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ABSTRACT 

The natural resource management is a present need for sustaining the ever increasing population. Assessment of the 
resources and carrying capacity have acquired prominent place in analysing the ability of the resource to sustain growing 
needs and demands of ever increasing population for sustainable development. Therefore in the present study an attempt 
has been made to examine the resource potential and carrying capacity in the selected sub watersheds of River Tawi falling 
in Jammu district of J&K. The present study involved use of morphometric analysis, land use/land cover (LULC) assessment 
to evaluate the demand and supply of resources using Remote Sensing (RS) and Geographical Information System (GIS). 
Morphometric analysis showed the convincing results for identification of erodibility and it was found that sub-watershed 
(SW) 2 was highly prone to erosion whereas SW5 being the least. Decrease in land carrying capacity was largely due to 
increasing population pressure. The sub watersheds were prioritised on the basis of selected parameters such as erodibility, 
population pressure in relation to agricultural land, forest, water bodies and agricultural productivity. The results showed 
that SW5 has high carrying capacity followed by SW1 whereas SW2 and SW3 hold low carrying capacity. Thus the analysis 
helped to identify the distribution of resources among the selected sub-watersheds and their potential to sustain the 
population with respect to their carrying capacity. These results obtained from prioritization of sub-watershed would be 
useful in formulating proper planning and management strategies. 
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INTRODUCTION 

Worldwide natural resources are experiencing 
constant pressure due to increase in 
population, rapid urbanization, economic 
development, climate change, ecological 
pollution and the resultant resource depletion. 
(Mundetia et al., 2018; Zhang et al., 2017; 
Mahony et al., 2018; Hueso et al., 2017). The 
rapid development for economic prosperity has 
raised a series of problems, such as water 
shortage, water pollution, wetland destruction, 
and habitat fragmentation (Ren et al., 2016; Ye 
et al., 2016; Bregoli et al., 2019; Dou et al., 
2018; Jones et al., 2019). Overexploitation of 
the depleting resources is a challenge for 
sustainable development (Lampert, 2019). For a 
sustainable future, harmony of man-nature 

relationship should be established with proper 
management of resources (Poudel, 2012). As 
the global urban population exceeds 50 
percent, India is able to manage its urban 
population (31.16%) resulting from the 
expansion of cities and economic development 
(Khan et al., 2018; Census of India, 2011). The 
urban areas are continuously being congested 
by rural population as they are forced to 
migrate towards urban areas due to pull factors 
like better employment opportunities, health, 
sanitation facilities and push factors such as 
disguised and seasonal employment along with 
poor infrastructure (Bhati, 2015). Thus due to 
additional pressure of population and their 
economic activities results an imbalance 
between population and resources which can 

94



J. Himalayan Ecol. Sustain. Dev. Vol. 15 (2020)  ISSN 0973-7502 
 
be accessed through the analysis of carrying 
capacity.  

To ensure sustainability carrying capacity 
elaborates the relationship between resources, 
environment and human activities (Rees, 1996; 
Arrow et al., 1996; Cohen et al., 1995). The 
concept of carrying capacity stemmed out from 
the field of demography and ecology since 200 
years ago. In the beginning it was conceived to 
study depletion of resources due to 
anthropogenic factors but gradually the 
concept has evolved from single to multiple 
resource evaluation and the shift towards 
comprehensive assessment (Brush, 1975; Park, 
1921; Shi et al., 2013; Ehrlich et al., 1971; 
Kessler, 1994; Peng et al., 2016).The application 
of carrying capacity has been extended to 
assess various resources such as land resource 
carrying capacity (Shi et al., 2019; Yang et al., 
2019), water resource carrying capacity (Gong 
et al., 2009; Jia, 2018; Zhou, 2019), 
environmental carrying capacity (Guo et al., 
2018; Zhou et al., 2017; Zhang et al., 2016), 
ecological carrying capacity (Cheng et al., 2019; 
Peng et al., 2019; Liang et al., 2019), cultural 
carrying capacity (Seidl et al., 1999; Bail, 2016),  
social carrying capacity (Saveriades, 2000; 
Salerno et al., 2013) and comprehensive 
resources and environmental carrying capacity 
(Oh et al., 2005; Ye et al., 2016; Wang et al., 
2019; Wei et al., 2015). Gradually, the study of 
the impact of anthropogenic activities on 
resources and their carrying capacity has gained 
attention (Guo et al., 2018). 

Watershed management plays a vital role that 
cares for judicious utilization of natural 

resources for supporting human needs of 
water, food, fibre, habitation as well as 
recreation, aesthetics and ecologic function. 
Watersheds are the ideal unit to evaluate the 
interrelations between human activities and 
natural resources (Tomar, 2005). Land use has 
always been a concern for watershed 
management which has its profound impact on 
the quality of soil as well as water (Bruneau, 
2005). Thus watershed management is the key 
to understand the judicious utilization and 
management of resources for sustainable 
environment (Wagner et al., 2002; 
Sungjun, 2007; Davenport and Seekamp, 2013). 

Watershed is the most appropriate unit of 
landscape analysis, particularly for land and 
water resources planning and management 
issues (Rahmati et al., 2019). Sub-watersheds 
prioritization can help to assess resource 
potential, control soil erosion, floods, and 
sediment loads. Watersheds are being 
degraded or have a potential to be impaired 
due to the anthropogenic activities and human 
induced climate change (Yadav et al., 2018). 

Citing the case of Jammu province, Jammu city 
enjoys the status of an urban area performing 
all the functions of nodal area. Moreover, the 
migration of people from other districts in 
search of better education, employment 
opportunities and ancillary services resulted in 
the increase of population in the district. Within 
Jammu district, 50 per cent of the population 
inhabiting in rural areas hinting at the rich 
agronomical resource base (Census of India, 
2011).Uncontrolled migration from the 
surrounding hinterland has led to haphazard 
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expansion of the city encroaching on to 
surrounding villages and a burden on the 
existing resources (Nisha, 2015). This ultimately 
leads to the uncontrolled exploitation of natural 
resources which results in either depletion or 
degradation of the resource base of the area. 
Not only agriculture but also forests serve as a 
source of livelihood for the people. Both these 
resources have immense socio-economic value 
and are being degraded due to 
mismanagement and unsustainable use (Khan 
et al., 2018; Rohullah, 2016). Furthermore, the 
development and relative peace in district 
intensify the process of migration, which in turn 
put immense pressure on the available 
resources and posed a question mark on the 
carrying capacity (Turrey and Tripathi, 2020). 

Environmental degradation caused by natural 
as well as anthropogenic factors such as 
construction activities, floods, population 
pressure, overexploitation of resources etc. 
poses a serious threat to productivity of the 
resources and their carrying capacity (Singh, 
2009). Therefore the present study was 
undertaken to evaluate the resource potential 
of River Tawi sub watersheds falling in Jammu 
district and figure out the carrying capacity of 
the region with respect to erodibility, density, 
productivity and population pressure.  

STUDY AREA 

The geographical location of Tawi basin lies 
between latitude 32˚35’N-33˚50N and 
longitude 74˚35’E-75˚45’E in the Jammu District 

of Jammu and Kashmir, India (Fig.1). The river 
originates in the Himalayas, below Seoj Dhar 
peak at Kali Kundnear Bhaderwah, in Doda 
district. This river is locally known as River Surya 
Putri, daughter of God Sun. Although river Tawi 
receives its water from melting of snow from 
glacier but it is mostly dependent on rainfall 
due to the continuous retreating of Kali Kundi 
glacier (Karmakar, 2019; Sharma et al., 2019). 
During the dry spell, Tawi river basin in Jammu 
district faces the problem of water scarcity for 
both drinking and irrigational purposes. This 
problem of water scarcity becomes more 
severe in the rain fed area locally known as 
Kandi belt. The area is characterised by 
boulders, pebbles and cobbles like sediments, 
deep water table, excessive runoff, soil erosion, 
land degradation and frequent droughts. This 
all hampers agricultural production in the 
region (Ministry of Water Resources, 2013; 
Gandotra et al., 2008). The fertile land which 
was earlier under agricultural use is being used 
for construction purposes like road and 
buildings (Wani et al., 2009).The total 
catchment area of the river is 2168 sq km. The 
river flows for 141 km through the three 
districts Doda, Udhampur and Jammu. The river 
in general flows through steep hills except for a 
lower reach for 35 km (Karmakar, 2019). It is a 
major left bank tributary of Chenab River. It 
finally meets the Chenab River in Pakistan. 
Present study includes the Tawi river basin, 
which lies within the boundaries of Jammu 
district  
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Fig.1. Location Map of Study Area 

DATA SOURCES AND METHODS 

Data Sources 

The present study has been conducted using 
both primary as well as secondary data. 

Primary data  

The primary data on socioeconomic parameters 
like production of commodities, landholdings of 
farmer and their perception about productivity 
of land has been collected with the help of 
questionnaire interviews. The survey was 
conducted using multistage stratified random 
sampling. In the first stage, 52 villages out of 
251 were selected on the basis of size of 
population of the selected sub-watersheds 
(Table 4) which is about 10 per cent of the total 

villages of the study area. In the second stage, 
151 households (34 from SW1, 29 from SW2, 18 
from SW3, 13 from SW4 and 57 from SW5) 
were chosen in conformity with different strata 
of occupational structure. 

Secondary data 

Secondary data are mainly collected form 
Census of India (2011), list of minimum support 
price for different commodities from 
government websites.  

Satellite Data source 

Linear Imaging Self-Scanning Sensor-IV (LISS IV), 
acquired on Sept. 2016, with a spatial 
resolution of 5.8m have been used for Land use 
/Land cover (LU/LC) classification.  
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Advanced Space-borne Thermal Emission and 
Reflection Radiometer Digital Elevation Model 
(ASTER DEM) of United States Geological Survey 
(USGS) with spatial resolution of 15m has been 
used for delineating watershed and calculating 
various Morphometric parameters. 

Methods 

In the present study, sub watersheds of River 
Tawi basin falling in Jammu districts are taken 
as unit of study for the assessment of resources 
and carrying capacity using geospatial 
techniques. 

Delineation of Sub- watersheds 

In the present study five Sub-watersheds were 
delineated on the basis of stream gage (pour 
point) using ASTER DEM which was further 
utilized to prepare slope and delineation of 
drainage map of the study area.  The stream 
order map was generated using the Strahler’s 
stream ordering method of 1952 by utilizing the 
flow direction and accumulation, etc (Fig 4).   

Landuse/Landcover Classification 

The LU/LC maps were prepared for the 
evaluation of resources (Lam, 2008). In this 
study, the LU/LC maps were prepared using the 
maximum likelihood classifier (MLC) in the 
Erdas Imagine software 2016 version. Six LU/LC 
classes were identified in the study area based 
on National Natural Resource Management 

System (NNMRS) classification scheme level-I as 
well as on the basis of their importance in 
providing livelihood i.e. dense forest, open 
forest, river bed, river, settlement and 
agricultural/crop land.  

Accuracy Assessment 

For the accuracy assessment of the classified 
images, the Kappa statistics has been widely 
applied during the past few decades (Shah 
Fahad et al., 2020; Jamal and Ahmad, 2020; Jain 
et al., 2016; Rahman et al., 2012). In the 
present work Equalized stratified random 
sampling approach has been used to assess the 
accuracy of each LU/LC classification. The 
overall accuracy and Kappa Analysis was 
performed by taking 120 random control 
points/user defined points from Google Earth 
Images and compared it with classified image 
(Chen et al., 2012).  

Morphometric analysis 

Morphometric analysis have been carried out 
by taking linear parameters like stream order, 
stream frequency, drainage density, texture, 
bifurcation ratio and shape parameters like 
basin shape, circulatory ratio, elongation ratio 
and form factor and relief parameters like relief 
ratio, compactness co-efficient (Nag and 
Chakraborty, 2003; Hajam et al., 2013) (see 
Table-1). 
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Table 1. Methodology adopted for computation of Morphometric parameters 

Parameters Formulas 
Linear 

Parameters stream order hierarchical order 

 stream length length of stream 

 stream frequency SF = SN/BA, whsereas SN=stream number and BA= basin 
area 

 drainage density DD= SL/BA, wheras, SL= stream length, BA= basin area 
 drainage texture total number of stream order/ perimeter 

 bifurcation ratio BR= SN/ (SN+1), whereas SN= number of particular stream 
order 

Shape 
Parameters elongation ratio ER = 2 /π *√A/ BL Whereas , A= Area of the basin (Km2 ) BL 

=(Maximum) Basin length (Km 

 circulatory ratio 
CR= 4µBA/BP² Whereas,CR is circulatory ratio, BA is basin 
area and BP is the basin perimeter and 4 is the constant 

and µ=22/7 or 3.14 which is also constant 
 form factor FF= BA/BL² whereas, BA= basin area,bl= basin length 
 basin shape Bsh= BL²/BA, whereas = BA= basin larea, BL= basin lenth 

Relief Parametrs relief ratio 
Rh = H/BL Where, Rh = Relief Ratio, H = Total relief 

(Relative Relief) of the basin in kilometres, BL = Basin 
length 

 compactness 
coefficent 

CC= perimeter of watershed/ circumference of the 
watershed(area of watershed) 

For carrying capacity 

a. Erodibility: Morphometric analysis has 
been an important indicator of 
erodibility (Biswas et al., 1999; Sing, 
2003). Linear parameters like stream 
order, stream frequency, drainage 
density, texture, bifurcation ratio are 
directly related with erodibility and thus 
highest values of linear parameters have 
been assigned rank land subsequently 
lower values assigned rank 2, 3, 4 etc. 
Similarly, shape parameters like basin 
shape, circulatory ratio, elongation ratio 
and form factor are inversely related 
with erodibility and hence highest 
values have been assigned lower rank 
and vice versa (Chandniha and Kansal, 
2014). Further, compound values are 

calculated by averaging the rank of all 
the parameters of each sub-watershed 
and finally highest rank is assigned to 
lowest value. Priority is given to the sub-
watershed that has high chances of 
erodibility. 

b. Density of Population: Density of 
population is considered as an 
important indicator to examine pressure 
of population on resource distribution 
and regional carrying capacity (Singh et 
al., 2007). Density of population on 
resource is calculated on the basis of 
population depending on particular 
resource i.e. number of population per 
unit resource. Population pressure has 
been identified on the basis of number 
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of person depending on per unit 
resources.  
Composite index is used to find out 
compound values in order to rank the 
sub watersheds. It is calculated using 
following equation: 

C.I = ……………. (1) 

Where,  

x= value for which index is to be 
calculated, xmin = minimum value in the 
sequence, xmax=maximum value in the 
sequence 

c. Productivity: The productivity of the 
watershed is calculated using the 
following equations (Agustizar et al., 
(2018) as: 

Land supply: 

SL= 
∑  ×

× ………… (2) 

 
Whereas,  
SL = land availability/ land supply 
Pi = actual production of commodities. 
The commodity includes agriculture 
(rice, wheat, maize), fisheries, forestry, 
horticulture and livestock (milk) 
Hi = commodity price at producer level 
(price/unit) 
Hb = rice unit price at producer level 
Ptvb = productivity of rice (kg/hectare) 

Land demand: 

  DL= 𝑁 × 𝐷𝐷…… (3) 

 Whereas, 

DL= land demand 

N = total population  

DD = land demanded for decent living 
needs per individual 

Assumptions: 

 Production of rice per quintals is 
taken to be national average for the 
year 2019 which is 1947 kg/qtls for 
each village and price was 
considered as minimum support 
price which was Rs. 1815. 

 Land demanded for decent living is 
assumed to be 2 hectares after the 
empirical observation 

Carrying capacity from the equations of 
productivity is derived from the comparison 
between land availability and land demand 
(Agustizar et al., 2018) 

If SL>DL, then land carrying capacity is 
considered to be surplus 

If SL<DL, then land carrying capacity is 
considered to be deficit. 

Spearmen Correlation Co-efficient Method is 
applied to examine the correlation between 
different indicators using the formula. 

 Co-efficient of corelation=1-6ƩD²/N³-N…….. (4) 

 

Final rankings have been prepared according to 
relation between parameters and carrying 
capacity in order to calculate composite 
standard score. Final composite score have 
been calculated using equation 5. 
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𝐶𝑆𝑆 =
∑

..........(5) 

Whereas Zij is the rank given to sub-watershed 
in terms of carrying capacity, i is the parameter 
and j is the compound values. 

RESULTS AND DISCUSSION 

LULC maps are used to quantify the resources 
taken under study. Assessment of LU/LC plays 
an important role to examine the resource 
potential of any region. In the present study six 
land use classes were identified according to 
their importance in term of resources (Table-2 
& Fig-2 a-f). The classified land use were forest 
(open and dense), agricultural land (irrigated as 
well as rain fed), water bodies (river as well as 
river bed). The results observed for LU/LC 

exhibits that SW5 comprised of 45% of 
agricultural land which was highest among all 
the sub-watersheds.  SW1 showed high 
concentration of dense forest cover i.e. 47% 
whereas, SW3 reported about 42% of open 
forest and thus both the sub watersheds were 
having a total of 73 % of the land under forest 
cover. The maximum population concentration 
in terms of settlements was found in SW4, 
which covered an area of 4026.32 hectares. 
Area covered by water bodies was found to be 
least amongst all the selected resources i.e. 4 
per cent only. Thus on the basis of the LU/LC 
classification it can be analysed that the entire 
selected sub watershed in the study area were 
having unequal distribution of resources which 
needs prioritization for sustainable use.  

 

a)     
  d) 
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b)       e) 

 

c)       f) 

Fig.2 (a-f): (a-f)-Resource assessment of selected sub-watershed 1-5 of river Tawi watershed using LISS 
IV data), (f)-shows the combined sub watershed. 

Table 2. Sub-watershed wise area under varying resources (in hectares)-2016 

S.NO. 
Area in hectares 

Total 
area 

Population 
distribution Dense 

forest 
Open 
forest River River 

bed Settlement Agricultural 
land 

SW1 4416.8 194.65 198.8 194.6 3024.7 1317.92 9347.47 29282 
SW2 4839.49 2789.4 277.503 323.28 3195.64 1925.43 13350.7 37448 
SW3 2816.7 3865.51 150.89 263.08 1315.75 686.77 9098.7 27286 
SW4 2077.9 801.25 157.47 368.8 4026.32 1638 9069.74 28644 
SW5 0 1178.78 364.8 142.473 5336.05 5558.77 12580.9 62056 

Source: LISS IV data, 2016 (Where SW= Sub-Watershed) 
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Morphometric analysis of study area is 
examined for quantitative assessment of water 
distribution and erosion pattern of the 
watershed (Chandniha and Kansal, 2014). The 
detailed analysis showed that watershed had 
dendritic pattern (Fig. 4) and stream order (Fig. 
4) varied from 1 to 4 with total stream number 
of 442 and stream length of 550 km (Table 2). 
After an assessment of all the parameters, low 
drainage density (DD) (ranges from 0.39 – 
1.65km/km2) indicates that subsurface strata 
are permeable (Waikar and Nilawar, 2014) 
whereas higher value of stream frequency (SF) 
(ranges from 0.56-1.16 No./km2) showed higher 

runoff. Low values of form factor (FF) indicate 
at elongated basin and low run off during peak 
period. The value of elongation ratio (ER) 
ranges from 0.59 to 0.84km showed that sub-
watersheds lie at high relief and steep slope 
ground. Relief ratio (Rh) and compactness 
coefficient (CC) are the component of relief 
parameter showed the steepness of sub-
watershed. High values of relief ratio (0.035) 
are an indicator of high intensity of erosion. All 
the parameters were clubbed by giving ranks to 
them in relation to erodibility and it is found 
that SW2 was highly prone to erosion, whereas 
SW5 was the least (Table 4 & Fig. 3). 

 

Fig. 3. Comparison of sub-watershed in terms of erodibility and Relief examined by Morphometric 
analysis using ASTER DEM 

 

Fig. 4. Drainage network of river Tawi watershed with stream order 
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Table 3. Linear, shape and relief parameters of drainage network of River Tawi sub-watersheds 
 

Whereas, BA= basin area, SN= stream number, SL= stream length, SF= stream frequency, BR= bifurcation ratio, 
DD= drainage density, DT= drainage texture, Rh= relief ratio, BP= basin perimeter, BL= basin length, BSh= basin 
shape, CR= circulatory ratio, ER= elongated ratio, FF= form factor, CC= compactness coefficient 

Table 4.  Rank of sub-watersheds using the Morphometric parameters 

S. No. SF BR DD DT CR ER FF RH CC CV Rank 
SW1 5 4 4 4 5 2 3 3 1 3.44 4 
SW2 2 2 1 2 2 5 5 1 2 2.44 1 
SW3 3 3 2 3 4 1 1 4 3 2.67 2 
SW4 1 1 3 1 3 4 4 2 5 2.67 3 
SW5 4 5 5 5 1 3 2 5 4 3.78 5 

Whereas SW=sub -watershed 

Decrease in land carrying capacity is largely due 
to increasing population pressure. The pressure 
of population per unit hectare of agricultural land 
found to be lowest in SW5 which was 11.56 
whereas density of population was highest in 
SW3 i.e. 39.73 (Fig. 5-i). In SW1, SW2 and SW3 
the population pressure per unit hectare land of 
forest cover was 7.09, 8.46 and 9.68 respectively 
(Fig.5- iii & Table 5). In terms of water-bodies, the 
density of population found to be 55.69 in SW4 
which was the lowest among the sub-watersheds 
(Fig.5-ii). In SW1 and SW5, density is more than 

100 per unit hectare of land. Composite index 
have been prepared for each sub-watershed for 
the selected resources (CI1, CI2, CI3) using equation 
(1) which showed the values between 0 to1. 
Values of index showed high medium and low 
density wherein 0 shows the lowest and 1 shows 
the highest. Compound values have been 
obtained by averaging the index values of all the 
resources for particular sub-watershed. 
Compound values were categorised into three 
categories low (< 0 .20), medium (0.20-0.40) and 
high     (> 0.40) (Table6& Fig.5-iv). 

Table 5. Sub-watershed wise population distribution and population pressure 

S. No. No. of person/unit of 
agricultural land area 

No. of person/ 
unit of forest 

area 

No. of person/ 
unit of water 
bodies area 

Population distribution 

SW1 23.77 7.09 163.28 29282 
SW2 21.28 8.46 68.22 37448 
SW3 39.73 9.68 65.92 27286 
SW4 17.89 14.1 55.69 28644 
SW5 11.56 54.52 128.8 62056 

S.no. BA 
(km²) 

SN SL 
(km) 

SF 
(No./ 
km2) 

BR 
(km/km² 

DD 
(km/km2) 

DT Rh BP 
(km) 

BL 
(km) 

BSh CR ER 
(km) 

FF CC 

SW 1 107.81 61 96.24 0.56 1.83 0.48 1.28 0.031 47.53 18.4 3 0.6 0.64 0.32 0.018 
SW 2 143.18 135 140.01 0.94 2.45 1.65 1.54 0.035 87.34 16.07 1.8 0.23 0.84 0.55 0.0184 
SW 3 103.18 65 81.33 0.62 1.87 0.5 1.35 0.027 47.93 19.97 3.87 0.56 0.59 0.25 0.0189 
SW 4 91.28 106 119.48 1.16 2.65 0.49 1.56 0.034 67.73 14.42 2.27 0.25 0.75 0.43 0.0254 
SW 5 126.22 75 112.84 0.59 1.77 0.39 0.83 0.005 89.96 18.2 2.61 0.2 0.70 0.28 0.0211 

Average 114.42 88.4 109.98 0.77 2.11 0.702 1.312 0.082 68.098 17.412 2.71 0.368 0.74 0.366 0.0203 
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Source: Census of India-2011 and land use land cover analysis (Where SW= Sub-Watershed) 

Table 6. Composite index for selected resource in terms of population pressure 

S. No. CI1 CI2 CI3 CV (rank) 
SW1 0.43 0 0.65 0.36(3) 
SW2 0.34 0.02 0.17 0.18(2) 
SW3 1 0.05 0.13 0.4(4) 
SW4 0.22 0.12 0 0.11(1) 
SW5 0 1 1 0.66(5) 

Whereas CI1= composite index for agriculture-population ratio, CI2=composite index for forest-population 
ratio, CI3= composite index for water bodies-population ratio. CV = average of all resources for each sub-
watershed 

 

(i)     (iii) 

 

(ii)     (iv) 

Fig.5. Relative comparison of population pressure on resources among the sub-watersheds using composite 
index (i-iv) 
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Productivity of the land, land demand and land 
supply have been calculated using equation 2 and 
3 represented in (Table 8).  It is observed that 
actual values of land supply in all the sub-
watersheds were less than the values of land 
demanded. Using equations 3, it is inferred that, 
the carrying capacity of all the sub-watershed 
were deficit in nature (Agustizar et al., 2018). In 

order to rank the sub-watershed, percentage 
difference is calculated by percentage of 
difference between land supply over land 
demand. It is observed that SW5 accounts for 
69.18% which is the lowest among all that 
indicates at higher capacity whereas highest 
difference were found in SW4 and SW2 i.e. 92.79 
and 92.5 indicating lower capacity relatively. 

Table 7- Sub-watershed wise production of different commodities (in quintals)-2018 

Type of production (qtls) SW1 SW2 SW3 SW4 SW5 

Agricultural production 545440.1 612972.5 190205.2 135063 340385.45 

Forest (firewood) 2135.55 2599.9 3232.05 825.75 928.5 

Horticulture (fruits) 37852 44268 65642 2252 9640 

Fisheries NA NA NA 3200 660 

Livestock (milk production) 7200000 3620000 4540000 3700000 37500000 

Source: Based on Field Survey, 2018 

Table 8.  Comparison of carrying capacity in terms of land demand and supply 

S no. Land demanded (DL) Land supply(SL) Inference 

Percentage 

difference CV 

SW1 58572 8929.606013 deficit 84.75 (2) 

SW2 74896 5609.253502 deficit 92.5 (4) 

SW3 54572 5205.777462 deficit 90.46 (3) 

SW4 57288 4126.535373 deficit 92.79 (5) 

SW5 124112 38247.4897 deficit 69.18 (1) 

CV=Compound values 

In order to prioritise the sub-watershed in terms 
of carrying capacity, final rankings have been 
assigned according to relation between the 

selected parameters such as erodibility, 
population density in relation to agricultural land, 
forest, water bodies and agricultural productivity 
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with carrying capacity (Table 9). Erodibility and 
carrying capacity of the region are inversely 
proportional to each other. Vulnerability to 
erosion will lead to soil loss of upper layer leading 
to less carrying capacity (Morgan et al., 1986). 
Thus, ranks of compound values of table 3 would 
get reverse i.e. rank 5 become rank 1,  rank 4 
become rank 2. Similarly with other parameters 

same procedure is followed. Composite standard 
core (CSS) have been calculated using equation 5 
in order to rank all the sub-watersheds. The 
results showed that SW5 has high carrying 
capacity with composite standard score of 2.33 
followed by SW1 (2.34) whereas SW2 and SW3 
with CSS score of 3.67 holds low carrying 
capacity. 

 

Table 9. Prioritize rank of sub- watersheds using compound values 

 
Ranks of selected parameters of carrying capacity 

 
S. No. Erodibility Population pressure Productivity CSS 

SW1 2 3 2 2.34 

SW2 5 2 4 3.67 

SW3 4 4 3 3.67 

SW4 3 1 5 3 

SW5 1 5 1 2.33 

CSS= composite standard score 

The spatial differences in regional development 
are caused by spatial differences in usage of 
resources and population pressure (Bao et al., 
2020). Likewise, this paper attempted to study 
the regional differences in resource potential 
using sub-watershed approach wherein results 
showed that SW5 has 45% of agricultural land 
capable of bearing large population whereas SW3 
has high potential in terms of forest resources. 
Forest acts as both resource and habitat. For rural 
areas, they are of immense use like energy 
security and livelihood. Agricultural land is fruitful 
resource for whole economy as it provides food 
security. River water finds its use in irrigating land 
and in domestic use and industrial need (FAO, 
2011). River beds are used for sand mining and 

thus a major resource for economy. Thakur et al., 
(2012) worked on prioritisation of sub-
watersheds using geospatial techniques on the 
basis of morphometric analysis and LU/LC. 
Chandniha and Kansal (2014) studied the 
erodibility using morphometric analysis and 
prioritise the sub-watersheds with respect to 
conservation measures. Likewise, this paper 
made an attempt to study the hydrological 
characteristic and erosion pattern of study area 
through morphometric analysis. Analysis showed 
that all the sub-watershed are highly permeable 
and elongated wherein SW2 and SW4 have higher 
runoff during peak hours. It is observed that SW2 
was having high relief ratio indicating at the high 
intensity of erosion. Assessing all the parameters, 
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SW2 was liable to more erosion thus bearing low 
carrying capacity (Morgan et al., 1986). Agustizar 
et al., (2018) carried out a work on land carrying 
capacity using equation 2 and equation 3 on 
Grompol watershed wherein he discussed how 
productivity helps in determining the carrying 
capacity. In the present paper productivity has 
been considered as one of the indicator of 
carrying capacity because erodibility determines 
the power of soil to produce and productivity 
shows actual capacity of land. Through the 
analysis it has been observed that overall 
productivity of the selected sub-watersheds 
doesn’t match the demand of land.  The 
parameters are correlated using Spearman’s 
coefficient of rank correlation. The results of 
(equation 3, 4, 6) showed that in case of 
erodibility and productivity, there is perfect and 
negative correlation of higher degree i.e. 1. 
Correlation between erodibility and density is 
positive but of low degree i.e 0.2 but negative 
correlation is found between density and 
productivity of degree -0.25. Overall analysis 
shows that SW5 has high carrying capacity with a 
CSS of 2.33 followed by SW1, SW4 and SW2 has 
low carrying capacity whereas CSS of SW2 and 
SW3 is 3.67. Carrying capacity assessment at 
regional level is a difficult to calculate by taking 
number of parameters at one time. Though in the 
present work, an attempt has been made to 
examine the population pressure on carrying 
capacity by taking the parameters of erodibility, 
productivity, population density and the available 

resources, which could be very helpful for 
planning and management of resources to 
achieve sustainable development. 

CONCLUSIONS 

The present study focussed upon to make a 
quantitative assessment of hydrological 
characteristic, resource potential and productivity 
of the land to prioritise the sub-watershed in 
terms of carrying capacity of land. On the basis of 
ranking of the selected parameters such as 
erodibility,  productivity, population density and 
their relation with the available resources three 
categories for CSS are made. Morphometric 
analysis depicted the convincing results for 
identification of erodibility and it was found that 
SW2 was highly prone to erosion whereas SW5 
was the least. Overall analysis shows that SW5 
has high carrying capacity followed by SW1, SW4 
and SW2 reflected low carrying capacity. Further 
it is observed that actual values of land supply in 
all the sub-watersheds were less than the values 
of land demanded wherein SW5 accounts the 
lowest among all, whichindicates at higher 
carrying capacity.Thus the analysis helped to 
identify the distribution of resources among the 
selected sub-watersheds and their potential to 
sustain the population with respect to their 
carrying capacity. The outcome of the present 
work will be helpful to enhance the potentiality of 
resource for better utilisation, management and 
conservation. 
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