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Abstract
The annual aggregate spatially normal rainfall is extremely variable and most erratic in the western arid region
of Rajasthan state. As a result, it frequently experiences spells of drought. Surface water resources are also meagre
and distributed unevenly. Drought is a multi-dimensional phenomenon and its direct impacts include like withering
of crops, drying of watering points, reduction in fodder for livestock, etc. Such crisis eventually compels Rebari
pastoralists to migrate to other places and regions as a coping mechanism against the scarcity of fodder and water
in the arid zone of Rajasthan. The scarcity of fodder at any time is a function of stocking rate and carrying capacity
of the system at that time, which is affected mainly by the amount of precipitation and livestock population. This
has been covered through analysing migration routes and determinants by using the data collected from the ATS
plus GPS Collars. It has been found that biomass density changed following grazing across gradients and ground
cover. Also, normalized difference vegetation index (NDVI) was 5-10% lower inside the grazing area than outside
the grazing area.

Keywords: Small ruminants; Grazing lands; ATS plus global
positioning system (GPS) collars; NDVI; Migration; Land degradation
Introduction
Grazing lands are declining due to agricultural intensification
and increased livestock population, including small ruminants [1-3].
Further, these are not well-managed, and biologically degraded. As a
result, pastoralists are compelled to undertake seasonal migration to
improve the economic position of the household, save livestock or as a
coping strategy [4] in arid part of India. Despite a global trend toward
settlement, the incidence of pastoral migration is on the rise in the arid
zone of Rajasthan, India [5]. The most ancient system (often involving
long-distance, interstate and intrastate migration is the truly nomadic
system where people and their livestock are frequently “on the move”
[6] and the rebari pastoralists have a well- established mechanism as
well as an integral part of coping, survival and livelihood strategies
[7-9] and not just a response to emergencies. Coping migration has
become accumulated over the period of time, as grazing condition
improves only after the monsoon. But, issues of carrying capacity of
land and migration are some of the phenomena that emerge from the
interactions of the various agents with each other and the community
lands [10]. So, as the availability of fodder and water in the village and
surrounding areas decreases, pastoralists usually prepare themselves to
migrate around the month of November.
Availability of area per livestock cattle unit has been in decline. It
was 0.19 ha in 1972 that came down to 0.11 ha in 2003 in the semi-arid
part, whereas there is a sharp decline in the arid part during the same
period (from 0.86 ha to 0.31 ha). Common reasons are attributed to
the increasing human population pressure, increase in herd size and
decrease in grazing lands. Other important features identified are that
pastoralists should have an easy access to markets and the procreative
frequency of their herd through long, annual migration. This study
was conducted by following two specific objectives: (a) to document
and analyse sheep grazing and movement behaviour through the
deployment of GPS collars, (b) to analyse their impact on the grazing
lands in arid Rajasthan.
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Material and Methods
Study area
Village Nimbol lies in Jaitaran tehsil of Pali district (Rajasthan state,
India). It is about 17 km away from the Jaitaran tehsil headquarters.
Nimbol is part of the semi-arid zone of Rajasthan state (Figure 1).
Majority of rainfall occurs during the monsoon period, i.e., June,
July, August and September months. Occasionally, it may occur in the
months of January and February. Average rainfall for 2006 was 73.6 mm
and 48.58 mm in 2013. The annual maximum temperature of the village
is 45°C and minimum 5°C.
As per the 2001 Census, human population of Nimbol was 4977
persons (2357 male and 2297 female) which has increased to 5573
persons (2639 male and 2572 female) in 2011 census. Pastoral and
agro-pastoral communities in Nimbol constitute 10 to 12% of the total
population. As per the 2007 and 2011 livestock census, there were about
4706 and 5285 livestock units in the village Nimbol. Sheep and goat
accounted for 68 and 65 percent of the total livestock population for the
respective years. It is estimated that on average, annual water demand
of the village livestock is about 40174 m3/year.
There are one pond, one tanka1 and one nadi2 for human and
livestock drinking. These have a storage capacity for 4-8 months. There
are ten tube wells and five open wells in the village which are mostly
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used for agricultural purposes. About 6% area of the village has been
earmarked for grazing of livestock population.
1

Tanka: These are underground rainwater harvesting tanks.

2
Nadi: These are local man-made pond for rainwater harvesting
purposes and is a common feature in the Thar Desert [11].

Methodology
Two herd groups from the Nimbol village of Pali district (Rajasthan,
India) were selected on the following basis for the deployment of GPS
units:
1. Large flock size
2. Long–duration and long–distance migration to other states in
search of fodder and water
3. The village falls in the agro-climatic transitional flood prone
zone of Luni Basin, and
4. Permission given by the herders to deploy GPS Collars
Timely and accurate remote sensing and GPS information are a
major data source for monitoring dynamic behaviour of the local sheep
and land use change in the extent of rangeland resources [12]. Three
season IRS-P6 MX (5.8 m) (merged with Cartosat data of 2.5 m spatial
resolution) data was used for this purpose in conjunction with livestock
movement recorded GPS data. Normalized Difference Vegetation
Index (NDVI), was calculated directly from the Landsat TM (Oct.,
2013; spatial resolution 30 m) and IRS-LISS-III (Oct., 2006; spatial
resolution 23.5 m) satellite data, which is related to vegetation density,
such as biomass and percentage of vegetation cover. The approach and
flowchart are shown in the Figure 2.
The following supporting information was collected; geographic
coordinates, elevation, mean annual temperature (MAT), and mean
annual precipitation (MAP), and movement of herds. Land use data was
derived by combining this information with classified satellite images.

NDVI
The Normalized Difference Vegetation Index (NDVI) image data
were stratified by land use polygons. Time-series NDVI statistics were
calculated from the land use polygons that had been interpreted into
high, medium, and low production rangelands.
NDVI [13], is calculated on a per-pixel basis as the normalized
difference between the red and near infrared bands from an image:
NDVI = (NIR−R)/(NIR+R)
Where NIR is the near infrared band value for a cell and RED is the
red band value for the cell. NDVI can be calculated for any image that
has a red and a near infrared band [14]. The biophysical interpretation
of NDVI is the fraction of absorbed photosynthetically active radiation
[15]. Also, because it is a ratio of two bands [16,17] , NDVI helps
compensate for differences both in illumination within an image due to
slope and aspect, and differences between images due things like time
of day or season when the images were acquired. Geospatial NDVI data
layers were used to calculate the spatial patterns and temporal changes
of above ground biomass.
Output: The output of NDVI is a new image file/layer. Values of
NDVI can range from -1.0 to +1.0, but values less than zero typically do
not have any ecological meaning, so the range of the index is truncated
to 0.0 to +1.0 bands [16,17]. Higher values signify a larger difference
between the red and near infrared radiation recorded by the sensor - a
condition associated with highly photosynthetically-active vegetation
[18]. Low NDVI values mean there is little difference between the
red and NIR signals. This happens when there is little photosynthetic
activity, or when there is just very little NIR light reflectance (i.e., water
reflects very little NIR light) [19].

Fast tracking GPS collars and mapping the spatial and
temporal dynamics of land use and movement
Two rapid GPS devices that logged at one-second interval was
deployed in the two herds of sheep belonging to the village of Nimbol
(Jaitaran tehsil, District Pali, Rajasthan). High resolution IRS-P6 data
(2012-13) were procured from NRSC/DOS, Hyderabad. Land use
mapping with a buffer of 10 kms were carried out. Thereafter, GPSrecords were plotted on the land use maps of 2005-06 and 2012-13 and
are shown in the following Figures 3 and 4 and Tables 1 and 2.
An examination of the plotted GPS data indicates that sheep
displayed a distinct daily diurnal behaviour pattern. They had two
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primary grazing periods during early morning and mid to late
afternoon, with prominent rest periods following these two grazing
bouts.

Results and Discussion
Correlation and trend analysis
NDVI, being a vegetation index makes it possible to compare
images over time to look for ecologically significant changes in a

landscape. NDVI values were in the range of 0.30 and 0.60 with an
average of 0.45 in the study area. There was a total possible range of -1
to +1 for NDVI, 0.45 indicating relatively high photosynthesis activity.
Biomass coverage in rainfed area was 52%, in irrigated areas 20% and
in pasture areas 4% during 2006. Whereas in 2013, biomass coverage
increased under irrigated to about 25%, but there has been a distinct
decline in rainfed (46%) because of rains during 2012-13. So much
of the biomass has been grazed by the freely roaming sheep herds.
Interestingly, coverage of photosynthetic biomass in pasture areas

Figure 3:logging
Rapid logging
sheep positions
in Nimbolinvillage
(2005-06).
Figure 3: Rapid
ofofsheep
positions
Nimbol
village (2005-06).

Figure 4: Rapid logging of sheep positions in Nimbol village (2012-13).
Figure 4:
Rapid logging of sheep positions in Nimbol village (2012-13).
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has shown a relative increase from 4.05% in 2006 to 5.76% in 2013.
Animal stay has increased from nil to 5.43% during the same period,
indicating the availability of biomass for grazing in the pasture areas. It
also shows that herders cautiously (or controlled) allowed their stocks
to graze in pasture/grazing areas so that it could be utilized later during
lean periods. Therefore, grazing has shown to significantly reduce nonphotosynthetic biomass on grazed land in comparison to non-grazed
land use classes.
Further, another buffer of 1.5 km on either side of sheep movement
was created to reclassify NDVI to understand grazing behaviour
with respect to biomass availability (Figure 5). It indicated that the
spectral reflectance in the range of –1 to 0 had drastically reduced in

the reclassified NDVI of 2012-13. It was due to rain at regular intervals
during September-October 2013. The rain helped in rapid regrowth of
grazed areas. Such precipitation resulted in notable NDVI increases
at all distance classes. However, there was still a detectable trend of
increasing NDVI with distance from water. Further, spectral reflectance
ranges of 0 to 0.3 and 0.3 to 0.6 showed a mild to moderate positive
indication. That is, photosynthetic biomass coverage increased in the
crop lands and wastelands. Relative NDVI values within these images
have highlighted spatial patterns of vegetation, considering other
background effects (like soil) remained fairly constant throughout
the image. Grazing gradient persistence during periods of aboveaverage rainfall is an indicator of permanent landscape degradation

2005-06

2012-13

LU Class

Area (sq.km)

% Area

LU Class

Area (sq.km)

% Area

Cropland

489.76

88.19

Cropland

451.01

81.27

Pasture

48.36

8.72

Pasture

29.52

5.32

River

8.27

1.56

River

12.97

2.34
1.71

Settlement

4.86

0.88

Settlement

9.47

Water body

0.40

0.07

Water body

0.61

0.11

Wastelands

3.23

0.58

Wastelands

51.34

9.25

Table 1: Land use / land cover in surrounding villages of Nimbol.
Flock 1

Flock 2

2005-06

2012-13

2005-06

2012-13

LU Class

Frequency

% Stay

Frequency

% Stay

Frequency

% Stay

Frequency

Cropland

62493

60.03

143041

39.26

42251

12.68

17330

% Stay
5.20

Pasture

-

-

39605

5.43

3413

1.02

2590

0.78

River

38282

5.25

50224

6.89

39910

11.98

56223

16.88

Settlement

251864

34.56

256683

35.22

247551

74.31

249718

74.96

Water body

1152

0.16

649

0.09

-

-

-

-

Wastelands

-

-

47750

13.10

-

-

7265

2.18

Table 2: Frequency of visits / stay of sheep herd to each LU class (Flock 1 and 2).

Figure 5: Sheep
movement
around
Nimbol and
surrounding
areas:
landareas:
use classes
for NDVI (2005-6
and 2012-13).
Figure
5: Sheep
movement
around
Nimbol
andReclassified
surrounding
Reclassified
land use

classes for NDVI (2005-6 and 2012-13).
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[20]. This result suggests that the grazing gradient present around the
water source is persistent, and that long-term landscape degradation
is likely to occur [21]. These persistent patterns of increasing NDVI
with distance from water are typical of the landscapes degraded by
unmanaged grazing [22-24].
The difference between the observed maximum NDVI and the
reclassified maximum NDVI (referred to as residuals) was calculated
pixel-by-pixel to identify the weather signal (the effect of precipitation).
It indicates that once the weather signal is removed from the trends in
vegetation activity, the remaining vegetation variations are attributed to
human activities. Positive trends in the vegetation represented areas of
vegetation recovery while negative trends constituted human-induced
degradation of vegetation cover.
It is further clear that in spite of having a good pasture/grazing
areas in nearby villages, herders did not venture there. Reasons may
be attributed to (i) presence of a large livestock population in nearby
villages; (ii) avoidance of inter-village and inter-community conflict for
resource utilization; and (iii) keeping it as a reserve use, in case of any
natural calamity or lean period.

Summary and Conclusion
When there is a favourable monsoon in the state, the sheep on
transhumant migration decreases and incoming nomadic migratory
sheep increases. During long-term drought, transhumant migration
of sheep increases due to scarcity of fodder and water. Unfavourable
monsoon conditions and continuous drought propels sheep migration
as livestock suffers from scarcity of fodder and water [25].
Small ruminants, particularly sheep are mainly reared by the
resource poor farmers relying on the communal pasture land and other
grazing lands. While grazing land and its conditions determine the
productivity of sheep stock and its by-products, overgrazing adversely
affects the health condition of the common property resources as
well as rainfed lands. Reduction of primary productivity is a reliable
indicator of the decrease or destruction of the biological productivity,
particularly in drylands. The reduction in forage, grasses and vegetative
cover has adversely affected the health conditions of common property
resources as well as rainfed lands.
Since the drought induced migration affects the poorest people
much more than rich in the catchment area. Poor people draw their
sustenance and graze their animals there. It is strikingly different
from the catchment area from where the rich people draw the
dry matter [26]. The results presented here suggest that routine
assessment of grazing gradients and rangeland resources at large
spatial scales is possible with existing GPS devices and classified
satellite images [27-30]. NDVI induced by land degradation
has been measured using remote sensing techniques, so remote
sensing has become an essential tool for such local level studies of
land degradation. Nimbol is an areas where biomass productivity
depends on seasonal rainfall and years of below-normal rainfall
significantly exhibits below-normal NDVI [31]. Land use change is
a main driver of land degradation so it would be useful to undertake
analysis of NDVI against change in land use and management
and corresponding time series data for land use or land cover also
indicates such dynamics [32,33].
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