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Biotic, abiotic and anthropogenic factors are considered in isolation for prioritisation of watersheds. Instead,
it requires a multidisciplinary geoecolocical approach. The geoecology based prioritisation provides
opportunities to assess the region by evaluating these multiple factors in combination. Thus, Geoecological
Integrity Index (GII) was developed for prioritisation of Baner River watersheds of Indian northwestern
Himalayan region by integrating biotic, abiotic and anthropogenic factors as the region is facing geological
and ecological instability. Forest cover density and net primary productivity were used as biotic factors and
drainage morphometry, soil erosion, and patches were used as abiotic factors. Population density of the
watershed was considered as an anthropogenic factor. Weighed overlay analysis was carried out to understand the inCuence of each of these factors on watershed prioritisation. These factors were integrated to
arrive at cumulative weights (GII) for micro-watersheds. With the help of GII, out of 110 micro-watersheds,
11 were prioritised as very high actionable, 32 as high actionable, 52 as moderately actionable and 15 as of
minimal action, requiring suitable actions in a prioritised manner to conserve and manage. The study
presents an approach for geoecological assessment of watersheds that can be replicated in watersheds of
other Himalayan regions or areas having similar geoecological conditions.
Keywords. Geoecology; geoinformatics; Himalaya; watershed prioritisation.

1. Introduction
Watersheds are considered ideal and natural
boundaries for natural resources management and
conservation (Paranjape et al. 1998). These are
natural water divides draining its tributaries
through a common outlet at the mouth of a river
(Soliman et al. 1998). Irrespective of administrative
boundaries, similar kind of ecological conditions
prevail in a watershed providing opportunities for

better assessment of its status for management and
conservation (IMSD 1995; NRIS 1995; Savant et al.
2002). Prioritisation of a watershed is a process for
categorising regions for conservation, restoration,
mitigation, land use planning, etc. (Joshi and Shiferaw 2004). For such assessment and prioritisation
of watersheds, geoinformatic tools and techniques
have been widely used as it can eDciently generate,
overlay and analyse voluminous spatial and aspatial data on natural resources (Trotter 1991).
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These assessments are generally based either on
biotic (Adhikari et al. 2018; Sarkissian et al. 2018),
abiotic (Sheikh et al. 2011; Wischmeier and Smith
1978; Neil and Mazari 1993; Lu et al. 2003) or
anthropogenic factors (Vittala et al. 2008; Badar
et al. 2013) inCuencing overall ecosystem status
and conditions of a watershed. Details of these
indices have been provided in table 1.
The study area is a part of young mountainous
Lesser Himalaya comprising pre-Cambrian to
Quaternary fragile and unstable rock formation
(Kawosa 1988). The region falls in the high seismic
zone (HPSMA 2019) and also has the presence of
thrusts (Karunakaran and Rao 1979; Virdi 1979)
making the area susceptible to frequent natural
disasters. Anthropogenic activities like deforestation, unorganised construction of roads, terracing, and water-intensive agricultural practices,
encroachments on steep hill slopes have compounded the intensity and frequency of landslides
in the district (Mahajan and Virdi 2000). Recent
weather analysis also indicates distinct changes in
weather parameters such as rainfall, snowfall,

temperatures, etc., which are ultimately aAecting
the land use pattern resulting in significant
decrease in forest biomass (Sharma et al. 2008)
threatening existing plant diversity reCected in the
loss of key-associated species (Dhyani and Kala
2005). In order to deal with these grim situations,
the watershed-wise prioritisations have been carried out using geoecological approach. In order to
prioritise these watersheds for conservation, a GII
has been developed for its ranking. The GII-based
evaluations and prioritisation analysed the
dynamic interaction of biotic, abiotic and anthropogenic factors in a watershed. The work presents
an account of prioritisation based on the GII by
considering its overall geoecology (Troll 1971),
which provides an opportunity for analysing the
above-mentioned factors in an integrated manner
(Kumar 2018). The geoecological evaluations of
watersheds by analysing these multiple geoecological factors and their inter-relationship with the
help of geospatial tools yield significant results in
terrain like Himalaya (Kumar and Deshmukh
2015).

Table 1. Details of indices developed for watershed prioritisation.
Factor types
Biotic

Abiotic

Indices
Catchment Prioritisation Index (CPI)
Community Index of Species Rarity
Landscape Index
Riparian Forest Change Index (RFCI)
Composite Watershed Prioritisation Index
(CWPI)
Erosion Tolerance Index Flood Index
Geospatial-based Regional Environmental Vulnerability
Index for Ecosystems and Watersheds (GeoREVIEW)
Index of Reservoir Habitat Impairment (IRHI)
Landscape Development Intensity (LDI) index
Morphometric Composite Index
Pesticide Toxicity Index
Potential Erosion Index (PEI)
Restorability Index (RESI)
Sediment Transport Index
Sediment Yield Index

Anthropogenic
Abiotic and biotic

Abiotic and
anthropogenic

Anthropogenic Stress Index
Water Stress Index (WSI)
Alternative Evaluation Index (AEI)
Normalized Difference Vegetation and
Morphometry Index
Flood Hazard Potential Index
Potential Water Quality Deterioration
(PWQD)

Author(s)
Cho and Park (2013)
Panlasigui et al. (2018)
Gama et al. (2013)
Song et al. (2012)
Kumar et al. (2014a);
Mishra and Rawat (2015)
Ghafari et al. (2017)
SaghaBan et al. (2010, 2013)
Tiburan et al. (2013)
Miranda and Hunt (2011)
Oliver et al. (2011)
Sujatha et al. (2014)
Belden et al. (2007)
Kumar et al. (2014b); Chowdary et al. (2013)
Qu et al. (2018)
Jaiswal et al. (2015); Pandey and Sharma
(2017)
Bali and Karale et al. (1977); Meraj et al.
(2018); Meshram et al. (2018)
Chu et al. (2015)
Nilsalab et al. (2018)
Chung and Lee (2009)
Lopez-Perez et al. (2015)
Rahmati et al. (2016)
Kim and Chung (2014)
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2. Study area
The study area, Baner River watershed lies
between 31°570 2200 –32°180 1000 N and 76°000 1300 –
76°320 0200 E (Bgure 1). It has a geographical area of
729 km2 having altitudinal gradients ranging from
365 to 4902 m asl (Bgure 2D). The mean annual
rainfall and mean annual temperature in the region
is 2319 mm and 25.2°C, respectively. The region is
tectonically active, marked by the presence of
Main Boundary Thrust (MBT) and the Chail
Thrust (Virdi 1979). It falls in highest seismic zone,
i.e., zone V and thus, it is more prone to disastrous
earthquakes (Philip 2007; Patil et al. 2014). The
presence of diverse ecological conditions, such as
tropical, sub-tropical, temperate, sub-alpine and
alpine, make the region representative of all the

ecological regime that prevail in north-western
Himalaya except the cold desert.
Impact of deterioration in the climatic pattern of
Baner region has resulted in increased diurnal
temperature (Bgure 2A) and a decrease in rainfall
(Bgure 2B). These changes have inCuenced its
agriculture, water resources, human health and the
natural environment (Jaswal et al. 2014). Anthropogenic activities like unorganised construction of
roads, terracing, and water-intensive agricultural
practices, encroachments on steep hill slopes have
compounded the intensity and frequency of landslides in the region (Mahajan and Virdi 2000). The
Dharamshala and McLeodganj towns of the study
area, being famous tourist destination (as it is the
abode of the Dalai Lama) have also brought
increased anthropogenic activities in the region

Figure 1. Location map of the study area, i.e., Baner River watershed.
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Figure 2. (A) Diurnal temperature variation, (B) precipitation concentration index (PCI) for the year 1951–2010 (Jaswal et al.
2014), (C) population during 1961–2010 in the Dharamshala region of the study area (Source: Department of Town & Country
Planning, Government of Himachal Pradesh), and (D) elevation pattern of the study area.

(Bgure 2C) leading to the need for geoecological
assessments.

3. Methodology
In the present study, the assessment and prioritisation were carried out at micro-watershed scale
(Bgure 3), and for this, Baner watershed was further divided into 110 micro-watersheds ranging
from *3 to 10 km2 in size (Kumar and Dhiman
2014). It was also codiBed into alphanumeric codiBcation system following the guidelines suggested
by All India Soil and Land Use Survey (AISLUS),
Department of Agriculture and Cooperation,
Government of India (AIS&LUP 1990).
The forest (tree) cover density and net primary
productivity (NPP) constituted ecological factors,
which are biotic (table 2; Bgure 4A–B). The soil
erosion, drainage morphometry, and patches are
abiotic and thus served as geological factors
(Bgure 4C–E). The population density of microwatersheds was considered as an anthropogenic
factor (Bgure 4F).
The forest cover density was derived from LULC
map (Kumar et al. 2007). The remote sensing data
from LANDSAT ETM+PAN (148/38) image of

26 September 2002, and Sentinel 2A (L1C˙
T43SFR˙A009440) images acquired on 14
November 2016 and 13 April 2017 (Bgure 5) were
used to prepare land use land cover (LULC) maps
of the study area employing digital image processing approach (Jensen 2015). The NDVI
threshold values more than 0.4 were considered as
forest pixels. Since the spatial resolution of PAN
sharpened LANDSAT image was 15 m, the Sentinel 2A images were also resampled to 15 m before
classiBcation. The areas for various LULC classes
in the study area have been provided in table 3.
It was found that there is a decrease of 6.27% in
agricultural area and 1.24% in grassland from the
year 2002. There is 6.59% increase in total forest
cover from 41.01% to 47.62%. The reason is the
plantation programme by Himachal Pradesh State
Forest Department due to which an increase in
*6% of forest cover have been reported in the
Kangra district during 2013–2017. An increase of
2.17% in built-up area was also noticed from 2.84%
to 5.01%. The mean annual net primary productivity (NPP) of micro-watersheds was derived from
MOD17A3 vegetation products acquired from 2001
to 2014 (downloaded from NASA Earth Observation). The Terra/MODIS NPP product MOD17A3
is a cumulative composite of NPP values based on
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Figure 3. Methodology developed for geoecological assessment and prioritisation of watersheds.
Table 2. Details of geoecological factors used for watershed prioritisation.
Geoecological factors
Forest cover density
Net primary productivity (NPP)
Drainage morphometry
Soil erosion
Patch density
Population density

the radiation-use eDciency at 1 km spatial resolution. It is an annual composite of vegetation NPP
delivered as Level-4 product. The NPP data from
2001 to 2014 were averaged and mean annual values were derived for the micro-watersheds using
ArcGIS software. The drainage morphometry

Type

Category

Biotic
Biotic
Abiotic
Abiotic
Abiotic
Anthropogenic

Ecological
Ecological
Geological
Geological
Geological
Anthropogenic

analysis (DMA) was carried out to calculate linear
(basin length, total stream length), aerial (drainage
density, stream frequency, total stream frequency,
drainage texture, length of overland Cow, elongation ratio, circularity ratio, form factor and compactness co-efBcient) and relief parameters (relief,
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Figure 4. (A) Temporal LULC change map of 2002 and 2017; (B) mean annual NPP map; (C) soil erosion map; (D) derived
drainage morphometric map; (E) temporal patch change map, and (F) change in population density.
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Figure 5. Satellite images of 2002 (A) and 2017 (B), used for the preparation of the land use land cover maps.

Table 3. LULC statistics during the years 2002–2017.
LULC
Water bodies
Sandy areas
Built-up areas
Grass land
Scrub land
Tea garden
Agricultural areas
Forest cover
Temperate parklands
Sub-alpine area
Alpine area
Snow cover

Area (%)
in 2002

Area (%)
in 2017

Change
(%)

6.71
2.07
2.84
2.61
6.98
0.05
26.11
41.01
5.95
2.32
2.91
0.44

6.43
1.49
5.01
1.37
7.10
0.04
19.84
47.62
5.29
2.34
3.02
0.45

–0.28
–0.58
2.17
–1.24
0.12
–0.01
–6.27
6.61
–0.66
0.02
0.11
0.01

relief ratio, ruggedness number) of drainages. DMA
helps in understanding geological and geomorphic
history of landscapes by mathematical analysis
of the conBguration of drainage networks. The
composite weight values (CWV) calculated using
linear, aerial and relief parameters were used as
drainage morphometry factor (Kumar et al.
2014a). The soil erosion of the Baner micro-watersheds was computed using revised universal soil
loss equation (RUSLE) modelling (Kumar et al.
2014b). The various parameters such as rainfall

erosivity (R), soil erodibility (K), topographic
factors (LS), crop management factor (C), and
support practice factor (P) were derived (Kumar
et al. 2014b). The R factor was computed from the
rainfall map, K factor from soil map, LS factors
from length and steepness of the slope, C factor
from approach suggested by Kouli et al. (2009) and
Zhou et al. (2008), and the P-factor was estimated
using slope and crop cover conditions. The patch
density was also computed from LULC map using
landscape fragmentation analysis (LFA) to derive
landscape patch matrix with the help of FRAGSTAT software (Chawla et al. 2012). LFA is
commonly used model for characterisation and
prioritisation of watersheds using change in the
patch density. LFA is landscape characterisation
focusing on ecological interactions among patches
within a landscape. The microwatershed-wise
changes in population density during 2001 and
2011 were derived from census data (Census of
India 2011). There is 174.69% increase in the
number of tourist arrival in the state during
2005–2017 and maximum tourists prefer to visit
this region (Kangra) after Kullu and Shimla
districts (ESHP 2018).
The above biotic, abiotic and anthropogenic
factors were categorised into three equal classes.
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However, these factors having zero or negative
values were kept in a separate class. Increase in
values for drainage morphometric parameters,
RUSLE parameters, patch densities, population
density and decrease in forest cover densities
indicate degradation in micro-watersheds. Therefore, weights for the three classes of these factors
were assigned in increasing order ranging from +1
to +3 as shown in table 4. Simultaneously, since
the increase in forest cover density and NPP are
indicators of the health status of watersheds, the
weight of –1 to –3 were assigned to them in case of
an increase in values for these parameters. For no
or negative changes, zero weight was assigned. The
factors responsible for degradation in the microwatersheds were given positive and increasing
weights. This was done because when these factors
are integrated, the higher number of cumulative
weights will be the situation which will indicate
deterioration in the micro-watersheds.
After assigning weights, shapeBles of the above
factors were converted into ESRI grid formats in
ArcGIS10 (ESRI 2019). These grids were then
added using ‘add grid’ spatial analyst function in

ArcGIS10 to arrive at GII for each micro-watersheds. These GII represented cumulative weights
of all the factors, which ranged from –1 to 6. It was
grouped into four classes of equal intervals (class
1–4) in increasing order. Thus, class 4 represented
the set of highest GII values, and class 1 represented a set of lowest values. The set of lowest GII
represented micro-watersheds, which are lesser
degraded and are of minimal priorities. Similarly,
classes 2, 3 and 4 represented micro-watersheds
with moderate, high and very high priorities,
respectively, requiring suitable moderate, high and
very high actions in a prioritised manner to
conserve and manage the micro-watersheds.

4. Results and discussion
Based on GII, out of the 110 micro-watersheds,
11 micro-watersheds were found to fall in the very
high actionable (*9.9% area) class, 32 as high
actionable (*28.4% area), 52 as moderately
actionable (*47.7% area) and 15 as of minimal
action (*14% area) (Bgure 6).

Table 4. Different geoecological factors and their assigned weights.
Geoecological factors

Range

Change in forest cover density (%)

0–26.79

Mean annual NPP (tC/ha/yr)

271–926

Soil erosion (t/ha/yr)

0–59.80

Change in patches (number)

–11 to 707

Drainage morphometry CWV (unit less)

15 to 31

Change in population density (individuals/km2)

–38.60 to 44.23

Geoecological Integrity Index (GII) (unit less)

–1 to 6

Classes

Weight

0
[0 to \9
[=9 to \18
[=18 to \=27
[=271 to \489
[=489 to \708
[=708 to \=926
0
[0 to \20
[=20 to \40
[=40 to \=60
0
[0 to \236
[=236 to \471
[=471 to \=707
[=15 to \20
[=20 to \26
[=26 to \=31
–38.60 to 0
[0 to \15
[=15 to \29
[=29 to \=45
–1 to 0 (Minimal priority)
[0 to \=2 (Moderate priority)
[2 to \=4 (High priority)
[4 to \=6 (Very high priority)

0
–1
–2
–3
–1
–2
–3
0
1
2
3
0
1
2
3
1
2
3
0
1
2
3
1
2
3
4
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Figure 6. Micro-watersheds requiring suitable actions in a
prioritised manner.

The Pearson statistical correlation studies
(Pearson 1948) also revealed that increase in forest
cover density was positively related to NPP and
mean annual rainfall, while it was negatively correlated to patches, relief, slope, population density,
composite drainage weight value and RUSLE soil
loss values of the micro-watersheds.
These micro-watersheds were further analysed to
understand the nature of degradation and suitable actions required for their conservation and
management. A decrease of *1.7% in agricultural
areas and *1.6% in grassland, and *2.6% increase
in built-up areas were estimated during 2002–2017
in micro-watersheds prioritised under very high
action class. Loss of soil was estimated to be about
37.6 tC/ha/yr using RUSLE modelling in these
micro-watersheds, which is a very high type of soil

erosion (Singh et al. 1992). In about 56.2% of these
micro-watersheds, the slopes are steep, very steep,
precipitous and cliAed (Young 1970). About 51.4%
of micro-watersheds prioritised under very high
action class are south and SW facing. Drainage
morphometry was observed to be responsible for
such conditions in the micro-watersheds prioritised
under very high action class (table 5). In case of the
micro-watersheds prioritised for high action, the
agricultural area reduced to *4.8%, grassland
decreased by *1.4%, temperate parklands reduced
by 1.3%, and the built-up areas increased by *2.5%.
About 70.4% of these watersheds have plain, very
gentle, gentle and moderate slopes. About 52.2% of
micro-watersheds prioritised under high action class
have SW, S and SE aspects. The rate of soil erosion in
the micro-watersheds was *33 tC/ha/yr representing the very high type of soil erosion. In the very
high and high actionable watersheds, maximum soil
loss was observed in the western mixed coniferous
forest followed by Ban-Oak forest and upper or
Himalayan Chir pine forest. These are forests at
higher elevations with steep slopes resulting in a high
runoA. Therefore, suitable engineering structures
may be constructed to reduce the soil erosion and
improve the soil health (moisture and fertility). In
addition, hydel projects and mining activities are
prevalent in these watersheds, which are leading to
deterioration in the soil and forest conditions.
In the micro-watersheds prioritised for high
action, drainage morphometry and soil erosion
played a key role indicating fragmentation of the
landscapes in the region. Suitable rules and regulation followed by their strict implementations
may be followed to prevent such losses. In the
watersheds suggested for moderate and minimal
action, net primary productivity produced favourable conditions leading lesser deterioration. A
planned urbanisation, and measures for reduction
in forest Bres, lopping and plant invasion may be
targeted in these watersheds.

Table 5. Percentage contribution of geoecological factors inCuencing geoecological conditions in
the prioritised micro-watersheds.

Forest cover density
Drainage morphometry
Soil erosion
Population density
Patch density
Net primary productivity

Very high
priority (%)

High priority
(%)

Moderate
priority (%)

Minimal
priority (%)

–9.75
22.83
21.12
21.93
13.81
–10.56

–12.38
22.01
22.01
13.76
16.85
–13.00

–16.06
18.90
17.28
7.11
14.23
–26.42

–18.49
24.37
11.76
4.20
9.24
–31.93
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5. Conclusion
Geoecological Integrity Index developed in the
study helped in assessing the overall geoecological
status of the watershed and identifying prioritised
micro-watersheds of the Baner River watershed for
suitable conservation strategies. The study identiBed 110 micro-watersheds in the Baner River
watershed which were prioritised under four classes, i.e., very high actionable, highly actionable,
moderately actionable and minimal action. The
study presents a framework and an approach for
geoecological assessment of a watershed that can
be replicated in watersheds of other Himalayan
regions or areas where similar type of geoecological
conditions prevail.
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