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ABSTRACT

The present study attempts to identify and quantify climate change induced land degradation at watershed and village
level in Jaggar Watershed of Eastern Rajasthan using remote sensing and GI S technique. The study utilizes Standard
Geocoded FCC LISS Il data of 1989, and LISS 1l data of 1998 and 2009 on 1:50,000 scale for Land use/land cover
mapping. Maps were digitized, edited and analyzed in GIS to ascertain land use/land cover changes. Comparative
analysis of the Land use/land cover statistics and village level household survey reveals that climate change has se-
verely affected land use/land cover especially agriculture land. Agricultural land in the watershed has decreased from
12,026 ha (34%) to 10,400 ha (29.65%) from 1998 to 2009. The area occupied by surface water resources of the major
water body has decreased by 207 ha owing to decline in rainfall over the years. Climate data analysis suggests that av-
erage maximum and minimum temperatures during the period 1977-2007 have increased by 1.2°C and 0.4°C respec-
tively. Increasing trends of temperature suggests warming up of the area. Decline of ground water table by 1 - 2 m on
annual basis coupled with significant drawdown has led to water scarcity in many parts of the watershed. The water
table has gone down to a depth of 240 feet, which was reported at 60 - 70 feet 20 years back. The area has shown sharp
decline of rainfall by 269 mm from 1977 to 2007. The survey results show that there has been shift in the cropping pat-
tern during the last 20 years due to change in climate as well as decline in availability of water for irrigation. Climate
change seems to have played a key role in Jaggar watershed resulting in land degradation and making rainfed agricul-
ture more vulnerable.
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1. Introduction

The definition of land degradation in the United Nations
Convention to Combat Desertification (UNCCD) gives
explicit recognition to climatic variations as one of the
major factors contributing to land degradation. Concerns
about land-use/cover change emerged in the research
agenda on global environmental change several decades
ago with the realization that land surface processes in-
fluence climate [1]. Land-use and land-cover changes are
so pervasive that, when aggregated globally, they sig-

nificantly affect key aspects of Earth System functioning.

They directly impact biotic diversity worldwide [2];
contribute to local and regional climate change [3] as
well as to global climate warming [4]; are the primary
source of soil degradation [5]; and, by altering ecosystem
services, affect the ability of biological systems to sup-
port human needs [6]. Land use is a dynamic phenome-
non, and both its value and pattern change from one par-
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ticular point of time to another and also from one geo-
graphical unit to another, with varying efficiencies, abili-
ties, priorities and needs [7]. Land degradation will re-
main an important global issue for the 21st century be-
cause of its adverse impact on agronomic productivity,
the environment, and its effect on food security and the
quality of life[8].

In order to accurately assess sustainable land man-
agement practices, the climate resources and the risk of
climate-related or induced natural disasters in a region
must be known. Climate exerts a strong influence over
dry land vegetation type, biomass and diversity. The
generally high temperatures and low precipitation in the
dry lands lead to poor organic matter production and
rapid oxidation. Low organic matter leads to poor aggre-
gation and low aggregate stability leading to a high po-
tential for wind and water erosion [9].

In the context of productivity, land degradation results
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from a mismatch between land quality and land use [10].
Mechanisms that initiate land degradation include physi-
cal, chemical, and biological processes [11]. In an arid
environment, where the ecosystem is always considered
to be fragile, land cover changes often reflect the most
significant impact on the environment due to human ac-
tivities or natural forces [12]. Land degradation in arid
and semiarid areas results from various factors, including
climate variations and human activity, and can lead to
desertification [13,14]. Principal processes of land deg-
radation [15] include erosion by water and wind, chemi-
cal degradation (comprising acidification, salinization,
fertility depletion, and decrease in cation retention capac-
ity), physical degradation (comprising crusting, compac-
tion, hard-setting etc.) and biological degradation (reduc-
tion in total and biomass carbon, and decline in land bio-
diversity). Data related to LC types and distributions are
widely used to assess landscape condition and to monitor
status and trends of ecosystem change over a specific
time period [16]. Inventory and monitoring of the types
and locations of land use and land cover (LULC) change
provide valuable information to better understand change
mechanisms and to model impacts on the environment
and associated ecosystems [17-20].

Remote sensing and GIS has emerged as important
tools in assessing natural resource degradation by pro-
viding timely, accurate and up to date information ob-
tained remotely sensed data on a cost effective basis.
Among the recent studies in India, one of the study has
been done to analyse the land cover change of Garur
Ganga watershed, Uttaranchal, revealed the decrease in
forest cover and increase in agriculture/built up area for
1963-1996 period [21]. Another research was on land
use/land cover change detection through remote sensing
and its climatic implications in the Godavari Delta region,
India which showed increase in wetland which influ-
enced the climate of the area[22]. A case study was car-
ried out in land use/land cover analysis of Guna district
in Madhya Pradesh, India and found that forest cover has
considerably reduced over 12 years period from 1989 to
2001 [23].

Present study makes an attempt to correlate the cli-
matic changes vis-&vis land use/land cover (natural re-
source), at watershed and village level as well. The study
intends to decipher the impact of climate change on land
use/land cover at watershed level besides assessing the
climate change impact on socio-economic condition of
the people of it will be this watershed, since mgjority of
the people are dependent on rainfed agriculture. The sat-
ellite data analysis of 1989, 1998, and 2009 clearly de-
monstrates the LU/LC changes, which have taken place
as aresult of climatic changes and anthropogenic activi-
ties. The rainfed agriculture seems to be the worst hit,
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resulting in poor socio-economic conditions of the local
people.

2. Study Site: Jaggar Watershed, Karauli
District (Eastern Rajasthan)

The study area has been chosen keeping in view the scar-
city of natural resource in terms of water biomass which
has eventually affected the productivity of land. Devel-
opment of ravines because of water erosion has further
degraded the land resulting in reduced cultivation. The
percentage of people involved in agricultural activities
are 75%, who is the worst affected, socio-economically
because of scarcity of water and degradation of land.

Jaggar watershed forms part of the Gambhir river ba-
sin, and is situated in Hindaun tehsil of Karauli district in
eastern Rgjasthan. It covers a geographical area of about
352.82 Km?, and is located between 77°00'33'E and
77°17'33"E longitudes and 26°36'08"N and 26°51'23"N
latitudes. The area is mainly drained by Jaggar stream
which almost flows from south to north (Figure 1). A
small check dam (called Jaggar bandh) is built in the
central part of the watershed which primarily serves as
source of irrigation through canal locally. Apart from this
there is no other source of irrigation and agriculture is
mainly rainfed. Irregular and insufficient water supply to
the canals and erratic power supply to the tube wells
even at crucia stages of production remains a major
problem of this watershed.

The elevation information derived from Advanced
Spaceborne Thermal Emission and Reflection Radiome-
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Figure 1. Location map of the study area.
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ter (ASTER) indicates that the maximum and minimum
elevations encountered in the watershed are 388 and 202
meter above mean sea level (MSL) respectively. The
slope ranges from O degree to 22 degrees. Jaggar water-
shed is represented by alluvia plain and badland (ra
vines), in north and north-central part, and istraversed by
structural plateau and hills and valleys in the south and
southwest.

3. Methodology

Data sets used for the present study were derived from
multiple sources and agencies such as Survey of India
Topographical maps, Satellite Imagery from NRSC, Hy-
derabad. Meteorological data from India Meteorological
Department, Pune, Ground data/GPS data obtained
through field visits and secondary data collected from
various government and non-governmental agencies.

Survey of India (SOI) topographic map numbers 54
F/1 & 54 F/2, 54 F/5 for Jaggar watershed, Karauli dis-
trict surveyed in 1968-1969 & 1983-1984 on 1:50,000
scale, were obtained from Survey of India, New Delhi.
Toposheets were used for demarcation of watershed
boundaries taking slope, elevation and drainage flow
directions as the basic inputs. Base map and drainage
map were prepared for both the watersheds using rele-
vant information on villagestown; elevation, contour
lines, drainage network, major road and rail network
were also extracted from the toposheets.

Geocoded Standard False Colour Composites (FCCs)
of Indian Remote Sensing satellite (IRS) 1A Data Linear
Imaging Self Scanning (LISS 1), (Path-Row: 29:49) of
30MMay, 1989 having a resolution of 36.25 meter; IRS-
1C Linear Image Self Scanning (LISS I11), (Path-Row:
96-52) of 13" May 1998, of spatial resolution 23.5 meter;
and IRS-P6 (LISS I11), (Path-Row: 98-52) of 27" May,
2009 having a spatial resolution of 23.5 meter were pro-
cured from National Remote Sensing Centre (NRSC),
Hyderabad, and was utilized for generating primary in-
formation on various parameters of the Jaggar watershed.

Satellite data were interpreted using the geotechnical
and photographic elements such as tone, texture, pattern,
association, drainage etc. for delineating various land
use/land cover categories. Land use/land cover maps
were imported in Arc GIS 10 software for digitization,
editing and spatial analysis, area computation and output
generation for Jaggar watershed. Change detection in
land cover for the period 1989-1998, 1998-2009 & 1989-
2009 for Jaggar watershed was computed both, in hec-
taresaswell asin percentage.

Meteorological data obtained from IMD, Pune was
used for the computation of annual average maximum
and minimum temperatures and annual average rainfall
for the period 1977-2007, where average rise in tem-
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perature (1977-2007) was computed in R-software. The
secondary information/data were collected and utilized
wherever required for the subsisting the current study,
which includes published research papers, technical re-
ports, specia volumes and memoirs of Geological Soci-
ety of India, and information from other government and
non-government sources were consulted for the present
study

Structured questionnaire based household surveys
were carried out in ten villages of Jaggar watershed to
assess the impact of climate change on agriculture at
landscape level. The villages selected for the survey were
well spread across the watershed. In all 240 households
were surveyed and information were recorded on variety
of aspects related to socio-economic status, drinking wa-
ter and fuel wood supply, crops grown and their output,
source of irrigation, change in ground water level, shifts
in crops, signs of land degradation and measures to con-
trol soil/water erosion and overall deterioration in natural
resources.

4. Results and Discussion

The temperature data (1977-2007) of Karauli district
obtained from Indian Meteorological Department (IMD),
Pune, was divided into three seasons viz., winter (No-
vember, December, January & February), summer
(March, April, May & October) and monsoon (June, July,
August & September). The trends computed for annual
average maximum and minimum temperatures show an
increasing trend from 1977 to 2007, for al three seasons,
except for maximum winter temperatures which show a
declining trend (Figure 2). Analysis of temperature data
in R-software reveals that during 1977-2007 period the
maximum daytime temperature in winter season has de-
creased by —0.06°C, whereas temperatures in summer
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Figure 2. Trends in average annual maximum and mini-
mum temperatures and average annual rainfall (1977-
2007).
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and monsoon seasons have increased by 0.03°C and
0.32°C respectively. Minimum night time temperature
also exhibits increasing trend by 0.03°C, 0.20°C and
0.23°C during winter, summer and monsoon Seasons re-
spectively.

The study area experiences generally dry weather ex-
cept during the southwest monsoon season. i.e. June to
September. The rains are erratic and so is the distribution
of the rainfall. The average annual rainfall is 689.2 mm,
with approximately 35 rainy days on average in a year.
The rainfall data analysis indicates a significant variation
in average annua rainfall as shown by zig-zag trend of
1977-2007 period. The maximum and minimum rainfall
recorded is 1390 mm in 1977 and 247 mm in 2002. The
standard deviation of annual rainfal is about 288 mm
with a coefficient of variation of 37.062% with a total
decline of 269 mm.

4.1. Land use/Land Cover Analysis
(1989-1998-2009)

Eight major classes of land use/land cover were identi-
fied and delineated on the satellite data on the basis of
photographic and geotechnical elements, which includes
open forest, ravenous land with open scrub, open scrub,
agricultural land, wasteland, exposed rock, water body
and built-up land. Area statistic of major land-cover cate-
gories have been calculated for the year 1989, 1998 and
2009 (Table 1). Comparative anaysis has shown sig-
nificant changes in land-cover during 1989 to 1998 and
1998 to 2009 period.

Comparative analysis of Land use/land cover for the
years 1989, 1998 & 2009 results show decrease of agri-
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cultural land as the most prominent change signifying
land degradation. Besides reduction in areal extent, open
forests also exhibits progressive degradation and deple-
tion of vegetative cover. Rill erosion and gully erosion is
active in the area, a principle forms of water erosion,
suggesting a gradual increase in the efficiency of the flu-
vial process. This has led to the development pf ravenous
land. Jaggar watershed has lost 5% of its forest cover in
two decades. In the year1989 area under open forest was
5290 ha (14.99%) which decreased to 4998 ha (14.19%)
in1998 and further shrunk to 3360 ha (9.52%) by the year
2009. Area under open scrub has increased from 2460 ha
(6.97%) in 1989 to 4655 ha (13%) in 1998 to 6778 ha
(19%) in 2009. Agricultural land in the watershed has
decreased from 18050 ha (51%) in 1989 to 12026 ha
(34.2%) in 1998 which has further gone down to 10468
ha (29.65%) 2009. Water body has considerably shrunk
from the 411 ha (1.16 %) in 1989, 302 (0.85%) in the
year 1998 to 095 ha (0.2%) in 2009.

4.2. Village Level Household Survey

The ten villages which were selected for conducting
household surveys includes Khareta, Lachchoda, Huk-
mikheda, Karsauli, Liloti, Jhirna, Atak, Arini Gujjar,
Dughati and Mukandpura. Through the questionnaires
details on the socio-economic status of the family, agri-
culture land owned, sources of income, crops grown and
change in cropping pattern, if any, availability of water
and fuel wood, source of irrigation, signs of land becom-
ing unproductive etc. were recorded in all of the villages.

Apart from household surveys, Group discussion and
Participatory rural appraisal (PRA) techniques were also

Table 1. Land use/land cover changes in the Jaggar Watershed during 1989-1998-2010.

LU/LC 1989 LU/LC 1998 LU/LC 2009 Change
Land use/land
cover category . . . Areain . o, 1989-1998 o 1998-2010 o 1989-2010 o
AreainhaAreain % Areain ha % Areainha Areain % (ha) (%) (ha) (%) (ha) (%)
Open forest 5290 14.99 4998 14.19 3360 9.52 —292 -0.8 -1638 —4.67 -1930 -55
Ravenous land 4607 13.06 6232 17.73 6332 17.98 1625 4.67 100 0.25 1725 4.9
with open scrub
Open scrub 2460 6.97 4655 13.24 6778 19.2 2195 6.27 2123 5.96 4318 12
Ag”l g‘r’]'(:ura' 18050 5116 12,026 342 10468 2965 6024 -16.96 1558 -455 7528 = -22
Wasteland 595 1.69 2993 85 3706 105 2398 6.81 713 2 3111 8.8
Exposed rock 3242 9.22 3242 9.22 3242 9.22 0 0 0 0 0 0
Water body 411 1.16 302 0.8 95 0.27 -109 -0.36 207 -0.53 -316 0.9
Built up land 575 1.63 606 1.7 1387 39 31 0.07 781 2.2 812 2.3
Tota 35,282 100 35,282 100 35,282 100
Copyright © 2012 SciRes. JGIS
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adopted at village level to record the people’'s percep-
tions and their experiences in terms of the climatic trends
and weather changes during the last 2 - 3 decades, crops
grown and shift in cropping pattern, availability of
groundwater over the years etc.

Information related to their socio-economic status and
agriculture was collected to correlate it with the changing
climate. As far their economic condition is concerned,
survey reveals that about half the population have annual
income of less than 35,000 (740.66 USD) to 45,000
(952.27 USD). Only 54% of population annual has got
income of greater than 45,000 (952.27 USD). Fuel wood
(75%) is the major source for cooking which people col-
lect from jungle on an average walking distance of about
2 - 5 km away from their villages. 15% - 20% of people
use fuel wood as well dung cake whereas only 5% - 9%
people use LPG and stove. Average land holing size is
6.5 bighas (4.40 ha).

4.3. Agriculture: Facts and Figures

The common crops grown in the area comprise sesame,
mustard seeds, wheat and pearl millet which require less
water. However, whest is grown where sufficient water
is available for irrigation. Agriculture production in the
villages has declined by approximately 35% due to fre-
quently occurring drought, decreased rainfall and gradu-
ally falling water table. Farmers having even large land
holdings i.e. 33 - 54 ha of land are unable to produce
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good output due to scarcity of water for irrigation. People
have stopped growing pigeon pea, lentils (pulses), sug-
arcane-water intensive crop and have switched to sesame
seeds, pearl millet, mustard, gram and wheat (Table 2).
Various sources of irrigation include canals (37.66%),
Tube wells (Electrified as well as non electrified) ac-
counts for 26.47%, and Wells which accounts for 35.87%.
Percentage of irrigated land is very much high against the
rain fed land (Figure 3). The rate of expansion of irri-
gated land is the most important determinant of water
stress, at least the stress related to quantity [24]. Thisis
leading to over exploitation & over consumption of
ground water, without the ground water being recharged
by rain water harvesting or any other technique. Increase
in irrigated land because of less of rainfall is evident
from the declined water table over the years (Figure 4).

4.4. Participatory Rural Appraisal (PRA) and
Group Discussion

PRA and Group discussion at village level are necessary
field methods to assess the ground realities that has actu-
ally influenced the living conditions of the villagers. Vil-
lages that are far off from the Jaggar dam, like Dughati,
Atak and Liloti face acute shortage of water for drinking
aswell asfor irrigation purpose.

Acute water shortage has been observed in four vil-
lages in recent past namely Atak, Dughati, Hukmikheda
and Liloti. A number of deaths have been reported from

Table 2. Status of water table, change in crop yield and crop pattern.

Crops grown
Depth to Water table Decreasein
Name of the Village id (%
20 years yield (%) Presently 20 Years back
back Presently
Atak 100 300' - 400 25 Sesame seeds, Pear| millet, Wheet, Gram, Pigeon pea, Groundnut
Muatard
: . . Sesame seeds, Pearl millet, Wheat, !
Dughati 170 100 30 Muatard, Gram Pigeon pea, Masoor, Groundnut
! \ , \ . Sesame seeds, Sorghum, Pearl millet,
Hukmikheda 60' - 70 170" - 350 30 Whest, Mustard Sugarcane, Groundnut, Green gram
Karsoali 80' - 90' 200 31 Sesame seeds, Pearl millet, Whest, Sugarcane, Groundnut
Muatard, Gram
. \ , Sesame seeds, Maize, Pearl
Khareta 90' - 110 175 31 millet, Wheat, Mustard Groundnut, Gram
\ \ , . Sesame seeds, Pearl
Lahchora 80'- 90 175' - 200 35 millet, Wheat, Mustard, Gram Sugarcane, Groundnut
Liloti 100 300" - 400 34 Pearl millet, < EWheeatseeds, Mustard, Groundnut, Pigeon pea, Gram
oy . Sesame seeds, Pearl Green gram, Pigeon pea, Gram,
Mukandpura 70°-80 175 27 millet, Wheat, Mustard vegetables
: . . , Sesame seeds, Pearl )
Jhirna 100 350' - 400 30 millet, Wheat, Mustard Gram, Pigeon pea
Arini Gujar 150' 175 36 Pearl millet, Wheat, Mustard Gram, Pigeon pea, Green gram

Copyright © 2012 SciRes.
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Figure 3. Percentage of irrigated and rain-fed land in sur-
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Figure 4. Decline in depth of water table in last 20 years last
20 yea (feet below ground level).

Atak because of thirst and contminated water. |n Dughati
village, agriculture yield has decreased by 30% due to
unavailability of water for irrigation. In Hukmikheda,
water tankers reach village for general supply but here
casteism and favouritism prevails which restrain lower
caste people from availing the facility.

The water table in the watershed has continuously de-
clined by 1 - 2 m on annual basis coupled with signifi-
cant drawdown condition. Groundwater is tapped for
both drinking water supply and irrigation purposes by
means of dug wells, tube-wells and dug-cum-bore (DCB)
wells. Another important issue that hampers cultivation
is that area is prone to water logging. Water seepages
from canal aggravate the condition. It has been reported
by the local people that Jaggar dam was last filled to its
capacity 1997 after that it has never seen its capacity
even half full.

The permissible works under National Rural Employ-
ment Guarantee Act, (NAREGA) include- water conser-
vation and water harvesting; drought proofing; micro
irrigation; provision of irrigation facility to land owned
by private owners; renovation of traditional water bodies;
land development; flood control and protection; rural
connectivity and any other activity approved by Ministry
of Rural Development (MRD). Largely complaints have
been lodged about the discrepancies in the payment of
wages, people in Jaggar watershed of Hindaun tehsil are
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getting wages as low as ¥35 (0.70 USD) and highest is
Z75(1.5 USD) as against ¥100 fixed by the government.
Many farmers also reported that they got their name reg-
istered in muster roll, but they never get the opportunity
to work as Gram sarpanch (head of the village appointed
by State government) favours upper caste people making
poor people poorer. It is largely the Jatavs followed by
the Minas and Gujjar community who predominantly
own job cards. Since agriculture produce is decreasing
because of less rainfall and lack of irrigation facility,
people are forced rather willing to work under NAR-
EGA.

4.5. Land Use/Land Cover Change (1998-2009)
at Village Level

In addition to the village level survey, land use/land
cover changes at the village level were analysed using
1998 and 2009 satellite data. Attempt has been made to
correlate the climatic changes taken place in the study
area with the LU/LC changes at village level. The satel-
lite data analysis of 1998 and 2009 has been given in
Table 3, where a change under each LU/LC category has
been computed, and the details are presented in the next
section. Figure 5 presents Land use/land cover maps of
1989, 1998 and 20009.

4.5.1. Agricultural Land

Agricultural land has decreased from 47.90 ha to 33.12
ha in Lahchoda, 862.90 ha to 793.88 ha in Hukmikheda,
124.33 ha to 99.68 ha in Mukandpura, 278.71 ha to
140.50 ha in Khareta, 101.64 to 77.12 ha in Karsauli,
154.03 hato 100 hain Dughati, 105.90 hato 89.05 hain
Liloti, 189.38 hato 76.05 hain Atak, 10.59 hato 6.08 ha
in Arini Gujjar, 37.70 to 25.96 hain Jhirna. Decrease in
agricultural Ind has been observed in every village due to
decline in rainfall making agriculture land unproductive.
Increased gully erosion is aso responsible for conversion
of patches of agricultura land into wasteland. Decline in
water table is another reason which has affected agricul-
ture land leading to shrinkage in its area.

4.5.2. Open Forest
The area under open forest has decreased by 7.51 hain
Karsauli and by 52 ha in Jhirna villages. The other vil-
lages do not have open forest. The decrease in area under
open forest can be attributed to anthropogenic activities,
livestock pressure and change in climate. The generally
high temperatures and low precipitation has led to the
depletion of vegetation cover. Open forest has progres-
sively become thinner and less continuous in the last
decade because of anthropogenic activities including
population pressure.

Villagers generaly uses fuel wood for cooking purpose,
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Table 3. Village level land use/land cover changes (1998-2009).
Name of the Years LU/LC Category Total
Village LU/LC Agricutural  Open Open Waste Exposed Ravenous Dry  Water Built-up Area
land forest scrub land rock land river body land
1998 47.90 20.26 9.50 4.28 81.94
Lachchoda 2009 33.12 32.16 10.25 6.41 81.94
Net Change -14.78 +19.78 +0.75 +2.13
1998 862.90 175.92 30.56 1069.38
Hukmikheda 2009 793.88 244.17 31.25 1069.38
Net Change —69.02 +68.25 +0.69
1998 124.33 66.29 81.59 8.85 281.06
Mukandpura 2009 99.68 44.23 126.70 10.48 281.06
Net Change —24.65 -22.06 +45.11 +1.63
1998 278.71 95.33 157.15 3321 156.79 3.22 6.61 731.02
Khareta 2009 140.50 196.22  214.23 3321 136.64 2.36 8.04 731.02
Net Change -138.21 +100.89 +57.08 0.00 -20.15 —-0.86 +1.43
1998 101.64 7.51 39.66 42.09 46.82 115.24 11.64 364.60
Karsauli 2009 77.12 52.43 7791 62.34 75.97 19.08 364.60
Net Change —24.52 +12.77 +35.82 +15.5 -39.27 +7.44
1998 154.03 34.24 140.98 52.77 150.00 354 535.56
Dughati 2009 100.00 45.97 176.33 52.77 156.18 4.19 535.56
Net Change —54.03 +11.73  +35.35 0.00 +6.18 +0.65
1998 105.90 20.83 100.54 1141 238.68
Liloti 2009 89.05 33.10 105.18 1153 238.68
Net Change -16.85 +12.27 +4.64 +0.12
1998 189.38 75.84 82.93 83.10 170.99 602.24
Atak 2009 76.05 54.41 104.80 83.10 283.79 602.24
Net Change -113.33 —21.43  +21.87 0.00 +112.80
1998 10.58 6.09 374.27 390.94
Arini gujjar 2009 6.08 10.23 374.27 390.94
Net Change —4.50 +4.14 0.00
1998 37.70 682.27 105.24 21.31 55.72 105.18 8.17 1015.72
Jhirna 2009 25.96 630.27 131.83 30.80 55.72 124.96 16.18 1015.72
Net Change -11.74 -52.00 +26.59  +9.49 +19.78 +8.01

and unrestricted cutting of wood is aso responsible for

forest depletion and degradation.

4.5.3. Open Scrub

Area under open scrub shows an increase by 26.59 hain

Copyright © 2012 SciRes.

Jhirna, 4.14 hain Arini Gujjar, 11.73 in Dughati, 12.77
ha in Karsauli, 100.89 in Khareta. Increase in area under
open scrub is primarily due to the plantation activities
and natural growth of vegetation on ravenous land. Open
scrub is mostly reported from ravenous land.
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Figure 5. Land use/land cover map of the Jaggar Watershed of (a) 1989 (b) 1998 and (c) 2009 with village boundaries.

Decrease in open scrub has been observed in Mu-
kandpura by 22.06 ha, 21.03 ha in Atek, because of
overgrazing leading to formation of wasteland.

4.5.4. Wasteland

The area under wasteland has seen an increase in almost
all the villages. It has increased by 68.25 hain Hukmik-
heda, 45.11 ha in Mukandpura, 57.05 ha in Khareta,
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35.82 ha in Karsauli, 35.35 ha in Dughati, 12.27 ha in
Liloti, 21.85 hain Atak, 9.49 hain Jhirna due to combi-
nation of natural and anthropogenic factors. Natural
factors such as decline in rainfall, loss of vegetation, top
soil erosion have contributed to increase in wasteland
area. Human induced activities such as overgrazing,
land becoming fallow for years, clearing of vegetation
for fuel wood also contributed increase in the wasteland
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area.

Satellite data also reveals that wasteland has generally
developed in adjoining area of ravenous land where slope
is moderately steep to steep which probably triggered the
erosion of sandy upland.

4.5.5. Ravenous Land
Area under ravenous land has increased by 11.90 hain
Lachchoda, 20.15 ha in Khareta, 15.52 ha in Karsauli,
6.18 ha in Dughati, 4.64 hain Liloti, 111.28 ha in Atak
and 19.78 hain Jhirna.

It is characterized by undulating topography, loose and
sandy-to-sandy loam soil type which makes it vulnerable
to formation of deep ravines. The ravines present along
the streams/river make inroads into the nearby lands with
every monsoon. Excessive soil erosion has led to the
extension of ravenous land in nearby areas.

4.5.6. Water Body

Area under surface water body decreased by 3.22 hain
Khareta and 39.27 ha in Kasrauli due to general decline
in annual rainfall which results in small water bodies
such as ponds getting dried up, besides the reservoir of
Jaggar dam has also been dried up in 2009.

5. Conclusions

The results of the study presented here clearly suggest
significant role of climate change impacting availability
of natural resources at watershed level, in the state of
Rajasthan. The satdllite data analysis further proves that
land that land use/land cover changes that have taken
place in the watershed are the result of climatic changes
and anthropogenic activities. The major land cover
changes in ten villages of the watershed a short period of
12 years suggest the rapid climatic conditions.

Out of ten villages, Atak and Dughati villages have
been found the most water stressed and vulnerable.
Depth to water table in both the villages has gone down
to 350 feet. People of Dughati village also have no
drinking water facility and has to fetch water from far off
places. Losses in agriculture produces have worsened the
socio-economic condition of the people. Water has be-
come a rare commodity in these two villages and the
most affected are women and children who generaly
spend 4 - 6 hours daily on collection of water.

The study also assessed the vulnerability of the local
communities due to climate change. The field village
level surveys suggest that people especially farmers are
the most vulnerable groups who face extreme difficulties
for their livelihood. Due to decline in water level, ever
rising temperatures and declining soil fertility, the crop
production has been affected considerably. Moreover
shift in cropping pattern is reported from almost all the
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villages of the watershed, which clearly suggest rapid
climatic changes not suitable for the crops which were
grown 20 - 30 years back, as a result farmers are forced
to shift to new crops which fetch less market value re-
sulting in economic losses to the farmers.
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