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MESSAGE

Over the years, Indian Earth Observation satellites have been playing a significant role in
enabling inventory & management of natural resources, infrastructure planning and disaster
management. These satellites provide finest opportunities to map the earth’s resources at
different spatial, spectral and temporal resolutions and generation of variety of products
and services to support host of thematic applications in the areas of land & water, ocean &
atmosphere, ecology & environment etc., including implementation of developmental plans

and decision making processes.

While Indian Earth Observation programme ensures availability of remote sensing data, the
National Natural Resources Management System (NNRMS) strives to optimize utilization of
remote sensing data and operationalisation of space applications with active involvement of
stakeholders. NNRMS has been playing a key role in institutionalisation of space technology

applications in many user ministries/departments.

NNRMS brings out periodic bulletins on different themes comprising of articles on water
resources, agriculture, biodiversity, urban planning, remote sensing and GIS applications and
information about satellites launched by ISRO and also reports on major events & activities of
NNRMS/Earth Observation for wider circulation. These bulletins have been widely acclaimed
for its information and content by EO fraternity, academia, researchers and others interested
in remote sensing and GIS applications in the area of natural resources management

and monitoring.

| am happy to note that, now onwards NNRMS bulletins are brought out in e-format for
faster, wider and easier outreach. | sincerely hope that this effort would immensely benefit the
students, researchers in the areas of earth observation and natural resources management.

A. S. Kiran Kumar

Chairman
ISRO/ Secretary, DOS



PREFACE

Today, in the area of Earth Observation, our country has a constellation of 13 Indian
Remote Sensing (IRS) satellites comprising of thematic series viz. Resourcesat, Cartosat,
Oceansat and Weather & Atmosphere. These satellites, with a variety of instruments
onboard, are providing data to cater to various applications ranging from agriculture,
water resources, bio-resources, urban planning, environment monitoring, earth sciences
and study of ocean and atmosphere. National Natural Resources Management System
(NNRMS), which was set in the year 1985, plays a major role in facilitating optimal
utilization of the country's natural resources through a proper and systematic inventory

of the resource availability through effective planning.

NNRMS Bulletin, which is regularly published from NNRMS Secretariat acts as a
conduit for information dissemination pertaining to various remote sensing and GIS
applications in the country. So far, 39 volumes of NNRMS Bulletins have been published
and have been well received and appreciated by many including, teachers, students

and researchers of the various academic Institutions and Organizations.

From the current issue onwards, the NNRMS Bulletins will be published in e-format
for its fast and much wider circulation. The current Bulletin is covering select articles
from Remote Sensing and GIS applications, information about new satellites launched
by ISRO and also reports on major events and current activities of NNRMS/Earth

Observation area.

S. Arunan
Director, EOS
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Introduction

Over the years, horticulture has emerged as one of the potential agricultural
enterprises in accelerating the growth of economy. Its role in the country's nutritional security,
poverty alleviation and employment generation programmes is becoming increasingly
important. It offers not only a wide range of options to the farmers for crop diversification,
but also provides ample scope for sustaining large number of agro industries which generate

huge employment opportunities.

Ministry of Agriculture has been implementing various programmes and schemes
towards the development of horticulture, under the scheme of Mission for Integrated
Development of Horticulture (MIDH). However, there is still a lot of scope in harnessing the
potential of the horticulture sector. One of the key areas to be looked into is developing
a very accurate and standard inventory system for horticulture crops and practices. As the
majority of horticultural crops are grown as part of the homestead, it is difficult to collect
timely and proper statistics. Considering the fact that India is endowed a great diversity of
agro climatic zones, allowing for production of a variety of horticultural crops such as fruits,
vegetables, flowers, spices, plantation crops, root and tuber crops, medicinal and aromatic
crops. These crops being capital as well as labour intensive, there is great popential to use

modern technologies for development of horticulture.

Horticulture sector has also seen extensive use of remote sensing data.
In fact, the birth of remote sensing applications in the country was in the field of
horticulture, i.e. the conduct of an experiment aimed at early detection of coconut plantation
wilt disease (Dakshinamurty et al., 1971). There has been quite a large number of
studies/application of remote sensing data in horticulture sector, which include inventory
of crop, site suitability, post-harvest infrastructure, precision farming, disease assessment etc.
Apple plantations in Arunachal Pradesh and cultivation of grapes in large areas in Mizoram
are the example of successful use of geomatics in horticulture development and planning,
(Panigrahy and Manjunath, 2009).


mailto:shibendu.ncfc@nic.in

In this context, Ministry of Agriculture & Farmers Welfare launched a programme, called CHAMAN (Coordinated
Horticulture Assessment & Management using geoinformatics) during September, 2014, with an aim to use space
technology for better horticultural inventory and development. The two and half year duration programme has following

objectives.

Objectives of CHAMAN Project
i.  Area assessment and production forecasting of 7 major horticultural crops in selected districts of major states
ii. Geospatial applications for Horticultural Development and Management Planning

iii. Detailed scientific field level studies for developing technology for crop identification, yield modelling and disease

assessment

Area and Production Assessment

This first objective has two components: a) Remote Sensing technique and b) Sample survey techniques.
While Mahalanobis National Crop Forecast Centre (MNCFC) is the National Level Agency (NLA) for the remote sensing
component, Indian Agricultural Statistics Research Institute (IASRI) is the NLA for the sample survey component.

This article deals with the remote sensing component of the project.

Area and production assessment is being carried out for selected crops in the selected districts of major states.
The crops were selected based on the production share, as mentioned. All those major States are being covered for a
particular crop, which account for about 70% share of the country’s production and at least 55% of the area of that
crop in the entire country (Table 1). The districts predominantly growing the selected fruit/vegetable crops in the State are
selected for the purpose of area assessment (Figure 1). In total 180 districts of 12 states are covered for Horticulture crop
inventory under CHAMAN project. In the fruit crops only managed orchards are considered. Amongst, vegetables and
spices the major concentrated pockets are being covered. Satellite data such as Resourcesat-2 LISS Il (23.5 m resolution),
LISS IV (5.8 m) and LISS IV + Cartosat (2.5 m) merged product are being used depending upon the spatial extent and
heterogeneity of the crop cover (Figure 2). Currently, District/State/National level area and production estimation of
potato are being operationally carried out by MNCFC, while district level Onion area estimates, for selected states, is

being generated by NHRDF (National Horticultural Research & Development Foundation).

Table 1. Horticultural Crops Covered under CHAMAN project and their major growing states, where the assessment will

be carried out

Crop type Crop State

Fruit Banana Andhra Pradesh, Gujarat, Karnataka, Maharashtra, Tamil Nadu

Mango Andhra Pradesh, Bihar, Gujarat, Karnataka, Uttar Pradesh

Citrus Andhra Pradesh, Gujarat, Madhya Pradesh, Maharashtra, Punjab
Vegetables Potato Bihar, Gujarat, Punjab, Uttar Pradesh, West Bengal
Onion Bihar, Gujarat, Karnataka, Madhya Pradesh, Maharashtra,

Tomato Andhra Pradesh, Bihar, Karnataka, Madhya Pradesh, Odisha, West Bengal

Spices Chili Andhra Pradesh, Karnataka, Madhya Pradesh, Odisha, West Bengal




Selected Districts Under CHAMAN Project
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Fig. 1: Districts covered under CHAMAN project for crop inventory

LISS IV Data showing Chili Crop in Dharwad, Karnataka Mango Orchards in LISS IV+ Cartosat Merged Data
in Saharanpur District, UP

Fig. 2: Various types of satellite data used for horticultural crop inventory

Geospatial Technology for
Horticultural Development

Under this project, satellite data and various
other thematic information, viz. land use/land
cover map, weather and soil data, existing
infrastructure information, socio-economic
data will be analysed in GIS (Geographical
Information System) tools for generating
developmental plans.

The Horticultural development studies can be
grouped into following categories.

i) Site-suitability: for introduction/
expansion of important horticulture
crops in wastelands, e.g. horticultural
development of Jhum (shifting
cultivation) lands in North Eastern states.
It is also proposed to carry out the
site-suitability for expansion of grape
orchards in different parts of the country.

ii) Post-harvest Infrastructure:
GIS and remote sensing will be
used to assess the need and to
find the optimum locations for infrastructures
such as cold chains, markets, etc. (Figure 3)

iii) Crop Intensification: In areas
where cropping intensity is low and
regions of unutilized/under-utilized,
short duration horticultural crops can be
incorporated into the crop rotation.

iv) GIS Database Creation: Under this
aspect the orchard maps are being generated,
along with different characteristics (age,
species, variety etc.), which are being
uploaded on Bhuvan platform for better
management of the Orchards (Figure 4).

v) Orchard Rejuvenation: This would aid
in identifying the plantations/ orchards that
need rejuvenation and assess the shifting of
orchard areas especially of Apples in Himachal
Pradesh, Mango (West Bengal & UP) (Figure 5),
Orange (Darjeeling) and Citrus in Arunachal
Pradesh.
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vi) Aqua-horticulture: Wetland maps created earlier at 1:50000 scale for the entire country using satellite

data have been used for this study. Various horticultural crops (e.g. Makhana/Fox nut) are grown in wetlands

(Figure 6). A GIS database will be created for selected sites to understand the ecology and economics

of these crops so that these can be replicated.

Proposed Cold Chain Locations for Bihar Siate

-

] reswict Bossnctary
—— Maapoe Roasy —_— " ]

Fig. 3: Identification of sites for proposed cold storages in Bihar state
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Fig. 5: Mango Orchard classified into three classes of age based on tonal and textural
properties

Research Studies

Differentiation of crops within vegetable crops,
yield modelling, stress detection (disease &
nutrient) are the upcoming research issues
in use of remote sensing in horticulture. It is
proposed that 2 to 3 sites of major vegetable
growing areas (e.g. Malerkotla in Punjab,
Sonepat, Panipat and Karnal in Haryana,
Dhapa Area in Kolkata, etc.) shall be chosen
on pilot basis for collecting multi-level (ground,
airborne, satellite based) data. This would
facilitate in developing spectral signatures
for major vegetables by covering a small area
(Figure 7) and also develop the respective
methodology for estimation of area and
production for them. This would provide the
framework in preparing estimates of area
and production of vegetables in near future
with use of remote sensing applications for
horticulture. An attempt would be made
to estimate production (acreage and yield)
of Kharif onion using microwave remote

sensing technology.

Precision farming tries to characterize
within-field variability in crop and soil
conditions and then adjust the
management practices accordingly.
High resolution remote sensing
data has been shown to be useful in
estimating plant parameters and
characterizing plant variability. This study
is being carried out, along with the ICAR
institute, National Research Centre for Grapes
(NRC-Grapes), in selected grape orchards of
Nashik using ground observations and high

resolution airborne/satellite data.



Fig. 6: Water Chestnut (PaniSingada) and Fox nut (Makhana) cultivation in
Wetlands of Darbhnga district of Bihar
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Fig. 7: Spectral profile of different vegetable crops collected form vegetable
fields in Malerkotla, Punjab

Implementation Partners

Large numbers of organizations are partners
in this activity. The major responsibility of
project coordination and implementation is
with MNCFC and its incubation, development
and technology transfer are with Space
Applications Centre, ISRO. State Horticulture
Departments have a strong role in the
project, not only for providing the crucial field
information, but also providing inputs for
horticultural developmental plans. Institution
wise major responsibilities are summarized
in Table 2.

Table 2. Organizations involved in CHAMAN project and their role

Name of the Agency

Responsibility

Horticulture Division, DACFW

Programme Lead

Mahalanobis National Crop Forecast
Centre (MNCFC), DACFW

Coordination, Implementation

Space Applications Centre (SAC), ISRO Technology Development & Technology Transfer

ISRO

National Remote Sensing Centre (NRSC),

Geospatial Support and Orchard Mapping in
Peninsular India

Development Foundation(NHRDF)

National Horticultural Research and

Implementation Partner, especially for
vegetable crops

India Meteorological Department (IMD)

Yield Model Development

ICAR Centre(s) (e.g. NRC — Grapes)

Knowledge sharing, Field Experimentation, Precision
Farming

State Horticulture Departments

Ground truth collection and development of
implementation plan

State Remote Sensing Centre(s)

Field data collection,Image and GIS analysis

Capacity Building

Capacity building, in the field of geospatial technology for horticulture, is also one of the major goals of

the CHAMAN project. Since State Horticulture Department officials are the end users of the CHAMAN

project, 10 two-day training programmes were carried out for 191 officials of 12 state horticulture

departments (Table 3). The training programmes included lectures on Basics of Remote Sensing & GIS

& their Applications in Horticulture and field demonstrations of field data collection

using smartphones. The trainings were jointly imparted by MNCFC, SAC, NRSC and State Remote

Sensing Centres.
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Table 3. Capacity building activity carried out under CHAMAN project

S.N. State Training imparted by Venue Participants
1 Bihar BIRSAC, Patna 23
2 Odisha ORSAC, Bhubaneswar 12
3 West Bengal MRNCFC RRSC-E, ISRO, Kolkata 19
4 Punjab PRSC, Ludhiana 15
5 Gujarat SAC, Ahmedabad 13
6 Madhya Pradesh SAC MPCST, Bhopal 21
7 Uttar Pradesh RSAC-UP, Lucknow 12
8 Andhra Pradesh NEee NRSC, Hyderabad 10
9 Telangana NRSC, Hyderabad 16
10 | Maharashtra RRSC-C, NRSC RRSC-C, ISRO, Nagpur 16
11 Karnataka RRSC-S, Bengaluru 20
12 | Tamil Nadu HiSSSoLSS RRSC-S, Bengaluru 14

Total 191
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National Meet on 'Promoting space technology tools and
applications in Governance and development'

O National meet on “Promoting Space Technology based Tools and Applications in
Governance and Development” was held on September 7, 2015 at New Delhi. Action
plans, prepared jointly by Ministries/ Departments and ISRO/ Department of Space for

58 Ministries were presented during the National meet.

O About 160 projects across various Ministries/Departments have emerged in the areas
of Natural Resources Management, Energy & Infrastructure, Disaster & Early Warning,
Communication & Navigation, e-Governance & Geo-spatial Governance, Societal Services,
and Support to Flagship programmes.

MoU Signing

MoU Signing with DoLR MoU Signing with IBM

O About 1200 delegates across 60 Central Ministries/ Departments, 28 States and 5 Union
Territories participated in this national meet including Secretaries, Additional Secretaries,
Joint Secretaries to Government of India, Chief Secretaries and Principal Secretaries of
the States and senior functionaries of Central and State Governments, officials from
Prime Minister Office & Cabinet Secretariat, young administrators as well as experts
from academia and institutions.
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The Prime Minister of India addressed during the concluding session of the National
meet and emphasized the need for new initiatives for governance and development,
using space technology applications

Subsequent to the National Meet, ISRO/ Department of Space has constituted 22
dedicated Working Groups (WGs) to facilitate frequent interactions with the Ministries /
Departments, constant follow-up of the project activities, enabling formation of Space

Technology cells, exploring newer space based applications, and for capturing the

Capacity Building requirements.

Actions have been taken up for 125 projects emerged out of 160 projects and significant
progress has been made in 56 projects. ISRO has already signed MoUs with 28 Central
Ministries and 10 State Departments. Post National meet, about 2600 officials have been
trained across various Ministries / Departments.

As advised by the Prime Minister to conduct State Meet, ISRO has constituted 28 Task
Teams to coordinate with State Remote Sensing Applications Centre (SRSACs) to steer the
conduct of the State meet. So far, State Meet has been completed for 6 States - Haryana,
Bihar, Uttarakhand, Meghalaya, Nagaland & Mizoram.

Capacity Building

National Workshop on “ Inventory and Site Workshop on "Application of Space Technology in
management plan for Heritage sites & Monuments Water Resources”, Guwahati.
of National Importance”

Capacity Building Under IWMP Demonstration cum training to NDRF
on Bhuvan Srishti & Drishti




PARAMETER RETRIEVAL OF AUTUMN
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INDIA USING RISAT-1 SYNTHETIC
APERTURE RADAR DATA

Dipanwita Haldar, Patnaik C, Manjunath KR and Manab Chakraborty

Earth, Ocean, Atmosphere, Planetary Sciences and Applications Area (EPSA)

Space Applications Centre, Indian Space Research Organisation, Ahmedabad-380 015
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Introduction

Rice, a major staple food crop in India, is grown mostly during the kharif season
in most parts of the country, but Tamil Nadu follows a continuous rice calendar throughout
the year namely Kuruwai, Samba and Navarai. The paddy transplanted during October-
November time frame viz. Samba rice accounts for majority of Tamil Nadu’s rice acreage
and production. Extensive cloud coverage hinders optical sensors to sense the crop
growth, particularly during monsoon season and retreating monsoon season, thus SAR
data remain the only viable option. The signature of rice is unique and dynamic when
monitored using SAR data due to the presence of water background in most parts of the
country throughout majority of its growth phase (Chakraborty et al., 1997). Choudhury
and Chakraborty (2006) used multitemporal RADARSAT ScanSAR (SCNB) data and a
knowledge-based decision rule classifier to achieve 98% accuracy in mapping rice. Chen
and McNairn (2006) used multitemporal RADARSAT-1 fine mode images, with an integrated
change detection and neural network approach, to delineate rice production areas.

A minimum mapping accuracy of 96% was achieved.

Tamil Nadu has recently switched over to System of Rice Intensification (SRI)
technique of paddy cultivation, which does not maintain standing water/ ponded fields.
SRl'is a method of raising rice that produces substantially higher yields with the planting of
far fewer seedlings and the use of fewer inputs than either traditional methods (i.e., water)
or more "modern" methods (chemical fertilizer or agrochemicals). This system of Rice
intensification has been successfully used in a number of countries, (Hatta, 1967 and Puard
et al., 1989). A positive correlation between number of panicles and grains per panicle with
"SRI" method of rice cultivation and showed that an average increase in yield was associated
with large number of weedings was reported by Bonlieu (1999). Kumar and Shivay (2004)
reported the benefits associated with the SRI (Sivanagaraju, 2006).

Results using multi-temporal ERS/Radarsat imagery have confirmed that C-band
HH backscatter can detect differences in crop type, crop growth stage and crop indicators.

(Panigrahy et al., 1999). National rice acreage is being operationally carried out for the
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major 13 rice growing states in kharif (since 1998) and 4 states in Rabi season since 2007. Cross-polarized radar returns
(HV or VH) result from multiple reflections within the vegetation volume and thus can add an extra dimension to the
existing single polarization mode (McNairn et al., 2002). RISAT-1, the country’s first indigenously developed SAR satellite,
potential to monitor rice acreage (Chakraborty et al., 2013). In the present study rice crop identification and
classification was attempted using RISAT-1 C-band two and three-date HH and HV- polarization data with central

incidence angle 37°.

The decision rule based model is suitably used to study the rice crop with the RISAT-1 data. Also the signatures

for SRI technigue implemented in Tamil Nadu were suitably developed to refine the models.

Datasets and study area
RISAT-1 C-band (5.35 GHz) dual-
polarization (HH, HV) MRS L2 (level 2) data
(18 m pixel spacing and 37° incidence
angle) of 25" October, 19" November
and 14t December, 2012 were used
(Figure 1). Data have been collected for
three different dates viz at transplanting,
tillering and peak vegetative stage, these
dates are sufficiently spaced in phenology
to identify rice fields. Three sets of MRS
scenes covering 8 main rice growing
districts of Tamil Nadu have been used

in the study. The districts are Thanjavur,

Pudukottai, Sivagangai, Villupuram,
Fig. 1: RISAT -1 MRS 3-date-HH composite (25/10, 19/11 and 14/12/2012) of Tamil- Nadu
-Thanjavur, Pudukottai and Shivagangai Districts Zoomed view for Thanjavur dist. showing
first date (blue), second (yellow) and third (magenta) date transplanted rice Perambalur encompassing the central

Tiruchirapalli, Cuddalore, Aryalur and

coastal part of Tamil Nadu. Ground survey data of 40 sites distributed over 8 districts of Tamil Nadu, transplantation
dates from farmers interview, wet above ground green biomass by destructive sampling at 50% of the
above points, biophysical parameters like row to row distance, tillers per hill, grains per panicle, chaffiness
were collected through ground survey. The present study is an attempt to monitor the rice growing areas
with the initial datasets (MRS, Medium Resolution SAR) from this satellite, which is becoming the SAR workhorse for

crop monitoring.

Methodology

Processing of the RISAT-1 data

RISAT-1 data analysis was carried out using PCl Geomatica (ver. 9.0) software and HH & HV images were imported
to native raster format of PCI Geomatica (.pix) and transferred to a single file as two separate channels. The image was
filtered by enhanced Lee adaptive filter with kernel size 5 x 5, as established by standard procedures. Calibration for HH
and HV polarization amplitude image were carried out using the calibration constant. The step wise detailed methodology

is presented in flowchart Figure 2.

The three-date images were co-registered by fitting manual GCPs with about 20-25 well-distributed points

throughout the image scene. Classification of the rice area is performed inside the sample segments to derive the crop
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Fig. 2: Methodology for acreage estmiation and biomas retrieval

Fig. 3: a-c left to right first line, d-e second line a) 3 date(25th Oct, 19th Nov
and 14th Dec, 2012) SAR FCC of a part of Tanjore district, Tamil Nadu, b)2 date
HH based overlay (pink) ¢) 2 date HH& HV based overlay(white) on 2- date HH
FCC d) 3 date HH overlay (green) e) 2 date HH&HV based overlay (white) on
3- date HH FCC. Green region in e) denotes the area omitted in 2-date

proportion and finally aggregated to obtain

district rice acreage.

Use of cross-polarised channel
Addition of HV channel takes care of
the fallow and river border region otherwise
classified as rice using two-date HH data.
These effects are more dominant in SRI
technique of cultivation where we do not
find ponded fields. Here the chances of
committing exposed moist soils as paddy
are high when using only HH data especially
in the two-date case. These effects are
very prominent in boundaries/border areas
of water bodies and can be eliminated by
adding the HV polarization for classification.
A hierarchical decision rule based model
was built to classify the rice areas using
multidate SAR data. Tables 1 & 2 show the
improvement in classification over single

polarization.
The procedure can be summarized as follows:

Crop proportion = Pixel classified as rice in
sample segments/ Total number of pixels

within sample segments.

Acreage = Crop proportion x N x Segment
area in suitable units.

where N is the total population of agricultural

segments.

Table 1: Contingency table for 3-date HH classification for all major features in the study area

Class Rice Other crops Fallow Urban Waterbody Total
Rice 95.73 0.00 4.27 0.00 0.00 100.00
Other crops 0.00 85.99 14.01 0.00 0.00 100.00
Fallow 0.00 0.00 89.90 10.10 0.00 100.00
Urban 0.00 0.00 3.69 96.31 0.00 100.00
Waterbody 0.00 0.00 1.06 0.00 98.94 100.00
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Table 2: Contingency table for 2-date HH and HV classification for all major features in the study area

Class Rice Other crops Fallow Urban Waterbody Total
Rice 88.14 0.00 11.86 0.00 0.00 100.00
Other crops 0.00 88.28 11.72 0.00 0.00 100.00
Fallow 0.00 0.00 91.85 8.15 0.00 100.00
Urban 0.00 0.00 2.89 97.11 0.00 100.00
Waterbody 0.00 0.00 0.72 0.00 99.28 100.00

Retrieval of Transplantation (TP) date and biomass
Tranplantation date

Multi-date SAR image is used for derivation of the TP date. Model based TP date computation is done from
the multidate calibrated SAR data. The feasilibity with Radarsat data has been demonstrated by Haldar et al., 2014.
The progress of emergence of the plant above the surface of water in subsequent date helps to generate the TP map.
The emergence separates the transplanted surface from permanent water body. The TP date and biomass fresh weight
are recorded from predetermined field campaigns. At unsampled locations these parameters are computed from the
backscatter dB image with the help of a look up table. These look up tables have been generated over a dynamic range
of data in the image validated with a large ground truth points. For generating the TP date, appropriate date image is
to be used, nearest date in the 25 days interval is to be given. The areas transplanted much before the first date of pass
has limitation to get the starting value. If the first date of data is chosen such that the transplantation has just begun,
we would be able to estimate the TP dates with +2 day’s accuracy. Care is also taken by imposing a restriction in terms
of appropriate choice of date mask. TP at 5 days interval under a particular date mask is computed sequentially from
date 1 to date 3 or 4 as the case may be. The only source of error could be if the transplantation date precedes the first
image date by 20 days or more. TP date generated is adjusted to get calendar date and 25 days nursery age. The peak
TP date can be computed by plotting the series of histogram and the corresponding pixel frequency distribution. The

peak/s of the curve gives primary peak and secondary peak.

Biomass:

Ground truth campaign for paddy wet biomass was carried out to encompass all ranges of biomass values.
Radiative transfer fresh biomass to backscatter has been plotted for many sites to obtain an inversion transfer function.
This inverse relation of biomass with dB is used to retrieve biomass. This is done by creating a rice mask. A proper model
is used to take into account all the rice areas but optimization is done to minimize omission and commission error. More
emphasis is laid to avoid commission error by using a conservative model. The sigmoid Badhwar growth curve is used to
derive biomass for a specific backscatter. The inversion of biomass from backscatter is direct for the first rising portion of
the curve. While inverting a cut-off is laid to take account of the other side of the curve. This is done to take care of the
soil/ crop backscatter when the canopy starts drying up. The soil backscatter plays dominant role near the harvesting stage.
A lot of ground data based validation for the second region of the curve was carried out. In this part of the curve, where
soil exposure is allowed, a separate exercise is carried out. Biomass is estimated at flooded fields or smooth fields near field

capacity soil moisture. Figure 2 demonstrates the entire methodology for acreage, transplantation and biomass retrieval.

Observations

Temporal signature: Rice, mostly a partially submerged crop for a substantial part of the growth period, generates

unique temporal backscatter profile unlike other crops. During transplantation, backscatter is quite low due to puddled



fields in standing water condition which reflects more energy in forward direction and minimal in
the backscattering direction. As the crop growth progress, the backscatter rises and attains a peak
coinciding with the peak biomass and falls after maturity till harvest. This dynamic range is captured

with three date HH- data, but some misclassification results near water bodies or moist fallows.

Dual date-dual-polarized case: Only HH data-based assessment for rice field especially using 2-date
data includes waterbodies and fallow lands as commission error. There is high probability of occurrence
of such errors where standing water is not maintained throughout in System of Rice intensification
(SRI'technigue). As this technique of rice cultivation is widely prevalent in Tamil Nadu, the over estimated

area can be removed by introducing HV data with previous HH set.

In many cases, it has been noticed that signature generated from HH backscattered coefficient
(in dB) of rice fields has overlaps with banks of waterbody or moist fallow land in the bordering
fields whereas HV backscattering for these features differs. For the water bodies HH and HV
backscatter occupies the lowest domain of the dynamic range. The linear cross-polarization is also
of value for general land cover applications. Several researchers have indicated cross polarizations
are useful for differentiating vegetative surfaces from bare surfaces (Baronti et al., 1995, Brisco, 1998)
and for differentiating vegetation canopies such as agricultural crops and forested areas

(Lemonie et al., 1991).

In two-date FCC (Figure 3), early transplanted rice fields appear as darkish cyan patches. During first-
date data acquisition, as transplantation had taken place, rice fields had sufficiently low amount of
backscattering which had subsequently increased on second-date acquisition. For late rice transplanted
fields, high backscatter in observed on the first day due to field preparation and then there is a sudden
dip in backscattered coefficient in the second date. So, energy available in green and blue channel
(first date) is less and it appears as bright red patches in the images. Table 3 shows comparative results

of RISAT versus Radarsat for rice acreage.

HV backscatter manifests the volume scattering component strongly and increases with growing crop.
The rate of increase of HH backscatter is faster as compared to the HV backscatter as HV component
measures the depolarized/repolarized part of the signal. Thus difference of cHH-cHV will decrease
for a growing crop in a time series faster for a good vigour crop than poor vigour. For the first day
transplanted case, the rise in HH backscatter was faster than HV. With time series analysis it was
observed that the rate of HV increase is faster as crop growth progress and the HH-HV difference
(cross polarization ratio) gets narrower. The polarization ratios in SAR domain like vegetation indices
in optical data reflect the changes synergistically and are found to depict crop conditions like height,
density, vigour and biomass. (McNairn et al., 2002). The co- and cross polarization ratios gives the
measure of the change in VV polarization or HV polarization with respect to HH polarization. The
depolarizing and repolarizing capability of the target is a measure of the volume scattering component

of the target as manifested in HV backscatter.

There is increase in backscatter in both HH and HV with crop growth in phenological cycle (Zhang et al.,
2011). HH backscatter may increase with crop growth or soil moisture and soil roughness fluctuation.
Here comes the role of cross-polarization HV backscatter, which is solely due to volume scattering and

depicts increase in vegetation biomass. As the surface roughness was below the C-band SAR sensitive
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zone, variation in HV backscatter is solely due to increased volume scattering in the vegetation, which is responsible

for depolarization in H-polarization and repolarization in V-polarization. A decision rule based model was coded using

the dual-polarization backscatter to classify the paddy area and it improved the classification by taking into account the

commission error which occurred using 2-date HH data.

Transplantation date and Biomass retrieval: The biomass and transplantation map are shown in Figure

4a and 4b respectively. The black region in Figure 4a shows non- rice areas. The eastern and

north central portion

shows high biomass zones. The transplantation map depicts that majority of the transplantation had occurred
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Fig. 4a: Biomass map and 4b)Transplantation date Map using three date RISAT data

during 2" fortnight of October. Eastern
region adjacent to the coast shows early
transplantation during end September and
early October. Most part of the image shows
low-medium biomass zone. The peak biomass
for this region is found to be 3.4kg/m2.
The age at inflection is observed to be 90
days (Figure 5a). This denotes the peak
biomass stage i.e. maximum tillering phase.
The progress of transplantation is shown in
Figure 5b. The peak transplantation occurs
during last week of October with spread in
transplantation from end September to mid

November mostly.

Table 3: comparison of rice acreage using RISAT data vis a vis Radarsat data

Rice acreage estimation of some districts in Tamil Nadu
District Acreage ( ha) using Acreage (ha) using
RISAT 1 data, 2012-13 Radarsat-2 data, 2011-12
Thanjavur 1,23,568 1,28,918
Pudukottai 71,516 70,430
Shivagangai 84,610 85,480
Tiruchirapalli 78,719 76,587
Villupuram 1,30,036 1,29,106
Perambalur 16,662 13,463
Cuddalore 90,168 91,558
Aryalur 25,515 26,572
a b Ground validation for both transplantation
i e m it e date and green peak biomass was carried out
g e Em and the results are illustrated in Table 4. The
% cy 4 _ %m \ n transplantation date could be retrieved within
3 = == £ | \/ 7% in either side with t- stat of 2.3 which
v . i T :’:‘: LJ \ was found to be greater than the tabulated
Nt R =+ oy o St value. The Pearson’s coefficient was found to

Fig. 5a: Biomass versus age of rice crop and 5 b) Frequency of transplantation using three
date RISAT data

be 0.92 for the modeled and field observed



Table 4. Validation table for transplantation date and above ground green biomass for 17 sites. The TP dates are expressed
as numbers June1=1

Plot no. Model_TP Field_TP D:\i;ct?gzai?wew Mo‘ii'éﬁiq‘;r)“ass Fie'(?(;in‘:gass
Date
1 159 152 4.61% 3.4273 3.7300
2 171 166 3.01% 1.1133 1.6200
3 153 165 7.27% 32382 3.8500
4 144 148 2.70% 3.0370 4.1800
5 141 132 6.82% 3.6037 4.2600
6 133 129 3.10% 3.6470 3.8100
7 155 151 2.65% 2.7233 2.4700
8 165 155 6.45% 16478 1.9800
9 171 166 3.01% 12381 1.8690
10 134 130 3.08% 2.9319 3.5280
11 171 166 3.01% 17133 2.2740
12 142 140 1.43% 2.3949 3.5280
13 145 148 -2.03% 3.0570 4.7250
14 161 158 1.90% 13292 17250
15 155 151 2.65% 2.3037 2.9400
16 174 172 1.16% 0.8991 12758
17 160 156 2.56% 32282 3.8220

transplantation date. In most of the cases transplantation dates could be predicted in range of 2-4
days. The biomass retrieval was also validated and most of the samples show deviation within 25%
with two outliers. The Pearson’s coefficient was found to be 0.85 and t- stat of 5.4 which is much

greater than the tabulated value.

Conclusion

The study shows a trial feasibility run of the methodology transfer for national rice acreage from Radarsat
to RISAT-1 MRS systematic data. Also the advantages of cross polarization has been addressed which has
potential of usage in the problem areas of fluctuating moisture status and in paddy growing environments
where water use is limited or flooding conditions does not prevail through out the entire growth phase.
HV polarization improves the classification in general and early forecast estimate in particular when
only two temporal datasets are available. The transplantation date and biomass retrieval has also been
validated with RISAT data. T stat indicates the non-significant differences between the model derived
transplantation dates and above ground biomass with the corresponding field observed values. The
future thrust lies on validation in all rice growing environments across the major cultural types. This

study demonstrated the operational utilization of the RISAT-1 data for both rice acreage and biomass.
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UN/India Workshop on ‘Use of Earth Observation Data for

Disaster Management and Risk Reduction: Asian Experience’
during March 8-10, 2016 at Hyderabad, India

NRSC / ISRO organised a three-day UN/India Workshop on ‘Use of Earth Observation Data
for Disaster Management and Risk Reduction: Asian Experience’ during March 8-10, 2016 at
Hyderabad, India. Shri A S Kiran Kumar, Chairman, ISRO inaugurated the workshop on March 8,
2016. He emphasized the need for sharing knowledge and experiences in disaster management
and explained the importance of team work for disaster risk reduction.

- ?1 ey A series of sessions were
kshopon =~
Data ips

conducted on challenges in
Disaster Management with
respect to earth observation
satellites, field experiences,
disaster risk assessment,
early warning system
and emergency response,
capacity building in disaster

management and fostering international cooperation for promoting space technology.

About 120 officers from India and abroad (26 countries) participated in the workshop.
International organisations like UNOOSA, UN-SPIDER, UNESCAP, UNDP, International Water
Management Institute (IWMI), International Centre for Integrated Mountain Development
(ICIMOD), Asean Coordinating Centre for Humanitarian Assistance (AHA Centre), Saint Xavier
University (USA), International Charter ‘Space and Major Disasters’ and also representatives
from remote sensing and disaster management departments of several countries from Asia and

Africa actively participated.

National organisations like India Meteorological Department (IMD), Central Water Commission

(CWC), Geological Survey of India (GSl), Indian National Centre for Ocean Information Services
(INCOIS) and State Disaster Management Authorities (SDMA) of Assam, Bihar, Odisha, etc and
IIRS, IIST, IITs and other academic institutes participated in this workshop.
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GPS Radio Sonde Station Facility set up under
SAARC STORM Project in Bhutan

STORM (Severe Thunderstorms.: Observations and Regional Modelling) project was conceived as a
cooperative scientific endeavour between SAARC countries, for improving prediction of severe storms
frequenting India, Nepal, Bhutan and Bangladesh. India Meteorological Department (IMD) and Indian
Space Research Organisation (ISRO) are participating in this programme. Under this programme
ISRO is setting up meteorogical equipment in Bhutan, Nepal and Bangladesh.ISRO's commitment
towards this projectin Bhutan include supply and installation of meteorological equipment comprising
of 10 numbers of Automatic Weather Stations (AWS) and one GPS Sonde Station.

The AWS at the ground consists of meteorological sensors for temperature, pressure, wind velocity,
humidity, radiation and rainfall. The data logger converts data to digital signal and this data is
transmitted via satellite to the processing centre. In Bhutan, 10 AWS units have already been set up
in association with Department of Hydro and Met Services (DHMS), Thimphu, Bhutan and the data
is also being received by IMD, Pune.

Towards setting up of GPS Radio Sonde facility at Bhutan, a team from ISRO, led by Smt J Girija, Division
Head, RFATD, VSSC, visited DHMS, Thimphu, Bhutan during 3-8", January, 2016.

The GPS Sonde System is used to measure atmospheric parameters like pressure, temperature and
humidity with the help of sensors and wind velocity using GPS module, as part of the balloon borne
Sonde. As the balloon filled with hydrogen or helium gas ascents, these parameters are measured at
different altitudes and transmitted. The compatible Ground Station retrieves the data which is used
by scientists for atmospheric studies and modeling.

The team has set up the facility at the identified location (near to Paro airport), conducted trail runs
and also imparted training on the GPS Sonde ascends to the concerned staff.

The upper air observation service, that will allow more accurate weather forecasts was officially launched
by Director of Department of Hydro Met Services (DHMS) and Director of Department of Air Transport
(DoAT), Thimphu, Bhutan, on 7" January 2016, at Paro International Airport by releasing the GPS
Sonde Balloon in the air. The inauguration was attended by officials from the Bhutan Civil Aviation
Authority (BCAA), Safety Officers, team from Indian Space Research Organisation (ISRO) and Media.

Members at -site for releasing GPS Radio Sonde
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Introduction

The biosphere-atmosphere interactions and their role on regional climate are
least understood over Indian monsoon region. Land (soil-canopy complex) surface plays
a crucial role in climate systems through its ‘response-feedback’ mechanism to overlying
‘Surface Layer” within Atmosphere Boundary Layer (ABL) with a large seasonal and spatial
dynamics of different vegetative systems such as agriculture, forest, natural shrub, grasslands.
The diurnal measurements of surface energy (radiation and convective) and mass (water, net
CO,, other green-house and trace gases) exchange components from micrometeorological
towers and coupled simulation with Soil-Vegetation-Atmosphere-Transfer (SVAT) models
provide thorough understanding of physical and physiological processes in different vegetation
types at canopy-scale and in terrestrial ecosystems at landscape to regional scales through
Soil-Plant-Atmosphere-Continuum (SPAC). The large-area implementation of detailed SVAT
models suffers from obtaining reliable parameter fields. The remote sensing observations
from satellite platform bridge the gap between canopy and regional scale fluxes. Global
efforts could be seen through FLUXNET observations over different countries except India
which remained void upto 2007 in the regular measurements of fluxes, database creation,

sharing and further use for enriching scientific understanding.

To characterize radiation, convective fluxes and water exchanges over vegetated
surfaces, and its linkages to surface hydrology and vegetation productivity using
measurements, simulation and satellite observations, a project titled 'Energy and Mass
Exchange in Vegetative Systems' (EMEVS) was initiated under ISRO geosphere-biosphere
programme at Space Applications Centre. This has strong linkages to other ongoing and
future national projects such as INSAT 3D, MEGHA-TROPHIQUE, “PRACRITiI” (PRogrAmme
on Climate change Research In Terrestrial environment), EO CAL-VAL activities for land,
CTCZ (Continental Tropical Convergence Zone), NCP (National Carbon Cycle Project), RCM
(Regional Climate Modelling), Value Added Agro-met advisories and international projects
such as INCOMPASS. This would also support the cross-scale ecosystem comparison in
AsiaFlux, the Asian arm of FLUXNET under the aegis of Global Earth Observation System
of Systems (GEOSS) and Indian Meteorological Department initiative for unmanned

evapo-transpiration flux monitoring over India.
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The project aimed at addressing some science questions which are given below:

(i) How vegetation response differs due to changes in atmospheric radiation regime such as turbidity, cloud and fog

over sub-tropical Indian landmass?

- Whatis the typical seasonal behaviour of E-M (E: Energy; M : Mass) fluxes over different Indian agro-ecosystems,

grasslands, natural shrubs and forests?

- Can we quantify energy-water use over different vegetation types and their regional variability over terrestrial

ecosystems in India?

- Can we identify anomaly in E-M fluxes and quantify these?

(i) How short-term natural disturbances (drought, heat, cold wave, fire etc.) alter plant response?
- Can we guantify these in terms of resource (radiation + water) use efficiency?

- Can we quantity anomaly in phenological behavior?
(iii) Can we identify stomatal functions for different vegetation types through exchange processes?

(iv) How different soil hydro-thermal settings and vegetation types govern coupling of surface and sub-surface flow

processes daily, seasonally and annually?

(v) How vegetation influences atmosphere under natural and anthropogenic (e.g. agriculture) forcings?
The activities during April 2007 to March 2015 were taken up with the following objectives:

¢ Understanding and characterizing vegetation-atmosphere energy (radiative, convective) and mass (water, net CO,

assimilation) exchange processes at canopy-scale using measurements and simulation
e Bridging the gap between canopy and regional-scale E-M fluxes through modelling with space based observations

e Tracking long term trend of regional E-M fluxes to find link past and present scenarios:

The results from these are highlighted below.

Canopy-scale variability of E-M Exchange
INSAT-linked Agro-Met Station (AMS) network

The net radiation (Rn) energy available at the earth’s surface is partitioned into sensible heat, H (temperature
change with no phase change of water) and latent energy, LE (the phase change of water with little temperature change)
and soil heat flux (G). This constitutes surface energy balance. The net radiation is the sum of net shortwave (reflective)
and net longwave (emissive) constituting surface radiation balance. In vegetation systems, surface energy balance and
land-atmosphere exchange are both “radiation” and “soil moisture” controlled. There is a need to understand, characterize
and quantify exchange processes of energy and mass (water, CO,, CH,, N,O and Volatile Organic Compound) at
canopy-scale through soil-plant-atmosphere-continuum (SPAC) before their regional extrapolation for large-area mapping.
The canopy-air exchange processes follow certain micro-meteorological principles based on which different measurement
approaches have been developed. The surface fluxes can be estimated from micro-meteorological measurements over
homogeneous flat and sloppy terrains over a range of vegetation systems. However, accuracy of canopy-scale fluxes
depend on sensor response. Till 2008, in a developing country like India, the regular availability of canopy-scale flux data
on diurnal, daily, monthly and seasonal scales were not available. The present article provides an account of INSAT-linked

Agro-Meteorological Station (AMS) network over vegetation systems for canopy-scale characterization of radiation,



heat and water fluxes using ‘slow’ response sensors as well as their inter-connection and link with

vegetation spectral behavior.

The INSAT-linked micrometeorological stations known as Agro-Met Station (AMS) were
installed at 23 locations over different vegetation systems such as agriculture, grasslands, shrublands,
wetland and young forest spread over 15 major agro-climatic regions in India. These maintains a fetch
ratio varying from 1:50 to 1:100 grossly representing the footprint of 500 m to 1000 m with varying

degree of homogeneity for specific vegetation system. Technical specifications of AMS sensors (soil

and above-canopy sensors) and their functioning are detailed by Bhattacharya et al., (2009a) and

e, LT
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Fig. 1: Network of INSAT-linked Agro-Met Stations over different vegetation
types as shown through FCC of Resourcesat-2 LISS-IV data

Bhattacharya et al., (2013). The automated
half-hourly average (from samplings at five
minutes interval) of measured radiation, multi-
level weather parameters (air temperature, RH
and wind speed), energy balance components
are being stored in the datalogger and are
also being transmitted through Yagi antenna
to INSAT-3A communication transponder.
The transmitted data are being received at
common server at Bopal Earth Station (BES),
Ahmedabad. The raw data are decoded and
kept in user friendly format in MOSDAC

(www.mosdac.gov.in) for dissemination to

scientific users (Bhattacharya et al., 2009b). The overall network of AMS with their number and

locations is shown in Figure 1. Out of 23 AMS, 13 sites represent agricultural systems including four
prototype stations, different cropping sequences such as mixed agriculture in plain to plateau lands
and mixed hill agriculture in North-Eastern Hill Region (NEHR). Remaining 10 AMS represent natural

vegetation covering moist, Banni and desert grasslands, wetlands, shrublands and young pine forest.
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Fig. 2: Seasonal variation of surface albedo in different vegetation systems

Reflective and emissive signatures
from AMS

Surface albedo and net longwave
radiation are considered here as reflective
and emissive signatures of vegetated surfaces.
The latter represents thermal regime of
surface in a given climate and land use.
In agro-ecosystems, decadal (ten-day average)
surface albdeo largely varied between
0.1 and 0.3 which showed seasonal differences
across different cropping systems. The albedo

(Figure 2) decreased substantially during rainy

season or with irrigation coupled with active vegetation growth period but showed higher magnitude
during drier period. The persistence of more dry or bright background in the soil-canopy systems might
lead to higher albedo (Singh et al., 2013).
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In natural moist and desert grassland, surface albedo generally varied from 0.1 to 0.38. Moist grassland

showed substantially lower range 0.12 to 0.22 as compared to higher range in Banni grassland (0.07 to 0.35) and desert

grassland (0.15 to 0.38). Here also, wet and active grass growth period decreases the surface albedo substantially. The

sharp fall in albedo to 0.07 from a higher magnitude of 0.2 in Banni grassland was noticed due to surface inundation

by flood water due to heavy rainfall events. As the flood water receded albedo gradually increased. During dry period,

high reflectivity from sandy soil of Jaisalmer as well as salt incrustation on soil surface substantially increased the surface

albedo (Raja et al., 2013).

Differences in intra-seasonal variability of day time net longwave radiation were much larger than albedo.

It showed higher magnitude during wet period coincident to rain spells or irrigation applications. However, inherent

thermal and incident shortwave radiation regimes caused the differences in overall intra-seasonal variability.

It is interesting to note that net longwave radiation hovered around -20 Wm in the monsoon months in humid to sub-

humid climate (Nanda et al.,
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Fig. 3: Seasonal variation of surface net longwave radiation in different vegetation systems
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Cross-canopy comparis on of seasonal variation of sensible and laten heat fluxes

2012) and around -40 Wm in semi-arid to arid climate.

The net longwave radiation showed
relatively larger range (-20 to -160 Wm™) in
grasslands than wetland and shrubland (-20
t0-120 Wm) as shown in Figure 3. The range
was the highest in desert grassland followed
by Banni grassland and moist grassland. Higher
(towards positive direction) net longwave
radiation was noticed during rainfall and
cloudy situations than irrigated wet conditions
or dry period. This could be due to low surface
temperature due to cooling in cloudy as well
as wet days coupled with increase in incoming
longwave radiation from clouds as well as

more humid air below clouds.

Sensible and latent heat fluxes from
AMS

The comparison of sensible heat
fluxes from Bowen Ratio Energy Balance
(BREB) and aerodynamic approaches was
found to be matching well (Figure 4) except
low wind and high rainfall spells. Energy
balance is expressed here in terms of latent
heat flux as a residual from net available
energy and sensible heat flux with the
assumption of energy balance closure using
AMS data. A comparison was made regarding
intra-seasonal variability of latent heat fluxes

across different vegetation systems such as



grassland, coniferous forest and rice-wheat crop rotation using datasets of May 2010 to April 2011.
A clear distinction was found in water / latent heat flux exchange. The Kharif rice showed peak in
latent heat flux (300 Wm=2, 5.4 mmd-") during August (Figure 4) in Punjab followed by its decrease
and increase towards February for irrigated wheat with another peak around 300 Wm2 in March
(Mukherjee et al., 2012). Grassland has generally low value throughout the year around 100 - 150 Wm-
(1.8 to 2.7 mmd") but a sharp peak of 300 Wm around 3 October. The conifer such as Chir pine
maintained a substantially low evapotranspiration from 50 to 200 Wm2 (0.9 to 3.6 mmd-") with two
small peaks in May and October (Singh et al., 2014a & Singh et al., 2014b). Among agro-ecosystems
also, mustard showed higher rate (200-350 Wm™, 3.6 to 6.3 mmd") of latent heat flux (Figure 4)
than wheat (100-300 Wm™, 1.8 to 5.4 mmd-") with peak earlier than wheat.

Albedo vs. Bowen ratio Development of Scaling Functions for
1z
P4 . . * Energy balance Components
I "
§ 12 a § * oeargraseis The Bowen ratio ( B ) is the
' ] &4 CAFRL Jesakmar ) )
]:: . 2 . . ratio of sensible and latent heat fluxes.
:E L Time— z R _r’{' It is approximated through the ratio of
o+
a a2 wa o 02 04 08 vertical gradients of air temperature and
Berkuce uibude Surtace albedo

Daytirme net shortwave vs. net longwave Fraction of soil heat flux vs. Vegetation index

Ml kerguare (W)

Eababibibia

e e |l (W)

water vapour over surface under stable

atmosphere. In desert grassland, p was

3 MO M B0 M WO

Matardiagal
Tard Hads

.
o 0300 & 3T -E
[

-
-
.
-
-

-

¥ AR T
reas

found to have exponential relation with

-

¥ EEES

albedo for the whole range of it showing
high correlation (r = 0.8). When data

from both moist and dry grasslands were

vy ol 30, % |t AR
& a

pooled together, significant linear correlation

Fig. 5: Inter-linking of Bowen ratio and surface albedo

(Figure 5) occurred between these two for
the Bowen ratio range of 0 to 2.0. Generally,
surface albedo and Bowen ratio increase with the soil dryness. The above limit of Bowen ratio perhaps
represents practical limit of soil moisture between field capacity to permanent wilting point. This makes

both the variables linearly related within this limit.

Linear inverse functions were developed at monthly to seasonal scales for estimating daytime
net longwave radiation from net shortwave radiation. These are useful to derive large-scale net
radiation from satellite-based insolation and albedo without dependence on thermal remote sensing
data. Non-linear function was developed at monthly scale between soil heat flux as a fraction of
net radiation and satellite-based vegetation index (Figure 5). Some of these functions were used for

large-scale extrapolation with satellite data.

Energy partitioning and spectral behaviour

Surface energy partitioning is represented through the ratio of latent heat fluxes (LE) and
net radiation (Rn) fluxes. Land Surface Water Index (LSWI) for clear-sky days, derived from TOA
reflectances of Resourcesat-2 AWIFS India mosaic (200m) data over AMS locations, were plotted with
ten-day LE/Rn (Figure 6) ratio. The scattered points can be imagined as bounded within an inverted
right-angle triangle where the hypotenuse denotes that LE/Rn increases linearly with minimum LSWI.

The LE/Rn can be composed of LEC/Rn as canopy component and LEs/Rn as surface soil component.
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Fig. 7b: Latent heat fluxes in relation to rainfall based on AMS measurements in sub-tropical
young conifer and arid grass land

The canopy component which mainly
represents canopy transpiration fraction is
linearly related to minimum LSWI represented
by the hypotenuse. The minimum LSWI
generally increases with increase in canopy
moisture due to increase in root-zone soil
moisture triggering vegetation growth.
The soil surface component varies with the
amount of soil evaporation from soil surface
(0-10 cm) based on surface soil wetness,
ponding (e.g. in transplanted rice), water
logging and fractional vegetation cover. This
triangular scatter can be explored in future
to separate out canopy transpiration from

soil evaporation.

Phenology and Latent heat fluxes
in relation to rainfall in natural

vegetation

Consistent records of tropical dry
deciduous forest phenology through digital
field photography (Parihar et al., 2013)
showed that onset of rainfall during June in
Madhya Pradesh region affects the greening
of forest. It was observed that 2013 (Figure
7a) was associated with early and good rains
in June which resulted in early greening of

forest as compared to other years.

The latent heat fluxes were found
to have correlation with rainfall (Figure 7b)
in natural vegetation but within certain
higher and lower thresholds of rainfall for
arid grassland and sub-tropical young conifer

forest.

Simulation of heat fluxes and

hydrological discharge

Simulation experiments were
conducted with Atmosphere Land EXchange
(ALEX) Model in forest systems. It has found

that simulated latent heat fluxes matched
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Fig. 8a: Simulation of latent heat fluxes using ALEX in clear and cloudy-sky days
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Fig. 8b: Simulated vs. measured discharge rate through MIKE SHE simulation

of surface and groundwater were also studied.

well (Figure 8a) with AMS-based latent
heat fluxes only in clear sky days for young
conifer forest. State-of-the art hydrological
system model, MIKE SHE, was parameterized
using the remote sensing derived and in
situ observations to study the surface and
groundwater fluctuations. Model simulations
(Figure 8b) have been done to estimate the
various water balance components in the
forest and neighboring regions in Kanha
National Park, Madhya Pradesh. Drying
and wetting patterns of springs were also
studied. It was found that 26% of the surface
water goes back to the streams as delayed
interflow (base flow), which highlights the
importance of forest for managing water
by temporarily storing and then gradually
releasing for various applications in the forest
and neighboring regions during the lean

flow phase. Seasonal and annual behavior

Landscape-scale heat-water fluxes using Scintillometry and Thermal

remote sensing

Line-averaged measurements were carried out using Large Aperture Scintillometer collocated

with AMS at Nawagam, Guijarat (Figure 9a) to characterize intra and inter-seasonal variability of sensible

(Figure 9b) and latent heat fluxes over a path length of 1.1 km in rice-wheat crop rotation. Thermal

remote sensing data from MODIS-TERRA and AQUA satellites were used into single source surface

energy balance models (e.g. METRIC) to estimate landscape-scale variability of sensible, latent heat fluxes

T ———
B L Ll LT
i e e

Fig. 9a: Set-up of Large Aperture Scintillometer (LAS) over semi-arid agriculture
in Gujarat

and crop evapotranspiration. The MODIS
based instantaneous estimates of sensible
heat fluxes at 1km? using METRIC model
from TERRA and AQUA were compared
with LAS line-averaged (1.1 km?) H for the
period 1°t November 2006 to 315t May 2007.
The comparison of instantaneous sensible
heat fluxes for a common period (October
to March) resulted into RMSE of 21 Wm??
(25% of measured mean) and correlation
coefficient of 0.87. However, the comparison
of ten-day average sensible heat fluxes for

the same period led to produce reduced
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Fig. 9b: Intra and inter-seasonal variability of land-scape scale sensible heat fluxes from scintillometer
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RMSE of 13 Wm2 (15% of measured mean)
and increased correlation coefficient of 0.95.
This proved that the use of line-averaged
sampling of sensible heat fluxes from large
Aperture Scintillometer (LAS) as validation
reference produced less error of estimates
from MODIS satellite (Nigam et al., 2008).

The monthly sums of
evapotranspiration estimated over
agricultural landscapes from MODIS AQUA
daytime latent heat fluxes during rabi 2008
- 2009 (November 2008 to April 2009) are
shown in Figure 9c. This varies from 45 to
120mm over Gujarat region and from 60
to 90mm over the study patch in Nawagam
region. Evapotranspiration was the least
in December and gradually increased upto
peak in Nawagam and surroundings, then
decreased towards March and April. This
typically matches with crop growth cycle.
The region opposite to Nawagam consistently
showed higher evapotranspiration from
January to April which could be due to
continuous agricultural activity due to

continuous source of irrigation water.

Regional-scale variability of
evapotranspiration and gross
primary productivity

Thermal inertia based approach
was used to estimate evaporative fraction in
cloudless skies using automated screening

of ‘dry edge’ and ‘wet edge’ in the two-

dimensional scatter of morning rise in surface temperature and vegetation index data from Kalpana-1 VHRR and INSAT

3A CCD, respectively. These are exemplified in Figure 10.

The other energy balance components such as net radiation, soil heat fluxes were estimated from satellite—

based geophysical and biophysical products and AMS-based scaling functions. Regional-scale ten-day evapotranspiration

at 8km spatial resolution was estimated for the period of 2009 to 2011 having both normal monsoon and drought

years. Evaporative fraction was assumed unity in case of persistent cloudy days. The internal parameters of Vegetation

Photosynthesis Model (VPM) for Gross Primary Productivity (GPP) were standardized for C3 crops using collocated AMS,

PAR balance and photosynthesis measurements over C3 crops such as rice, wheat, mustard and soybean. Regional-



scale GPP was estimated for 2009 to 2011.
ET,,n over agro-ecosystem .
mm Different INSAT-based products such as
o mo-50 NDVI, LST, surface insolation and surface
3 50 - 100
| 100 - 150 albedo were used into energy balance model
c 150 - 200 ) ,
= .- 250 and VPM to estimate regional-scale ET and
= 50 - 300 .
g 200 - 35 GPP. Reduced ET and GPP were noticed
= I 350 - 400 in drought years as compared to normal
¥ S gt gnt y p
450 - 500 years. The seasonal evapo-transpiration
[ 500 - 550
E [7550 - 600 (ET) over agro-ecosystems was computed
600 - 50 . . .
'f: e R by summing daily ET flux over kharif
2 700 - 730 (June to October) and rabi (November to
= 75 - 00
E April) seasons during June 2009 to April
Hd 2011 (Figure 11). Generally, the kharif ET
was found to be higher in the range of 350
Fig. 11: Seasonal evapotranspiration over agro-ecosystems in India using INSAT to 700 mm than in rabi season when it
products scaling functions and thermal-inertia-based single-source energy
balance (SSEB) model varied between 50 to 400

mm except some pockets
of south-east and near south-west coasts. Higher ET during kharif season
is associated with higher radiation regime and higher soil moisture regime driven by
south-west rainfall as compared to lower ET due to lower radiation (except south) and less rainfall
(north-east and western disturbances). The relatively higher ET in south-east coast is due to higher
radiation regime and rainfall from north-east monsoon. Apart from that, a substantial reduction
in kharif ET was noticed during a drought (2009) year (150 to 550 mm) as compared to a normal
(2010) year (250 to 700 mm). The impact of drought is quite evident though with lower deviation
that resulted into slightly lower ET during 2009-10 as compared to 2010-11 specially over
north-western and Indo-Gangetic plains. The comparison of regional-scale (64 sq. km) ET with
respect to AMS-based estimates (0.25 sq. km) leads to a range of root mean square deviation (RMSD)

5% to 40% of AMS estimates depending on heterogeneity within the INSAT foot-print.

The gross primary productivity (GPP)

gom was found to be at higher (Figure 12) range
| e
0w (200 — 800 gCm) over agro-ecosystems
g R |
R in kharif season than in rabi season (75 to
2~ B , .
U‘H(F O 225 gCm2) which could be due to relatively
.45 low PAR levels and relatively low moisture

Fig. 12: Seasonal Gross primary productivity (GPP) in wheat in India . . . L
E P P y conditions in rabi season except in irrigated

patches (Bairagi et al., 2012; Bera et al., 2012). The occurrence of drought in 2009 has substantially
reduced the kharif GPP as compared to a normal year over north-west India, some parts of Maharashtra,
Karnataka, Andhra Pradesh and Tamil Nadu states. The partial drought during 2010 also showed little
deficit as compared to 2011. Similar patterns in the distribution of seasonal GPP have emerged during
rabi 2009-10 and 2010 — 11. But little deviation was noticed over Indo-Gangetic belt and north-west
India. Inter-seasonal variability of wheat GPP at 8km spatial resolution is exemplified in Figure 12.

Comparison with MODIS GPP yielded a correlation coefficient of 0.75.
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Differences were noticed in wheat GPP between two rabi seasons of 2009 — 10 and 2010 — 11 having the

former with higher patches noticed in Punjab and Haryana in 2009-10 than in 2010-11. But in 2010-11, patches of

higher wheat GPP were noticed in parts of UP, Rajasthan, Madhya Pradesh and Bihar. However, the overall regional range

of wheat GPP was 50 — 300 gCm?2,
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Fig. 13 (a-b): Average EF of the Kabini basin for the period 1st to 8th January 2014 at (a)
1000 m and (b) 250 m spatial resolution. The black line represents boundary of the Kabini basin

Spatial disaggregation of
coarse-scale evaporative
fraction

A model Disaggregation of
Evaporative Fraction (DEFrac) was developed
(Eshwar et al., 2013) for spatial disaggregation
of evaporative fraction (EF). DEFrac is based
on the observed triangular relationship
between EF and NDVI. In the DEFrac model,

it was assumed that for a given satellite scene, a unique relationship between EF and NDVI can be established and

further such a relationship is assumed to be valid across different spatial resolutions. EF was estimated with the triangle

method at 1000 m resolution for all the AMS sites using MODIS data. The EF estimated at 1000 m resolution was

disaggregated to 250 m resolution using DEFrac disaggregation model. Moreover, the LST data was sharpened using
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Fig. 13c: Inter-annual variability of disaggregated evaporactive fraction (EF) over agriculture
and forest over Kabini river basin during 2001 to 2013

the DisTrad and TsHARP thermal sharpening
models and then used as an input to the
triangle method for estimating disaggregated
EF. The disaggregated EF was compared with
the EF computed from the AMS data. The
Root Mean Square Error (RMSE), bias and R?
for the satellite estimated EF are 0.09, -0.02
and 0.63 respectively for all the five AMS
sites put together (Eshwar et al., 2013). The
developed model was utilized for generating

a time series of EF images for the Kabini basin

over Karnataka as shown in Figure 13. Even though the EF time series captured the seasonal variation in EF, there were

huge temporal gaps due to non-availability of LST data due to cloud cover. Hence it is needed to develop a suitable

gap-filling procedure to get time continuous EF.

Long-term change in Energy-Mass Exchange

Evapotranspiration climatology and its regional trend

Thirty years (30) of satellite (NOAA+MODIS) observations in optical-thermal bands (Figure 14a) alongwith bias

corrected reanalysis shortwave radiation and scaling functions were used to determine monthly and annual ET at 0.08° grid

resolution using surface energy balance (Bhattacharya et al., 2010). Climatic mean annual ET loss (Figure 14b) from Indian

agro-ecosystem was found to be almost double (1100 Cubic Km) than forest ecosystem (550 Cubic Km). Rainfed systems

(forest, rainfed cropland, grassland) over India showed declining ET trend @ -4.8, -0.6 & -0.4 Cubic Kmyr', respectively.

Irrigated agriculture over Indian landmass initially showed ET decline upto 1995 @ -0.8 cubic Kmyr?, possibly due to

solar dimming followed by increase in ET @ 0.9 cubic Kmyr'. A cross-over point is detected between forest ET decline



Fig. 14: Examples of NOAAAVHRR data and MODIS tiles used for time series processing
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Fig. 15a: Evapotranspiration Climatology and its trend
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Fig. 15b: Average NPP of India (1991-2000) estimated using NOAA-AVHRR data.
15c: Decadal changes in NPP represented as relative deviations (%)=100*
(NPPD1-NPPD2) / NPPD1) where d1 and d2 represent decadal period from
1981-1990 and 1991-2000 respectively

and ET increase in irrigated cropland during
2008. Regional analysis in the last decade
(2000-2010) showed significant increase in
ET without increase in rainfall in Bihar and
M.P,, possibly due to anthropogenic forcings.
But increasing ET trends in Maharashtra and
Tamil Nadu commensurate increasing rainfall

and soil moisture trends.

Inter-annual variability of Net
Primary Productivity (NPP) over India

NPP derived from GloPEM model
over India showed maximum NPP about
3000 gCm2year! in agriculture region of
west Bengal and lowest up to 500 gCm?
year' in arid region of Rajasthan. The NPP
mostly varied from 1000 gCm2year' to 2000
gCm=2year” in agricultural areas of Indo
-Gangetic basin due to variation in irrigation
and cropping intensity. The inter-annual
variations in average NPP in India ranged from
1084.7 gCm2year” to 1390.8 gCm2year’ in
the corresponding years of 1983 and 1998,
respectively. The regression analysis of the
20 years NPP variability showed significant
increase in temporal trend of NPP over India
(r=0.7, F=17.53, p < 0.001). The mean
rate of increase was observed as 10.43
gCm2year’. It can be seen from Figure 15a
& b that carbon fixation ability of terrestrial
ecosystem of India is increasing with rate of
34.3 TgC annually (t= 4.18, p < 0.001). The
estimated net carbon fixation over Indian
landmass ranged from 3.56 PgC (in 1983) to

4.57 PgC (in 1998). The Figure 15a shows the relative deviations in the NPP values in two decades. It

can be seen from the Figure 15b that relative deviations in NPP ranged from —10% to 40% at different

regions of India. The forested region of the north-east India was observed as region of decline in vegetation

activity (-10%) (Parihar et al., 2014) whereas part of southern Maharastra and Karnataka showed highest

increase in NPP ( > 40%). Major agricultural belt of Indo-Gangetic plain showed moderate increase in
NPP (< 20%) in two decades spanning over 1981 to 2000 (Singh et al., 2010). Overall, it can be inferred

that regions with open shrubland and poor agricultural system showed significant improvement in NPP

whereas regions which have already gone through technological improvements in agriculture (green

revolution) showed relatively moderate increase in NPP in two decades of the study period.
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Fig. 16a: Mean agricultural Net Primary productivity (gm C/Year) of the selected
districts of India for the period of 1981-2000
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Fig. 16b: District wise agricultural NPP Vs total gross irrigated area and fertilizer

consumption (n=620, Gms=109gm)

Over semi-arid region of India comprising
Maharashtra, Rajasthan, Gujarat, Madhya Pradesh,
the total agricultural NPP (Figure 16a) was increased
by 33.40% during 1981-2000. This is mainly because
the gross irrigated area has increased by 54.87%
while the gross cultivated area increased slightly by
8.39% during the study period of 1981 to 2000.
The fertilizer consumption of the study area has been
tripled in the two decades. The Irrigated area and
fertilizer consumption are the main anthropogenic
factors (Figure 16b) which contributed to the

increase in agricultural NPP.

Conclusion

The gap areas which need to be addressed in
future are : (a) Evapotranspiration / Energy balance
partitioning and Ecosystem Hysteresis (b) Resource
(light, water, nutrient) Use Efficiency and natural
disturbances (c) Waters availability, phenology and
soil-plant processes under changing hydro-thermal
regimes (d) Surface GHG emissions, energy balance
and air quality coupling. The research activities
have been planned to understand the link between
eco-physical, ecophysiological, surface and sub-
surface hydrological processes and their control
mechanisms over different terrestrial ecosystems
by developing improved modeling scheme for
evaporation and transpiration, abiotic and biotic
stresses, green-house-gas (GHG) emissions. The
future studies would help in quantifying and
modeling some of the scientific quests pertaining to

vegetation-atmosphere interactions over sub-tropical

region and help building important flux databases required by current and future satellites for assessing energy and

mass interactions.
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* ISRO becomes member of CGMS

CGMS

In view of its contribution to the Global Observing System of World Meteorological Organisation
(WMO), ISRO has been included as a member of Coordination Group on Meteorological Satellites
(CGMS) on May 21, 2015 in its 43™ Plenary session held in Boulder, USA. With this, ISRO
becomes the 16" member of CGMS and the second member from India (India Meteorological
Department — IMD serves as member of CGMS since 1979). CGMS pursues its coordination
activities to support operational weather monitoring and forecasting as well as climate monitoring,
in response to requirements formulated by WMO, its programmes and other programmes jointly
supported by WMO and other international agencies. CGMS coordinates satellite systems of
its members in an end-to-end perspective, including protection of in-orbit assets and support to
users as required to facilitate and develop shared access to and use of satellite data and products
in various applications.

ISRO has a long association with CGMS and has been participating in its meetings and working
group activities as an Observer. ISRO’s application to the CGMS membership was based on
ISRO’s existing and planned contributions in a number of areas relevant to the objectives of
CGMS, that include: Indian Meteorological Satellite Missions; International Collaboration/
Joint Missions; Satellite Data Archival and Dissemination; Support to Operational Agencies;
Contribution to calibration/ validations activities and to Committee on Earth Observation Systems
(CEOS); Disaster Management Support; Training/Capacity building; Instrument Development
and Support; and Climate Research.

Following are some of the expected benefits to ISRO on becoming CGMS Member:
Participation in the global meteorologist’s platform as an official member for preparation
of global observation strategy

Provide information on the Indian missions to the global community in the conception stage itself
Plan ISRO’s satellite missions complementing and supplementing the global data requirements
Use this platform in developing collaborative missions with other space-faring agencies.

Work out joint calibration strategy

Details of CGMS and its activities are in www.cgms-info.org



http://www.cgms-info.org/

Revised satellite data price list

User Interaction Meet was organised at National Remote Sensing Centre during 3-4 February
2016.

products new releases in public domain:

On this occasion, NRSC announced the revised satellite data price list and satellite data

Earth observation (EO) products from Indian Missions: RISAT-1 Level-2A product,
Oceansat Scatterometer 2-day time composite global sigma naught product (25 km),
CartoDEM V3.0 (data with 10 m spacing, covering India, Pakistan, Nepal, Bhutan,
Afghanistan, Bangladesh, Egypt and part of Saudi Arabia)

Earth observation (EO) products from foreign missions: Suomi NPP and Metop-B
AVHRR (NDVI product).

New geospatial products like AWiFS (Rabi & Zaid - 767 tiles), LISS III (Rabi - 6500 tiles)
datasets for 2013 and various land, ocean and atmosphere products under National
Information system for Climate and Environment Studies (NICES). These are useful
for climate and environmental studies, made available for free download through

NRSC Open Data Archive under Bhuvan geospatial platform.

IRS SATELLITE DATA PRODUCTS PRICE LIST

(Figures in Rupees)

High Resolution Medium Resolution

IRS SATELLITE DATA PRODUCTS PRICE LIST
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Airborne Visible/ Infrared Imaging
Spectrometer Next Generation (AVIRIS-NG)

ISRO and Jet Propulsion Laboratory (JPL) of NASA jointly conducted an airborne campaign
over Indian territory for collecting invaluable scientific data of surface-reflected solar spectrum

(380-2500nm) in high spatial and pectral resolution for earth science studies.

NRSC Beechcraft King Air B-200 aircraft flew a remote sensing mission campaign carrying
the NASA’s Airborne Visible/ Infrared Imaging Spectrometer Next Generation (AVIRIS-NG)

instrument.

There are about 430 narrow continuous spectral bands in VNIR and SWIR regions at 5nm
interval with ground sampling distance (GSD) vis-a-vis pixel resolution varies from 4-8m for
flight altitude of 4-8 km.

Total 82 sites across India have been selected for the campaign. Acquisition of 57 sites as
Priority-1 spanning across diverse environments has been completed. Airbases of Hyderabad,
Bhubaneswar, Mangalore, Coimbatore, Udaipur, Ahmedabad, Chandigarh, Patna and Kolkata
has been used and about 200 officials participated in this campaign. Acquisition of 25 sites

Priority-Il will be planned in October 2016.

This joint airborne campaign will provide the first of their kind high fidelity imaging spectroscopy
measurement of a diverse set of Asian environments for science and applications research.
The collected data will be shared between scientific communities of ISRO and NASA for

collaborative interpretation and application of results.

82 diverse science sites approved for measurement
ISRO B-200 Aircraft at NRSC
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Introduction

Indian sericulture is an age old practice, producing all four types of natural silk namely
Mulberry, Tasar, Eri and Muga. India is the second largest producer of mulberry silk accounting
for about 15 percent of the of the global raw silk production. Sericulture plays an important
role in programmes of poverty alleviation and employment generation. People employed under
sericulture in the country is estimated to be 8.03 million during 2014-15. Sericulture production
is still limited to a few pockets in our country and decline in silkworm foodplants is a matter of
concern. The current production (about 28708 MT during 2014-15) is not adequate to meet
the demand for silk in the country. There is tremendous scope for improving the production
and quality of silk through expansion of sericulture to new potential areas, supporting the
farmers with up-to-date scientific information through appropriate dissemination system. In
this context, geospatial tools comprising of Remote Sensing (RS), Geographical Information
System (GIS), Global Positioning System (GPS) and web technology have the potential of
integrating, analysis and dissemination of satellite derived and other required information for

further expansion of sericulture in the country.

Central Silk Board (CSB) and Indian Space Research Organisation (ISRO) in collaboration
with the concerned State Sericulture/Textiles Departments used the technology of RS and GIS
for mulberry acreage estimation, garden condition assessment and for finding suitable areas
for introducing sericulture in the non-traditional states (Nageswara Rao et al., 1991; CSB,
1994). ISRO and CSB had carried out a project, called SPAARS (Survey of Potential and Actual
Area under Sericulture with Remote Sensing), for mapping of potential and actual areas under
Sericulture at 1: 250000 scale. Because of the coarse mapping scale the derived information
could not meet the requirement for district and block/taluka level planning. Hence a project
titled 'Applications of Remote Sensing and GIS in Sericulture Development' was taken up for
implementation during 2008-09 to 2013-14 period with an objective to identify the additional
potential areas for development of silkworm food plants for 108 priority districts in 24 states

at 1: 50000 scale in three phases; Phase I: 41 districts covering all 8 states in North Eastern


mailto:bk.handique@nesac.gov.in

Region (NER) including Sikkim. Phase II: 45 districts covering 11 other non-traditional states viz., Bihar, Chhattisgarh,
Himachal Pradesh, Jharkhand, Kerala, Madhya Pradesh, Maharashtra, Orissa, Punjab, Uttarakhand, and Uttar Pradesh.
Phase lll: 22 districts in 5 traditional states viz. Andhra Pradesh, Jammu and Kashmir, Karnataka, Tamil Nadu and West
Bengal. It was also envisaged to develop a geoportal for integrating the potential area maps along with other required

information for expansion of sericulture at district level.

Quick development of web technologies has transformed geoinformatics from a science for specialists into
an application tool for wide range of users. Geoportals were developed to find and access geospatial information and
associated geographic services (display, editing, analysis, etc.) via the internet. Geoportals are important for effective use
of GIS and a key element of Spatial Data Infrastructure (SDI). The United States National Spatial Data Infrastructure (NSDI),
started in 1994 is considered the earliest geoportal concept (Fu and Sun, 2010). In India the first initiative to establish a
national level spatial data/information infrastructure was first mooted in 2000 by the Department of Space followed by
initiative taken by Department of Science & Technology with the formation of task force on National Geospatial Data
Infrastructure. A number of geoportals have been developed by various government departments and organization to
meet the requirements of target users and also the common public. Bhuvan geoportal (http://bhuvan.nrsc.gov.in),launched
by National Remote Sensing Centre, Department of Space on August 12, 2009 takes the lead among all the geoportals
and offers detailed visualization of imageries along with a large volume of thematic information. Considering there is no
other geoportal available in the country on sericulture, a geoportal titled Sericulture Information Linkages and Knowledge
System (SILKS) was planned to develop integrating all the project outputs for 108 districts along with required district

level information for expansion of sericulture and to host it under the domain name http://silks.csb.gov.in.

Identification of Potential Areas for Mulberry

The methodology for identification of potential areas for sericulture development involves evaluation of land,
water resources and climatic requirements for growing silkworm food plants as well as rearing of silk worms (Sys, 1985,
Sys et al., 1993). It needs interpretation and integration of soils, climatic parameters, vegetation and other aspects of
land, like wastelands and slope using GIS. As there is limited scope of expansion of plantations area under silkworm
food plants, emphasis was given in identifying cultivable wastelands using satellite data using standard classification
approach (NRSC, 2006). Out of 23 wastelands categories at 1:50000 scale as per National Wasteland Classification
System (NRSC, 2011), 7 categories were considered for further evaluation of suitability for silkworm food plants. IRS
Resoursesat-1 and Resourcesat 2 LISS Il satellite data during the period of 2008-2009 were acquired for delineating the

cultivable wasteland areas.

Evaluation of Site Suitability Based on Landscape and Soil Characteristics

Six parameters of soil viz., drainage, ground water, texture, depth and pH and two topographic and landscape
parameters viz., slope and erosion were considered for suitability evaluation. Soil characteristics were obtained from the soil
map prepared under two projects at national level viz., National Natural Resources Data Base (NRDB) of Department of Space
and project on soil mapping by National Bureau Soil Survey and Land Use Planning (NBS&SLUP) and Soil and Land Use Survey
of India (SLUSI). Slope map was derived from SRTM DEM (Shuttle Radar Topographic Mission- Digital Elevation Model).
Information on ground water availability was obtained from ground water prospect map prepared under Rajiv Gandhi National
Drinking Water Mission. Soil erosion map of the study area was generated using Universal Soil Loss Equation (USLE) in GIS
environment. Different thematic layers were generated in GIS environment for each of the land characteristics and compared
with the requirements of silkworm food plants. Criteria of limitation ranging from 1 (suggesting no or slight limitation) to
4 (suggesting very severe limitation) were assigned to generate the suitability map as per the following FAO Sericulture
Manual Standards (1990) (Table 1).


http://bhuvan.nrsc.gov.in/
http://silks.csb.gov.in/

Table 1: Criteria of limitation rating for evaluation of soil site suitability for Mulberry

Soil-site characteristics Degree of limitation & Suitability class
Unit 0-1 2 3 4
None to slight Moderate Severe Very severe
51 S2 S3 N
. . (Moderately (Marginally .
(Highly suitable) ) i) (Not suitable)
Topography and landscape
Slope (%) 0-3 3-5 5-10 >10
P (level to very gentle) (gentle) (moderate) (steep)
Erosion el e2 e3 ed
Soil characteristics
Drainage Class Well Well Well Excessive
Availability Good Fair Fair to moderate Poor
Ground water Quality Ver :
X y good Fair to good Moderate
(EC ”}'ccr;‘;mc’hs <2000 2000-3000 | 3000-4000 | °or>4000
Texture Class Clyloein Fine loamy Coarse loamy | Sandy fragmental
—gravelly clay
Depth Cm Deep Eled sféallow—mod. Shallow Very shallow
eep
5.5-6.5 45-55 >4.5
PH 6575 7585 8595 595

Evaluation of Site Suitability Based on Climatic Parameters for Silkworm Food Plants

Suitability of climate for the food plants were described in terms of: (i) temperature (ii)
rainfall (water supply) and (iii) minimal length of growing period,. The weather data, collected from
the class-I observatories of IMD and the Automatic Weather Stations (AWS) established by ISRO have
been analysed for rainfall, maximum and minimum temperature, Potential Evapotranspiration (PET)

and length of growing period (LGP) for the silkworm food plants.

Spatial Distribution of Temperature and Rainfall

The point observations on temperature and rainfall need to be translated into spatial domain
and this was done by analyzing longterm monthly and annual average of mean temperatures of all the
stations with corresponding elevation data (Patel, 2000).The empirical relation thus developed is used
in GIS environment for depicting spatial variation of annual mean temperature or mean temperature
for the growing season of silkworm food plants. For interpolation of rainfall data from point locations
to represent the spatial coverage kriging method was adopted as kriging method assumed to yield

more accurate predictions than linear regression (Goovaerts, 1999).

Spatial Distribution of Length of Growing Period (LGP)

Length of Growing Period (LGP) or moisture availability period for crop growth is the period
(in days) when precipitation exceeds 50 percent of the PET(Potential Evapotranspiration). Shorter
LGP (less than 120 days for mulberry and 90-120 days for castor, as examples) are not suitable for
cultivation of silkworm food plants. Monthly potential evapotranspiration (mm) were computed by
Thornthwaite method (1948). The calculated LGP is presented in spatial domain with interpolation

using geostatistical analyst tools.
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Based on climatic characteristics, limiting levels viz., highly suitable, moderately suitable, marginally suitable and
unsuitable have been decided by matching the requirements of silkworms food plants (Table2) and assigned suitability class

(limitation). The climatic limitation map was superimposed on the soil constraints map to finally derive site suitability map.

Table 2: Evaluation of climatic site suitability for Mulberry

_ X Suitability classes
Climatic - - - -
characteristics Highly suitable M_oderately I\/I_arglnally Not suitable
(S1) suitable (S2) suitable (S3) (N)
_Mean temperature 20-30 31-37 31-37 <15, >37
in growing season(°C)
Total rainfall (mm) 500-750 751-2000 2001-3400 <500, >3400
LGP(days) >200 - - -

Evaluation of Suitability for Silkworm Rearing

Silkworms are delicate and very sensitive to environmental conditions. Among the various environmental factors,
the most important are atmospheric temperature and humidity prevailing at the time of rearing. The combined effect of
both temperature and humidity largely determines the satisfactory growth of the silkworms. The optimum temperature
and humidity for normal growth in mulberry silkworm is between 23-28°C and 70-85% respectively. Spatial layers on

the temperature suitability for silkworm were generated as it was done in case of silkkworm food plants.

Integrated Evaluation of Soil and Climatic Suitability for Silkworm Food Plants and Sericulture
Development

The maps generated indicating limitations for climate, landscape and soil characteristics have been spatially
overlaid in GIS environment to produce a resultant polygon layer. Each polygon has 8 values (soil characteristics) of degree
of limitation. Based on the number and the intensity of limitations, suitability classes have been decided and graded as

highly suitable (S1), moderately suitable (52), marginally suitable (S3) and not suitable (N) as given in Table 3. Figure 1.

Table 3: Criteria for determination of land suitability classes

Land classes Criteria
S1: Highly suitable Land units with no or only 4 slight limitations
S2: Moderately suitable Land units with more than 4 slight limitations and/or no

more than 3 moderate limitations

S3: Marginally suitable Land units with more than 3 moderate limitations
and/ or one or more severe limitation

N: Not suitable Land units with very severe limitation

Development of SILKS Geoportal

A geoportal titled Sericulture Information Linkages and Knowledge System (SILKS)
has been developed as a single window decision support system to provide all the sericulture related
information for all the selected 108 districts. SILKS spatial modules has inbuilt webGIS tools for displaying
and querying of spatial data. The portal has been developed using open source software packages.

The UMN Map Server (developed by the University of Minnesota, and often referred as UMN Map Server) is used as a



GIS engine, PostgreSQL/PostGIS as an object

oriented relational database management

system (ORDBMS) and GeoServer for creating

OGC(Open Geospatial Consortium) web

services. An open source web application

tool built on top of Map Script using the

PHP programming language has been used
for development of interactive user interface.
SILKS allows effective dissemination, sharing
and management of spatial information,

which can be used as an effective decision

Fig.1: Flow chart of methodology for soil and climate suitability for sericulture
development

making tool for sericulture planning and
development. The non-spatial modules
were created using web tools such as
HTML (Hypertext Markup Language), CSS
(Cascading Style Sheets), JavaScripts etc.

hlafi, Lepmd, (%
Twecdy i

Client

The basic architecture of SILKS is shown in

W Wik T

Figure 2. First, the user makes a request having
Mapserver parameters. The Apache HTTP

web server upon receiving the parameters

ke Fi invokes the Mapserver engine. The Map
[ro-e——. file inside the Mapserver defines the basic
et Oigary
B Asesesorres "'u':'é"?." and query template and tells how the maps
LE- ) will appear on the browsers. The Mapserver
Chass Oyt
[ | Pes Dbt ¥R~ | can connect to both local PostgreSQL data

as well as external OGC data services from

Fig. 2: SILKS Application architecture

remote servers. The re-projection of the
incoming data can be done on-the fly as per
the projection defined in the “projection object”. The Mapserver then processes the data as per the

parameters and returns images in the desired map output format defined in the Mapfile.

Results and Discussion

Additional Area Suitable for Mulberry Host Plants in NE States

Out of total 108 districts, 41 districts were selected from 8 NE states including Sikkim covering
a total geographical area of 9,35,195 sq km (Table 4). Among the NE states, Nagaland is found to
have maximum suitable areas (21.9% of total geographical area) that can be brought under Mulberry
Sericulture. This is followed by Meghalaya state (15.8%). Due to limitation of physiographic conditions
and climate, Arunachal Pradesh is having very limited areas (17242 Ha in selected 7 districts) that
can be brought under sericulture activities. A map with potential areas for sericulture development

in RiBhoi district of Meghalaya is shown in Figure 3.
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Additional Area Suitable for Mulberry Host Plants in Other Selected States

Among non-traditional sericulture states, Bihar has been found to have the highest percentage of areas suitable for

mulberry sericulture, which is about 11% of total geographical areas in the selected 3 districts, followed by Madhya Pradesh

(10.2%) and Himachal Pradesh (9.7 %). Among traditional sericulture states, Karnataka is found to have as high as 11.6%
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Fig. 3: Potential areas for sericulture development in RiBhoi district, Meghalaya

of total geographical areas in the selected
districts are suitable for mulberry sericulture.
The state of Punjab has been found to be least
suitable for Mulberry sericulture with only 521
ha of areas delineated as marginally suitable
in the selected two districts. Other two states
which have been found to be less suitable
for Mulberry sericulture are Uttarakhand
(0.05%) and Chhattisgarh (0.6%), but
Uttarakhand has about 595 ha of area under
highly suitable categories in the selected 5
districts. For non-mulberry sericulture, Bihar
and West Bengal have significant proportion

of suitable areas for Eri and West Bengal

and Uttarakhand have significant suitable areas for Muga. For tropical Tasar, Orissa has the highest percent of suitable
areas (25% of TGA) in the selected 4 districts followed by Jharkhand (21.2% of TGA) in the selected districts (Table 5).

Table 4: Suitable for Mulberry host plants in NE states

No.of | Toa | righty (MGEEEEVIVEREY ot
STATES S(_elec_ted (Ha) Suitable (Ha) (Ha) (Ha) % of TGA
districts (Ha)
Arunachal Pradesh 7 36981 13 1908 15321 17242 0.47
Assam 9 32713 1169 76893 232377 310439 9.49
Manipur 9 22327 - - 67675 67675 3.03
Meghalaya 2 5051 13928 32381 33425 79733 15.79
Mizoram 6 18278 85598 73495 17567 176660 9.67
Nagaland 5 10910 - - 239306 239306 21.93
Sikkim 1 750 - 827 5095 5922 7.90
Tripura 2 4423 219 17388 14745 32352 7.31

Information Dissemination through SILKS Geoportal

The SILKS geoportal developed as a part of the project has been put in the public domain under the domain

name http://silks.csb.gov.in (Figure 4). SILKS is a single window, ICT-based information and advisory services system for

the farmers, sericulture extension workers, administrators and planners working in the field of sericulture development. It

provides computerized information storage, value addition, and supply sericulture knowledge to the users and planning

and advisory services in formats and language appropriate for the local sericulturists. The portal is now made available in 12

languages viz., English, Hindi, Telugu, Kanada, Assamese, Bengali, Mizo, Manipuri, Khasi, Garo, Ao Naga and Sumi Naga.

It has 13 major non-spatial modules and 4 spatial modules, which are grouped into three categories, namely Planning

Services, Other Services and Natural Resources Management. The available modules under Planning Services are Silkworm


http://silks.csb.gov.in/

Table 5: Suitable for Mulberry host plants in other than NE states

. Moderately .
STATES :%%E{g (s:Gk‘r\n ) st:(:za:t)a,e 5&1’:32:;‘2@’ Msir(u?‘%?:y T(‘,’,ZS' % of TGA
suitable (ha)

Andhra Pradesh | 4 | 37518 | 2366 10339 6641 | 19346 | 0.52
Bihar 3 8934 - 59916 41458 | 101374 | 1135
Chhattisgarh 2 22060 | - 3162 9994 | 13156 | 0.60
Himachal Pradesh 4 15607 | 13755 96073 42254 | 152082 | 9.74
Jammu and Kashmir 2 2108 2551 6154 11299 20003 9.49
Jharkhand 3 8742 - 7651 11531 | 19182 | 2.19
Karnataka 4 | 33878 | - 11877 379932 | 391809 | 11.56
Kerala 2 9411 | 9914 21970 14803 | 46686 | 4.96
Madhya Pradesh 6 | 35132 | 1136 77208 279563 | 357907 | 10.19
Maharashtra 7 72520 | - 6441 76401 | 82843 | 1.14
Orissa 4 | 25986 | 238 7976 88217 | 96431 | 3.71
Punjab 2 4568 - - 521 521 0.11
Tamil Nadu 4 | 24133 | 95325 59449 10446 | 165220 | 6.85
ngzgh 6 23886 | 584 8135 16382 | 25101 | 1.05
Uttarakhand 5 24990 | 595 300 263 1158 | 0.5
West Bengal 9 50438 | 38038 54272 24571 | 116882 | 2.32

silks.csb.gov.in/lakhimpur/potential-sites-for-silkworm-food-plants/
| i iasius 1 ctUs | 1ap
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Fig. 4: SILKS webportal

Food Plants Production Technologies,
Techniques of Rearing Silkworm, Diseases
and Pest Management of Silkworm Food
Plants, Improved Varieties of Silkworm Food
Plants, Species of Silkworm, Processing of
Cocoons, Infrastructure and Equipments
and Allied Sectors and Occupations. Other
Service has modules like Micro Credit and
Self Help Group, Seri Marketing, Seed
Distribution Centres, Weaving Reeling
Centres and Schemes & Grants for Farmers.
Farmers Services module consists of Weather
and Weather Advisory, Disease and Pest
Forewarning and Support Services. Within
a short span of about one year, the portal
has been able to make significant impact
particularly in North Eastern region and a
number of sericulture expansion activities
have been initiated based on the outcome
of the study. Regular updation of information

content in the portal requires continuous support from all the stakeholders based on the feedback

from the users particularly the sericulture farmers.
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Mizoram and Uttarakhand State Meets on
Promoting Space Technology based Tools and
Applications in Governance and Development

Mizoram State Meet on Promoting Space Technology based Tools and Applications
in Governance and Development was held on 8th March 20016 at Mizoram
Secretariat Conference hall, Aizwal. Shri PLN Raju, Director, NESAC in his
presentation has highlighted the Indian Space Programme and importance of the
meeting and Shri Lal Masawma, Chief Secretary, Govt. of Mizoram, inaugurated
the state meet. The State Meet was attended by around70 participants from 24

line departments of Government of Mizoram.

The technical programme consisted of four theme sessions namely (i) Environment
and Energy, (ii) Agriculture and Allied departments, (iii) Infrastructure Planning
and (iv) Health and Welfare.

The outcome of the above four sessions were presented in the concluding session,
which was chaired by Shri Lal Thanhawla, Chief Minister of Mizoram. The
Hon’ble Chief Minister, in his special address, stressed upon the importance of
space technology for the remote states like Mizoram and urged the government.
departments to utilize the technology to its fullest potential. The departments have
projected many requirements. The line departments have been asked to submit the

detailed project proposals for further scrutiny and finalization.

Concluding Session chaired by Hon’ble Chief Minister, Mizoram
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Uttarakhand State Meet on Promoting Space Technology Based Tools and
Applications in Governance and Development was organised on 27" February,
2016 by USAC in at IIRS campus of Dehradun. It was inaugurated by Chief
Secretary, followed by presentation from 40 departments in 8 technical sessions,
namely Agriculture, Environment and Energy, Infrastructure and Planning,
Water Resources, Health and Education, Weather and Disaster Management,
Developmental Planning, and Technology Diffusion, Communication and
Navigation. It was attended by more than 250 participants from 52 departments
and other govt. organizations. The Plenary session as addressed by Chief Minister
of Uttarakhand and Chairman, ISRO. The Hon’ble CM highlighted the role of space
technology in Uttarakhand particularly for disaster management and development
of remote areas. In response to inputs from various state departments, USAC is

working out the details of the joint projects to be carried out with their involvement.
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GM asks departments for more
use of Space Technolooy

AZANL MARSD

Thide nalioes Bat can maks the mast
use ol modern fechnalogy are
diveloping, said Chviel Minister Lal
Thanhawla and asked the depariments
in the Stale b use space lechnology
mare and more,

He was speaking at the closing
function of One Day State Meet oa
‘Fromoting Space Technology Based
Tools and Applcadion in Governance
and Development' here at New
Secrataniat Conlerance Hall yestarday
evening

Chied Minisier thanked indian Space

Research Organisaion (SAC), Horth
Easlern Space Application Centre
(NESAL) and Mizoram Remole Sensing
Application Centre (MIRSAC) for
omanizing the Meet, which, he addod,
woulkd result inko 2 fruithul progress bor
Mizoram

is necessary I maks use of space
Technology in order 1o have good
planning and pocd governance, Chiel
Minister said while appreciating the
vanous degsariments in e Stare for
hei bevel best preparation b us space
{echnology

CM atso lauded the initiative of

MRSAC whils caling for making the
most e of ihe st growing and kst
changing veard fachnology

During the thema sassion of the
Meet, thé Thema Chairman of each ol
e 4 Themes- Emvironmnd and Energy,
Agriculture & Allied departments,
Infrastructure Panning and Health and
Wedtare, summd up and iiplained the
Initialives and plans of varsous

Dr. MA. Paul, who camé from ISR0
Hars, Bangalor appreciaied the action
phans of various departments for using
space technology and said fhat basd

on fhe report of the Maet. ISR will find
wirys o help the departments.

The Meet, which was In pursuance
of the initiative of Prime Minisler
Karendra Modi, was the first-ever in
Korth  Eagl, C.Vanlpramsanga,
Secretary, Planaing Departmend, who
conducted the closing funclion, sakd,
And Mizoram s Ihe only Stade 1o
organize this king of Meet hiice in 2
yéaie, he mentioned.

The Me#l was attended by
depariment representatives, ISR0
Sclentists, NESAC and MIRSAC
Sclentists




CLIMATE CHANGE CONCERNS AND
ADAPTIVE MANAGEMENT OF WATER
RESOURCES IN INDIA

Bandyopadhyay S, Paul MA, Shantanu B and Arunan S
EOS Programme Office, ISRO HQ, Bengaluru-560231
Email: bandyo@isro.gov.in

Introduction

Climate change imposes uncertainties to the utilization and management of water
resources. Based on distribution of rainfall, more than two third area of India falls under
dryland and faces water scarcity. With the consequences of climate change looming across
the horizon further accentuated a sizable pressure on this scare commodity. While the adverse
impact of climate change on health, settlements and natural resources has been reported by
many researchers, the severe stress on water resources and food-grain production are the
major concerns in order to feed the growing population. Moreover, increased temperature
and humidity due to climate change would enhance the incidence of pest and diseases,
thereby severely affecting the agricultural crops (Mall et al., 2006a); Senapati et al., 2013).
Studies on regional climate models and distributed hydrological models showed an increasing
trend for maximum, minimum temperatures and rainfall. Global warming is being increasingly
manifested through perturbing natural rainfall patterns and its uneven distribution. Many
dry areas will suffer badly from reduced rainfall and increased evaporation affecting around
millions of people in dry regions of Indian subcontinent. The other serious effects are sea
level rise and degradation of coastal ecosystem, ground water salinization, melting of the
Himalayan glaciers and shifting of growing height of Alpine vegetation. These changes will
have profound effects on various economic sectors and the livelihoods of millions of people,

especially the poorest section of the region.

World Bank (2013) and the Fifth Assessment Reports (2013) of the Intergovernmental
Panel on Climate Change (IPCC) have brought out the evidences that the earth's climate
system is changing on both global and regional scales since the pre-industrial era. The earth
system is getting warmer with the intense anthropogenic activities specifically those that
cause an increase in the atmospheric concentration of carbon dioxide. Researchers around
the globe have found that climate change is likely to impact water resources depletion and
land degradation considerably (Mall et al., 2006). There have been observed changes in
surface temperature, rainfall, evaporation, and extreme events since the beginning of the
twentieth century. Thus, changes in temperature and precipitation under climate variation

have serious impacts on hydrology and water resources availability. Improved understanding


mailto:bandyo@isro.gov.in

of climatic effect on hydrological variability is of paramount importance for sustainable development and management

of water resources (Arnell, 1999; Gosain et al., 2011; Devkota & Gyawali, 2015)

Livelihood and sustenance of development are highly climate driven. Floods, droughts and cyclones regularly batter
economic sectors and infrastructure and cause deaths to human and livestock population (Kumar et al., 2003; Chhabra
et al., 2004). In order to reduce vulnerability, there is an urgent need to design and implement adaptation measures. It
is also warranted that adaptation be integrated into national development plans of the country, as a continuous process.
The objectives of this article are to bring out the impacts of climate change on Indian water resources and the need for
developing suitable strategies and adaptive framework to mitigate the effect of climate change on natural resources,
especially on water resources. In this context, space and geo-spatial technologies are considered to be the important
tools which enable systematic inventory of water resources and help in identifying the key measures towards sustainable

management and conservation of resources.

Climate Change and Scenarios

The changes in the Earth’s climate system are the integrated effect on atmosphere, biosphere, hydrosphere
and the cryosphere. Extremes of climate are a key expression of climate variability, and this assessment includes new
data that permit improved insights into the changes in many types of extreme events including heat waves, droughts,
heavy precipitation and tropical cyclones (including hurricanes and typhoons). Therefore, multidisciplinary approaches
are necessary in order to increase understanding of trends, variability and processes of climate change at global and

regional scales.

The Intergovernmental Panel for Climate Change in its fifth report (2014) has projected climate change scenario
based on direct measurements and from satellites and other platforms. According to the report the global climate system
is warming up since the 1950s, with melting of snow and ice, rise in the sea level and increase in concentrations of

greenhouse gases.

Key messages from IPCC report (2014)

Coming years will see more extreme weather events (floods, cyclones, cloud bursts, unseasonal
excessive rains and drought etc) in most parts of the globe Maldives, China, India, Pakistan,
Bangladesh and Sri Lanka will be among the most affected countries in Asia

Severe stress on fresh water resources in South Asia and China (Himalayan river basins) may become a reason
for armed conflict in the region by middle of the 21t century

Coastal flooding will not only kill people and cause destruction, it will also affect tourism in India (like in Goa
and Kerala)

Decline in food grain production (wheat in India/Pakistan and wheat and maize in China)
Big coastal Cities like Mumbai and Kolkata will be affected by sea-level rise in 21t century
Some fish and other marine animals will face extinction by 2050, affecting fishing community

In many regions, changing precipitation or melting snow and ice are altering hydrological systems, affecting
water resources in terms of quantity and quality

Glaciers (including Himalayan) continue to shrink almost worldwide due to climate change, affecting run-off
and water resources downstream

Climate change will impact human health mainly by exacerbating health problems that already exist.

Some of the facts and figures related to climate change are: (i) averaged combined land and ocean surface

temperature for the period 1880 - 2012 shows a warming of 0.85°C; (ii) it is projected that the contrast in precipitation



between wet and dry regions/ season likely to increase; (iii) accelerated melting of glaciers with
intensification of monsoon can lead to flood disasters in the Himalayan catchments; (iv) Since about
1950, many extreme weather and climate events are common and the number of cold days and
nights has decreased and the number of warm days and nights has increased on the global scale. (v)
mean rate of global averaged sea level rise was 1.7 mm yr' between 1901 and 2010; (vi) deltas will
be threatened by flooding, erosion and salt intrusion. (vii) loss of coastal mangroves will have impact

on fisheries; and (viii) increased temperatures will impact the agricultural production.

Paris Climate Change Agreement -2015

A long-term goal to limit global warming to ‘well below' 2 °C or 1.5 °C if possible
National pledges to cut greenhouse gas emissions in the 2020s

A plan to make countries pledge deeper emissions cuts in future, improving their plans
every five years

Capacity-Building Initiative by developed countries — ‘mobilising’ $100 bn a year
until 2025

A plan to monitor progress and hold countries to account

Climate change and will see severe stress on water resources and food-grain production in
the future. India, like other developing economies, may lose up to 1.7% of its Gross Domestic Product
(GDP) if the annual mean temperature rises by 1 degree Celsius compared to pre-industrialization

level, hitting the poor the most.

Water Resources of India

India receives annual precipitation of about 4000 km? including snowfall. Out of this,
monsoon rainfall is of the order of 3000 km? (Kumar et al., 2005). Rainfall in India is dependent on
the south-west and north-east monsoons, on shallow cyclonic depressions and disturbances and on
local storms. Average water yield per unit area of the Himalayan Rivers is almost double that of the
south peninsular rivers system, indicating the importance of snow and glacier melt contribution from
the high mountains (Lal, 2001). The change in rainfall pattern, may adversely affect the future water
resources availability in a basin (Nearing et al., 2005, Burns et al., 2007, Gonzalez et al., 2009). The
hydrological cycle is being modified quantitatively and qualitatively in most of the river basins of our
country as a result of the developmental activities such as construction of dams and reservoirs, land
use change and irrigation. This has led to reduced availability of water from various surface and sub-
surface sources. Prediction of climatic variables, under changing climatic conditions, at the basin level
(fine resolutions) and their use in hydrological/hydraulic modeling is required for prediction of water
availability for irrigation, domestic, industrial, power production; and flood and drought conditions

at the basin levels.

India is an agrarian country and currently utilises around 85% of the total available water
for food production. India has great variation of climate, with striking contrasts of meteorological
conditions (Tyagi et al., 2012). Climate variability and climate change have substantially affected
agricultural production in India. Under the climate warming scenario, severity of droughts and intensity

of floods can get deteriorated in many parts of the region (Gosain et al., 2006). Most rainfall in India
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occurs during the southwest monsoon season, between June and September, and levels of precipitation vary from 100
mm a year in the western parts of Rajasthan to over 1,100 mm in the northeastern state of Meghalaya (Jain et al., 2007).
Floods and droughts are both common throughout the country. But despite an estimated water availability of ~1800
cubic m. per person, per year, nearly 900 million people in the country suffer severe water shortages due to uneven
distribution of water. The per capita availability of water in India is dwindling. The country currently uses only a small
part of its water endowment; as such, there is still huge potential to meet the water needs through developing proper

water distribution and harvesting systems.

Pressure on the water resources is increasing unabatedly with the growing demand in the various sectors. The
water requirement for the irrigation purpose will increase in the coming decades for meeting the food requirement of
the increasing population; although, its share in total water demand will reduce (Rakesh et al., 2005). In other words,
the present demand of 85% for irrigation sector will reduce to 74% by 2050 indicating competition among the various
sectors of water utilization, and the future challenges in water resources management (Gupta and Deshpande, 2004). The
total utilizable water available works out to 1122 BCM, which is just sufficient to meet the estimated demand by 2025.
There will be a gap between the water availability and the requirement by 2050, when the population of the country is
expected to stabilize. Moreover, the projected full requirement cannot be possibly met through the conventional, intra-

basin developments.

Geospatial Technology in Climate Change Studies

Geospatial technology includes three different technologies that are all related to mapping features
on the surface of the Earth for environmental management. They are GIS, global-positioning systems, and
remote sensing. This is also synonymous with spatial information technology. Together, the three components of
geospatial technology can track, map, analyze, and disseminate environmental management information (Bandyopadhyay
and Jha, 2008).

Research on global warming, GIS and remote sensing are widely used by climatologists as a way to catalogue the
evidence for climate change in the past and to organize evidence for climate change now and into the future (Nemani
etal., 2003; Weaver, 2007; Clark et al., 2016). The mathematical models to predict climate change scenario incorporate
many independent variables related to temperature, precipitation, topography, atmospheric gases, population growth
and industrial development to predict how the manifestations of climate change will vary by geographic scale and region.
Some of the data needed to build these models, such as historic temperature records, vegetation indices, land cover

changes, rates of deforestation can be obtained from time series satellite data.

Data from current and planned satellite missions can play an important role in providing synoptic atmospheric,
terrestrial and oceanic environmental data from space to address these observational requirements. These data promotes
multidisciplinary research in the circumpolar regions and can be instrumental in furthering our understanding of the Earth
as a System, which includes few overarching themes viz, radiation, clouds, water vapor, precipitation, and atmospheric
circulation; ocean circulation, productivity, and exchange with the atmosphere; tropospheric chemistry and greenhouse
gases; land ecosystems and hydrology; snow, ice, and glacier extent; ozone and stratospheric chemistry; and volcanoes and
climate effects of aerosol. In the area of precipitation, it was tracking the seasonal progression of rainfall and attempting
to better understand development, movement and impact of severe storms, as well as improving the understanding
of water cycles. It was also looking at land surface imaging to monitor changes to farmlands, coastlines, deserts and

forests, and to track short-term threats to climate change, such as wildfires, floods and volcanic activity.



The observational need such as atmospheric compositions; ocean surface topography and
physicochemical status; precipitation; and land-surface imaging are accomplished using space based
platforms. In the area of atmospheric composition monitoring measurements encompasses CO,,
methane, water vapour, ozone aerosols etc (Baccini et al., 2012; Manjunath et al., 2007). Since the
launch of Coastal Zone Color Scanner in 1978, chlorophyll has been derived from ocean color sensor
to assess phytoplankton biomass, primary production, and the ocean’s impact on the climate cycle
(Longhurst et at., 1995; Behrenfeld et al., 2006). However, caution need to be adopted when using
empirically derived chlorophyll to infer climate related changes in ocean biology (Dierssen, 2010).
Ocean topography, monitoring sea level rise, as well as providing ocean temperature and chemistry

trends hold considerable importance in global change modelling (Abraham et al., 2013; IPCC, 2013)

Satellite imagery is particularly useful for detecting changes in vegetation. The vegetation
indices such as, NDVI has already been successfully applied on temporal and spatial scale to assess
vegetation distribution, productivity, habitat degradation and fragmentation, and the ecological effects
of climatic disasters such as drought or fire. The global coverage of the NDVI suggests that it could
be used to predict the ecological effects of climate change on ecosystems functioning. Increase in the
primary productivity was reported, particularly in the tropical ecosystem, owing mainly to decreased

cloud cover and the resulting increase in solar radiation (Nemani et al., 2003).

Geospatial technology provides resource managers, as well as general public, with the
insight and ability to react to climate change. One can monitor, map, and share the effects of: El Nifio
Ocean warming and La Nina ocean cooling; tropical forest depletion; the meltdown of sea glaciers in
Antarctica or at the poles; vegetation monitoring through detailed knowledge of soils, erosions rates,
nutrient cycles, and local agricultural practices; and water resources management through weather
monitoring. With GIS, the global temperature pattern is mapped and shared among users. Researchers
are using geospatial technology to quantify the carbon amount in biomass and using that information

in carbon sequestration (Chhabra and Dadhwal, 2004).

Impact of Climate change: Stress on Water Resources

A number of researchers have reported the impact of climate-change scenarios on hydrology
(Table 1) of various basins and regions; they projected that increasing temperature and decline in
rainfall may reduce net recharge and affect freshwater resources (Fowler et al., 2007; Christensen
and Lettenmaier, 2007). Human caused influences are expected to follow a steady growth trend in
the future; climate modifications caused by anthropogenic radiative forcing are considered to be
more permanent than those caused by natural variability factors. Increase in temperature perturbs
the hydrologic cycle increasing evaporation from surface water and vegetation transpiration. As a
result, these changes can influence distribution and intensity of precipitation and indirectly control the
flux and storage of water in surface and subsurface systems. Climate change directly affects surface
water resources while its effect on groundwater is rather complicated and matter of intense research.
Variability in rainfall, low recharge and high withdrawals impact groundwater levels negatively and
paves the way for saline water intrusion in coastal aquifers. As groundwater resources are vulnerable,
quantifying the impact of climate change on groundwater resources are being studied using Global
Climate Models (GCM) for assessing impact of climate change (Rosenberg et al., 1999; Payne and
Dorothy, 2010; Chadha and Sharma, 2000).
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Impacts of climate change on water resources will have a wide range of consequences for coastal ecosystems.
The health of the Earth’s ecosystems will be affected by changes in the quality and quantity of freshwater runoff into
coastal wetlands, higher water temperatures, extreme runoff rates or altered timing, and the ability of watersheds to
assimilate pollutants and wastes. Sea-level rise has the potential of causing increases in the intrusion of saltwater into
coastal aquifers. sea-level rise include changes in salinity distribution in estuaries, altered coastal circulation patterns,

destruction of transportation infrastructure in low-lying areas, and increased pressure on coastal levee systems.

Glaciers and ice sheets are good climatic indicators and influence the Earth’s climate in two important
ways. The first is their potential impact on sea-level rise and global water resources under declining ice regimes.
Glaciers and ice sheets account for two-thirds of the Earth’s freshwater and would contribute approximately 229 ft.
(70 m.) to sea-level rise if they were to melt completely. The majority of this ice is located in the Earth’s Polar Regions,
largely in the Greenland and Antarctic ice sheets, which combined account for approximately 97.5 percent of potential
sea-level rise. Second, decreases in global ice and snow cover are considered particularly important to the Earth’s
climate system because such changes are considered to be part of a positive feedback loop, commonly referred to as
the snow-ice albedo feedback. Under this scenario, as temperatures increase, the extent of snow and ice decreases,
and the highly reflective snow or ice surface is replaced with the darker (more absorptive) ocean or land surface
underlying it. The increased absorption of energy completes the feedback loop, as more solar radiation is absorbed by
the Earth’s surface, leading to an overall increase in air and sea surface temperatures, and further decreases in ice and

snow volume.

Climate extremes are expected to become more pronounced under the projected climate change (Easterling
etal., 2000). Changes in hydrologic extremes have been noted at global scale with substantial variability in occurrences of
droughts and floods (Dai et al., 1997). For instance, there is huge variability in drought occurrences, their durations, and
areal extent in many regions (Sheffield and Wood, 2008). Among the natural disasters, the economic and environmental
implications of droughts are highest due to wide area extent and persistence (Wilhite et al., 2005), which may further
increase under the changing climate conditions. Floods are also likely to increase under the projected climate. Milly et
al. (2002) reported that frequency of great floods has increased substantially in the 20" century and significant positive

trends in great floods are consistent with the climate model projections.

Adaptive management provides a framework for managing uncertainty. This iterative approach, which recognizes
the uncertainties inherent in climate change and response measures, assesses needs and options, develops and implements
response measures, monitors and assesses these measures, and modifies them, as appropriate (Lawler, 2009). These
different measures are illustrated by examples from managing water resources, the coastal zone, forests, and livelihoods,
including agriculture. Measures to improve efficient water use, manage water demand, reuse water, and expand water

resources can all improve resilience.

Satellite applications in Water Resource Inventory and Management

Earth Observation (EO) Satellites provides the data in different bands of electromagnetic spectrum which enables
monitoring and developing management plans for country's water resources (Bandyopadhyay et al., 2006; Rao and
Raju, 2010) . Some of the important application areas cover irrigation water management, flood mapping and damage
assessment, snowmelt runoff forecasting, snow and glacier investigations, watershed planning and management, drought
assessment and monitoring, reservoir capacity evaluation, ground water prospect zone mapping, water quality mapping

and monitoring, environmental impact assessment of water resource project etc.



Table 1: Impact of Climate Change: Extremes of Water Scarcity and Excess

Indicators

Impacts

Mitigation

Extreme Heat

Unusual and unprecedented spells of hot weather
are expected to occur far more frequently and
cover much larger areas.

Optimal urban planning,
Improving the use of
renewable energy

Changing
Rainfall
Patterns

An abrupt change in the monsoon could
precipitate a major crisis, triggering more frequent
droughts as well as greater flooding in large parts
of India

Flood early warning and
Improvements in hydro-
meteorological systems for
weather forecasting

Droughts

Droughts are expected to be more frequent in
some areas, especially in north-western India
affecting crop yield

Drought-resistant crop
varieties, Efficient water
management

Groundwater

Although it is difficult to predict future ground
water levels, falling water tables can be expected
to reduce further on account of increasing
demand for water from a growing population,
more affluent life styles, as well as from the
services sector and industry

Judicious use of ground water
resources and recharge

Glacier Melt

Melting glaciers and the loss of snow cover
over the Himalayas are expected to threaten
the stability and reliability of northern India’s
primarily glacier-fed rivers, particularly the Indus
and the Brahmaputra. The Ganges will be less
dependent on melt water due to high annual
rainfall downstream during the monsoon season.
The Indus and Brahmaputra are expected to see
increased flows in spring when the snows melt,
with flows reducing subsequently in late spring
and summer.

Improvements in water storage
capacity would be needed
to benefit from increased
river flows in spring and
compensate for lower flows
later on

Sea level rise

With India close to the equator, the sub-continent
would see much higher rises in sea levels
than higher latitudes. Sea-level rise and storm
surges would lead to saltwater intrusion in the
coastal areas, impacting agriculture, degrading
groundwater quality, contaminating drinking
water. Kolkata and Mumbai, both densely
populated cities, are particularly vulnerable to the
impacts of sea-level rise, tropical cyclones, and
riverine flooding.

Enforcing coastal Regulation
Zone codes and adhering to
norms for the building codes
in the urban areas.

Agriculture and
food security

Extremely high temperatures in northern India
- above 34°C - have had a substantial negative
effect on wheat yields, and rising temperatures
can only aggravate the situation.

Crop diversification, efficient
water use, development
of drought-resistant crops,
improved soil management
practices,

Water Security

An increase in variability of monsoon rainfall is
expected to increase water shortages in some
areas. Studies have found that the threat to water
security is very high over central India, along the
mountain ranges of the Western Ghats, and in
India’s northeastern states.

Improvements in irrigation
systems, water harvesting
techniques, watershed based
approach
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Analysis of time series of satellite data enables monitoring changes during and after implementation projects
like commanding area development, flooding control, hydropower and multipurpose water resource projects. Inventory
of land cover/land use in the reservoir submergence area, particularly the forest and agricultural cropped areas has
been conducted using satellite data. Irrigability, mapping of command area, through integration of satellite derived
and ground measured data, would help in appropriate allocation and application of water to minimize water logging
and salinisation. In India, satellite data is used potentially in environmental monitoring of Idduki hydel project, Kerala,
Western Ghat areas including Nilgiri Biosphere Reserve, large scale river valley projects of Narmada and the Tehri dam in
Himalayas. The satellite remote sensing survey in these regions clearly brought the degradation of vegetation cover due

to biotic interference as well as long spells of adverse climatic condition.

Conclusion

The availability of water is highly uneven in both space and time. As water is a prime natural resource, a basic human
need and a precious national asset, planning and development of water resources need to be governed by national
perspective. Floods and drought affect vast areas of the country. A third of the country is drought-prone. Floods affect an
average area of around 9 million hectares per year. According to the National Commission on floods, the area susceptible
to floods is around 40 million hectares. For better assessment of the climate change impact, a quantitative relationship

should be established between ‘damage due to flood' and 'damage due to drought' and need to be updated periodically.

Even the planning and implementation of individual irrigation or multi-purpose projects, though done at the state level,
involve a number of aspects and issues such as environmental protection, rehabilitation of project-affected people and
livestock, public health consequences of water impoundment, dam safety, etc. On these matters common approaches
and guidelines are necessary. In some irrigation commands, problems of water-logging and soil salinity have emerged,
leading to the degradation of good agricultural land. There are also complex problems of equity and social justice in

regard to water distribution.

The drinking water needs of people and livestock have also to be met. Domestic and industrial water needs have largely
been concentrated in or near the principal cities, but the demand from rural society is expected to increase sharply as the
development programmes improve economic conditions in the rural areas. The demand for water for Hydro & Thermal
power generation and for other industrial uses is also likely to increase substantially. This underscores the need for the
utmost efficiency in water utilization and a public awareness of the importance of its conservation. The development
and exploitation of the country’s groundwater resources also give rise to questions of judicious and scientific resource

management and conservation. All these questions need to be tackled on the basis of common policies and strategies.

Another important aspect is water quality. Water pollution is a serious problem in India as almost 70% of its surface
water resources and a growing number of its groundwater reserves are already contaminated by biological, organic and
inorganic pollutants. In many cases, these sources have been rendered unsafe for human consumption as well as for
other activities such as irrigation and industrial needs. Improvements in existing strategies and the innovation of new
techniques resting on a strong science and technology base will be needed to eliminate the pollution of surface and

ground water resources, to improve water quality and to step up the recycling and re-use of water.

The biggest problem occurs with the uncertainty surrounding the effects of climate change and the unknown time frames. It
is still uncertain who will be most impacted by the changes and this fosters a lack of initiative for taking action now to mitigate
the effects of climate change. Therefore, it is necessary to evolve comprehensive management plan for suitable conservation

and utilization of water resources, especially in dryland areas. Systematic approaches involving judicious combination of



conventional ground measurements and EO techniques pave way for achieving optimum planning

and operation of water resources projects.
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Report of NCERT Training Programme

As a follow-up to the National Meet outcome, set of Remote Sensing & GIS training course
for the benefit of Post Graduate Teachers were taken up with financial support from ISRO.
The training programme was successfully completed by the joint efforts of NNRMS/EOS,
IIRS, and NCERT.

The highlights of the training programme are as follows :

< The course curriculum was designed by IIRS, Dehradun in consultation with NCERT
mainly following the NCERT syllabus of class 11 and 12.

Apart from covering the basics of RS&GIS, concepts and applications of Global Navigation
Satellite System, RS applications and School Bhuvan were also taught.

The 2 weeks duration training courses were conducted in 2 batches. The 1 batch was
conducted simultaneously by 19 Centres across the country during July 22-August 7,
2015 and was attended by 292 teachers. The 2" batch was conducted simultaneously
by 9 Centres during Jan 4-15, 2016 and was attended by 150 teachers.

A total of 442 PG teachers of Geography representing 207 from Kendriya Vidyalaya
Sangthan, 168 from Navodaya Vidyalaya Samiti and 67 from CBSE affiliated schools have
got benefitted.

NNRMS/Earth Observations System took the responsibility of identifying the training
centres which are already supporting the capacity building efforts under NNRMS SC-T,
while NCERT took the responsibility of deputing the participants.

The centres which conducted the training courses include 6 SRSACs; 7 academic
institutions apart from ISRO/DOS Centres.

The total expenditure towards conducting the training programme was met by the funds
provided by ISRO including travel, boarding and lodging support of participants.

Based on the feedback of the 1 phase of the training programme, NCERT has been requested
to take care of additional requirements as well as strengthen the geography lab at schools
with adequate RS&GIS infrastructure facilities




Heads of Space Agencies Decide to Join Efforts
for the Monitoring of COP 21 Decisions

3 April 2016, New Delhi, India

A New Delhi Declaration has been adopted by the Heads of space agencies from around the
world on April 3, 2016 on the sidelines of the Asia-Pacific Remote Sensing Symposium in New
Delhi, India, organized by the Indian Space Research Organization (ISRO) and Ministry of
Earth Sciences, Government of India. The declaration highlighted the importance of satellites
to the global climate change agenda, particularly in relation to the Paris Climate Agreement
that came from the overwhelmingly successful COP-21 in Paris in 2015.

1.

Heads of space agencies recalled the Declaration of Mexico, recognizing the tremendous
contribution of satellites to climate change studies and disaster management support, and
expressing their determination to enhance their efforts to strengthen the role of space in these
tields in support of political decisions taken at the UN Conferences Of the Parties (COP).

. The Declaration of Mexico stated: “Satellite observations are the Rey element of a global

measuring system aimed at verifying the reality of commitments taken in line with the United
Nations Framework Convention on Climate Change (UNFCCC).” Following the agreement
achieved at COP 21 in Paris during December 2015, there will be a growing need to implement
an independent Measurement, Reporting and Verification system (MRV) that will become a
tool for verifying national INDCs (Intended Nationally Determined Contributions). As stated
in the CEOS Strategy for Carbon Observations from Space: “an ambitious long-term goal
tor CEOS is operational LEO and GEO constellations measuring greenhouse gases in the
atmosphere. This new suite of observations has the potential to be an essential element for
future MRV systems.”

. At present, several space agencies have invested in research satellites that pave the way for

future operational satellites dedicated to Green House Gases monitoring: SCIAMACHY was
a precursor by ESA; GOSAT of JAXA and OCO 2 of NASA are in orbit; TANSAT of China,
GOSAT 2 of JAXA, OCO 3 of NASA, MERLIN of DLR and CNES, S5P and S5 in Copernicus
program of EU and ESA, and MicroCarb of CNES are in development.

. Together with more in-situ measurements, better assimilation and inversion systems, and

increased computing resources, satellites face a number of challenges to become operational
tools. Spatial resolution and revisit capability are among them. Space agencies from around
the world are committed to tackling these challenges, either by developing new technologies
to be flown in space or by encouraging their research community to contribute actively in
related assimilation and inversion models.

. Operational measuring capabilities based on satellites will also require coordination between

space agencies and with the surface in-situ monitoring networR, so that instruments in
orbit can be cross-calibrated and their measurements cross-validated. An international
independent way of estimating emission changes for all world countries based on
internationally accepted data would create a level playing field and an independent basis
for further reductions. Space agencies from around the world reaffirm their commitments
to worR together in the right international framework on these matters.

. Cooperation between space agencies around the world for the monitoring of COP 21
decisions will be closely followed by the Heads of Agencies themselves.
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chnology Applications for Groundwater Targeting

When Karnataka State was reeling under severe drought, as per the discussions had by the Hon’ble
Minister for Rural Development and Panchayat Raj, Shri. H K Patil, and Chairman, ISRO; a
quick attempt was made to utilize the space based inputs for Ground water development in the
drought affected villages of Indi, Aland, Kundagol, Navalgund and Dharwar Taluks of Karnataka.

The groundwater prospects maps prepared by ISRO at1:50K scale have been used as the main
source of information and were updated to 1:10K scale for identification of locations for field
based observation, survey and subsequent drilling. The work was executed by Karnataka State
Remote Sensing Application Center under the technical guidance of ISRO. A workshop and
field demonstration was organized in Regional Remote Sensing Centre - South, Bengaluru on
Quick assessment of Groundwater Potential at village level using Geoscientific database. About
80 Geologists from the Rural Drinking water and Sanitation Department and senior colleagues
from CGWB and Geological Survey of India were trained for identifying sites for ground water
development and its sustainability. Ground water prospects maps at village level were prepared for
390 villages on priority basis. As per the latest status 58 wells have been drilled with about 80%
success rate. New recharge structures and augmentation of existing ones are also being planned.
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TACKLING SCARCITY

Help from space to spot

water underground

Most borewells sunk at spots pointed by satellite images have yielded water
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