b. Soil

Soil is vital natural resources supporting life systems
and socio-economic development (Ranjan, 2013). Soil
erosion is a major problem in rain-fed area. Erosion of
the top soil layer leads to constant land degradation and
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decline of soil quality and productivity (Farhan and
Anaba, 2016; Yeole et al., 2012). Soil characteristics
(Capodici et al., 2013) like texture, structure, organic
matter content and permeability are useful to interpret
the soil erodibility (Shinde et al., 2010). Soil map for
Kas basin is prepared from map procured from National
Bureau of Soil Survey and Land Use Planning (NBSS
and LUP), Government of India. Clayey, loamy,
calcareous, fine-loamy and fine calcareous soils are
observed in the study area (Figure 6).

3.3 Analytical Hierarchy Process (AHP) for

Watershed Prioritization

Prioritization of sub-watersheds was processed using
AHP in six steps: (1) determination of rank, (2) pairwise
comparison matrix, (3) preparation of normalized
pairwise comparison matrix, (4) calculation of weights
and influence, (5) normalization of influence and (6)
prioritization of watersheds.

3.3.1 Determination Rank

Quantitative and qualitative methods have been widely
used for determination of ranks to the parameters
selected for weighted analyses. Scholars likes Sepehr et
al., (2017), Ghanbarpour and Hipel, (2011), Rekha et
al., (2011), Feizizadeh el al., (2014), etc. have used
multi-criteria decision-making and pair wise comparison
matrix. Zolekar and Bhagat (2015) have used expert
opinions and correlation techniques for ranking the
parameters in AHP based weighted overlay analysis for
land suitability analyses. Bhagat (2012) has expressed
that the correlation analysis is useful for better
understanding of unstandardized parameters than the
standardized parameters. Here, ranks of selected
criterion have been determined based on sum of
significant correlation coefficients estimated within the
groups of criterions (Table 5).

Correlation between different 19 physiographic
and morphometric parameters (Table 4) estimated using
Pearson’s correlation technique (Yin et al., 2012) (Table
5). Yunus et al. (2014) and Farhan and Al-Shaikh
(2017) have classified significant correlation values into
three categories: strong correlation (0.8 to 0.9), good
(0.7 to 0.8), moderate (0.5 to 0.7) and less than 0.5
insignificant (Table 5). Criterion selected for this study
assigned ranks from 1 to 19 based on sum of the
calculated significant positive correlations within the
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influence on erosion in hilly and foothill zones,
therefore they are ranked 1 to 5, respectively. The
criterion like Slope, Basin Area, Basin Perimeter,
Ruggedness Number and Stream Frequency show
moderate influence on surface erosion. They are ranked
from 6 to 10 and further, Infiltration Number, Basin
Length, Drainage Density, Drainage Intensity, Soil,
Elongation Ratio, Form Factor, Compactness
Coefficient and Relief Ratio were assigned ranks
according to sum of significance values (Table 6).

3.3.2 Pairwise Comparison Matrix (PCM)

Pairwise comparison matrix has been performed (Table
7) to calculate the weights for calculation of influence of
criterion (Zolekar and Bhagat, 2015) on the surface
erosion (Elaalem, 2012). The PCM helps to understand
the relationship between the criterion in relation to
surface erosion and influence in assessment for
applications of conservation techniques in the watershed
(Emamgholi et al., 2007; Ranjan, 2013). The criterion
values in PCM were divided by total of the column to
find the cell values in normalized pairwise comparison
matrix (Table 8).

3.4  Calculation of Weights and Influences

Average of values of criterions in row of normalized
pairwise comparison matrix was calculated to get the
weights of criterion (Zolekar and Bhagat, 2015;
Maddahi et al., 2017) (Table 9). Further, influence of
the criterion in formation watershed structure was
estimated by calculating the cell values in percentage
(equation 1) (Table 9).

€]

C; = Normalized influence of criterion based on AHP.
W, = Estimated weights of criterion.
W, = Sum of estimated weights for all criterions.

C; =75 x 100
S

C; indicates the share of criterion in total influence
(100%) of criterion in formation watershed. This
influence distributed within the criterion according to
estimated weights in AHP analysis.

3.4.1 Watershed Based Normalized Influence of
Criterion

The influence of criterion interprets the share of
criterion in influence of criterion (100%) in formation of

groups (Ranjan, 2013; Zolekar and Bhagat, 2015,  yatershed. However, prioritization of watershed
Farhan and Anaba, 2016; Argyriou et al., 2016).  jnyolves all parameters which may be uniformly
Drainage Texture(D,), Texture Ratio (T), Bifurcation  djstributed in selected sub-watersheds
Ratio(R;,), Geology and Stream Length (L,,) show more
Table 6. Ranking
Criterion L, D T P Slope Ry, L, A Soil R, C Dy I Ry D F, R. Rf R
Ranks 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
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Table 7. Pairwise comparison matrix
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Criterion L, D T P Slope R, L, A Soil R, C. Dy I¢ Ry, D, F, R. R¢ R.
Ly 11 22 3/3 44 5/5 6/6 7/7 8/8 99 1010 1111 12/12 13/13 14/14 15115 16/16 17/17 18/18 19/19
D, 212 32 42 52 6/2 7,2 872 92 102 112 12/2 13/2 142 152 16/2 172 182  19/2
T 33 43 53 6/3 7/3 83 93 10/3 113 12/3 13/3 14/3 153 16/3 17/3 18/3  19/3
P 4/4  5/4 6/4 7/4 8/4 94 10/4 114  12/4 13/4 14/4 1514  16/4  17/4  18/4  19/4
Slope 5/5 6/5 7/5 85 95 10/5 115 12/5 13/5 14/5 15/5 16/5 17/5 18/5  19/5
Ry 6/6 7/6 8/6 96 10/6 1l/6 12/6 13/6 14/6 15/6 16/6 17/6  18/6  19/6
Ly 77 87 97 1007 1U7  12/7 137 1477 15/7  16/7 177 187  19/7
A 8/8 9/8 10/8 118 12/8 13/8 14/8 15/8 16/8 17/8 18/8  19/8
Soil 9/9 10/9 119 12/9 13/9 149 15/9 16/9 17/9  18/9  19/9
R, 10/10 1110 12/10 13/10 1410 15/10 16/10 17/10 18/10 19/10
Ce 1111 12/11 1311 1411 15111 16/11 17/11 18/11 19/11
Dy 12112 1312 14/12 1512 16/12 17/12 18/12 19/12
I 13/13 14/13 15/13 16/13 17/13 18/13 19/13
Ry 14/114 15/14 16/14 17/14 18/14 19/14
D; 15/15 16/15 17/15 18/15 19/15
2 16/16 17/16 18/16 19/16
R, 17/17  18/17  19/17
Ry 18/18  19/18
R, 19/19
Table 8. Normalized pairwise comparison matrix

Criteion L, D, T P Slope R, L, A Soil R, C. Dy I Ry D F R, R R

L, 1.00 2.00 3.00 400 500 600 7.00 800 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00

D, 050 1.00 1.50 2.00 250 3.00 350 400 450 500 550 600 650 700 750 800 850 9.00 950

T 0.33 067 1.00 133 167 200 233 267 300 333 367 400 433 467 500 533 567 600 6.33

P 025 050 075 1.00 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475

Slope 020 0.40 0.60 0.80 100 1.20 140 160 180 200 220 240 260 280 300 320 340 360 380

R, 017 033 050 067 083 1.00 117 133 150 167 183 200 217 233 250 267 283 300 317

Ly 0.14 029 043 057 071 086 100 114 129 143 157 171 186 200 214 229 243 257 271

A 0.13 025 038 050 063 075 088 100 113 125 138 150 163 175 183 200 213 225 238

Soil 011 022 033 044 056 067 078 089 100 111 122 133 144 156 167 178 189 200 211

R, 010 020 030 040 050 060 070 080 090 100 110 120 130 140 150 160 170 180 190

Ce 0.09 0.8 027 036 045 055 064 073 082 091 100 109 118 127 136 145 155 164 173

Dy 008 017 025 033 042 050 058 067 075 083 092 100 108 117 125 133 142 150 158

I 0.08 015 023 031 038 046 054 062 069 077 085 092 100 108 115 123 131 138 146

R,, 007 014 021 029 036 043 050 057 064 071 079 086 093 100 107 114 121 129 1.36

D; 0.07 013 020 027 033 040 047 053 060 067 073 080 087 093 100 1.07 113 120 127

s 0.06 013 0.19 025 031 038 044 050 056 063 069 075 081 08 094 100 1.06 113 119

R, 006 012 018 024 029 035 041 047 053 059 065 071 076 082 088 094 100 106 1.12

R, 006 011 017 022 028 033 039 044 050 056 061 067 072 078 083 089 094 100 1.06

R, 0.05 011 016 021 026 032 037 042 047 053 058 063 068 074 079 084 089 095 100
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(Silva et al., 2007). Perez-Pena et al. (2009) and
Argyriou et al. (2016) have proposed methodology to
calculate the influence of morphometric and
physiographic parameters for prioritization of the
watersheds. Therefore, watershed wise influence of
criterion was normalized according to spatial
distribution of criterion in selected sub-watersheds
(equation 2):

NI, =% x (; (2)

N1, = Watershed wise normalized influence.

C,, = Cell value of criterion for the watershed.

C,s = Sum of cell values of criterion.

C; = Estimated influence of criterion based on AHP.

3.4.2 Weighted prioritization

Several scholars have described the watershed
prioritization by using morphological characteristics for
management, planning and conservation of resources in
the watershed. These parameters are linear, areal and
shape based. These parameters decide the level of soil
and water degradation therefore useful for assessment
and prioritization of sub-watersheds (Aher et al., 2014).
Prioritization of sub-watersheds in the study area was
performed based on normalized pairwise comparison
matrix (Table 10) (Ghanbarpour and Hipel, 2011),
calculated influences for criterion and watershed wise
normalized influence for criterion. Linear parameters are
directly related to the erodibility factors and areal
aspects represent inverse relationship (Aher et al.,
2014).

P, =Y, NI, 3)
P,, = Periodization of watershed
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NI, = Watershed wise normalized influence.

n = Number of criterion

i = Criterion
4 RESULTS
Priorities of sub-watersheds for planning and

development were calculated using multi-criteria based
AHP method and calculated influences of criterions.
Morphometric and physiographic criterions (19) were
selected and ranked using correlation analysis for
estimations of weights and influences. Estimated
influences of criterions were normalized based on
spatial distribution in selected sub-watersheds for
prioritization. Estimated priorities were classified into
three classes (Figure 7): high, moderate and low
priorities.

4.1  Highly Priority

Sub-watersheds, WS1, WS2 and WS6 with first, second
and third priorities are classified into the class, ‘Highly
priority’ for planning and management of resources
(Figure 7). These watersheds have gentle to moderate
slopes with very shallow extremely drained loamy
calcareous soils and severe erosion activities (Table 9).
The productivity of these soils is very low and natural
resources are exploited.

4.2 Moderate Priority

Watersheds: WS8, WS9 and WS10 were classified into
the class, ‘Moderate priority’. Gentle slopes (27.80%
area), calcareous soils with moderate erosion observed
in these watersheds. Bifurcation Ratio and Texture Ratio
indicate more surface erodibility and runoff from the
basin which supports to more surface erosion.
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Table 9. Weights and influence (%)

Critrion L, D, T P Slope R, L, A Soil R, C. D; I Ry, D, F. R, R R, Sum Weights '”ﬂ(ﬂ/f)“ce
L, 028 0.14 0.09 0.07 0.06 0.05 0.04 0.04 0.03 0.03 003 0.02 0.02 0.02 002 0.02 0.02 002 0.01 1.000 0.0526  28.19
D, 0.14 007 0.05 0.04 0.03 0.02 0.02 0.02 002 001 001 001 001 001 0.0l 001 0.0L 0.0 0.01 0.500 0.0263  14.09
T 009 0.05 0.03 0.02 0.02 0.02 0.01 0.01 0.01 001 001 0.01 0.0l 001 001 0.01 0.01 0.01 0.00 0.333 0.0175 9.40
P 007 004 002 002 001 0.01 0.01 001 001 0.01 0.01 001 001 0.1 0.00 0.00 0.00 0.00 0.00 0.250 0.0132 7.05

Slope  0.06 0.03 0.02 0.0L 0.01 0.01 0.01 0.01 001 0.01 0.0l 0.00 0.00 0.0 0.0 0.00 0.00 0.00 0.00 0.200 0.0105  5.64
R, 005 0.02 0.02 0.0l 0.1 0.01 0.01 0.01 0.01 0.00 0.0 0.0 0.0 0.0 0.0 0.00 0.00 0.00 0.00 0.167 00088  4.70
L, 004 002 001 0.01 001 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00 0.00 0.143 0.0075  4.03
A 004 002 001 001 0.0l 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.125 0.0066 3.52
Soil  0.03 0.02 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.111 0.0058 3.13
R, 003 0.01 0.01 0.0 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.0 0.0 0.00 0.00 0.00 0.00 0.00 0.100 0.0053 2.82
C. 003 001 001 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.091 0.0048 2.56
Dy  0.02 0.01 0.01 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.0 0.00 0.00 0.00 0.00 0.00 0.083 0.0044  2.35
If 002 0.01 0.01 0.01 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.077 0.0040 2.7
Ry, 002 001 0.01 0.01 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.071 0.0038 2.01
D, 0.2 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.067 0.0035 1.88
F,  0.02 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00 0.00 0.00 0.063 0.0033 1.76
R, 002 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.059 0.0031 1.66
R, 002 0.0l 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.056 0.0029 157
R, 0.1 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.053 0.0028 1.48
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Table 10. Normalized influence and watershed priorities

Sub- . .
Weered Rb Lo A L, P Dy F R R, R C D T Di I Ry R, Slope Soil Sum Priorities

WS1 0.67 1064 147 092 181 0.11 0.16 0.14 011 016 029 245 163 0.18 0.09 0.00 0.24 234 202 2542 1
WS2 058 352 037 042 071 014 026 0.16 0.17 017 023 252 168 (023 019 001 031 065 043 12.76 2
WS3 046 095 013 024 049 065 0.19 017 0.13 017 027 094 063 018 068 1.15 051 0.17 009 8.20 7
WS4 041 092 014 032 054 073 013 011 011 014 029 064 043 023 051 082 043 019 000 7.08 8
WS5 036 064 010 042 046 010 014 004 011 0.09 029 057 038 018 0.08 0.00 0.16 0.14 0.00 4.29 9
WS6 040 343 044 044 083 011 0.16 0.18 0.15 018 0.25 158 105 017 010 000 0.19 0.60 0.00 10.27 3
WS7 022 041 005 013 026 011 014 024 020 021 022 058 039 016 008 001 017 010 004 3.74 10
WS8 048 194 021 026 048 014 020 025 022 021 021 168 112 018 0.15 001 026 038 000 8.37

6
WS9 053 297 034 037 067 013 017 019 0.18 019 023 165 110 017 012 001 024 062 017 10.02 4
WS10 059 276 028 050 078 014 021 0.09 011 013 029 147 098 0.19 0.17 000 0.31 045 0.38 9.86 5
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Priorities

High

Moderate

Low

Figure 7. Watershed priority classes

4.3  Low Priority

Watersheds: WS3, WS4, WS5 and WS7 show low
drainage density, plain surface and low erosion activities
with comparatively good agriculture. Well irrigation in
rainy season is observed for commercial crops near to
streams. Therefore, these watersheds are suggested with
comparatively low priorities for planning and
development.

5 CONCLUSIONS

1. AHP based multi-criteria analysis is useful for
prioritization of watersheds for planning,
management and development.

2. Nineteen criterion i.e. Ry, Ly, A, Ly, P, Dg, F;, Ry,
Rc, Re, Ce, Dy, T, Dy, Iy, Ry, Ry, slope and soil
were selected for prioritization of sub-watersheds
in the region.

3. Correlation analysis is useful for robust judgment
for ranking the criterion for prioritization of
selected watersheds.

4. Drainage intensity (27.80%), texture ratio
(13.90%), bifurcation ratio (9.27%), geology
(6.95%) and basin length (5.56%) show higher
influence on nature of watersheds in the region.

5. Influences of criterion were estimated based on
weights estimated using AHP methods. These
values of influences are normalized using
distribution of selected criterion within the sub-
watersheds.

6. Watersheds were classified into three categories of
priorities: high, moderate and low priorities.

7. The methodology formulated in this study can be
efficient tool for rapid prioritization of watersheds
for planning and management for development.
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