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PREFACE

To meet the increasing demands of population, tremendous pressure is being exerted on
the natural resources for more food production, energy and water requirement etc.
Natural resources, being finite implies more intensive use of land and depletion of
resources at a much faster rate. Continuous exploitation of natural resources is the major
reason for degradation of our environment leading to deforestation, soil salinity, water
logging, soil erosion, desertification floods, droughts and species extinction. An
important issue is to bring a balance among economic development, conservation of
resources and ecology. In this regard reliable assessment and monitoring of land use and
land cover (LULC) enables understanding the dynamic changes, and proper management
of the natural resources especially agricultural production, conservation of surface water
bodies and forests, reclamation of waste lands, coastal management, and urban planning,
etc.

State-of-art technologies, Remote Sensing and Geographical Information System, offer
great scope to generate and update the LULC information in spatial format rapidly at
frequent intervals. This helps in proper monitoring of the resources and environment. In
this context, Natural Resources-Census (NR-Census) Programme has been taken up by
the Department of Space under the National Natural Resources Management System
(NNRMS). The programme envisages mapping and inventory of natural resources using
IRS images and generation of natural resources repository.

As part of this, a project on LULC mapping on 1 : 250,000 scale using multitemporal
IRS-P6 AWIFS satellite data on annual basis is launched. This project is going to
generate digital spatial and temporal database on 19 different LULC classes and also net
sown area statistics of different cropping seasons. | hope this database is going to be a
valuable and timely information for various types of users in the country and enables to
undertake integrated studies addressing socioeconomic and ecological issues.

Implementing the National level LULC assessment using multitemporal IRS-P6
(Resourcesat-1) AWIFS data poses a challenge in terms of standardizing the geodatabase,
mapping methodology, and calls for an integrated effort of ISRO/DOS Centres. The
project team has prepared this Project Manual addressing various aspects of the project. |
am confident that this document will bring uniformity in the execution of the project by
the different centers involved in the project. Further, this manual is expected to be quite
handy for the scientists involved in the project as it addresses briefly general overview
and concepts of the methodology envisaged.

Director, NRSA
Date: April, 2005
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EXECUTIVE SUMMARY

Spatial accounting and monitoring of land use and land cover (LULC) systems like
agriculture, surface water bodies, waste lands, forests etc. has become essential for the
sustainable utilization of natural resources. Considering this need and potential of IRS
AWIFS sensor in monitoring the natural resources, National level LULC mapping project
is taken up as part of NNRMS — DOS programme with the following objective:

National Level LULC mapping on 1: 250,000 scale using multi-temporal AWIFS datasets
to provide on annual basis, net sown area for different cropping seasons and integrated
LULC map at the end of each year starting from 2004 - 07. The following approach is
envisaged for the project:

¢ Use of multi temporal AWIFS data covering Kharif (Aug — Oct), Rabi (Jan- Mar),
Zaid (April- May) seasons to address spatial and temporal variability in cropping
pattern and other land cover classes. Supplementing cloud and quality affected
AWIFS datasets with WiFS/MODIS.

e Georeferencing of multi temporal datasets with LCC projection and WGS 84
datum. Conversion of all satellite datasets into TOA reflectance data to minimize
temporal variability.

e Adoption of hierarchical decision tree classifier to effectively account the
variability of temporal datasets and bring out reliable classification outputs. Use
of legacy datasets on forest cover, type, wastelands and limited ground truth as
inputs for classification and accuracy assessment.

¢ Develop geodatabase standards to address retrieval and storage of different data
inputs and outputs, designing meta data elements relevant to different types of
data, automated output production and interactive querying.

o Implement process based QAS to regulate the data flows and outputs as per the
standards.

e Develop ‘Project Manual’ to maintain uniformity of work and implementation
document to monitor the progress.

e Generate Net Sown Area statistics at state level for different cropping seasons and
Integrated LULC map at the end of year.

The manual has brought out sequential steps to be followed in execution of different
processes of the project, quality standards to be adhered at different stages of a process,
various data flows and linkages between different processes of the project. The manual
also addresses briefly general overview and concepts of the methodology envisaged to
enable the participating scientists to understand the background.

viii
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CHAPTER -1

INTRODUCTION
1.1 Background

India is bestowed with valuable natural resources consisting of forests, mineral deposits,
wetlands, rivers, surface water bodies and vast areas of agriculture serving the needs of
around a billion population and varied ecological functions. Due to increase in
population, industrialization and with large variations in climate and natural disasters, the
natural resources management has become very complex. Since independence the
population has increased by 284 per cent (363 to 1033 m) and food grain production by
386 percent (51 to 196 mt). On the other hand, 260 m population still lives below the
poverty line .The country has 150 Million ha of agricultural area and about 24% GDP is
met from the agricultural production. The highly water dependent crop production
systems are sensitive to monsoon climate, droughts and cyclones etc. and as well suffers
from unscientific irrigation/ fertilization practices as well as pest attacks. Apart from this,
trend of switching to commercial non-food grain crops is a cause of concern. While food
grain production increased only by 1.7 times over the last two decades, non-food grain
production quadrupled during the same period.

The forests, which are mostly of tropical and sub tropical in nature, constitute 64 million
hectare and are most sensitive to biotic and climatic factors. The forest vegetation is
present in four major ecological zones (Himalayas, Vindhyans, Eastern and Western
Ghats) covering different altitudinal and latitudinal regions and their composition is
regulated by the monsoon regimes and spatial variability in climate. The forest vegetation
is largely disturbed because of the increasing rate of deforestation due to unsustainable
extraction of timber, fuelwood and fodder as well as forestland conversions. It is
estimated that the timber requirements, which was 68,857 mt in 1980, would rise to
181,270 mt by 2025. Fuel wood stands as the main stay of energy resource for 70% of
Indian population and 125 mt are extracted annually. In addition over half of the live
stock population (270 million) depend on forest for grazing resources and NTFP worth of
Rs. 6.5 — 20 billion is met annually from forest.

The surface water resources support wide ranging natural and manmade biological
systems, hence, play a key role in better management of natural resources. The increased
urbanization and abnormal trends of precipitation are severely infringing the overall
existence of surface water resources and wetlands across the country. Such seasonal and
perennial water bodies serving as backbone of crop production need to be monitored to
attain sustainable management of water resources.

Apart from these utilitarian resources, wastelands assume significant proportion of land
use pattern amounting to 67 m ha out of which cultivable wastes constitutes around
twenty per cent. The productive use of this resource would add to the economic and
ecological amelioration of the system. Advent of huge planting efforts to harness
potential of wastelands across country would require effective and regular monitoring of
re-greening efforts, to develop better planting schemes and understand limitations.
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Studies so far conducted in our country are limited in scope, as they cater for base line
data towards regional planning and evaluation. The national spatial databases enabling
the monitoring of temporal dynamics of agricultural ecosystems, forest conversions, and
surface water bodies etc. are lacking. These kinds of databases are primarily important
for national accounting of natural resources and planning at regular intervals. Land use
and land cover mapping addressing Kharif, Rabi and Zaid crops, greening of wastelands,
seasonality of wetlands/surface waterbodies, forest vegetation and other high temporal
land use practices using satellite remote sensing data can provide a reliable database. In
this context the census of natural resources - land, water, soils, forests and other elements
— conducted in a systematic manner and with a repeat cycle to depict changes and
modifications as a “snap-shot” of the country’s status of natural resources is realized as
an urgent need.

1.2 Experiences in Regional Scale LULC Mapping

Varied experiences with regard to LULC mapping have been reported from different
continents employing moderate to coarse resolution datasets often in tandem with
ancillary databases. The National Mapping Program, a component of the U. S.
Geological Survey (USGS), mapped LULC maps based on aerial photography acquired
by NASA and the USGS during the 1970's and 1980's. The data was manually interpreted
and LULC polygons were compiled onto 1:250,000 base USGS maps. The Anderson
hierarchical classification scheme used with this data had nine major categories and
several detailed level 2 classes.

Experience in China, depict compilation of a 1:1 million scale atlas of Land Use Map of
China as the first land-use map for 1991 covering the entire territory of China. Mapping
was based on field surveys, satellite images and aerial photos; classes were regrouped
into 20 major land-use classes in the digital map (Wu, 1991). Another database of China,
the “Temperate East Asia Land-Cover Database (TEAL)” used 1992 NOAA-AVHRR 1-
km remote sensing information and existing land cover maps developed using traditional
geographical techniques. The database was developed to understand land use changes in
East China.

The National Land-Cover Database (NLC) project of South Africa aimed to produce a
standardized land-cover database for all of South Africa, Swaziland and Lesotho. The
land-cover database was derived (using manual photo-interpretation techniques) from a
series of 1:250,000 scale geo-rectified on seasonally standardized, single date LANDSAT
Thematic Mapper (TM) satellite imagery captured principally during the period 1994-95.
It is based on broad-level thematic classes provided on GIS based vector format and that
can be adapted further to suit individual user requirements.

The Global Vegetation Monitoring unit of the JRC, ISPRA, Italy has produced a new
global landcover classification for the year 2000, in collaboration with over 30 research
teams from around the world. The project was carried out to provide accurate baseline
land cover information, a harmonized land cover database over the whole globe to the
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International Conventions on Climate Change, the Convention to Combat Desertification,
the Kyoto Protocol etc. GLC,2000 dataset is a main input dataset to define the boundaries
between ecosystems such as forest, grassland, and cultivated systems. In contrast to
former global mapping initiatives, the GLC,2000 project is a bottom up approach to
global mapping. In this project, more than 30 research teams have been involved,
contributing to 19 regional windows. Each defined region was mapped by local experts,
which guaranteed an accurate classification, based on local knowledge. The mosaicing of
21 regional products, and the translation to a standardised global legend, made it possible
to create a consistent global land cover classification based on regional expert
knowledge.

Recent exercise of National Land Cover Database for United States known as “
Multiresolution Land Characterisation 2001 (MRLC 2001) ” has attempted to create an
updated pool of Landsat 5 and 7 satellites to generate land cover database (National Land
Cover Database 2001). The efforts covered aspects of providing consistent land cover
database as well as to provide a portable data framework useful in several applications.
The database included satellite images, elevation model and terrain products, per pixel
estimates of percent imperviousness, percent tree canopy and 29 land cover classes.
Classification rules, confidence estimates and metadata were also included in the
database.

Another recent attempt on global LULC vegetation is use of MODIS data as one of the
critical global data sets. The classification includes 17 categories of land cover following
the International Geosphere-Biosphere Program (IGBP) scheme. The set of cover types
includes eleven categories of natural vegetation covers broken down by life form; three
classes of developed and mosaic lands, and three classes of non-vegetated lands.

1.3. LULC Assesment — An Indian Experience

In India the information on LULC in the form of thematic maps, records and statistical
figures are inadequate and do not provide an up to date information on the changing land
use patterns and processes. Over the years, the efforts made by the various Central / State
Government Departments, Institution / Organizations etc., is sporadic and often efforts
are duplicated. In most the cases, as the time gap between reporting, collection and
availability of data is more, the data often becomes out-dated. However, the
organizational efforts in publishing maps, reports and statistical data by various central,
state and and other local agencies are noteworthy.

The Indian experience on use of satellite data for LULC analysis mainly comes from
studies conducted at National Remote Sensing Agency (NRSA) in collaboration with
different agencies. Realizing the need for an up to date nationwide LULC maps by
several departments in the country, as a prelude, a LULC classification system (with 24
categories up to Level-II, suitable for mapping on 1:250,000 scale) was developed by
NRSA, DOS, taking into consideration the existing land use classification adopted by
NATMO, CAZRI, Ministry of Agriculture, Revenue Department, AIS & LUS etc. and
the details obtainable from satellite imagery. The classification system provided the
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conceptual frame-work after discussions with nearly 40 user departments / institutions in
the country and 22 fold classification system which was adopted for Nationwide LULC
Analysis.

Nationwide LULC Analysis for Agro-Climatic Zone Planning

District-wise LULC analysis of all the 15 agro-climatic zones, using the 22 fold LULC
classification system was completed using 1988 — 89 satellite data sets. IRS - LISS-I data
of kharif (July-October) 1988 and Rabi (November— March) 1989 were used to generate
details of crop land in kharif and rabi seasons, the area under double crop, fallow lands,
different types of forest, degradation status, wasteland, waterbodies etc. NRSA along
with Regional Remote Sensing Service Centres (RRSSC’s), State Remote Sensing
Centres and other institutions completed this task using hybrid methodology i.e., visual as
well as digital methods. Out of 442 districts in the country, 274 districts are analyzed
using visual techniques and remaining 168 districts by digital techniques. Planning
Commission of India was the main user for this project.

National Wastelands Inventory Project (NWIP)

Until recently, no attempt had been made to prepare map showing different types of
wastelands in India. The area reported by various government agencies on the extent of
wastelands varies from 38 M Ha. to 175M. Ha. In 1985, NRSA/Department of Space
prepared wasteland maps of all states and union territories at a 1:1 million scale. The total
area of wastelands in the country during 1980 — 1982, estimated through this study was
about 53.3 million ha or 16.2 per cent of the area of the country.

In 1985, National Wastelands Development Board (NWDB) was setup with the objective
of rehabilitating 5 million ha of land each year for fuel wood and fodder production
through a massive programme of seeding and afforestation. This programme required a
very reliable database that provided details on the type, extent, location and ownership of
wastelands. Confronted by varying estimates of the extent of wasteland, including the
NRSA figure based on remote sensing, it became evident that the NWDB had to provide
precise definitions of the various categories of wasteland. The Technical Task Force
established by the NWDB proposed a classification system consisting of thirteen
categories of wasteland.

Subsequently waste land mapping on 1 : 50,000 scale was taken up in five phases and
about 5000 wasteland maps covering the country were prepared. Methodology developed
based on pilot studies were used for the identification and delineation of different types of
wasteland using enlarged satellite data. Both Landsat Thematic Mapper (TM) and Indian
satellite (LISS-II and LISS-III) data were used for mapping purposes. Hybrid
methodology i.e. both visual and digital techniques were used to extract the wastelands
thematic details. About 63.87 million ha (20.17 per cent) have been estimated as
wastelands through this study.
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Forest / Vegetation cover analysis

Using Landsat MSS data of 1972-75 and 1980-82 periods, NRSA (1983) carried out
vegetation mapping on 1:1 million scale for the entire country, which showed a
substantial decrease in forest cover. Subsequently, Forest Survey of India (FSI), Ministry
of Environment and forests (MOEF) carried out mapping of India for the year 1981-83
which was published in the year 1987. Since 1987, the forest cover of the country is
being assessed biennially by Forest Survey of India (FSI) using remotely sensed data. FSI
has carried out 8 such surveys using satellite imagery of the periods 1981-83 , 1985-87 ,
1987-89, 1989-91, 1991-.93, 1993-95 and 1996-97. The total forest cover amounts to
only 19.39 per cent of the geographical area of the country as per the latest available
report of FSI.

Land Cover Mapping using Spot-Vegetation for South Central Asia

Under Global Land Cover (GLC) 2000, Indian Institute of Remote Sensing (IIRS),
Dehradun, India has carried out a study for South Central Asian Region as part of this
programme. The study has been executed with a participation of network support from
countries like China, Sri Lanka, Myanmar, Thailand, Bhutan, Nepal and Bangladesh. The
study has produced LULC map for South Central Asian Region using SPOT-4
VEGETATION and other ancillary information.

Biome level characterization of Indian Vegetation (IRS— WIiFS Data)

Realising the potential of the IRS — WiFS datasets for regional level mapping, the
assessment of phenological growth of vegetation in forest eco system has been attempted
under ISRO-GBP programme by Indian Institute of Remote Sensing (IIRS), Dehradun .
The climatic data with bio geographic map is used to delineate the biomes in the Indian
Sub continent.

Vegetation type mapping

As part of landscape level biodiversity characterization project (DOS-DBS supported
programme) vegetation type mapping of NE regions and Western Ghats on 1 : 250,000
scale was done using IRS-LISS-III satellite data. Central India, Eastern Ghats and East
coast are being mapped on 1 : 50,000 scale using IRS P6, LISS-III satellite data

Vegetation and land use and land cover (IRS WIFS data)

Realizing the importance of LULC over a period of time, regional level mapping has
been attempted in India using IRS WiFS data to bring out causes, rates, magnitude,
patterns and trends in landscape changes. Earlier studies have demonstrated substantial
contribution of RS and GIS techniques to map spatial distribution of important habitats
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Integrated Mission Sustainable Development(IMSD)

This is one of the important projects carried out by Department of Space(DOS). It was
initiated in 1987 as ‘Integrated Study to Combat Drought’. Under this project different
thematic maps viz., LULC, Hydrogeomorphology, Soils, Slope etc. were generated on 1 :
50,000 scale and integrated to derive locale specific prescriptions called action plans for
sustainable development of land and water resources. The entire work was carried out in
three phases covering 175 districts in different agro-climatic zones covering about 84
million ha. or 25% of the total geographical area (NRSA,2002).

NRIS project

DOS has initiated this project in continuation to IMSD and the digital databases are being
prepared for various themes. In this project the standards for database design, structure,
theme content and codification were evolved. This project is being implemented in 17
states and all important natural resources including the LULC are being mapped on 1:
50,000 scale using IRS-LISS III data.

Integrated Resources Information System for Desert areas(IRIS-DA)

This is one of the recent projects carried out at NRSA(2002-2005) for Ministry of Rural
Development(MRD). It covers parts of four states — Rajasthan, Karnataka, Gujarat and
Haryana. In this project all thematic maps of natural resources are prepared on 1: 50,000
and the action plans for land and water resources development are generated. The LULC
theme was mapped upto Level-III classes. In this project the action plans were generated
using fuzzy logic and output were generated through an automatic software programmes
developed.

Wetlands of India

This project is being carried out by SAC, Ahemdabad with the objective of mapping all
the wetlands (like marshes, swamps, open water bodies, mangroves, tidal flats etc.) on 1:
250,000 scale for most of the states and on 1: 50,000 scale for few small states and UTs.
This project was sponsored by Ministry of Environment and Forests, Government of
India. Wetland delineation and mapping has been done using IRS-LISS I/Il data of
1992/1993. The total wetland area has been estimated to be 7.6 M ha(excluding Paddy,
Rivers and Canals)

Land Use / Land Cover inventory under NR Census

Before taking up of national level NR Census Mission, proto type districts studies were
taken up to develop legends for mapping various themes, standardization of methodology
including digital data base creation and generate census statistics for various natural
resources. Prototype studies were done using 1999-2001 databases to understand the
degree and magnitude of changes over a period of 5 years. DOS had contacted line
departments under each theme to address above points and to create awareness in them.
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The different themes addressed are geomorphology, soils, land degradation, LULC, wet
lands, vegetation types and forest crown density, snow and glaciers. Prototype districts
were selected based on diverse terrain types, physiography, agro-climatic zones etc. in
the country.  They are Guntur district, Andhra Pradesh. (NRSA), Mergerita block,
Tinsukia district, Assam (NRSA, Hyderabad & NESAC, Shillong), Dehra Dun district,
Uttaranchal (IIRS, Dehra Dun), Hassan district (RRSSC — Bangalore) and Bangalore
district, Karnataka (EOS, Bangalore), Part of Ladakh district, Jammu and Kashmir
(RRSSC, Dehradun), Gurgaon district, Haryana (RRSSC, Dehra Dun and HRSAC,
Hissar), Jhalawar district, Rajasthan (RRSSC, Jhodpur), North Sikkim district, Sikkim
(RRSSC - Kharagpur and Dehra Dun), Chandrapur District, Maharastra (RRSSC,
Nagpur), Vasai Taluk, Thane District, Maharastra (RRSSC- Nagpur and MRSAC), and
Lakhpat Block, Kachchh District, Gujarat (SAC).

1.4. Multi-temporal satellite datasets - Classification Approaches

Multitemporal satellite datasets are used as primary inputs for generation of spatial
databases on temporally variant LULC classes. This becomes more relevant when
developing regional and national level databases as the LULC classes exhibit varied
spatial/temporal characteristics across larger geographical gradients.  Hence the
extraction of LULC information using multitemporal datasets become a complex process
due to inherent heterogeneities involved in the datasets and LULC classes. Several
parametric and nonparametric digital classification approaches were used to classify
multitemporal datasets.

1.4.1. Parametric classification approaches

Townshend et al. (1987) performed supervised classifications on composited NDVI
GAC (Global Area Coverage) data for South America. While they did not validate their
results with test data, they found that accuracy for the training sites improved
substantially with the increase in the number of images included in the time series.
Koomanoff (1989) used annually integrated NDVI values to generate a global vegetation
map using NOAA’s Global Vegetation Index product (GVI). This work represents nine
vegetation types and does not rely on the seasonality of the NDVI. Reed et al. (1994) and
DeFries et al. (1995) have developed and used multi-temporal phenological metrics to
derive land cover classifications from AVHRR data. Lambin and Ehrlich (1996a, 1996b)
have found that using a time series of the ratio of surface temperature to NDVI provides a
more stable classification than NDVI alone, primarily by isolating interannual
climatological variability.

Loveland et al. (1991, 1995) have produced land cover maps using the International
Geosphere-Biosphere Programme (IGBP) classification and Seasonal Land Cover
Region (SLCR) classification systems for North America. These maps were based on
one year of monthly composited AVHRR-LAC data to generate an unsupervised
classification of land cover types for the conterminous United States. The resulting
clusters were further stratified based on ancillary environmental data such as elevation
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and ecoregion. Class labels were assigned based on the temporal curves of the clusters
as well as a large number of ancillary sources. Global land cover at 1-degree resolution
for 11 land cover classes has been achieved by DeFries and Townshend (1994), Friedl
and Brodley (1997), Friedl et al. (1999), and Gopal et al. (1996). These global land
cover maps are based on the agreement of the maps of Matthews (1983), Olson (Olson
and Watts 1982; Olson et al., 1983) and Wilson and Hendersen-Sellers (1985).

1.4.2. Non parametric approaches

To overcome difficulties in conventional digital classification that uses the spectral
characteristic of the pixel as the sole parameter in deciding to which class a pixel belongs
to, new approaches like context classifiers, decision tree classifiers, neural network
algorithms etc. are being developed. In the contextual classification, by considering a
pixel in the context of its neighboring pixels classification is performed to improve the
classification accuracy. Other ancillary data may also be incorporated in order to improve
the classification like incorporating a digital elevation model. Another technique is Fuzzy
classification in which each pixel is assigned a number for each class, ranging from 0 tol,
which indicate the proportions of the different classes which have contributed to the
observed spectral signature. A limitation to this program is that the number of end-
members that can be employed must be less or equal to the number of input bands. Thus,
if the six reflective Landsat TM bands are used, a maximum of six classes can be
employed. Neural network and decision tree classifiers are widely used as nonparametric
tools.

1.4.3 Neural Networks: The use of Neural network classification algorithms are
increasing in remote sensing. Unlike the maximum likelihood classifier, they do not rely
on the assumption that data are normally distributed. A surface class may be represented
by a number of clusters in a feature space plot rather than a single cluster. Remotely-
sensed datasets processed by neural network-based classifiers have included images
acquired by the Landsat Multispectral Scanner (MSS) (Benediktsson et al., 1990; Lee et
al., 1990), Landsat TM (Yoshida and Omatu,1994), synthetic aperture radar (Hara et al.,
1994), SPOT HRV (Tzeng et al., 1994) AVHRR (Gopal et al., 1994) and aircraft scanner
data (Benediktsson et al., 1993). A number of these studies have also included
topography ancillary data (Carpenter et al., 1997), and texture. Many studies have been
directed toward recognition of land cover classes, which have ranged from broad life-
form categories (Hepner et al., 1990) to floristic classes (Fitzgerald and Lees, 1994).

The bulk of neural network classification work in remote sensing has used multiple layer
feed-forward networks that are trained using the back propagation algorithm based on a
recursive learning procedure with a gradient descent search. However, this training
procedure is sensitive to the choice of initial network parameters and to over fitting
(Fischer et al., 1997). The use of Adaptive Resonance Theory (ART) can overcome these
problems. Networks organized on the ART principle are stable as learning proceeds,
while at the same time they are plastic enough to learn new patterns and improves
especially the overall accuracy of classification of multi-temporal data sets (Gopal et al.,
1994, Fischer et al., 1997). Recent MODIS based land cover classification uses a class of
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ART neural networks called fuzzy ARTMAP, for classification, change detection and
mixture modeling.

1.4.4 Decision Trees: Decision tree classification techniques have been used successfully
for a wide range of classification problems. These techniques have substantial advantages
for remote sensing classification problems because of their flexibility, intuitive
simplicity, and computational efficiency. As a consequence, decision tree classification
algorithms are gaining increased acceptance for land cover classification problems,
particularly at continental to global scales. Among the advantages of decision trees that
are particularly useful for remote sensing problems are their ability to handle noisy and
missing data (Quinlan, 1993). More commonly, the classification structure defined by a
decision tree is estimated from training data using a statistical procedure.

A variety of works have demonstrated that decision trees estimated in this type of
supervised fashion provide an accurate and efficient methodology for land cover
classification problems in remote sensing (Friedl and Brodley, 1997; Hansen et al., 1996;
Swain and Hauska, 1977). Lloyd (1990) employed a binary classifier based on summary
indices derived from a time series of NDVI data. These phytophenological variables
included the date of the maximum photosynthetic activity, the length of the growing
season, and the mean daily NDVI value. The variables were fed through a binary decision
tree classifier that stratified pixels based first on the date of the maximum NDVI, then the
length of the growing season and finally on the mean daily NDVI. DeFries et al. (1998)
used decision trees to map land cover using the 8 km AVHRR pathfinder data set with
encouraging success. Similarly, Friedl et al. (1999) recently demonstrated that decision
trees provide a robust classification methodology for land cover mapping problems at
continental to global scales.

As part of GLC 2000 each regional partner used the VEGA2000 dataset, essentially
composed of 14 months of daily 1-km resolution satellite data acquired over the whole
globe from the VEGETATION sensor onboard the SPOT4 satellite and delivered as
multi-channel daily mosaics. For each day of the period, all channels are available, i. e. 4
spectral channels (blue, red, near infrared and short wave infrared), the NDVI, 4 angle
channels, 1 status map and 1 time grid file. Data are top of canopy reflectances re-
mapped to a lat-long grid. Each pixel is 1/112 degree in size. Each partner also used the
Land Cover Classification System (LCCS) produced by FAO and UNEP, which ensured
that a standard legend was used over the globe. The hierarchical classification system
followed with these datasets allowed each partner to choose the most appropriate land
cover classes which best describe their region, whilst also providing the possibility to
translate regional classes to a more generalised global legend. The inputs for
classification include: (i) EOS land/water mask (ii) nadir BRDF-adjusted Reflectance (iii)
spatial texture derived from Band 1 (red, 250-meter) (iv) directional reflectance
information at 1 km (v) MODIS Enhanced Vegetation Index (EVI) at 1 km (vi) snow
cover at 500m (vii) land surface temperature at 1 km and (viii) terrain elevation
information. These data are composited over a one-month time period to produce a
globally consistent, multi-temporal database on a 1-km grid as input to classification and
change characterization algorithms. Land cover classes are produced by processing the
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32-days database using decision tree and artificial neural network classification
algorithms.

Biome level Characterisation of Indian vegetation using Multitemporal IRS WiFS data
was done. Distinctive phenological profiles of land covers like coniferous forest, dry
deciduous forest, temperate forest, sub-alpine, alpine meadows, orchards, agriculture
types were used for classifying land cover categories. The methods included maximum
NDVI used in tandem with distinct peaking season to understand ‘greenwave’ of land
cover elements. The land cover categories were assessed in integration with bioclimatic
spatial layers to arrive at biome maps.

1.5. OBJECTIVE

The foregoing discussion has highlighted the need for spatial accounting and monitoring
of LULC systems like agriculture, surface water bodies, waste lands, forests etc. for the
sustainable utilization of natural resources of our country. Considering this need and
potential of IRS AWiFS sensor in monitoring the natural resources, National level LULC
mapping project is taken up as part of NNRMS — DOS programme with the following
objective.

National Level LULC mapping on 1: 2,50,000 scale using multi-temporal AWiFS
datasets to provide on annual basis, net sown area for different cropping season and
integrated LULC map at the end of each year addressing cropping patterns and other
LULC classes starting from 2004 - 07.

1.6 APPROACH

e Use of multi temporal AWIiFS data covering Kharif (Aug —Nov), Rabi (Jan-
Mar), Zaid (April- May) seasons to address spatial and temporal variability in
cropping pattern and other land cover classes. Supplementing cloud and quality
affected AWiFS datasets with WiFS/MODIS.

e Georeferencing of multi temporal datasets with LCC projection and WGS 84
datum. Conversion of all satellite datasets into TOA reflectance data to
minimize temporal variability.

e Adoption of hierarchical decision tree classifier to effectively account the
variability of temporal datasets and bring out reliable classification outputs. Use
of legacy datasets on forest cover, type, wastelands and limited ground truth as
inputs for classification and accuracy assessment.

e Develop geodatabase standards to address retrieval and storage of different data
inputs and outputs, designing meta data elements relevant to different types of
data, automated output production and interactive querying.

e Implement process based QAS to regulate the data flows and outputs as per the
standards.

-10 -
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e Develop ‘Technical Manual’ to maintain uniformity of work and
Implementation Document to monitor the progress.

e Generate Net Sown Area statistics for different cropping seasons and Integrated
LULC map at the end of year

¢ Broad outlines of the project approach is given in Fig. 1 and 2.
1.7. USERS PERSPECTIVE

The project outputs would be primarily useful for the following.

e Provides spatial database on net sown area for different seasons facilitating to
monitor and assess different cropping systems under rainfed and irrigated
conditions.

e Facilitates rapid monitoring of dynamic land covers like surface water, forest,
waste lands etc.

e Serves as primary database for regional EIAs, planning and developmental
activities, global environmental issues like Biodiversity, climate change, Land
cover atmosphere interactions, carbon sinks etc.

e Works as a useful database for different ministries and departments like
Agriculture, Rural Development, Environment and Forest, Water Resources,
National Bureau of Soil Survey and Land Use Planning, All India Soil and Land
Use Survey etc.

-11 -
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CHAPTER -2
GEORECTIFICATION OF SATELLITE DATA

To establish a Natural Resources Repository (NRR), generation of National level
assessment of LULC on 1:250,000 scale has been taken up using the Advanced Wide
Field Sensor (AWiFS) data of IRS —P6 satellite. NRSA has been identified as the nodal
center for Geo-rectification of the input data, maintaining the Geo-database and mapping
and classification.

2.1 SATELLITE DATA : AWIFS

IRS AWIFS satellite data is planned to be used mainly, for carrying out the multi
temporal classification and mapping. In the event of cloud, alternate data from WiFS§,
SPOT-VEGETATION, MODIS and NOAA-AVHRR sensors will be used in place of
AWIiFS. Approximately 80 quadrant scenes are required to be processed to cover entire
INDIA. The data requirements are minimum one data set for every month, which will be
chosen to address Kharif, Rabi and Zaid crops, forest phenology and to account
seasonality of the land cover features.

The AWIFS referencing scheme is based on LISS-III scene center. However, due to the
large coverage of the AWIFS scene there is an overlap of 84% between adjacent paths at
the equator. Similarly the overlap between adjacent rows is 82%. If the data is chosen in
such a way that path P and path P+5 (which is covered on the next day) and similarly row
m and m+5 can produce the contiguous area. AWIFS full scenes are defined as four sub
scenes called as A, B, C and D quadrants. Each of these sub scene corresponds to the
CCD array of 6000 elements of a camera. Each sub scene is of size 374 Km X 372 Km.
There is a side lap of 8.4 Km (150 pixels) between A/C and B/D scenes and there is an
overlap of 10 Km (150 lines) between A (or B) and C (or D). Some times more number
of scenes will be required to cover the cloud free areas. The AWiFS camera operates in 4
spectral bands.

Figure 3 gives the layout of the AWiFS quadrants to cover the whole of India. The whole
of India is covered in 21 full scenes of AWiFS. While geo-rectifying the quadrant, care is
taken such that the quadrant is lying within the Indian boundary. While rectifying the
quadrant with reference to the reference data, ground control points (GCPs) are given in
the area covered within India only. Hence while checking the accuracy of the quadrant,
only points within the Indian terrain need to be considered. This is clearly entered in the
Quality Parameters check form i.e., Form no.5 of Annexure VI.

-14 -
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Fig.3 AWIFS scenes layout covering the whole of India

2.2. PRE-PROCESSING OF SATELLITE DATA

Pre-processing of satellite data includes geometric correction, atmospheric correction and
radiometric correction.

2.2.1 Geometric correction

-15 -
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The transformation of a remotely sensed image so that it has the scale and projection
properties of a given map projection is called geometric correction. A related technique
called registration is the fitting of the coordinate system of one image to that of a second
image of the same area. Geometric correction of remotely sensed images is required
when the image is to be used in one of the following circumstances:

To transform an image to match a map projection

To locate points of interest on map and image

To bring adjacent images into registration

To overlay temporal sequences of images of the same area, perhaps acquired by
different sensors, and

To overlay images and layers within a GIS.

The main sources of geometric error are:
e [nstrument error
e Panoramic distortion
¢ Earth rotation
¢ Platform instability

Instrument errors include distortions in the optical system, non-linearity of the scanning
mechanism and non-uniform sampling rates. Panoramic distortion is a function of the
angular fields of view of the sensor and affects instruments with a wide angular field of
view . Earth rotation varies with latitude. The effect of the earth rotation is to skew the
image. Platform instabilities include variations in altitude and attitude. All four sources
of error contribute unequally to the geometric distortion present in an image.

The process of geometric correction can be considered to include:

e The determination of a relationship between the coordinate system of map and
image.

e The establishment of a set of points defining pixel centers in the corrected
image that, when considered as a rectangular grid, define an image with the
desired cartographic properties, and

e The estimation of pixel values to be associated with those points.

2.2.2 Atmospheric correction

Atmospheric effects on electromagnetic radiation add to or reduce the true ground
leaving radiance, and act differentially across the spectrum. If estimates of radiance or
reflectance values are successfully recovered from remote measurements then it is
necessary to estimate the atmospheric effect and correct for it. Such corrections are
particularly important - (a) whenever estimates of ground leaving radiances or
reflectance rather than relative values are required, for example in studies of change over
time, or (b) where the part of the signal that is of interest is smaller in magnitude than the
atmospheric component.

-16 -
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2.2.3 Radiometric correction

If images taken in the optical and infrared bands at different times (multi temporal
images) are to be studied then one of the sources of variation that must be taken into
account is differences in the angle of the sun. A low sun-angle image gives long
shadows, and for this reason might be preferred by geological users because these
shadows may bring out subtle variations in topography. A high sun angle will generate a
different shadow effect. If the reflecting surface is Lambertian then the magnitude of he
radiant flux reaching the sensor will depend on the sun and the viewing angles. For
comparative purposes, therefore, a correction of image pixel values for sun elevation
angle variations is needed. Such corrections are essential if multi-temporal images are to
be compared, for changes in the sensor calibration factors will obscure real changes on
the ground.

Standard products accuracy using S band and star sensor is 320m but combination of
GPS mode and star sensor method provides 290m location accuracy. For obtaining the
precision mapping and temporal observat