7. ENVIRONMENTAL RESOURCE
MONITORING FOR
DISASTER REDUCTION

India’s forest areas (Tiwari and Singh, 1990, Singh, 1991) have been
decreasing rapidly, thus a system of continuous operational monitoring
is necessary. A system of sampling should also be developed (Singh, 1986).
Coloured infra-red aerial photography helps to assess the annual occurrence
of losses especially in the less accessible areas. Fire can be detected by
thermal scanners.

It is through satellite data analysis that the actual forest cover of India
was known through findings of as highlighted by Rao (1991). The country
has 20 per cent of land area under forest cover, of which only 10.88 per
cent forms the closed forests of adequate density. In the last 40 years, as
much as 4.32 million ha of forest land has been lost, 0.7 million ha
encroached upon and the rest subjected to shifting cultivation.
Deforestation has increased because of large-scale consumption of
fuelwood. Each year Bangalore consumes 400,000 ton of fuel wood which
is equivalent to 5000 ha of forests. The cattle carrying capacity of forests
for grazing is 90 million head against the 400 million cattle population
(Rao. 1991).

The first attempt to categorise forest cover types by computer
analysis of Landsat digital data was done in 1978 for Nagaland. In this
study, a colour coded categorised map delinecated the broad forest
cover types. Similar studies in Mizoram and Andhra Pradesh were also
conducted. In astudy conducted by NRSA, the satellite digital covering
of entire Periyar-Thodupuzha drainage basin was analysed. Multistage
approach is being adopted by the Indian Remote Sensing which gives
information like timber volume using stratification of imagery obtained
from space. Apart from forest land classification, stock mapping and
volume estimation, remote sensing is also used for damage assessment
and fire detection which is 2 common feature of Indian forests.

Use of aerial photographs or other imagery is to complement and
improve or reduce field work rather than absolutely replacing it. The
Forest Survey of India (FSI) prepared forest cover type and land-use
maps at 1:50,000 and 1:63,360 scale by interpreting medium to small
scale panchromatic aerial photographs for about 420,000 sq km in India.
The main application of remote sensing in forest management has been
for timber harvest planning and monitoring logging and deforestation. The
Forest Survey of India (FSI) has also suggested to establish 30 industries
relating to pulp and paper mills, plywood, saw mills, fiber board, hard
board and newsprint, based on the resulis of forest inventory using aerial
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photo interpretation. This project was applied extensively in central India,
Kerala, Andhra Pradesh and Manipur.

Using IRS-LISS-1 datain 274 districts through visual interpretation
and 168 selected districts through digital techniques, agro-climatic zones
of India are being analysed. For the first time, two season satellite data
both for Kharif (summer crop) and Rabi (winter crop) are used to precisely
estimate the agricultural land (Murthy, et al., 1984) in Kharif and Rabi
seasons. Landsat data has been used intensively for land use mapping
(Gautam and Narayan, 1983; Kalara, 1991; Manchanda, et al., 1983; Seelan,
et. al., 1983; Singh, 1991). Recently under this programme one of the
projects refers to changes on land use because of urban sprawl (Pant and
Singh, 1991), while another project emphasising industrialization in
Ahmedabad-Vapi region and monitoring through GIS .

The salient features of the programme are crop acreage and production
estimation, watershed prioritization, command area, crop inventory, surface
water monitoring for rabi crops, etc. The recent action plan includes
preparation of remote sensing methodology manuals and crop acreage and
production estimation for multiple dry land crop regions. Area under wheat
is relayed by the season even before it is harvested in the states of
Punjab, Haryana, western Uttar Pradesh and parts of Madhya Pradesh
and Rajasthan. The Department of Space is also working on ways to
accurately forecast crop yields from a variety of remotely sensed parameters
(Venugopal, et al., 1991).

w—*——_—#—w—__
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8. DEVELOPMENT OF GEOGRAPHIC
INFORMATION SYSTEMS

Of course, internationally the research on GIS started in the early
sixdes, however in India, it is a recent phenomenon (Singh, 1990, 1991). It
is also sometimes known as Land Information System (LIS) or
Environment Information System (EIS). The preparatory stage of GIS
(1978-1980) began with the theoretical approach followed by software
development, setting up research groups and organising some regional
experimental researches and training programme (Singh, 1992; Sharada et
al., 1993) (Figures 14-16).

@ MONITORING MODELLING
v
IMAGE —@USE

ORE
VEGETATION COVER

OTENTIAL
OIL EROSION
HAZARD

—
/LAND SUITABILITY

ERODIBILITY

> FOR
\ AGRICULTURE

RAINFALL HY<—

PREDICTION

DRAINAGE OF
EDIMENT LOAD

Figure 14: GIS Model for Predicting Soil Erosion and Land Suitability
for Agriculture (Source: R. B. Singh 1992)
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Forest change monitoring of Chakrata Tehsil (Dehradun Dist., Uttar
Pradesh) intergrating two forest files of 1920 and 1980 by applying
MATRIX analysis on ERDAS GIS software.

Figure 15: Forest Change Map (Source: R. B. Singh 1992)
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Figure 16: Potential Soil Erosion Risk Map (Source: R. B. Singh 1992 )
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8.1 NATIONAL NATURAL RESOURCES MANAGEMENT SYSTEM
{(NNRMS)

The NNRMS project was started in 1988 by the Department of Space
to adopt a holistic approach to rational management of natural resources
of the country. A few current projects include launching IRS-IC and ID
with incorporation of multi-spectral sensor and panchromatic camera
with better than 10 meter resolution, crop acreage of production
estimation using colour infrared photographs, agricultural drought
monitoring and assessments, saline and alkaline soil mapping, fish
catch potential zones using sea surface temperature, detail survey of the
Brahmaputra and the Ganga delta, establishment of a remote sensing
centre in North-Eastern region, eic. This undertook the task of preparing
forest type mapping and monitoring in Baratang forest division (Andaman
Island). The NNRMS is actively engaged in generation of integrated data.
Their analysis through ARC/INFO system display geographic data in digital
form and dissemination of information.

8.2 NATURAL RESOURCES DATA MANAGEMENT SYSTEMS
(NRDMS)

The Department of Science and Technology has launched a
comprehensive programme in 1982 on the development of a Natural
Resources Data Management System by setting up computerised data bases
at micro-level taking district as the unit. Natural resources are
considered as a great asset for any economy or region. Thus an
integrated approach to the utilisation, monitoring, conservation of the
environment is essential. Keeping these in view, multidisciplinary NRDMS
has been conceived by the Government of India (Figure 17).

The main objective of NRDMS is to integrate the natural resources
and socio-economic data bases in order to facilitate monitoring exercises
by providing information on different spatial connotations- village, block
and district (Khan and Qureshi, 1987). The multi-agency project seeks to:

« establish an area specific data management system for decentralized
planning;

» adopt the methodology for island system, such as natural disasters in
specific areas and other ecological sensitive areas;

» establish linkages with the programmes of National Natural
Resources Management System, National Information Center
Network and other information systems;

» generate development profiles of different regions; and

« support specific studies to develop regional development
perspectives using NRDMS as an aid.

Under NRDMS Programme, a comprehensive computerised database is
created and updated from two types of data sources (i) conventional
statistical records, and survey reports etc., and {ii) technological-remote
sensing, computer-aided and digital processing and instrumentation
surveys. Geographical coordinates are being used normally to draw the
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resource maps and to identify and locate areas. The most suitable choice
of areferencing system based on latitudes and longitudes. The demarcation
of the grid is based on Survey of India topo-sheets while developing
software for thematic mapping, grids have been demarcated at 2.5 minutes
interval on the mainland and at 5 minutes interval in offshore areas.

NRDMS: A SYSTEM FOR MICROLEVEL PLANNING
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Figure 17: NRDMS: A System for Microlevel Planning
(Source: Department of Science and Technology)
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The emphasis is on integration of conventional land based and remotely
sensed data so as to develop comprehensive data bases in a particular area
which can be used for micro-level planning. The system involves two
distinct tasks:

(i) development of interface technology to link satellite remote sensing
to other data bases, and

(ii) adoption of a grid based geo-coded integrated data system for both
the purposes, macro and micro-level analysis as well as planning.

During pilot phase of the project (VI Plan), nine case studies were
carried out in order to test the capability of the entire system by 11
participating institutions. The project has already established ten
experimental district data base centers in different geo-environmental
settings to work out various management and maintenance procedure
prior to operationalising this scheme in all the districts. It is proposed to
spread the network to other 439 districts in a phased manner with high
priority to ecologically sensitive areas like hilly areas, island systems and
regions prone to natural disasters in National Capital Region, North-
Eastern Region, North Western Himalayan Region and Andaman and
Nicobar islands .

Research and development projects are being pursued to update the
NRDMS methodology to make it widely utilizable. On the basis of pilot
studies, nearly two hundred twenty five attributes are stored,some of which
are:

(i) Land Use (ii) Soil Characteristics (iii) Ground and Surface Water
(iv) Irrigation (v) Crop Pattern (vi) Forest Resources (vii) Meteorology
(viii) Mineral Resources (ix) Demography, and (x) Infrastructure.

In this way, the NRDMS can play an effective role in district level
disaster monitoring and management. It can contribute to:

i) develop geographical information systems for a disaster

ii) evaluate available resources and achieve balance between
potehtial and requirement

iii) monitor environment stress and its variations along with the effect
of natural disasters like drought and flood

(iv) identify the areas of conservation and restoration

(v) create conditions for hierarchical planning from micro to macro
level

(vi) achieve rapid aggregation and updation of data.
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9. REMOTE SENSING AND GIS:
CHALLENGES AND OPPORTUNITIES

The comprehensive space research programme for the future integrates
satellite remote sensing within six areas of studies of the land, ice,
atmosphere, theoretical studies, modeling studies, and laboratory-based
analytical programme. These six measurements are necessary for local
surface sampling and validation of satellite remote sensing data. Space use
technology requires instrumental development like multi-channel imaging
spectrometers, SAR, Lidar, Laser altimeter, Radar and high resolution
images. By around 1996, the new generation of satellite like polar
orbiting platforms will provide impetus in such activities. The atmosphere
and land-observation satellites should be enhanced with higher spatial and
temporal resolution and micro-wave remote sensing programme. The future
programme should address problems relating to data continuity on natural
disasters, its access, acquisition and information systems. Like other
countries, it is being realised that remote sensing by itself could not
satisfy all information requirements of applications and that it should be
supplemented with data from various sources, thus GIS is started as
warehouse of remote sensing data merging with geo-referenced data sets.
A comprehensive study for national standard for the exchange of digital
geo-referenced information should be initiated. The multi-disciplinary
information systems, i.e. NNRMS of the Department of Space and
NRDMS of the Depanment of Science and technology need to be
extended. A state and district level natural resource management should
also be created to optimally utilise the resources.

Apart from establishing National Data Centre, national data archives
should also be promoted. It is also essential that data can be freely
exchanged among scientists in different institutions. National data sets
inciude administrative and natural boundaries, elevation, slope, soils and
soil degradation, vegetation and vegetation index, population, cultivation
intensity, roads and railways, hydrology and watersheds, protected areas,
livestock, temperature and rainfall, evaporation and windspeed, etc.

Future application will focus on digital terrain models, digital
cartographic data base, NRIS/GIS, etc. There is an urgent need to develop a
strategy to improve the existing 10x10 km Digital Elevation Model using
national data sets. The IGBP-DIS suggests that substantial effort is required
in the pre-processes of the data sets (radiometric calibration, atmospheric
correction, geometric correction and temporal compositing) with several
aspects requiring additional research before standard procedures can be

established. Major areas of possible practical applications of GIS are given
in Table 8.
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TABLE 8§ : MAJOR AREAS OF PRACTICAL APPLICATIONS OF GIS

Street network-based address matching

vehicle routing and scheduling
location analysis, site selection
development of evacuation plans

Natural resources-based | forest management

wildlife habitat, migraticn routes management
wild and scenic rivers preservation

recreation resources planning

floodplains management

wetlands preservation

agricultural lands management

groundwater modeling and contamination
tracking environmental impact analysis (EIA)
viewshed analysis

Land parcei-based zoning, subdivision plan review
land acquisition

environmental impact statements
water quality management
maintenance of ownership

Facilities management locating underground pipes, cables
balancing loads in electrical networks
planning facility maintenance
tracking energy use

Coping with global change scenarios, pilot studies should concentrate
on land cover, vegetation index, inter comparison study of surface
temperature and data directory study. World-wide experience shows that
remote sensing and GIS can be wvery effective tools for problems of
natural resource management when carefully evaluated and applied within
an appropriate conceptual framework. The new age of micro-computers
and increased potential for information exchange would aid in
assembling these new programmes like developed countries through the
next decade and into the next century.

A detailed land capability classification should be conducted using
remote sensing and GIS technology, especially for the highlands and the
Himalaya region, prone to land degradation, to be used for the formulation
of integrated land use plan. The arid zone monitoring includes
agricultural improvement and desertification study. There is a need to
prepare national atlas of desertification containing regional/local case
studies. Data on vegetation index may also be used from NOAA
weather satellites. India should join in worldwide initiatives to have first
8-km resolution global data sets of AVHRR products and subsequently
1-km data base.

A creation of biosphere reserves which is considered as restore
polygon in different biogeographic region, is one of the 1mportant
programmes of Government of India. UNESCO-MAB has initiated a
programme as an integral part of a wide spectrum of complementary and
transverse scale observations from man-on-the- ground to geo-synchronous
satellites and polar orbital platforms. Such vast task can be largely
assisted by recent advances in computer-based GIS. In the wildlife
census, the fish counts, migratory bird numbering. their resting spots,
etc. could be photographed through thermal infra-red hight imagery, this

9. REMOTE SENSING AND GIS: CHALLENGES AND OPPORTUNITIES
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would provide a considerable management input to the protected areas
and biodiversity.

As we move into the 21st century, the increasing gap between water
supply and water demand will cause complex problems for human needs.
In order to assess inland water resource availability and increase our
understanding of the dynamics of the hydrological and biogeochemical
cycles, the applications of remote sensing need to be refined and enhanced
at local, regional and global scales. Some promising hydrological remote
sensing research areas are the measurements of evapotranspiration, soil
moisture, snow-run-off and erosion, etc.

India is one of the largest coastline country and derives substantial
socio-economic benefits from its coastal marine resources. The
sustainable benefits require considerable improvement from application of
remote sensing 1o improve both utilization and management of these
resources.

Links between the scientific communities and the space agencies
need to be improved. Close collaboration between academic institutions
and central/state government departments will further improve remote
sensing education. Various remote sensing sources should also be
extended at various levels with suitable syllabuses in disciplines like
geosciences, hydrology, marine science, agriculture, urban planning and
engineering, etc. Young scientists will require appropriate training in
GIS technology, access to data preferably free of cost and opportunities
for regional and inter-regional collaboration.
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10. CONCLUSIONS

Disasters are the natural calamirties and extreme events while hazards
refer to the potential risk for damage. India is considered as one of the
highest disaster prone regions with about 85 percent of the country prone to
one or the other disaster. In recent years remote sensing and GIS
technology have been effectively used for disaster monitoring and
mitigation. After successful launching of Indian Satellite IRS - IA, India
became the first developing country to have its own operational remote
sensing satellite in space. The establishing of National Remote Sensing
Agency, Department of Space, Regional Remote Sensing Research Centers.
and State Remote Sensing Centers, etc. have disseminated the remote
sensing techniques including digital image processing and GIS deeply into
the use of disaster monitoring and forecasting. Some of the disaster
mitigation programmes involve activities connected with hazard risk, land
use planning., watershed afforestation, disaster forecasting and warning.
Space technology has a unique role to play in such activities. It will be
appropriate to influence human behaviour through land use planning,
building codes, effective warning systems and public education in hazard
mitigation. IDNDR also recognised that our technical capability should be
integrated with socio-economic development in order to minimise enormous
losses. The ability to have reliable and easily transported telecommunication
system prior, during and after the disasters will greatly mitigate the effects.
Improving our commitment to disaster mitigation at all levels of society
should be promoted.
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APPENDIX 1

Educational Institutes offering Post Graduate Programmes

Name of Institute Course

1. Anna University, Madras, Tamil Nadu M., Tech. Remote Sensing

2. Rocrkee University, Roorkee, Uttar Pradesh | M.E.Civil Engineering
(Remote Sensing & Photogrametry )

3. Indian Inst. Of Technology, Kanpur, Uttar | M. Tech. Civil Engineering (R.S.)
Pradesh.

4. Indian Institute of Technology, Bombay, M.Tech. Civil Eng. R. S. & M.Tech
Maharastra Computer Science(Image Processing)

(¥ )

. Aligarh Muslim University, Aligarh, Uttar | M. Tech. Remote Sensing Applications
Pradesh

6. Jamia Millia Islamia, New Delhi, Uttar M.A./M.Sc. Geography (R.S.)
Pradesh

7. B.M. Birala Science & Tech. Center Jaipur, | M. Tech. R.S.
Rajastan

8. Andra University, Waltair, Andhra Pradesh | M. Tech. R.S

9. University of Delhi, Delhi M.A. /M. Phil. Geography, R.S. & GIS

10. Indian School of Mines, Dhanbad, Bihar

11. School of Planning & Architecture,
New Delhi
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APPENDIX 2

Remote Sensing Training Centers

. National Remote Sensing Agency, Hyderabad, Andhra Pradesh.
. Indian Institute of Remote Sensing, Dehradun, Uttar Pradesh.

. Institute of Remote Sensing (IRS), Anna University, Madras, Tamil

Nadu.

. Center of Studies in Resource Engineering, IIT, Bombay. Maharashtra.

. Regional Remote Sensing Service Centers at Bangalore, Kamataka;

Dehradun, Uttar Pradesh; Jodhpur, Rajasthan; Nagpur, Maharashtra and
Kharagpur, West-Bengal.

. Space Application Center, Ahmedabad, Gujarat.
. Geological Survey of India, Training Institute, Hyderabad, Andhra

Pradesh.
Forest Survey of India, Dehradun, Uttar Pradesh.

National Institute of Oceanography, Goa.

10. National Bureau of Soil Survey & Land use Planning, Nagpur,

Maharashtra and Bangalore, Karnataka.

11. Survey Training Institute, Hyderabad, Andhra Pradesh.

12. National Institute of Science, Technology and Development Studies

(NISTADS), New Delhi.
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APPENDIX 3

Remote Sensing Data Utilisation Facilities
Organisation/Institutions that have: Visual interpretation equipment
facilities like stereoscope, illuminating magnifier, sketch master, additive
colour viewer, large format optical enlarger, micro densitometer, etc.
University of Bombay, Bombay, Maharashtra.
All India Soil & Land use Survey (AIS & LUS - DAC), IARI, New Delhi.
Central Arid Zone Research Institute (CAZRI-ICAR), Jodhpur, Rajasthan.

Central Ground Water Board (CGWB-MOWR), Lucknow, Uttar Pradesh
& Hyderabad, Andhra Pradesh.

Center for Earth Science Studies, Trivandrum, Kerala.
Department of Mines & Geology, Madras, Tamil Nadu.
Directorate of Town & Country Planning, Madras, Tamil Nadu.
Geological Survey of India (GSI-DOM), Jaipur, Rajasthan.
National Institute of Hydrology (NIH), Roorkee, Uttar Pradesh.

National Natural Resources Management System (NNRMS-DOS),
Department of Space, Bangalore, Karnataka.

National Institute of Science, Technology and Development Studies
(NISTADS), New Delhi.

State Government Departments such as Birla Institute of Scientific
Research, Jaipur, Rajasthan. The State Remote Sensing Applications
Centers such as Gujarat State Remote Sensing Application Center,
Vadodara, Gujarat, Kerala State Landuse Board, Trivand, Kerala, MP
Council of Science & Technology, Bhopal, Madhya Pradesh and Orissa
Remote Sensing Application Center, Bhubneswar, Orissa.

Organisations/institutions that have facilities for interpretation and some
precision mapping instruments like room transferscope, stereoroom,
transferscope, avopret, stereoplotters, etc.

Atomic Minerals Division (AMOD-DAE), Hyderabad, Andhra Pradesh.

Academic Institutions such as Indian Institute of Technology (IIT), Kanpur,
Uttar Pradesh; Indian  Institute of Technology (IIT), Kharagpur, West
Bengal & Madras University, Madras, Tamil Nadu.

Geological Survey of India (GSI-MOS&M), Calcutta, West Bengal.

Indian Institute of Remote Sensing (IIRS), Dehradun, Uttar Pradesh of
Department of Space.

National Remote Sensing Agency (NRSA), Hyderabad, Andhra Pradesh.
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Oil & Nartural Gas Commission (ONGC-MOP & NG), Dehradun, Uttar
Pradesh.

Survey of India (SOI-DST). Dehradun, Uttar Pradesh & Chandigarh,
Space Application Center (SAC), Ahmedabad, Gujarat.

State Remote Sensing Centers - Such as Institute of Remote Sensing (IRS-
AU), Madras, Tamil Nadu; Remote Sensing Application Center
(RSAG-UP), Lucknow, Uttar Pradesh; Siate Departments such as
Directorate of Mines & Geology, Bhubneswar, Orissa and Maharashtra
Research Institute, Nasik, Maharashtra.

SOURCE" Based on Reports of Department of Space
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APPENDIX 4

Institutions Actively Engaged for Disaster Monitoring, Relief And
Mitigation Activities

. All India Institute of Hygiene and Public Health, Calcutta, West

Bengal.

. Administrative Staff College of India, Hyderabad, Andhra Pradesh.
. Border Roads Organisation, New Delhi.

. Centre for Advancement of People’s Action and Rural Technology, New

Delhi.

. Centre for Science and Environment, New Delhd.*

. Church's Auxiliary for Social Action ( CASA ), New Delht.
. Central Arid Zone Research Institute, Jodhpur, Rajasthan.
. Central Water Commission, New Delhi.

. Deptt. of Earthquake Engineering, Roorkee University, Roorkee, Uttar

Pradesh.

. Director General of Civii Defence, New Delhi.

Director General of Health Services, New Dethi.

Disaster Management Institute, Bhopal, Madhya Pradesh.
Environmental Monitoring Society { EMS ), Delhi.*
Federation of Indian Chamber of Commerce and Industry, New Delhi.*
Geological Survey of India, Calcutta, West Bengal.

Health Media Centre - India, New Delhi.

Housing and Urban Development Corporation, New Delhi.
Indian Council of Agricultural Research, New Delhi.
Indian Council of Medical Research, New Delhi.

Indian Institute of Technology, New Delhi, Bombay, Kanpur, Madras
and Kharagpur.

. Indian Institute of Tropical Meteorology, Pune, Maharashtra.
. Indian Meteorological Department, New Delhi.
. Indian Red Cross Society, New Delhi.*

. Indian Space Research Organisation, Bangalore, Karnataka.
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25. Jawaharlal Institute of Postgraduate Medical Education & Research
(JIPMER }, Pondichery.

26. Joint Assistance Centre { JAC ), New Delhi.*

27. Lutheran World Service ( India ) ( LWS - 1), Calcutta, West Bengal . *
28. National Association for Emergency & Disaster Medicine, New Delhi.*
29. National Civil Defence College, Nagpur, Maharashtra.

30. Nauonal Environmental Engineering Research Institute, Nagpur,
Maharashtra,

31. National Geophysical Research Institute, Hyderabad, Andhra Pradesh.
32. National Institute of Communicable Disease, New Delhi.

33. National Institute of Rural Development, Hyderabad, Andhra Pradesh.
34, National Remote Sensing Agency, Hyderabad, Andhra Pradesh.

35. Ramaknshna Mission, Calcutta, West Bengal . *

36. Tata Risk Management Services ( TRMS ), New Dethi.*

37. Universities like University of Delhi, Delhi; Jawaharlal Nehru
University, Delhi; Calcutta University, Calcutta etc.

38. Voluntary Health Association of India ( VHAI ), New Delhi.*

*: Non - governmental organisations
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