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Introduction:
India is the second most populous country with over 1.2 billion people and the most populous
democracy in the world. Rajasthan is India’s largest state by area and is located on the northern side
of the country, where it comprises most of the wide and inhospitable Thar deseart (Great Indian
Desert – north-western parts) and Aravalli Ranges (runs through the state from South-west to northeast). It faces severe water scarcity and poor rainfall. On the basis of climatic conditions and
agricultural practices, state has been divided into 10 agro-climatic zones ranging from arid western
to flood prone eastern. The forest cover of the state contributes to 4.16 % to the national forest
cover. Most of the population lives in the rural areas and is highly dependent on agriculture and
livestock rearing for their livelihood.
There have been 48 drought years of various intensity in Rajasthan for the period 1901 – 2002,
which means that the chance of occurrence of a meteorological drought in the state is 47%
(maximum probability of occurrence of droughts in India).
The study area is situated in the Alwar district, the north eastern parts of Rajasthan. In 2011 Alwar
had a population of 3.6 million and the average literacy rate in 2011 was 71.68 compared to 61.74 of
2001. Alwar has an important place in agriculture production in Rajasthan. The net cultivated area is
507171 ha which form about 83 percent area. The annual average rainfall for the district is 657.3mm
and for last 10 years the average rainy days are 35 per year.
The agriculture in the study area is mostly dependent on the rains (due to ground water recharge)
and hence the study area required a proper planning and management practices to cope with less
number of rainy days per year. Tarun Bharat Sangh (TBS) realised that and started its initiatives in
the year 1974 as a voluntary organisation. Since 1985 TBS focused mainly on water conservation
through small Rain Water Harvesting Structures (RWHS) and continued functioning as a voluntary
organisation. After a journey of 27 years it has built more than 8000 RWHS by supporting the local
people in community based decentralized water resources management. A geographic area of 8600
sq kms comprising more than 1000 villages has been turned into white zone (from the dark zone).
The current reconnaissance report is an outcome of a short study visit and subsequent analysis of
the temporal satellite data by the National Remote Sensing Centre (ISRO) scientists for the study
area to appreciate the impact of the creation of rain water harvesting structures (RWHS) by the
village communities under the auspices of TBS.
The key impacts of the creation of RWHS as documented and demonstrated include:


Increase in the base flow in the streams of rivulets, increased water levels by 5-15 feet in the
open wells, improved discharge from the tube wells. 
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Sustained increase in the yields up to 50% with additional area brought under cultivation
and double cropping with assured protective irrigation. 



More income generated from the sale of increased produce from both agriculture and
animal husbandry. 



Increased employment and better food security, reduced drudgery for women and children
for gathering drinking water and distress migration. 
Increased fauna both aquatic and terrestrial. etc. 






Study Area:
The study area undertaken by TBS is a part of Alwar district, Rajasthan and is situated between 27°
00’ 42.4980” N to 28° 09’ 07.2065” N Latitude and 75° 44’ 59.6020” E to 77° 09’ 57.5269” E
Longitude.

Fig 1. Location map of the study area showing rain water harvest structures (RWHS)
The study area being a part of the Aravalli range is rich in copper mineral resources and comprises of
scrub-thorn arid forests, rocky landscapes, dry deciduous forests, rocks, grasses and hilly cliffs.
Sariska tiger reserve is also an integral part of the study area.
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The total geographical area is 987963.31 ha, in which major vegetation classes are agriculture
(approx. 71% varies in wet and dry seasons due to crop cultivation in the dried river beds and other
water bodies) and the second major class is Forest (16.47%) and third major is Scrub (8.83%).

Fig 2. Vegetation type map of the study area
Table 1. Area statistics of various vegetation types in study area
S. No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

Vegetation Type
Dry Deciduous
Thron Forest
Ravine
Riverine
Acacia senegal
Anogeissus pendula
Aristidia oropetium grassland
Prosopis juliflora
Eucalyptus
Forest plantations
Mixed plantation
Orchard
Scrub
Dry deciduous scrub
Lantana scrub
Tree savannah
Shrub savannah
Agriculture
Settlement
Barren land
River bed/ Agriculture
Water body
Total

Area (ha)
68198.13
8925.09
307.13
73.84
105.62
83900.15
291.87
887.52
32.07
736.13
15.11
1009.69
1649.67
81775.01
3830.34
8884.18
1693.78
700784.02
8869.57
6644.07
4568.1
4782.22
987963.31

Percentage (%)
6.90
0.90
0.03
0.01
0.01
8.49
0.03
0.09
0.00
0.07
0.00
0.10
0.17
8.28
0.39
0.90
0.17
70.93
0.90
0.67
0.46
0.48
100.00
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Methodology:
RWHS ‘Johad’ water storage is significant for some direct irrigation of Kharif and pre-sowing
irrigation of Rabi also becomes available. The land that gets submerged in the Johad during rains and
is later released for Rabi is covered with fertile silt and soaked with water to yield bumper harvests.
The Impact of watershed management (rain water harvesting) on increased water availability in
wells and ground water recharge directly increases potential of irrigation of the agriculture lands and
hence production of multi crops (Rabi – winter crop and Kharif – monsoon crop). We have selected
some sample areas for analysis and these sub sets of areas are described below.
Remote Sensing Data Analysis:
The basic promise in using remote sensing data for change detection is that changes in land cover
must result in changes in radiance values and changes in radiance due to land cover change must be
large with respect to radiance changes caused by other factors (Ingram et al. 1981).
Change detection is the process of identifying differences in the state of an object or phenomenon
by observing it at different times. Essentially, it involves the ability to quantify temporal effects using
multi-temporal data sets. One of the major applications of remotely-sensed data obtained from
Earth-orbiting satellites is change detection because of repetitive coverage at short intervals and
consistent image quality (Anderson 1977, Ingram et al. 1981, Nelson 1983, Singh 1984). Change
detection is useful in such diverse applications as land use change analysis, monitoring of shifting
cultivation, assessment of deforestation, study of changes in vegetation phenology, seasonal
changes in pasture production, damage assessment, and crop stress detection, disaster monitoring
snow-melt measurements, day/night analysis of thermal characteristics and other environmental
changes. Manual handling of data for change detection using sequential imagery is a formidable task
(Adeniyi 1980). The digital nature of most satellite data make it easily amenable for computer-aided
analysis. There is a definite need for a change detector which will automatically correlate and
compare two sets of imagery taken of the same area at different times and display the changes and
their locations to the interpretor (Shephard 1964). It has been suggested that a significant increase in
speed can be achieved for image processing by representing only the changes rather than expose
the human viewer to all of the information in both images (Lillestrand 1972).
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Before (1990)

After (2012)

Before (1989)

After (2012)

Fig 3. The study area photographs showing changes between 1989 – 2012 due to the TBS
activity
To observe the change in vegetation vigour due to rain water harvesting structures (watershed
management program) of TBS the two times satellite datasets were used are as follows:

Time Frame
T1 – Year 1993 – 1994
T2 – Year 2013 - 2015

Sensor
Landsat – 5
Landsat - 8

Green Season
Nov 96, Dec 94
Nov 13, Dec 14

Dry Season
Mar 94, Apr 93
Mar 14, Apr 15

Table 2. Satellite Data used for the analysis
While performing change detection on the study area two time frames of 1993-94 as time 1 and
2013-15 as time 2 were considered (ref. table - 2). The Landsat datasets were used to generate
Normalised Difference Vegetation Index (NDVI) for time 1 and time 2 to observe the vegetation
vigour in two different time frames.
NDVI is a numerical indicator (range -1 to +1) that uses the visible and near-infrared bands of the
electromagnetic spectrum, and is adopted to analyse remote sensing measurements and assess
whether the target being observed contains live green vegetation or not. NDVI has found a wide
application in vegetative studies as it has been used to estimate crop yields, pasture performance
and rangeland carrying capacities among others. It is often directly related to other ground
parameters such as percentage of ground cover, photosynthetic activity of the plant, surface
water, leaf area index and the amount of biomass.
NDVI differencing and thresholding method was used to quantify the vegetation vigour
enhancement during time 1 to time 2. Only positive changes were considered while classifying the
vigour enhancement viz. 0.05 to 0.10 (moderate), 0.10 to 0.20 (high) and > 0.20 (very high).
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Results & Discussions:
The vegetation vigour has improved due to ground water recharge by rain harvesting structures.
In order to quantify the greening impact in the study area five locations were selected to observe
the change. The locations were selected on the basis of agriculture land cover (small / large) and
season (green / dry).
Location 1 – Kali Khol ( from 27° 26’ 56.33” N to 27° 31’ 36.58” N latitude and 76° 27’ 11.83” E to
76° 31’ 21.28” E longitude/ Green Season/ Small Agriculture Area)

RUNDH BINAK

RUNDH KALI KHOL

RUNDH BINAK

KALI KHOL
RUNDH KALI KHOL

Vegetation Types:
026 – Dry Deciduous Forest
054 – Anogeissus Pendula
116 – Tree Savannah
117 – Shrub Savannah
123 – Dry Deciduous Scrub
170 - Agriculture

KALI KHOL

Fig. 4. Vegetation Type and Vegetation Vigour Enhancement Index Maps of Location - 1
It has been observed that out of total area 5724 ha the vegetation vigour has been enhanced in
1363 ha (moderate), 245 ha (high) and 9 ha (very high) in this location. Major area is hilly and
covered with forests and shrub savannah.
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Location 2 – Sariska (expands from 27° 20’ 16.91” N to 27° 24’ 18.21” N latitude and 76° 20’
56.95” E to 76° 24’ 55.05” E longitude/ Green Season/ Small Agriculture Area)

SARISK

Vegetation Types:
026 – Dry Deciduous Forest
054 – Anogeissus Pendula
123 – Dry Deciduous Scrub
170 – Agriculture
190 - Water

SARISK

KRASK
KUNDALK

KRASK
KUNDALK

Fig. 5. Vegetation Type and Vegetation Vigour Enhancement Index Maps of Location - 2

It has been observed that out of total area 4729 ha the vegetation vigour has been enhanced in 272
ha (moderate), 57 ha (high) and 5 ha (very high) in this location. Major area is hilly and covered with
forests and scrubs.
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Location 3 – Jaisinghpura (expands from 27° 17’ 13.50” N to 27° 20’ 44.64” N latitude and 76° 14’
14.21” E to 76° 17’ 57.80” E longitude/ Green Season/ Large Agriculture Area)
MEJO

JAISINGHPUR

MEJO

Vegetation Types:
116 – Tree Savannah
123 – Dry Deciduous Scrub
170 – Agriculture
200 - Settlement

JAISINGHPUR

KALA

KALA

Fig. 6. Vegetation Type and Vegetation Vigour Enhancement Index Maps of Location – 3
It has been observed that out of total area 3869 ha the vegetation vigour has been enhanced in 957
ha (moderate), 897 ha (high) and 345 ha (very high) in this location. Major area is agriculture and
remaining parts hilly and covered with scrubs and tree savannah.
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Location 4 – Dharampura (expands from 27° 22’ 28.72” N to 27° 31’ 00.36” N latitude and 76° 28’
20.83” E to 76° 37’ 03.41” E longitude/ Dry Season/ Large Agriculture Area)
Vegetation Types:
026 – Dry Deciduous Forest
054 – Anogeissus Pendula
116 – Tree Savannah
117 – Shrub Savannah
123 – Dry Deciduous Scrub
129 – Lantana Scrub
170 – Agriculture
190 - Water

DHARAMPUR

DHARAMPUR

SIYA KA

SIYA KA
BEEJWA

BEEJWA

Fig. 7. Vegetation Type and Vegetation Vigour Enhancement Index Maps of Location - 4
It has been observed that out of total area 22053 ha the vegetation vigour has been enhanced in
3866 ha (moderate), 9239 ha (high) and 7357 ha (very high) in this location. Major area is
agriculture and remaining parts hilly and covered with forests, scrubs and tree savannah.
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Location 5 – Pahari (expands from 27° 43’ 45.66” N to 27° 52’ 48.76” N latitude and 76° 15’ 56.58”
E to 76° 24’ 42.47” E longitude/ Dry Season/ Large Agriculture Area)

KAROD

PAHAR

KAROD

Vegetation Types:
026 – Dry Deciduous Forest
090 – Forest Plantation
123 – Dry Deciduous Scrub
133 – Prosopis sp.
170 – Agriculture
180 – Barren Land
190 - Water

PAHAR

SHAHPU

SHAHPU

Fig. 8. Vegetation Type and Vegetation Vigour Enhancement Index Maps of Location - 5
It has been observed that out of total area 23334 ha the vegetation vigour has been enhanced in
1729 ha (moderate), 9506 ha (high) and 10285 ha (very high) in this location. Major area is
agriculture and river bed in dry seasons dried river beds are also utilised for agriculture.

Conclusion:
It has been observed that major changes occurred in the agriculture lands;
there were only one crop or treated as fallow land in time 1 has been
converted as multi crop land in time 2 with good productivity. The
availability of irrigated land for a prolonged period is the resultant of the
ground water recharge due to RWHS.
Impact has been observed on the other land use classes also as there were
no grasses and dry trees (without leaves) in time 1, are with packed with
grass covers and trees with full of leaves in time 2.
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ANNEXURE I - Tables

Table A: Locations and their area extent
Location
Location 1
Location 2
Location 3
Location 4
Location 5

From Latitude
27° 26’ 56.33” N
27° 20’ 16.91” N
27° 17’ 13.50” N
27° 22’ 28.72” N
27° 43’ 45.66” N

To Latitude
27° 31’ 36.58” N
27° 24’ 18.21” N
27° 20’ 44.64” N
27° 31’ 00.36” N
27° 52’ 48.76” N

From Longitude
76° 27’ 11.83” E
76° 20’ 56.95” E
76° 14’ 14.21” E
76° 28’ 20.83” E
76° 15’ 56.58” E

To Longitude
76° 31’ 21.28” E
76° 24’ 55.05” E
76° 17’ 57.80” E
76° 37’ 03.41” E
76° 24’ 42.47” E

Table B: Locations characteristics and time frame used
Location
Location 1
Location 2
Location 3
Location 4
Location 5

Locality
Kali Khol
Sariska
Jaisinghpura
Dharampura
Pahari

Season Analysed
Green Season
Green Season
Green Season
Dry Season
Dry Season

Remarks
Small Agriculture area
Small Agriculture area
Large Agriculture area
Large Agriculture area
Large Agriculture area

Table C: Vegetation Vigour Enhancement area statistics at various locations (area in ha)
Vegetation Vigour
(% Enhancement)
No Change
Moderate
High
Very High
Total

Location 1
(Kali Khol)
4107
1363
245
9
5724

Location 2
(Sariska)
4395
272
57
5
4729

Location 3
(Jaisinghpura)
1670
957
897
345
3869

Location 4
(Dharampura)
1591
3866
9239
7357
22053

Location 5
(Pahari)
1814
1729
9506
10285
23334
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ANNEXURE II – Satellite Images of various locations (A – location 1, B – location 2, C – location 3, D
– location 4, E – location 5), False Color Composite – Vegetation is depicted as Red
A

KALI KHOL

KALI KHOL

B
SARISKA

SARISKA

KUNDALKA

KUNDALKA

C
MEJOD

JAISINGHPURA

MEJOD

JAISINGHPUR

D

DHARAMPURA

DHARAMPUR

E

PAHARI

PAHARI
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ANNEXURE III - Field Photographs of the study area
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