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Overview

India Occupies 2% of the earth surface area but 16%
of its population.

India receives only 4% of average runoff in it’s river
as compared to world.

Livelihood of about 70% depends on agriculture.

25% of GDP is derived from agriculture, which
depends upon

Water Resources
Land

\_ /
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Vapour Transport
(35%)

Source: ITC, http://www.itc.nl
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Rajasthan, A Water Deficit State

~

-

Approximately 10% Area
5% Population

Only 1% utilizable water resources

Ground water
Available 11.15 BCM
Withdrawal 11.83 BCM (104 %)

100 Year Av. Rainfall for the state 531.0 mm
Eastern Districts (22) 688.68
Western Districts (10) 318.68

J
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How to "manage” resources?

~

Skidmore et al. (1997) argued that In

order to effectively “manage” resources,

three elements must be present
Information about natural resources

Clear policies on how the resource may be
managed (eg, Acts of Government, policy
papers, administrative procedures)

Participation of everyone (including local
people)
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Data/Information Needs

~

In order to optimally utilize it’s land and sparse
water resources, data/information is needed on
parameters such as

Rainfall

Avallability of surface water resources
Groundwater resources
Landuse-landcover maps

Elevations, slopes,

Land surface temperatures, evapotranspiration (ET)
Biomass etc.

Not only information is needed, Tools are required

to properly analyze such information for planning
purposes.

/
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Remote Sensing Data

Remote sensing data Is a versatile data which
not only directly provides much of the useful
data/information

but may also be used to infer a lot of other
unavailable data.

In the literature Remote Sensing data has been
used for information such as

Soil erosion (Jain et al., 2005)

Water stress detection (Colaizzi et al., 2003)

Soil moisture (Scott et al., 2003, Shih and Jordan, 1993)

Water resource management (Bastiaanssen et al., 2005,
Dymond et al., 2004) etc.

%
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Geographic Information System

Along with Remote Sensing, Geographic
Information System (GIS) is a tool which
allows us to effectively manage, analyze
such data in quick and efficient manner

Hydrological modeling (Ikweiri and Jin, 2004,
Droogers and Bastiaanssen, 2002)

Mathematical modeling of watershed
hydrology (Singh and Woolhiser, 2002)

Watershed conservation (Biswas et al., 2002)

etc. /
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Advantage of RS Data

Remote sensing data is available in multitude
of ways such as

Multi-stage: Providing different spatial resolution so
that we can work at local, regional and global levels

Multi-spectral: Data is available in multiple bands
hence providing more information

Multi-temporal: Repetitive coverage and so providing a
opportunity to observe dynamic processes.

Multi-angle: Coverage of same area from different
angle, providing different perspective and so different
analysis capabilities.

= /
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EMR Spectrum for RS
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Okavango deffa, Botswana

6 Source: ITC, http://www.itc.nl

for mapping and spatial
analysis of water resources

B Remote sensing & GIS for
quantifying hydrological
processes in time and space

m Integrate geo information
in water resources management

(Mannaerts et al.)
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Remote Sensing Data

With the launch of different satellites by India, US
and other nations, remote sensing data is now
available with

Different resolutions

® Coarser resolution is required for regional planning and finer
for local planning

Different formats suitable for varying applications
Different bands providing truly multi-spectral capabilities

Continuous basis with repetition as low as 1, 2 days to 15-
20 days

Freely available for download from Internet /
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Satellite Systems

~

Following Series of Satellites are continuously

monitoring earth since as early as 1970

Landsat Series (Landsat 1-7) with sensors
such as ETM+, TM, MSS, RBV, 1972 onwards

Spot Series (Spot 1-5) with sensors HRG,

HRS, HRVIR, Vegetation-l, HRV, 1986
onwards

IRS (IRS 1A-1D, P5, P6 etc.) with sensors

Pan, LISS IV, LISS Ill, AWIFS, WIFS etc.,
1988 onwards

%
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Free LANDSAT Data

Limited old LANDSAT data is now available
free of cost and can be download from Internet
through the web site of Global Land Cover
Facility (GLFC)

URL.: http://glcf.umiacs.umd.edu

For any given area in Rajasthan state typically
three imageries are available

MSS data of around 1975-80

TM data of 1985-90

ETM+ data of 1995-2000.

N\ %
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GLFC Web Site
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/LANDSAT Images of Jaipur

~

District
S. 1D Sensor | Acquisition | Size, Location

No. Date MB

1. 020-876 | MSS 02-03-1975 |64 North of Jaipur District
2. 020-877 | MSS 02-03-1975 |64 South of Jaipur District
3. 028-671 | TM 09-10-1989 | 395 | North of Jaipur District
4, 028-672 | TM 09-10-1989 |396 | South of Jaipur District
5. 038-858 | ETM+ |13-09-2000 |656 | North of Jaipur District
6. 038-859 |ETM+ |13-09-2000 |656 | South of Jaipur District

/
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/I\/ISS, 1975 Images of North Part \
of Jaipur District
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ETM+ 2000 Image

Jaipur City
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MODIS 8-Days LST of Rajasthan
State of 8th Jan

Land Surface Temperature
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Recent Study:
Urban Heat
Island of Jaipur
City
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Relationship for Monsoon Season

~
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NDVI

Scientists have extracted and modeled various
vegetation biophysical variables using remotely
sensed data.

Normalized Difference Vegetation Index
(NDVI), which has been widely adopted to map
changes in amount of green biomass and
chlorophyll content.

NDVI values typically range from -0.5 to +0.8.
Positive values indicate higher vegetation area.

0 and Negative values typically indicate water/desert
area.

N\ %
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/NDVI Map of Rajasthan State
using MODIS Data
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Changes due to IGNP
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Study of Pali Area

N

= A Study has been conducted of Pali
Area to found out relationship between
water level recharge with various
parameters such as Elevation,
Vegetation level, Landuse-Landcover,
Soll Type, Rainfall etc.

= Data of Years 2003 to 2006 has been
used
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Following Data was used
Rainfall of 2003 to 2006
Ground Water Level, 2003 to 2006

Vegetation Level by Remote Sensing
(NDVI and EVI, for May, Oct. and Dec.
2003 to 2006)

Hydrogeological Map to find out Specific
Yield

Soil Map, Elevation, Slope, Landuse-
k Landcover etc. /




/NDVI Image of Pali Study Area \
of May 2006

-
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/ Hydrogeological Map of Pali
Study Area
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Methodology

Area was Divided into small cells of size
approximately 450 m x 450 m (Because
Vegetation Index was available only at this
spatial resolution)

Values of parameters was found for each cell

In all data of more than 95000 cells was used
(combined for 4 years).

In preparing charts only data points where
average of minimum 100 cells were available
were used and only good quality data was used
for VI




Relationship Between Water Level
Recharge & Rainfall
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Relationship Between Water Level

Recharge and NDVI (Level of Vegetation)

Water Level Recharge(m)
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GIS

_Ike Remote Sensing, GIS is nowadays
neing applied in remarkable ways.

—-rom Agriculture, Defense and Intelligence,
Ecology and Conservation, Public utilities like
electricity, gas, water to emergency services,
government revenue records, forestry,
mining and telecommunication, GIS has
applications in diverse fields

N /
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Could GIS help???

Does it involves spatial Data??

Yes. Streams, recharge zones, storage,
reservoirs soil map, land slope etc.

Does it requires spatial computations???
Yes. Catchment area, identify optimum sizes etc.

Data Presentation????
Yes. You need to prepare maps, charts, reports

Exploring data using GIS turns data into
Information into knowledge /
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Difficult to find how
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to other
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Visualization

“Worth a Thousand Words”
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/ Turning Data into Information,

Shows Relationship Between Rainfall and Rise in WL
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“Spatial Analysis” — not just a map
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Digital Terrain Model

In Most of the water related studies, digital
terrain model is required in order to find out
the direction of movement of water (By
gravity)

DTM or DEM (Digital Terrain/Elevation
Model) is defined as the representation of
continuous elevation values over a
topographic surface by a regular array of z-

values, referenced to a common datum,
usually mean sea level.
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Easily Possible

It is absolutely easy to get DTM of any area
In the world.

Two different source of elevation data are
avallable free of cost on Internet
Aster GDEM at a resolution of 30 m
Shuttle Radar Topography Mission (SRTM) at a
resolution of 90 m
Both are very much usable in many cases.
May require improvement in some cases.

N /
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Elevation Data

~

In February 2000, USA carried out Shuttle Radar
Topography Mission (SRTM) to obtain elevation data on a
near-global scale.
The GLFC web site also provides SRTM data of World at
two resolutions:
3 arc-second/90-meter DEM of the world
30 arc-second/1 km SRTM-GTOPQO30 product corrected by
GTOPO30 30 arc-second DEM
SRTM data could be used for applications such as
hydrological/civil engineering modeling, 3-D fly-throughs,
viewshed analysis and generating slope and aspect

layers etc. /
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/~ Elevation Map of Pali Study "\
Area, Using Aster Data
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Hydrological Analysis using GIS

= Once DTM iIs avallable, it is possible to
use several GIS tools to develop
drainage map of that area and do some
hydrological analysis.

= Once Drainage map Is available, tools
could be used to find catchment area at
any point on drainage map.

= /




/ Flow diagram for sub-
watershed delineation

Raw Terrain data DEM
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Derived from Different Sources

Comparison of Stream Network \

Jaipur District

Legend
Stream Network from NATM
™\, Stream Network, Generated
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Sub-Basins of Segmented
Streams

Jaipur District
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/Watershed Delineation N\

= The stream network grid Is
converted Into stream segments,
where each head segment and
segment between the junctions has
a unigue identifier.

®» Then, each stream link Is
delineating the sub-watersheds In
the stream network grid.
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Ground Water Modeling

~

MNIT, recently concluded a MHRD sponsored
ground water modeling project for part of IGNP

command area

This area Is facing sever problem of
waterlogging and soil salinity

Watertable started rising @ 1m/year after
1980.

Waterlogged area (watertable up to 1 m bgl)
reached from 8600 ha in 1991 to 22008 ha In

1997-98.

/
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Effect of Waterlogging & Soil Salinity
Normal Cropped Area
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Crop in Partially Waterlogged & Saline Adjacent Area

Rohit Goyal, MNIT, Jaipur 62



-

Ground Water Modeling

To study different scenarios, ground water computer
based model was developed

Historical data of piezometers (100), sub surface geology,
hydraulic properties of aquifer were used.

GMS with MODFLOW as underlying groundwater flow
modeling code was used to generate conceptual model
and then convert it to finite difference ground water
model.

Six coverage's were developed: boundary, source/ sinks,
recharge, Evapo-transpiration & for different layers.
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Vertical Soil Profiles
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Rise in Watertable up to year 2010 since year 2003 (Scenario 1V)
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Rise in Watertable up to year 2015 since year 2003 (Scenario 1V)
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Conclusions

Remote sensing data serves a variety of
applications.

Digital Terrain Model (DTM) of Jaipur District was
developed using freely available remote sensing
data on Internet.

Using DTM, Stream network was derived and sub-
watershed were delineated.

It was found that the stream network derived from
SRTM compared very well with National Atlas and
Thematic Mapping (NATM) Maps.

Groundwater Modeling of IGNP command was
carried out using RS & GIS tools.

%
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