G L OB AL L A ND Cc o v ER NETWO R K

NATIONAL
WORKSHOP FOR
INDIA

15-19 FEBRUARY 2005
WORKSHOP REPORT

Indian Institute of Technology
New Delhi, India

iit delhi ICAR

Food and Agriculture Organization of the United Nations, Rome, 2006




The designations employed and the presentation of material in this information product do not imply the expression of
any opinion whatsoever on the part of the Food and Agriculture Organization of the United Nations concerning the legal
or development status of any country, territory, city or area or of its authorities, or concerning the delimitation of its

frontiers or boundaries.

FAO declines all responsibility for errors or deficiencies in the database or software or in the documentation accompanying
it, for program maintenance and upgrading as well as for any damage that may arise from them. FAO also declines any
responsibility for updating the data and assumes no responsibility for errors and omissions in the data provided. Users are,
however, kindly asked to report any errors or deficiencies in this product to FAO.

All rights reserved. Reproduction and dissemination of material in this information product for educational or other non-
commercial purposes are authorized without any prior written permission from the copyright holders provided the source
is fully acknowledged. Reproduction of material in this information product for resale or other commercial purposes is
prohibited without written permission of the copyright holders.

Applications for such permission should be addressed to:

Chief

Publishing Management Service
Information Division

FAO

Viale delle Terme di Caracalla
00100 Rome

Italy

or by e-mail to:
copyright@fao.org

© FAO 2006



ABSTRACT

he Global Land Cover Network (GLCN) workshop was held at the Indian Institute of

Technology Delhi (IIT), 15-19 February 2005, to raise awareness on the need to improve

the availability of comprehensive information on land cover and its dynamics in the
country, and present methodology, techniques and activities of GLCN. The workshop was sponsored
by the Government of Italy, the Food and Agriculture Organization of the United Nations (FAQ) and
the United Nations Environment Programme (UNEP). At national level the initiative was supported
by the Indian Council for Agricultural Research (ICAR), the National Remote Sensing Agency
(NRSA) and the Foundation for Innovation and Technology Transfer of IIT Delhi which provided
host facilities including computer equipment, meeting rooms and participants’ accommodation.

The workshop brought together 31 professionals working at 19 Indian institutions in the
diverse fields of agriculture, forestry, pasture/rangeland, remote sensing and geographic
information systems (GIS). The facilitators consisted of five professionals, four from FAO and one
from the Instituto Agronomico per I'Oltremare (IAQ), Florence, Italy .

The workshop was divided into three sessions: opening/inaugural, technical training and
conclusions and recommendations. The highlight of the inaugural session was the keynote speech
by the Honourable Ms Letizia Moratti, Minister for Education, University and Research, Italy. The
technical session covered methodology, techniques and concepts related to land cover
classification systems; and the need for development of commonly accepted measurement
methods and legends for land cover mapping to support national, regional and global sustainable
development, environmental protection, food security and humanitarian programmes of national
and international organizations. The session also included a panel presentation by five invited
Indian speakers identifying key national problems related to land cover and land use.

In the concluding session, an evaluation of the workshop was made and ideas on the follow-
up discussed. Without exception, all participants considered GLCN concepts and methods most
relevant and useful to the country, in particular in the context of the future-planned large scale
land cover/land use classification and mapping on 1:50 000 scale. Three specific recommendations
were made by participants:

B Strengthen the country capacity in the operational use of standardized LCCS, methodology,

software, database management and modelling.

m Support planning and implementation of national land cover mapping programme using

LCCS concepts and methods.
m Cooperate in disseminating GLCN objectives, concepts and methods to other countries of

the Asia-Pacific Region.
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PART |
INAUGURAL SESSION

MESSAGE FROM RAJPAL SINGH SIROHI
Director, IIT Delhi

Honourable Minister Ms Letizia Moratti, Mr Daniel Gustafson, FAO
representative, Ms Alice Perlini, Director, IAO and distinguished participants.

It is indeed a great pleasure and honour for us to have Minister Moratti here and | extend a
cordial welcome on behalf of the faculty, the students and the staff members of IT Delhi who work
with us.

This is a very important workshop on global land cover network which is a joint network
developed by FAO and IIT Delhi. The overall objective of GLCN is to improve access to reliable and
standardized information on land cover and exchange at global level. Such information is generally
needed for the policy-makers and planners responsible for food security activities, mitigation of
natural and human disasters and environmental protection. | think we are all aware of the kind of
problems we have; | just mention some of them:

B The glaciers are shrinking.

B The rivers are drying.

B The world as a whole is getting warmer - what we call global warming.

B There is much carbon being released into our atmosphere which is changing the

environment.

B The recent phenomenon of the tsunami that all we experienced, previously unknown in this

part of the world.

All these are happening; technologies are at our disposal to fight some of these issues, such as
sensing in advance and transmitting data, processes to find ways to tackle disaster and save
mankind. So | am very happy that Minister Moratti is here and that this network is being jointly
developed by the FAO and the Government of Italy. Let me take this opportunity to welcome the
Minister here once more and all the participants to the workshop, which is timely and well planned
to raise questions and find solutions.

Thank you.
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MESSAGE FROM JOHN S. LATHAM
GLCN Programme Coordinator, SDRN, FAO, United Nations

FAO representative, Mr Daniel Gustafson, Director IIT Delhi, Professor Sirohi and
the Scientific Attaché, Italian Embassy, New Delhi.

Welcome to this Global Land Cover Network national workshop for India. Welcome to this
afternoon's session conducted in the framework of continuing the long standing cooperation of
the Government of Italy and FAQ. This programme has grown in strength, magnitude and results.
| am very thankful to the Government of Italy for its continuing support, which has allowed the
development of the Global Land Cover Network (GLCN) initiative with the objective of assisting in
the generation of harmonized land cover data at the global, regional and local scale.

We should like to thank you for your presence here today and the support and recognition of
the GLCN programme that you have made, especially in your ministerial speech at the recent G-8
meeting. We hope that with the continued support of the Government of Italy we shall move
forward in implementing GLCN activities, especially in India.

| shall begin by reviewing the progress that was made this morning. Three presentations were
given: the first was on the Africover programme; the second was an overview of the land-cover
programme of FAQ, and finally a presentation was given on the land cover topic centre based in
Florence. Just to recap the importance of land cover at the national level, we recognize that there
is increasing concern on food security, growth in world population, environmental degradation
including the loss of biodiversity and climate change with growing reoccurrence of natural
disasters such as the recent tsunami.

It is important to provide an assessment as well as an understanding of forces that cause
environmental degradation. Hence the importance of the world summit on sustainable
development held at Rio in 1992 and again in Durban in 2002. Now we need to generate timely
and coordinated information. The use of remote sensing was one of the main issues to support
national, regional, global reporting on climate change, biodiversity and land degradation.

The UN system has its own obligation to provide support for environmental assessment and the
status of food security from global to local levels. The important issue is the need to understand
the driving forces behind land cover and its dynamics. The increasingly swift growth in population
with its subsequent effects on social and economic distribution; resource accessibility and use are
highly variable. With its dynamics and its results, climate changes have had disastrous
consequences around the world from Latin America to the tsunami in Southeast Asia. We have
seen tremendous inadequacies in the integrity of food security, which is closely associated with
land use changes and with deforestation.

All these issues are affecting human well-being. The consequences of climate change and
deforestation are horrendous. GLCN is looking at the complete system including the relationship
between land cover change and changes in biophysical and biochemical cycles. How this affects
the sustainability and how this affects the land use is essential knowledge.

Land cover is the most elementary description and study of the environment. It is the main
resource which controls primary productivity for the rest of the ecosystem.

Land cover is one of the most easily detectable indicators of human intervention on land.




Unfortunately, it is highly dynamic. Land cover is changing frequently and we need to monitor the

dynamics regularly. The GLCN initiative, as you are aware, is the common effort of FAQ, the
Government of Italy, and other donors. It is based on the recommendations made in response to
nationally driven requirements and to the needs of international programmes.

GLCN is based on the great achievements of the Africover project. While working in East Africa,
standards evolved which were tested through numerous mapping activities. The mapping products
were positively evaluated by the Ministry of Environment which recommended the extension of
Africover to other parts of the world.

The Africover programme saw the development of the regional database for ten countries,
which applied not only to regional level, but also at national and subnational scales. We are now
looking at this success and using the methods for developed global, regional and national studies;
to modernize standards, and to provide comparable products at both regional and national level.

The Government of the Netherlands has joined you in a multidonor framework to support
outreach and awareness building and to introduce the concept of GLCN to other nations. They
have already funded three workshops and there are new workshops planned, including South
Africa, South and Central America, Asia and beyond.

Implicitly what GLCN is working on is a programme designed to support the development of a
whole range of decision-making tools and to apply their natural resources, agriculture and natural
disaster management.

The Government of Italy has also been in the forefront of developing international standards.
We are therefore pleased to inform you that LCCS has been submitted to International
Organization for Standardization (ISO) and consensus with ISO for adoption of Land Cover
Classification System (LCCS) as an international standard is expected within two years.

As | said, this multilateral project initially started by Italy has now been joined by a coalition
of other donors. The Land Cover project has been pushed forward to GLCN initiative, which was
started last year. Interestingly, the Czech Republic, a member of the European Union, is now
interested in supporting the Asia programmes of Mongolia and Vietnam in the 2006 cycle. The
Government of Netherlands has also joined the programme supporting outreach and awareness.
Next month there will be a workshop in China where the host country will support its own land
cover project as a part of its five-year cycle. Bolivia is funding its own programme. South Africa
has made a huge donation of satellite data and, as you are aware, the Government of the United
States of America co-sponsored the meeting in Florence which looking at the improved outreach
of the USA with regards to the bilateral programme.

We have also initiated, with the Istituto Agronomico per I'Oltremare (IAQ), a centre of
excellence in Italy for the study of scientific method to land cover application and mapping. The
Land Cover Topic Centre (LCTC) acts as an important institution to advance information and serves
as the training centre of excellence.

GLCN is about building a global partnership which captures the diversity of initiatives
involved in land cover. There are many land cover initiatives throughout the world, but we need
to build a partnership, a global coalition which achieves harmony and allows development of
the required products for all stakeholders. We very much welcome the continuing support of
the Government of Italy as well as other donors in the realization of GLCN, in particular IAO and UNEP.
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GLCN is an open community of developers and users of land cover. In India there is a
tremendous range of expertise which would be very much welcome in GLCN national, regional and
global activities. We discussed this morning the tremendous opportunity for furthering the
implementation of GLCN strategies in India. We very much look forward to this collaboration and
| do hope that this workshop will be successful in developing this collaboration, and earnestly
request continued support from the Government of Italy and all the other donors.

Thank you.




MESSAGE FROM DANIEL GUSTAFSON
FAO Representative, India

Honourable Minister Ms Letizia Moratti, Dr Sirhoi, Director IIT, other
distinguished members of the Italian delegation.

It is a genuine honour and privilege for me to participate in the inaugural session of this
workshop organized by the Environment and Natural Research on Sustainable Development
Department of FAO. It is a most important event for us for several reasons. First, | should like to
pay special tribute to lIT for hosting such an important event; it is really wonderful, in particular
to Indian Council for Agricultural Research (ICRI) which partnered in organizing this, plus other
members of State and the central institutions who are present. | should also like to add what our
colleagues said in expressing our gratitude to the Government of Italy for the really long-standing
support in this area as well as others, to FAO and in sustainable development, better research
management and others as well. We know that the present connection between environmental
degradation, poverty and food security is critical and of increasing concern. This average is of great
importance globally for the participating countries. Speaking on a personal level, it is a privilege
for me to participate and see system development based at Nairobi (East Africa) where it has been
located from 1998 to 2002.

Although we follow global level development to some extent, it is a pleasure to note how it
has evolved. It is also particularly interesting to me to compare the contents between Kenya and
Somalia, which we covered then, and India. One can see the GLCN fit into that, how they relate
and certainly the capacity and level of sophistication both in quality and quantitative terms in
India is of course far different from East Africa.

A number of lessons came out of Africa. However, for incorporating into a global project. These
were mentioned as equally applicable especially with a large number of participants each with its
own mandate and part of the overall picture. It is even more important that all collaborate with a
system. Then having a single correct answer is not possible. For me its harmony and
standardization cover these issues. | think it extremely important that this methodology and
exercise is applied in India as well as in the rest of the world. Also particularly important for this
meeting which we did not have in earlier phases is the cooperation with forestry. | think that this
is an especially important aspect and we should like to see its further development. It was good
to be able to see the minister elevate this inaugural session.

Thank you very much.
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KEYNOTE SPEECH BY THE HONOURABLE MINISTER LETIZIA MORATTI
Education, University and Scientific and Technological Research Minister, ITALY

WA EEVIEEEEE

Dr Sirohi, Director IIT, Mr Gustafson, FAO Representative in India and
distinguished participants.

| feel very happy to be at this Global Land Cover Network Workshop. Our approach to
promoting cooperation on the subject has always been informal, starting with the Ministerial
paper we first presented in Moscow for strengthening cooperation among countries in putting
together satellite capability to prevent natural disaster and monitor natural calamity. Since then,
we have tried to present positive papers and have conducted meetings to serve as a think tank,
not to make decisions. In fact this is not the forum to make decisions. We can go back to our
Government, and reach a common position to present formally at a G-8 meeting what we were
saying as Minister for Science and Research. We started presenting a paper on the position of this
project starting this June. We have presented the same paper updated at the workshop held in
September last year in Florence; and in December we had a G-8 Ministerial Meeting. Russia and
Japan are both willing to work with Italy, and of course FAO and UNEP, in the global land cover
network. So the next step will be to work with them in order to present at the next submit G-8
Ministers meeting, which will take place in Canada at the beginning of June. The results we will
be able to share and then take to our governments in order to enable them to present at the G-8
Head of the State Meeting, the scientific result of which we believe could be a strong and
important tool for many countries.

So this is the way in which we have proceeded, trying to take one step forward. We are happy
that we have seen the growing interest in the subject. We started, as you all know, with Africa. If
| am not wrong with the numbers, we have been able to map one-third of African countries. From
there, the idea of global land cover network developed to support harmony and standardization of
reliable data at local, regional and national level. | emphasize reliable data. It is not a problem
having data, the problem is that we need to organize data and we need to have standards. | am
very pleased to hear that we are able to make a global standard ISO. So | think that if we could
achieve these, it would be a great success.

Having said that, the workshop that took place in Bangkok should be of interest to Asia, to be
part of this new Global Land Cover Network and, therefore, | think that your interest and your
presence here is showing the interest of India. Other countries of Asia have also expressed interest
including China, Malaysia and Indonesia. | understand that China will be holding the next workshop.

| think that we can develop a really effective land cover network together with India. | had an
opportunity to discuss the topic with the Minister for Science this morning, although the topic was
not among Memoranda of understanding that we had signed. You may be aware that we have
signed many Memoranda of understanding on different topics and there is already strong
cooperation with India. Earlier it was based on individual collaboration from Italy through research
centres and universities in India. What we are doing now is shifting from traditional collaboration
to the bottom-up approach. As a Government we try to facilitate and it sustain it because of the
strategic interest for our country.

Individual cooperation, financial support from the Ministry of Research to create joint




laboratories and exchange of student researchers and talking about it would be beneficial for both

countries. So far, we have signed eight technical agreements. | will not describe the agreements
because that is not part of our goal and objective. | am very proud that we are really building on
the solid relationship we have with India to strengthen the collaboration that | truly believe is for
the benefit of the two countries. So what we discussed this morning was not in an Memoranda of
understanding. Because it came late, due to technical reasons it was impossible to put in the
Memoranda of understanding but | was able to discuss this topic this morning with your Minister
for Science and he showed great interest in this collaboration on the topic of GLCN for India. He
was certainly talking of something | know about and something | did not know. | knew that
agriculture in India contributes, if | am not wrong, some 75 percent of your GDP; what | did not
know is that if agriculture revenue is not increased by at least 3 percent a year, India will not be
able to have 8 percent GDP growth as has been in the past. | understand that you are an
agriculture-based country and | think that India and many more countries that have agriculture
as one of the main resources need this project. The importance of this is for early warning of crop
production, better programming and better planning which is crucial to maintain high growth rate.
We admire that ability to develop and that you are also improving social security and social benefit
for all Indian citizens.

So we are willing to follow on this project with the Government of India. But we truly believe
that, if you scientists believe in this project and are willing to work with Italy, FAO and the UNEP
programme, this could certainly be implemented in a better way and with higher esteem. So from
the Italian side | should like to stress the commitment of my country to this project. We truly
believe that no country can think about its own development any more. We truly believe that
globalization is a word that means nothing if it does not help each other for better sustainable
development among all countries to fill the gap that unfortunately we do have between different
countries. So | want to state the strong commitment that our Government and our country has
always had for this programme and always will have.

So | thank you for your participation and Ms Alice Perlini, Director, IAO; she will be able to
follow on in time, with the methodology process that you will establish. | believe that this is an
important project for India and for your attendance here. | wish to see you then at the next step.

Thank you very much.
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VOTE OF THANKS BY K.D. SINGH
Global Forest Resources Assessment Specialist

The Honourable Minister Moratti,

On behalf of the organizing committee, which includes three key institutions of India : the
Indian Council for Agriculture Research, responsible for contributing to the national agricultural
GDP you mentioned; the National Remote Sensing Agency, the leader in space technology in the
country; and the IIT, the centre responsible for producing graduates who are creating the IT
revolution in the country, my heartfelt thanks to you.

There are twenty institutions that are participating in the workshop, who have sent their best
experts in remote sensing and GIS technology to take part in this workshop. Thanks to you on their
behalf too.

We are thankful to Dr Alice Perlini, Director of IAO; Dr Daniel Gustafson, FAO Representative
in India and Professor Sirhoi, Director of IIT for their presence on this occasion.

Honourable Minister, | have read your G-8 speech that was sent to me in advance by FAO
Headquarters. When | read it, | felt that it had great relevance to India. It emphasized poverty
alleviation and the role of technology in solving the problem. | am very much aware how deeply
you are engaged in assisting developing countries. We are grateful and delighted that you are here
with us this evening.

The participants to the workshop represent most of our land sectors such as forestry,
agriculture, both rain fed and irrigated, and range land. They also represent the various ecosystems
of the country. We are most determined that this pioneering effort make a major contribution to
India.

The country is facing the unique problem of poverty amid plenty. When | left India, 25 years
ago, poverty and famine were the talk of the day. Young people felt frustrated; they were without
jobs. Now we see smiles on their faces; people working hard in multinational companies. But, in
some pockets, poverty and gloom still cast their shadows.

In the area of environment, the country has set high standards. We have well- managed
wildlife and national parks. At the same time we are facing the problems of environmental
degradation, unsustainable agriculture and shifting cultivation in some areas. We realize the
challenge we face. We also realize that India can contribute, on account of our lead in technology
and our geographic location, to regional development in the area of IT, computing and knowledge
support. Not only we have the field of information, but also the knowledge which is essential for
alleviating the poverty and environmental degradation which are common in most developing
countries.

| should like to assure you that this workshop marks the beginning of a process we are
determined to take forward, to make it useful to India. This is my feeling and also that of all
participants. With the cooperation of Italy and FAO, we greatly wish to share our experience with
our neighboring countries and with Asia at large. We are very glad and thank you again for gracing
the occasion.

Thank you all.




PART 1|
TECHNICAL SESSION

GLOBAL LAND COVER NETWORK (GLCN): AN OUTLINE
John S. Latham

GLCN Programme Coordinator

FAO-SDRN GTOS

GLCN Rationale

Land cover assessment and monitoring of its dynamics are essential requirements for the
sustainable management of natural resources and for environmental protection. They provide the
foundation for environmental, food security and humanitarian programmes that are crucial in
fulfilling the mandates of many UN, international and national institutions. Current monitoring
programmes, however, have no access to reliable or comparable baseline land cover data.
Therefore, the implementation of a global programme using a fully harmonized approach is
essential for increasing the reliability of land cover information for a large user community.
Responding to this need, FAO and UNEP have jointly developed a Global Land Cover Network
(GLCN).

GLCN Overall Objective

The overall objective of the GLCN is to increase the availability of reliable and standardized
information on land cover and its changes at the global level. Such information is urgently needed
by policy-makers and planners responsible for food security activities, mitigation of natural and
human-induced disasters, and environmental protection.

GLCN will provide a neutral international clearinghouse for land cover mapping and monitoring
projects. It will develop effective communication links with relevant organizations, advise on
harmony of land cover mapping methods and widely disseminate information on their products
and services.

GLCN Immediate Objectives
In order to fulfil the above objectives, the GLCN will:

initiate harmony of land cover definitions, classification systems, mapping and monitoring
specifications among land cover mapping projects based on LCCS

develop standardized LCCS-based methodology for global land cover baseline datasets and
initiate building the database in cooperation with GLCN partners

establish a global land cover metadatabase

organize training courses and appraisal workshops on land cover classification, mapping and
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monitoring methods, and applications of land cover data in sustainable management of natural
resources, land use planning and environmental protection

provide advisory services to developing countries on land cover classification, mapping and
monitoring

function as an international, politically neutral and not-for-profit clearinghouse for land cover
information at global and regional levels.

Land Cover Unit at FAO and Coordination Unit at UNEP

The FAO Land Cover Unit will carry out activities including: linking land cover and land use; socio-
economic and biophysical indicators of land cover change trends; models for prediction of land
cover change trends; and models for the assessment of the impact of land cover change on food
security.

Responsibilities of the UNEP Coordination will include: development and coordination of a
global network of regional and national land cover focal points and establishing linkages with UN
Conventions. Other activities will include link to institutional (international and national) land
cover databases and development and management of a global network of permanent land cover
validation sites.

Africover Project
GLCN is based on the success of the Africover project. Africover was established to develop a
digital georeferenced database on land cover and a [I®
geographic referential for the whole of Africa
including: geodetic homogeneous referential, [
toponomy, roads and hydrography.

The Africover project was established in
response to a number of national requests for
assistance in the development of reliable and |
georeferenced information on natural resources
required at subnational, national and regional

levels. These data are needed for: early warning; L
food security; agriculture; disaster prevention and management; forest and rangeland monitoring;
environmental planning; watershed catchments management; statistics on natural resources;
biodiversity studies, and climate change modelling.

The Multipurpose Africover Database for Environmental Resources (MADE) is produced at a
scale of 1:200 000 (and at 1:100 000 for small countries and specific areas).

Reinforcing national and subregional capacities for the establishment, update and use of land
cover maps and spatial data bases is the core strategy of Africover. This has been the method
adopted to ensure an operational approach and the sustainability of the initiative.

Hence, the purpose of Africover is to produce the geographic information required for decision-
making, planning and natural resources management in African countries.

Additional details: www.africover.org




The Need for Land Cover Classification

At present there is no internationally accepted land cover classification system. Some are more
universally applicable than others; for example, the USGS land cover and land use classification
system (Anderson et al, 1976) has been widely used, but none has been accepted as the
international standard. The main reason is the large number of pre-defined land cover classes that
would be needed to represent adequately the diversity of applications and geographic conditions
over large areas.

Yet the increasing number of regional/continental and global initiatives involving land cover
mapping and monitoring requires close interaction among them, otherwise their benefit would be
diminished. Since land cover has become a basic data layer in GIS models for comprehensive
environmental assessment, the synergy among land cover mapping projects is a high priority. It can
be best achieved through development of a common, harmonized land cover classification system
for global environmental applications. FAO and UNEP have laid the foundation to such a system
(Di Gregorio and Jansen, 2000).

The Land Cover Classification System (LCCS)

The FAO/UNEP land cover classification system (LCCS) is the only universally
applicable classification system in operation at present. It enables a comparison of
land cover classes regardless of data source, economic sector or country. Most
other land cover classification systems are single-purpose systems, tailored to

LAND COVER

requirements of a specific project or based on a sectorial approach. The LCCS H&

method enhances the standardization process and minimizes the problem of
dealing with a very large amount of pre-defined classes.

LCCS is based on independent and universally valid land cover diagnostic criteria rather
than on a pre-defined set of land cover classes. Its output is a comprehensive land cover
characterization, regardless of mapping scale, land cover type, data collection method or
geographic location. The LCCS has the best potential to become accepted as the
international land cover classification standard because of its inherent flexibility, application
to all climatic zones and environmental conditions, and compatibility with existing
classification systems.

The LCCS design (Di Gregorio and Jansen, 2000) is based on the following unique concept:
instead of pre-defining the land cover classes, a set of universally valid classification criteria that

uniquely identify land cover classes worldwide [svaciasses wan strocTusas soman . Forest
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The advantages of the FAO/UNEP Land Cover Classification System are manifold. It is a highly
flexible system in which each land cover class is mutually exclusive and clearly defined, thus
providing internal consistency. These characteristics are independent of the classification level. The
classification can be stopped at any desired level and will still result in clearly defined land cover
classes corresponding to that level. Any land cover type can be readily accommodated. The system
is truly hierarchical and applicable to a variety of mapping scales and in any geographic location.
It can be used as a standard reference system because its diagnostic criteria allow correlation with
existing classifications and legends.

FAO/UNEP has submitted the Land Cover Classification System (LCCS) for approval to become
an ISO standard. The International Organization for Standardization (ISO) is the world's largest
developer of standards. It is a network of 147 national standards institutes with a Central
Secretariat in Geneva, Switzerland (for additional information see www.iso.org). Through normal
procedures it is anticipated that LCCS will become an ISO standard by 2005.

The organizations involved in the validation process of LCCS are:

GLC 2000 (Global Land Cover mapping) - Joint Research Centre (JRC) ISPRA;

UNEP - United Nations Environment Programme;

FGDC - Federal Geographic Data Committee;

GLUCC - Global Land Use Cover Classification, working group of IGBP (International
Geosphere/Biosphere Programme).

LAND COVER TOPIC CENTRE (GLCN - LCTC)
Paolo Sarfatti
IAQ, Florence, Italy

Objectives
The need for GLCN-LCTC was felt to serve as an institution of excellence for undertaking scientific
and method activities in order to provide innovative approaches to operational land cover
classification and mapping. Currently, there are two such institutions, located respectively at FAQ,
Rome, and at the Istituto Agronomico per I'Oltremare (IAO), Florence. Both are a part of the Global
Land Cover Network framework. Launched by FAO, UNEP and the Italian Cooperation with the
following objectives:
B To serve as a tool of GLCN to support land cover advancements and improve information
availability for the end user community.
B To serves as a GLCN instrument to support global, regional and local mapping initiatives
aimed at the harmonization of land cover mapping exercises.

Main activities

LCTC provides its services through support and action in four main fields:
B Method innovation and software development
B Technical assistance and cooperation

B Pilot studies and applications




B Services and tools for the end user community.

A short description of each group of activities follows.

= Method Innovation and Software Development

The Methodology Research includes:

m  GLCN methods (for land cover interpretation, classification, field survey, database

development, accuracy evaluation, etc.).

= GLCN software suite, created to facilitate the implementation of the methodology.

In this area new software design and quality control are included.

= GLCN methods and products are continuously reviewed and modified according to

advancements in land cover mapping, scientific and ITC knowledge.

The software revision includes:

= |mprovement of the classification language to formulate strict grammar and

semantic rules.

= Development of exhaustive classification rules and concepts defining the

correctness of a LCCS class.

m  Translation of the revised classification language into a Prolong programming

language.

= |mplementation of the new language into the GLCN software suite and developing

improved graphical user interfaces.
= Technical Assistance and Cooperation

This area is dedicated to support fully the GLCN partners. It is structured in three sub-

areas, namely:

= Support Unit: direct assistance in mapping activities, database building, and translation

of legends produced through other classification systems into the LCCS one. The
assistance is provided at different levels according to countries' partners' requests.

= Control Unit: support to local mapping activities to ensure that external products

fulfil GLCN standards, validation of legends and database produced by the
countries/partners, validation of translations, assessments of map accuracy.

= Training Unit: training of local experts in the GLCN methods, organization of local

courses and thematic workshops.

Technical assistance and cooperation is provided in the preparation of regional,
standardized land cover maps and database, and decision aid systems for the development
of an integrated approach for environmental monitoring, food security, and sustainable
development.

The integrated approach includes the collection of socio-economic data, the
mapping/translation activity, the dynamic integration of different components. The
integration of land cover data with socio-economic information serves as an important
decision aid tool for environmental sound decision-making. An example of integrated
approach is the FAO Asiacover project, in which LCTC participated through country legends
evaluation and translations; and socio-economic database collection.

As an example, the validation of a translation (an externally made translation of a non-
LCCS map into the LCCS system) is an activity of the Control Unit. Validation includes the
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control/provision of a set of information required for each class in the legend, such as:

original class name and description; LCCS name, code and classifiers used; notes to

translation; and consistency, correspondence and confidence level of the translation.

Future activities will focus on:

Supporting areas and countries for which no recent and reliable land cover

information exists.

Definition of a strategy to fill these gaps in partnership with other interested

organizations and institutions.

Pilot Studies and Applications

This area is focused on the realization of experimental studies and the development of

products in specific land cover mapping application fields, such as environment, land

use planning, food security, early warning, agriculture, forestry, etc. Current activities

are the following:

Medium Resolution Environmental Database for Africa (MEDA)

MEDA is a joint FAO GLCN-LCTC and GISc CE South Dakota State University effort
aimed at providing an environmental database at medium resolution scale for the
African continent. It is based on the recognition that there is a lack of available land
cover maps for the African continent at a medium resolution scale, which hampers
carrying out analyses at a regional or subregional level.

The medium resolution scale is usually the most useful approach when dealing
with present (sub) regional ecological and development problems, such as food
security, desertification and climate change, biodiversity loss or ecosystems
degradation.

A medium resolution land cover map for the African continent will permit data
comparison between the LCCS mapped countries and surrounding areas not LCCS
mapped.

MEDA will produce several layers of information (at approx. 1:400 000 scale)
through MODIS satellite images interpretation. Extra insight will be provided on:
vegetation dynamics (different phenology time modalities); ecological information
one country level, with input from local experts' knowledge.

Link Tool Search

One of the innovative features of LCCS 2 is the development of the LINK TOOL: a
new function that allows the user to establish a link between each single classifier
forming an LCCS class and any value linked to any biophysical characteristic that
can be related to land cover. In this framework, experimental research is ongoing to
establish the e links between the Africover project land cover classes and the
carbon/biomass content of the vegetated areas.

The research is first investigating a sample area in East Africa, aiming to
establish in the future ranges of C values for all the land cover classes obtained
through the Africover mapping activity.

Biomass (and C) contents in vegetation depend on several factors, including the




vegetation type, the cover and height of vegetation, the species, the climate, the soil

type, and the geographic position.
LCCS permits the defining of ecological and technical attributes for each land
cover class, as a option in class building. Preliminary research objectives are:
To evaluate biomass/C range values in a test area for those Africover classes
where ecological information is available.
To establish a list of minimum required information that should be available to
relate land cover classes to biomass/C values.
= Pilot Land Cover Land Use Change Assessments

Land use is a key component of global change. Hence, there is a critical need to

quantify rates of land use change and its consequences. Methods include:

= production of a spatial database, as essential step towards the provision of

baseline data

= |and cover change assessment, as a complete analysis of changing patterns,

showing both inter-class and intra-class changes.
Two major ongoing researches are:

= Cuyabeno Wildlife Reserve LCLU assessment

= Agricultural Trends.

LCLUC assessment was conducted (in the framework of a UCODEP NGO project) in the
Cuyabeno Wildlife Reserve, in Northeastern Ecuador, a mega diversity hotspot currently
threatened by human activities (deforestation, petroleum extraction, agricultural
encroachment).

Agricultural Trends intend to analyse the trends of basic agriculture classes, as
identified in the LCCS legends, over a 20-25 year period and using Landsat TM
imagery. These analyses could provide a powerful planning instrument for those
countries or regions affected by agriculture expansion or, instead, considered
suitable for it. Trends analysis is in a preliminary test phase, at a country level in
Kenya. Provision of information on field size and density is foreseen. African
trends, in a continent-scale evaluation effort, will be evaluated in a further step
and as a development of the MEDA activity.
= Services and Tools for the End Users' Community
This area provides direct and indirect support to the end users, through two main axes:
online support www.glcn-lces.org; and on-site activities.

Online support is provided through interactive Web pages. Main services are:

= Download of software, manuals, helps

= Distance learning lessons

= Discussion forum, support unit,

= FAQ, bugs report

m  legends and translations area.

On-site activities include organization of national workshops, training activities,
implementation of GLCN programmes, etc.
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AN INTRODUCTION TO THE LAND COVER CLASSIFICATION SYSTEM
Antonio di Gregorio
FAO - Africover

Historic Background
B Problem Statement:
Information on land cover state and change is important to all environmental studies. It
also constitutes basic data for many applications ranging from forest and rangeland
monitoring, production of statistics, planning, investment, biodiversity, climate change, to
desertification control. The land cover is also among the easiest detectable indicator of
human interventions in the environment. In spite of this, the current information situation
is characterized by:
= |ack of fully consistent national land cover information;
= heterogeneous land cover maps produced at different scales, different areas or covering
the same area for different purposes;
m different legends of land cover existing at different levels of detail and/or with different
meanings for the same class name;
= different types of land cover data bases.

As a direct consequence of the above situation:

m any exchange of land cover information between national institutions and users
becomes extremely difficult;

m  efficiency of the national data bases is greatly diminished;

® updating of the land cover information is made difficult;

= use of financial and human resources in mapping becomes inefficient.

At regional level, the above set-up gives rise to:
= absence of homogeneous region level land cover information;
= several maps of land cover produced at different scales, of different age, not covering

the whole region, and
m  |egends with different meanings even for the same land cover class.

Many regional initiatives need a homogeneous regional land cover data base including:
run-off and water regime modelling, regional forest resources assessment, food security
and rangeland biomass assessment, desertification and global land cover changes studies.
In view of all these, production of basic land cover information seems a necessity.

® Early developments:
Launch of the first civilian Earth observation satellite ERTS-1 in 1972 started a new
satellite image-based era for land cover classification. In the beginning a large number of
land cover classifications were developed by people with no background in vegetation
classifications and limited to specific project needs or geographic areas.

An important step towards standardization of land cover classification has been
the work of FAO-UNEP. In 1994 they started a joint “Initiative on Standardization of
Land Cover and Land Use Classification Terminology". AFRICOVER Project, financed by

the Government of Italy, took off in 1995 covering the entire East Africa Sub-Region




with the overall objective of improving the availability of reliable, timely and location-

specific land cover information in twelve African countries (Burundi, Democratic
Republic of Congo, Djibouti, Egypt, Eritrea, Ethiopia, Kenya, Rwanda, Somalia, Sudan,
Tanzania, and Uganda) covering an area of over 9.5 million kmZ2,

In response to requests for assistance in the development of reliable and georeferenced
information on natural resources required at subnational, national and regional levels, the
AFRICOVER Project developed a methodical approach and database called Multipurpose
AFRICOVER Database for Environmental Resources (MADE). The experience from that
project suggests that a global land cover classification should have:

ability to map a high level of detail (tailored to the inherent characteristics of each
country), maintaining at the same time a regional harmony;

flexibility to incorporate local/national level details to be assembled later at
subregional/regional level.

The Evolution of Land Cover Classification System (LCCS)

Introduction:

The LCCS has been conceived in response to the demand for collection of harmonized and
standardized land cover data; availability of land cover data for a wide range of
applications and users; and comparison and correlation of land cover classes. LCCS provides
a comprehensive methodology for description, characterization, classification and
comparison of most of the land cover features identified anywhere in the world, at any
scale or level of detail.

The system can be used for any land cover classification initiative, using a set of
independent diagnostic criteria that allow correlation with existing classifications and
legends.

It is possible to state that LCCS is a new language to describe the different land cover
features in a standardized way.
= Asinany language, one has words and a syntax allowing the creation of a semantic concept.
= The different combination of words with a given syntax provides a broad scope for

concept generation.

In LCCS, the classifiers are the words, the classification rules are the syntax, and the
land cover features are the concepts to be described. As in a language, the combination of
classifiers through the use of the classification rules makes it possible to describe a broad
range of land cover features. The combinations made by different users using the same
classifiers of the classification system will result in the same land cover class.

As when using a language all the concepts exist. The problem is to find the right
combination of words to describe things. The same is true for LCCS: the user has to find
the correct combination of classifiers to describe a certain land cover feature. No pre-
defined list exists. The user has to create - one-by-one - each single class needed. This
involves the process of passing from the user's idea of the class, to the creation of the
representation of this idea using the correct sequence of classifiers that are able to
illustrate precisely this idea of the specific land cover feature.
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B Description of the Classification System:

The land cover classes in LCCS are defined by a combination of independent diagnostic
criteria - the so-called classifiers - that is hierarchically arranged to assure a high degree of
geographical accuracy. Due to the heterogeneity of land cover, the same set of classifiers
cannot be used to define all land cover types. The hierarchical structure of the classifiers may
differ from one land cover type to another. Therefore, the classification has two main phases:

Dichotomous Classification Phase: The classification criteria used in the phase are the
presence of vegetation, edaphic condition and naturalness of land cover, which together

define eight major land cover classes at the third level (Table 1).

Table 1: Dichotomous classification phase

First level Second level Third level

Primarily vegetated Terrestrial Managed terrestrial areas

Natural and semi-natural terrestrial vegetation

Aquatic or regularly flooded Cultivated aquatic areas

Natural and semi-natural aquatic vegetation

Primarily non-vegetated Terrestrial Artificial surfaces
Bare land
Aquatic or regularly flooded Artificial water bodies

Natural water bodies, snow and ice

Modular-Hierarchical Classification Phase: In this phase, the selection of classifiers and
their hierarchical arrangement is tailored to each of the eight major land cover classes
defined in the first phase. The definition of the land cover class is achieved by adding the
following types of attributes:
®  Environmental Attributes are attributes (e.g. climate, landform, altitude, soil, lithology

and erosion) that influence land cover but are not inherent features of it, and which

should not be mixed with "pure” land cover classifiers, and
= Specific Technical Attributes are associated with specific technical disciplines, e.g. for

(semi-) natural vegetation, the floral aspect can be added; for cultivated areas, the crop

type; and for bare soil, the soil type.

Table 2: The Modular - Hierarchical Phase. Tailoring of the classifiers and attributes for
“Cultivated and Managed Terrestrial Lands” (Left) and “Natural and Semi-Natural Aquatic or

Regularly Flooded Vegetation” (on the right).

| Life form | Spatial aspects “Pure” Land Life form and cover | Height |

I Crop combination ] cover classifiers Water seasonality I
1l Cover-related cultural practices Specific technical Leaf type life cycle | Leaf phenology 11
IV | Landform | Lithology /soil Climate attributes Stratification v
v Altitude Erosion Cover/density ] Environmental Landform | Lithology /soils Climate \
VI Crop type attributes Altitude Erosion Water quality | vI
Floral aspect Vil

Depending on the required level of land cover information, the classification can be
stopped at any time and the corresponding land cover class determined. All Primarily
Vegetated land cover classes are derived from a consistent physiognomic-structural

conceptual approach that combines the classifiers Life Form, Cover and Height (in (semi-)




Table 3: Example: Natural and semi-natural terrestrial vegetation” (A 12)

Classifiers used Boolean formula Standard class name Code
Life form and cover A3A10 Closed forest 20005
Height A3A10B2 High closed forest 20006
Spatial distribution A3A10B2C1 Continuous closed forest 20007
Leaf type A3A10B2C1D1 Broad-leaved closed forest 200095
Leaf phenology A3A10B2C1D1E2 Broad-leaved deciduous forest 200097
2nd layer: LF,C, H A3A10B2C1D1E2F2F5F76G2 Multi-layered broad-leaved deciduous forest 20628
3rd layer: A3A10B2C1D1E2F2F5F7G2 Multi-layer broad-leaved deciduous forest with emergent |20630

natural vegetation) and Life Form (in cultivated areas) with Spatial Distribution. The
Primarily Non-Vegetated classes have a similar approach, using classifiers that deal with
surface aspects, distribution or density and height or depth.

The two-phase approach allows the use of the most appropriate classifiers and prevents
the use of inaccurate classifier combinations. To facilitate the complex classification
process and ensure standardization, an innovative programme has been developed that
should reduce heterogeneity between interpreters and between interpretations over time.
The software assists the user to select the appropriate class using a step-by-step process,
i.e. classifier by classifier. The flexible manner in which the classification is set up involves
the creation of classes at different levels of the system and the optional use of modifiers,
environmental attributes and specific technical attributes in combination, coupled with the
tremendous number of classes possible. The software can be used by itself or in
combination with a digital image interpretation software suite, which will allow
interpretation of imagery followed by labelling of the mapping units with the land cover
classes.

The classification system generates mutually exclusive land cover classes, which
comprise: (1) a unique Boolean formula (a coded string of classifiers used); (2) a standard
name, and (3) a unique numerical code. Both the numerical code and standard name can
be used to build an automatically generated legend, with the classes that have been
created grouped according to the main land cover categories and their domains according
to the level of detail. The nomenclature can be linked to a user-defined name in any
language.

The advantages of the classifier, or parametric, approach are manifold. The system
created is a highly flexible a priori land cover classification in which each land cover class
is clearly and systematically defined, thus providing internal consistency. The system is
truly hierarchical and applicable at a variety of scales. Re-arrangement of the classes
based on re-grouping of the classifiers used facilitates extensive use of the output by a
wide variety of end users. Accuracy assessment of the end product can be generated by
class or by the individual classifiers forming the class. All land covers can be
accommodated in this highly flexible system; the classification could therefore serve as a
universally applicable reference base for land cover, thus contributing towards data
harmony and standardization.

m (Creation of land cover legend in LCCS
A five phase process is applied for the purpose:
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m  Production of a so-called “theoretical legend”
= Preliminary interpretation to produce a “preliminary legend"”
= Field samples to produce an “intermediate accuracy analysis” of the classes interpreted
®  Preparation of the "final legend”
m  Final interpretation to produce the "final legend"

The LCCS helps to create a legend that is the maximum point of equilibrium between
the information given by the inherent Figure 1:Legend analysis

characteristics of the study area and the possibility

of reproducing them in a bi-dimensional form
(mapping activity adopted = cartographic

Number of Classes

standards - interpretative process). The legend is
always the final product of the "information

extraction process” (Figure 1). lerpretaihes Pross

Technology support in LCCS
The software support and approach used in GLCN are presented at Figure 2. The aim is to produce

a multiuser oriented natural resources database. The basic modules are briefly described in the

following section.

Figure 2: Multiuser oriented natural resource database
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LCCS Version 2
Version 2 of LCCS is an upgrade of the original version 1 (FAO, 2000) based on the
experience gained in use of the system in the ten countries mapped under the Africover
East Africa Project, other countries mapped under various FAO/UNEP programmes, and
feedback from the end-user community.
The modifications, upgrades and improvements in the new version of the software,
LCCS2, can be divided into eight groups:
m  Change of the programming language. The software has been re-programmed, from
Access to Visual Basic.
= Amelioration of the user interface of the software.

= Amelioration and modification of class names and class descriptions.
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m  Augmented types of classifiers and modifiers and environmental attributes to define an

LCCS class.
® [ncreased number of possible combinations of classifiers/modifiers.

m  |ncreased flexibility in class creation. It is now easier to "skip classifier" functions, and

a new function to introduce an "activate classifier".

m  Upgrade of the cartographic standards section. In addition to the original (cartographic)
mixed-unit function, another three types of mixed-unit function have been added.
m  Establishment of new function "LCCS LINK".
B Geographic Vector Interpretation System (GeoVIS)
GeoVIS is the latest software created. It has been developed from a vector based
digitization software; it therefore has much more advanced vector functions for on-screen
polygon digitization.

This makes interpretation much simpler and reduces the GIS work needed to build the
database. The major limitations are the limited raster functions (absence of automatic
classification, geographically linked windows). However, these limitations will be updated
in the next version of the system. The main features of GeoVIS are:
= Ergonomic environment for visual interpretation

= support for pure visual, mixed visual-automatic interpretation and pure automatic

(in version 2);

= magic wand tool for mixed interpretation;

m direct link with LCCS (drag and drop supported);

®  multiple windows with synchronized panning, zooming and feature drawing (in

version 2);

= image stretching and filtering;

= image compression with Radex technology.
= Fully topological but easy to use

= fully topological;

m file output is ESRI shapefile format, can be read directly by all major GIS/RS

packages. Note shapefile by definition is not topological at all. It only functions in
a topological way in geovis.

= topological copy-and-paste of features between layers;

® easy to use topological editing (split, merge, etc.).
= Database functions

® integration of field samples information (with visual and tabular info);

= joining of tables;

= querying capabilities.

m Databases support (under development)
The GLCN data portal will be based on the Africover Database Gateway (ADG) and
Africover Interactive Database (AID) software aimed at enhancing the use and the
updating of the Africover product by end-users. GLCN database is compatible with the
software developed in the Africover project, which includes tools to produce and maintain
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databases as well as software to use it, and fully liberate the information stored through
the LCCS system.

®m Map Accuracy Program (MAP)
Is the basic software support to make the accuracy analysis. It is in the process of
finalization and work is expected to be completed soon.

B Africover Database Gateway (ADG)
Is a cross-cutting interrogation software; its main function is to allow an easy and fast
recombination of the land cover polygons, not only by class name but also by classifiers.
The end-users will be able to create their own classes using the set of existing classifiers
by selectively recombining the database polygons.

B Africover Interactive Database (AID)
Is an interactive software to guide and homogenize the land cover interpretation. Selected
portions of different types of images, ground truth data and ancillary data will be organized
in a logical, interactive way to guide the user in the identification of the variety of different
land cover types.

Roles of technology and concepts in mapping
B Introduction
The interconnection among elements of the mapping process is shown at Figure 3. In this

complex  mapping  process, Figure 3: Elements of mapping process
technology plays a critical
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Table 4: Concept versus technology involved in map production
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In general, there is a tendency to give more emphasis to the tools (setting up of GIS

stations, new software, training), but limited attention to the production of new
INFORMATION or datasets.

The main reason for this is that production of new information is costly and involves
heavy processes, needs specific technical competence and the setting up of a strong
structure and, in comparison with other activities, it gives much less visibility. Certainly, no
software will solve the problem of lack of data. The integration, even if perfect, of two bad
datasets will produce nothing better than a resulting bad dataset. However, technology
advance does offer better modalities for data production but often implies a more
sophisticated request for information. Often the "offer” of information of data producers
and "“need/request” of end users do not grow in a synchronized way even in the same
technological conditions.

Loss of information in the mapping process Figure 4: Loss of information in the mapping
It may further be noted that the mapping Process

. . . STUDY AREA  INTERPRETATICN
process entails a drastic reduction of RESLLT

) . . . . SPATIAL DATA
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of ground realities in the form of a map.
The loss of information involved could be
very high depending upon the method and . . .

scale used for mapping and the way the

classification system has been established. LOET OF AMOUNT OF INFORMATION
INFORMATION COULD BE CONSTANT
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The mapping process must emphasize extraction of the maximum information from the
study area:
®  To maintain for all information an absolute level of standardization;
= To ensure maximum flexibility of the information to be synergic with the requirement

of the GIS and spatial analysis.

Role of GIS technology

GIS and spatial analysis have become essential tools in natural resources assessment,
modelling and planning. They are most useful tools for data integration but do not solve
the problem of data standardization. Lack of harmony produces problems integration data.
There is also the risk of modification of the value of the data itself and serious risk of data
misuse. There is a demand for FLEXIBILITY of the databases (viz. more details of specific
area plus user derived dynamic legend). New key words are: Data integration spatial
analysis, modelling and planning.

Today the value of a dataset not only depends on the quality and the amount of detail
present, but also by the level of flexibility, integration with other types of data and the
standardization of information, arising from:
= |ncreasing number of geographic data users;
® |ncreasing exchange of data between different disciplines/users;
= Data integration becoming more effective and functional;

m  |ncreased need for new information.
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GLCN - INTERPRETATION CHAIN & DATABASE STRUCTURE
Craig von Hagen
GLCN Africa Office, Nairobi, Kenya

The operations involved from the planning of land cover mapping to the publication of final
products are many. The key steps will be briefly presented in this section.

Identification of reliable and available information resources including:
®m Population.
B Total area, location, geographic coordinates, boundaries.

Terrain and elevation.

Climate and climatic zones.

Land use (arable land, permanent crops, irrigated land, permanent pastures, forests,
woodland and others).

Agriculture products.

Natural environment and hazards.

Administrative divisions.

Infrastructure (railways, highways, paved, unpaved, waterways).

Airports and harbours.

Orientation and previewing of materials including :
Previewing the available satellite imagery to have a complete overview of all areas, and make
relations with:

B Geological maps.

B Topographic maps.

Vegetation maps.

Soil maps.

Any other information.

Preliminary legend and interpretation :
This involves setting up the preliminary characteristic legend of land cover classes with country
experts from various disciplines.

Preliminary visual interpretation using satellite images at the appropriate scale.

GeoVis software was introduced for the above-mentioned purpose, for quick delineation and
minimizing the errors during the digitizing process.

Field check :
As field check procedure is presented in the following chapter.

Final interpretation:
In this step the boundary polygons are revised, and systematic final interpretation is done

according to the final legend.
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Error checking (topology, missing codes, edge matching and attribute correction) is carriedout
and GIS database is finalised.

Reporting and map creation:
The final report is prepared including the following:
m final land cover legend
LCCS glossary

list of land cover classifiers

class frequency and scale adequacy

map creation.

Factors influencing the process:

The thematic aspects are finalized including the classification and the legend. An example of the
generalization process linked with the thematic representation of reality is the choice of a correct
classification system.

If the area to be mapped has 100 different land cover features and the classification system
used only 50 classes there is a loss (generalization) of 50 percent of thematic information, due only
to the thematic description of reality.

The cartographic standards.

An immediate example is the scale adopted for mapping. It is obvious that the smaller the final
scale, the greater the cartographic generalization will be (this is more valid when a visual or a
semi-automatic interpretation is used).

Cartographic standards are all the rules used to represent the complexity of reality in the form
of a map (bi-dimensional way).

Cartographic standards:
Scale of interpretation decided: representing the level of detail given (or a level of detail compared
to a given scale).

Geodetic framework: data is referenced to a unified geodetic and cartographic framework for
the whole African continent. It has been an important requirement, considering that at least seven
reference ellipsoids and over twenty horizontal geodetic data are used in Africa.

Cartographic representation
The Minimal Mapping Area (MMA) is a concept applied by cartographers when addressing the
smallest area that can be shown on a map. Historically, cartographers determined upon one
particular minimum size of area to be mapped; this was applied to all classes contained in the
legend.

The disadvantage of the method applied in this rigid way is that classes with a difference in
importance would follow the same rules.

GLCN has introduced the concept of Variable Minimal Mapping Area (VMMA) where the user can
relate the size of the minimal mapping area to the eight major land cover groups of LCCS and to all
classes belonging to them. This makes it possible to calibrate better the level of information given.
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In GLCN more emphasis is given to agriculture, natural vegetation classes instead of natural bare
areas, etc. In the same national database, therefore, the user can have some classes calibrated to the
level of information similar to a 1:200 000 scale and others similar to a 1:100 000 or larger scale.

The mixed unit is a concept related to VMMA.

When two features A and B are both too small to be mapped alone according to the VMMA
concept, a polygon comprising the two can be traced and coded admixed unit (A/B or B/A).

GLCN has produced detailed rules to help both the interpreters and the final users of the
database. A specific syntax exists:

A/B: the use of a single slash between two classes represents a cartographic generalization.

It means that in the polygon both features A and B exist.

Feature A is predominant (larger area extent in the polygon) compared with B (B covers at least
20 percent polygon area).

The only exception to this rule is when a class of "isolated agriculture" is present. In this case
the area of the second class is between 10 and 20 percent of the polygon area.

According to GLCN rules, a cartographic mixed unit can be made with to three classes: A/B/C.

The "cartographic mixed unit” is not a limitation of the database. In other mapping exercises
generally this information, being smaller than the MMA, will disappear. In GLCN they will remain
even if they lose the full geographic location.

In other exercises mixed units are used sometimes to show "cartographic representation
problems” and sometimes "thematic uncertainty” of the interpretation. GLCN has fully
standardized the difference between the two with a different syntax.

AJ[B: is a thematic generalization, it means the polygon can have either the feature A or the feature B.

AJ/[B: is time-related information. It is used only for agricultural classes, and means the
polygon has class A one year and class B the next year.

Interpretive process
The process comprises a series of elements such as:
Type, quality, date of remote sensing data used
Knowledge of the study area
Skill of the interpreters
Type of image processing software used
Amount of field work done
The overall method of interpretative approach used, etc.
Each of them strongly influences the final result.

Inside the database - how to read the legend
The legend represents the thematic content of the study area.

It is a list of all the land cover types identified and mapped in the area.

The legend classes are a subset of the classes contained in LCCS applied to a specific
geographic context with a given spatial scale/detail.

It gives a global vision of the land cover features present (thematic content) but does not

provide information on their cartographic representation.
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The legend is composed of a number of elements, each belonging to the eight major land cover types:

A11 - Cultivated and managed terrestrial areas

A12 - Natural or semi-natural terrestrial vegetation
A23 - Cultivated aquatic or regularly flooded areas
A24 - Natural or semi-natural aquatic vegetation
B15 - Artificial surfaces and associated area(s)

B16 - Bare area(s)

B27 - Artificial water bodies, snow and ice

B28 - Natural water bodies, snow and ice.

GLOBAL LAND COVER NETWORK - FIELD WORK PROCEDURE
Craig von Hagen

FAO/GLCN

GLCN Africa Office

Overview

Field work is the most important aspect of the land cover mapping process.
It serves as a verification of the interpretation made using the satellite imagery.
It is also the most costly activity as it involves manpower, vehicles, equipment and time.
A great deal of planning is required. What follows is a brief overview.

Selecting sample areas for field checks:
The following need to be considered :
A. Samples represent all legend classes.
B. Samples are located in accessible areas.
C. Samples are replicated for a high accuracy level.
D. Sample sites are shown on field maps with their corresponding coordinates.

Field check planning

The following tools and equipment are needed for the field check :
A. Descriptive sheets of sample locations.

Route maps (Topographic and imagery).

Field verification form.

Vehicles.

GPS.

Cameras.

Stands.

Compass.

TomMmmonw

Route planning - Uganda example
Field samples are grouped into clusters. Each cluster corresponds to one day, i.e. the field
samples in one cluster should be done in one day.

s T
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The routes are proposed routes only. These were worked out with advice from the Ugandan
photo-interpreters on 5 July 2002.

They were split into four routes namely KA (around Kampala), SW (southwest Uganda), NW
(northwest Uganda), E (east Uganda) and N (north Uganda).

Each cluster within a route was given a number (e.g. KA-01) indicating a proposed order to be visited.

Route planning continued
A proposed schedule and route was given. An index map for each route and clusters to be visited
was also included for easy reference.
The order of visiting the clusters is a proposal only; the field-workers may use their own
discretion and local knowledge to build their own schedule.
The clusters and routes have been worked out using field samples given by the interpreters.
Summary statistics: 180 field samples, 48 clusters, 49 days, approximately 9 808 kilometres,
3.7 field samples per day and 200 km per day.

Route planning continued

Route maps were created semi-automatically using the auto tiled layouts extension for ArcView.
Maps created for satellite imagery and topographic maps.
Resulted in a lot of time saved in map productions as only one master layout was created.
Images were stretched in ArcView using the image-stretch Avenue script.

Field Verification
Africover has not only developed standards for land cover classification and mapping, but also for
the collection of field samples.

Next is an example of the field data verification form, which is used as standard for all GLCN
fieldwork.

Field samples are a vital part of the land cover interpretation process. They help us to verify
doubtful or unknown areas on the imagery and they provide a source of information that is
unambiguous, i.e. we do not have to rely only on descriptions of the land cover; we can actually
see the field situation when we come back to the office.

Field samples data entry
Once all the forms have been completed and collected, the photographs are scanned and labelled
with the field sample ID and the photograph direction (as per the field verification form).

The coordinates on the field verification form are entered into GIS format to enable
interpreters and other interested parties to overlay the points (and therefore the photographs) with

satellite imagery and vector data.
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FIELD VERIFICATION FORM Africover Eastern Africa - GCP/RAF/287/ITA

A. GENERAL INFORMATION

RELEVEE N© N or Eas
AREA NAME
LOCATION
OBSERVER ACCESSIBILITY [__] VeryGood
DATE [ Good
TIME [ Medium
RELEVEE SIZE (in m2 or ha) ] Bad
COORDINATES N or Eas LAT/LON UT™M GP | Topo

— — — —

— — — —

— — — —

On the Observing the spot from a

Indicate relative position of i i i i
coordinates Distance from viewpoint to observed point (M)
The bearing of the observed point (0)
FIELD
Film Roll N°
Photo Shot N© Position
—| -
N
Relative Position of photograph
GENERAL
Slope C— Flatto gently sloping terrain (0-7 %)

— Gently sloping to moderately sloping ( 8 - 3 %)
— Sloping to moderately steep, undulating to rolling terrain ( 14 - 20 %)
— Steep to very steep, rolling to hilly terrain (21 - 55 %)

— Extremely steep terrain, steeply dissected hilly
and mountainous terrain (56 - 140 %)
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B. GENERAL LAND COVER INFORMATION

LAND

- General Land Cover Type A Vegetate

C— Non-Vegetated

Relevee Site B [ Terrestrial C—1  Aquatic or regularly flooded land

- Specific land cover Single major land cover Two mixed major land cover
Most Important Second
Cultivate — — —
Natural / semi-natural — — —
Built up — — —
Bare —/ — —
Artificial water body —/ —/ —
Inland water —/ — —

AREA LANDCOVER HOMOGENITY (Applicable if on spot)

Land cover homogeneous for more than 300 m —— VYes

around the sample area : —— No

LAND COVER SEASONAL

Natural / semi-natural vegetation Cultivated fields
TREES dry green flowering fruit ploughed initial full mat. harvested
SHRUBES — — — — — — — —
HERBS — — — — —3 — —3 —3
— — — — — — — —
C. SPECIFIC LAND COVER INFORMATION
{INATURAL AND SEMI-NATURAL Leaf Leaf
Level Cover Height Broad Needle Aphyllous | Evergreen | Deciduous
Wo0D — — — — —
Tree 1 — —3 —3 —3 —
2 — — — — —
3 — — — — —
Shrub 1 — — — — —
2 — — — — —
HERBACEOUS
Graminoids
Forbs
Cover estimation of vegetation [ ] Other [ |

3o|




érCULTIVATED TERRESTRIAL AREA AND MANAGED LAND

Life form of MAIN CROP Leaf type Leaf phenology
Broad | Needle Evergreen | Deciduous Fruit trees Plantation
— Trees — — — — — —
— Shrubs — — — —
— Herbaceous
— Graminoids ~Crop Name: |
— Other
-Life form of SECOND CROP Leat type Leaf phenology
Broad Needle Evergreen | Deciduous Fruit trees Plantation
— Trees — — — — — —
— Shrubs — —/ — —
— Herbaceous
— Graminoids -Crop name:
— Other
- Average field (m2or ha)

- Field distribution

- Cultivation period

- Cultivation time factor

- Water supply / irrigation

- Life form MANAGED LAND

]

\BARE AREAS

C— Consolidated

C— Unconsolidated

C—1 Dunes

C—3 Bordering fields < average field size
[ Distance between fields =1to 3 X average field size
— =3to 9 X average field size
—
— > 9 X average field size
C— main crop, during two or more different periods within same year
[ second crop in same period as main crop
[ second crop in different period as main crop
[ second crop starts during active period main crop
Time lap between two consecutive C— 1to4years
active periods 1 =<1year

C— >4years
C— Not C— Postflooding

C— Surface

C— Sprinkler
C— Supplementary [ Dried

= Other L ]

Urban vegetated area
Area covered by trees is —  >40
C— between 20 % and 40 %
— <20

[/ Barerock
[ Gravel, stones and boulders
C— Hardpans
C— Bare C— Stony(5-40%)
C— Loose and shifting sands C— Verystony (40 - 80 %)
—— Barchans [ Saturated
—— Parabolic —— Unsaturated
—— Longitudinal
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PANEL PRESENTATION

LAND USE / LAND COVER ANALYSIS - AN INDIAN EXPERIENCE
P.S. Roy, R. Nagaraja and A. Giriraj
NRSA

Introduction

India is bestowed with valuable natural resources serving the needs for sustenance of around a
billion population and varied ecological functions. Since independence the population has
increased by 284 percent (363 to 1033 M) and food grain production by 386 percent (51 to 196
MT). The country has 150 million ha of agricultural area and about 24 percent GDP is met from
agricultural production. The loss of forest cover in India for the period between 1990 and 2000 is
380.89 km? annually (FAO, 2000). The forests are integrated with the social system for their
usefulness for fuel wood, fodder, minor forest products and timber. Fuel wood stands as the
mainstay of energy resource for 70 percent of the Indian population and 125 MT are extracted
annually. In addition over half the livestock population (270 million) depends on forests for grazing
resources and NTFP worth of Rs. 6.5 to 20 billion is met annually from forests.

Information on land usefland cover in the form of maps and statistical data is vital for
spatial planning, management and use of land for agriculture, forestry, pasture, urban-
industrial, environmental studies, economic production, etc. Today, with the growing
population pressure, low man-land ratio and increasing land degradation, the need for
optimum use of land assumes much greater relevance. The draft outline on the national land
use policy and strategy on optimum land use planning and the creation of the National Land
Use Conservation Board (NLUCB) in 1985 clearly indicate the serious concern of the
Government in this regard. Furthermore, with the present thrust that the agricultural planning
in the country should be based on agroclimatic zones, the prima-facie need is to have
comprehensive information on the spatial distribution pattern of land use/land cover,
particularly on the availability of agricultural land during kharif and rabi crop seasons, cropped
area during both seasons and area under fallow, apart from the other land use/ land cover
classes. Besides, it is also required to know their area for the whole country covering all the 15
agroclimatic zones in the 442 districts (now the number of districts is 584). This needs land
use inventory surveys periodically, to make available the information on the type, spatial
distribution, location, aerial extent, rate and pattern of change of each category of land
usefland cover. Preparation of up-to-date, accurate and reliable information on land use/land
cover over large areas on a contiguous basis is possible using remote sensing techniques on an

operational, timely and cost effective basis.
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Today, the availability of information on land use/land cover in the form of thematic maps,
records and statistical figures is inadequate and does not provide 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, institutions/organizations, etc. are sporadic and often duplicated.
In most cases, as the time gap between reporting, collection and availability of data is greater the
data often becomes outdated. However, the organizational efforts in publishing maps, reports and
statistical data by the Survey of India (SOI), National Atlas and Thematic Mapping Organization
(NATMO), National Bureau of Soil Survey and Land Use Planning (NBSS and LUP), All India Soil and
Land Use Survey (AIS and LUS), Central Arid Zone Research Institute (CAZRI), Ministry of
Agriculture, Settlement Survey and Land Records, Revenue Department, National Sample Survey,
State Land Use Boards, Town and Country Planning Organization (TCPO) and other local agencies
are noteworthy.

The Indian experience on the use of satellite data for Land Use/Land Cover analysis comes
mainly from studies conducted at the National Remote Sensing Agency (NRSA) in collaboration
with different agencies. However, the mapping is carried out for specific objectives and different
time frame. Mapping on a uniform scale with an acceptable classification scheme is more than
desirable.

Land use / Land cover

Land use is influenced by economic, cultural, political, historical, and land-tenure factors at
multiple scales. Land cover, on the other hand, is one of the many biophysical attributes of the
land that affects how ecosystems function (Turner et al. 1995).

Land use refers to man's activities and the various uses which are carried out on land. Land
cover is referred to as "natural vegetation, water bodies, rock/soil, artificial cover and others
resulting from land transformation”. Since both land use and land cover are closely related and are
not mutually exclusive they are interchangeables as the former is by inference based on land cover
and on contextual evidence.

B Lland use/Land cover classification system:
With the changing times and increasing demand for information on land use/land cover, it
becomes necessary to have a standard classification system, precise definition of land
usefland cover and its categories, uniform procedures of data collection and mapping on
different scales for all the states and union territories.

Realizing the need for up-to-date nationwide land use/land cover maps by several
departments in the country, as a prelude, a land use/land cover classification system
(with 24 categories up to Level-ll, suitable for mapping at 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 and LUS,
etc. and the details obtainable from satellite imagery. The classification system
provided the conceptual framework for discussions with nearly 40 user departments/
institutions in the country and finalizes acceptable 22-fold classification system which

was adopted for nationwide land use/land cover analysis.
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Nationwide land use/cover analysis for Agroclimatic zone planning
At the request of the Planning Commission of India, district-wise land usefland cover analysis of

all the 15 agroclimatic zones, using the 22-fold land use/land cover classification system was
competed using 1988 to 1989 satellite data sets. Indian Remote Sensing (IRS) Linear Imaging Self
Scanner (LISS-1) data of kharif (July-October) 1988 and rabi (November-March) 1989 data were
used to analyse and to generate composite land use/cover information at 1:250 000 scale (Fig. 1).

The need for this is to know the actual agricultural cropped area in two different seasons and the

area left fallow (without any crop) separately to enable planning for increasing agricultural

production.

Fig 1. Conceptual Framework for Investigating Human Ecosystems (Agarwal et al. 2001)
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B Lland use/land cover analysis:

The multidate satellite data was analysed to identify and map the details of crop land in
kharif and rabi seasons, the area under double crop (during kharif and rabi seasons), fallow
lands, different types of forest, degradation status, wasteland, waterbodies, etc. NRSA with
the help of Regional Remote Sensing Service Centres (RRSSCs), 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 have been
analysed using visual techniques and the remaining 168 districts by digital techniques. For
digital analysis, considering the project requirements, different software modules were
developed and integrated with the commercially available image analysis software.

Reconciliation of area statistics generated by remote sensing and ground based techniques:
The land use/land cover area statistics derived from satellite data at the district level for the
base year 1988-1989 were compared with the figures published by the Bureau of Economics
and Statistics (BES), Directorate of Economics and Statistics (DES), Ministry of Agriculture
(MOA), Government of India, for the same period for consistency and compatibility. First, the

comparison was made by matching the different land use classes in both to ‘one-to-one’
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common group, and second by comparing the definitions/explanations of each class with
respect to the “nine-fold classification” on land use adopted by BES and DES/MOA. In
comparison, differences in areas were noticed with respect to the net area sown (NAS), land
put to non-agricultural use and pasture land. But the major difference in area was observed
with respect to net area sown and land put to non-agricultural use.

The difference in the area reported under net area sown was around 15 to 20 percent
less than the figure derived by remote sensing in most districts/states in the country. To
enable us to understand the causes of differences in figures (on request from the planning
commission, and the Ministry of Agriculture, Government of India) a reconciliation survey
(verification of information derived from remote sensing techniques and ground data
collection/reporting system by BES) was jointly undertaken by NRSA, BES, Agriculture,
Revenue and Land Records Departments, from the Government of Andhra Pradesh, in three
selected sample districts (representing different agro-climatic conditions), Krishna, Kurnool
and Nalgonda, covering 15 mandals, 45 villages and 2,475 survey numbers. The selection
was made based on “probability proportional to net area sown" (NRSA, 1992).

The results of the sample survey carried out during 1992 and 1993 indicated that the
area under NAS shown in the village records is under reported to the extent of 10 to 15
percent. The survey also showed that the area under “non-agricultural use" derived from
remote sensing is less by three to five percent compared with the reported area by BES. This
is due to the omission of small water bodies and transport network (small scale of mapping
and resolution of satellite data used) and commission of their area under dominant land
use class, i.e. agriculture. Hence, five percent of the area from agriculture land has been
added to the area under non-agriculture use for comparison. The pasture land was non-
existent on the ground, which may be due to conversion of such areas to agriculture over
a period of time.

National Wastelands Inventory Project (NWIP)

Until recently, no attempt had been made to prepare a comprehensive map on any scale showing
the distribution of different types of wastelands in India. A number of organizations and agencies
commenced the collection and collation of data on the type and extent of wastelands. The areas
reported by various government agencies vary from 38 M ha. to 175 M ha. The considerable
differences in area underscores the need to prepare a reliable database using the latest techniques
of satellite remote sensing and geomatics.

In 1985, the National Remote Sensing Agency (NRSA, 1985) of the Department of Space
prepared wasteland maps of all the Indian states and union territories at a 1:1 million scale. The
total area of wasteland in 1980 to 1982 estimated through this study was about 53.3 million ha
or 16.2 percent of the area of the country.

The 1:1 million scale wasteland maps of the states and union territories of India provided only
a gross estimate of wasteland area. Due to the small scale and relatively poor resolution of the
MSS imagery, wasteland areas of less than 100 ha could not be mapped. Furthermore, it was found

that the maps were of little use in reclamation planning at local level.
In 1985, the National Wastelands Development Board (NWDB) was set up to rehabilitate five
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million ha of land each year for fuel wood and fodder production through a massive programme

of seeding and afforestation. This programme required a reliable database that provided details on

the type, extent, location and ownership of wastelands.

m Wasteland classification:

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.

The 1:1 million wasteland maps prepared by NRSA showed that 146 districts had
wastelands covering more than 15 percent of their area. These districts were considered
critical (except for border districts) and selected for detailed mapping in Phases | and Il
(1986 to 1989). In Phase 1l (1990 to 1992), districts having 5 to 15 percent coverage of
wasteland were mapped, and in Phase IV (1992 to 1993) the remaining seven districts of
Madhya Pradesh were examined. Under Phase V the rest of the country was completed.

Since the workload on the project was enormous, all the state remote sensing centres
and some central organizations were involved in the mapping task. In order to maintain a
consistent standard and a uniform system, a manual of wasteland mapping procedures was
prepared giving details of mapping and final drawing. Training workshops were organized
at NRSA to instruct all the scientists involved in the project.

Wastelands distribution in India:

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-Il and LISS-1Il) data were used for mapping
purposes. Hybrid methods, i.e. both visual and digital techniques, were used to extract
wastelands thematic details.

Village boundaries, forest compartment and watershed (up to micro watershed area 500
ha) boundaries were incorporated into the wasteland maps. The final product is a wasteland
map with village, forest compartment and micro watershed boundaries at
1:50 000 scale. All this information is available in digital form covering 8 000 + map sheets
at 1:50 000 scale. It is possible to associate wasteland units with particular villages/micro
watersheds using these maps. In addition, possible ownership can be determined by
comparison with cadastral maps available at scales of 1:4 000 and 1:8 000. The vector based
digital database generated under this project using standard codification was organized in
four different layers: base layer, administrative layer, watershed layer and wasteland layer.

About 63.87 million ha (20.17 percent) has been estimated as wasteland through this
study. About 5 000 wasteland maps covering the country were prepared under this project.
After completion, the maps are sent to various state users for wasteland reclamation
measures. Brief reports for each district provide a general description of the wasteland and
its distribution. User interaction workshops have been held in different states to
demonstrate the use of wasteland maps in reclamation, and to instruct users in making the
best use of such materials. An atlas covering the statistics of the entire country was
released on 22™ May, 2000 in New Delhi.
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All these 63.87 million ha are severely degraded lands in the country. Apart from this,
the process of degradation exists in agricultural lands such as single cropped areas and
fallow land. Based on the statistics generated under the land use/land cover project and the
wasteland inventory project, it is estimated about 145 million ha are degraded land, i.e.
63.85 M ha are severely or extremely degraded lands, 13.76 M ha moderately degraded
lands and 67.49 M ha slight to moderately degraded lands.

Forest/vegetation cover analysis

Using Landsat MSS data of 1972 to 1975 and 1980 to 1982 periods, National Remote Sensing
Agency (NRSA) (1983) carried out vegetation mapping on 1:1 million scale for the entire country,
which showed a substantial decrease in forest cover. Subsequently, the Forest Survey of India (FSI),
Ministry of Environment and Forests (MoEF) carried out the mapping of India for the years 1981
to 1983 which was published in 1987. Since 1987, the forest cover of the country is assessed
biennially by the Forest Survey of India (FSI) using remotely sensed data. FSI has carried out seven
such surveys using satellite imagery of the periods 1981 to 1983The total forest covers only 19.39
percent of the geographical area of the country as per the latest available report of FSI (Anon.,
1999). This is an alarmingly low figure considering that the National Forest Policy 1952
recommended that 33.3 percent of the country be forest. This was reiterated in the National Forest
Policy 1988. In the hilly and mountainous regions, the National Forest Policy recommends
maintaining two-thirds of the area as forest or tree cover, in order to prevent erosion and land
degradation and to ensure stability of the fragile ecosystems.

The net increase in the forest cover of the country is 3,896 km? The dense forest has increased
by 10098 km? and mangrove by 44 km? whereas open forest has decreased by 6246 km? The forest
cover in different states and union territories in the present and preceding assessments reveals
that the states of Andhra Pradesh, Arunachal Pradesh, Delhi, Gujarat, Haryana, Himachal Pradesh,
Jammu and Kashmir, Karnataka, Madhya Pradesh, Maharashtra, Orissa, Punjab, Rajasthan, Tamil
Nadu, Tripura, Uttar Pradesh and West Bengal have registered increases in forest cover. The states
and union territories showing a decrease in forest cover area : Assam, Bihar, Goa, Kerala, Manipur,
Meghalaya, Mizoram, Nagaland, Sikkim, Andaman and Nicobar Islands, and Dardra and Nagar
Haveli. In Chandigarh and Daman and Diu there was no change in the forest cover between these
two assessments.

Land cover mapping using spot-vegetation for south central Asia

Global Land Cover (GLC) 2000 is an initiative to make global land cover data sets available for the
researchers involved in global/regional studies for land surface parameters. It is a major project of
the European Commission-Joint Research Centre (JRC), Italy, with the objective of providing a
uniform and consistent data set comparable across the regions and countries for a reference year
2000. The Indian Institute of Remote Sensing (IIRS), Dehra Dun, India has carried out a study for
the South Central Asian Region as part of this programme. The study has been executed with
participation network support from countries such as China, Sri Lanka, Myanmar, Thailand, Bhutan,

Nepal and Bangladesh. The study has produced land use/land cover maps for the South Central
Asian Region using SPOT-4 VEGETATION and other ancillary information.
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The daily SPOT-4 VEGETATION data have been used to produce a five day Normalized
Difference Vegetation Index (NDVI) composite. Based on the five day NDVI composite, monthly

maximum NDVI composite for nine months (except for the rainy season) have been generated. The
phenological variations of vegetation types have been used discriminately. The land use/land cover
with the vegetation index has been mapped based on ISODATA clustering algorithm, using the land
cover classification scheme (LCCS) designed by the Food and Agriculture Organization of the
United Nations (FAO 2000).

Biome level characterization of Indian vegetation using IRS - WiFS Data
Realising the potential of the IRS-1C datasets for regional level mapping, the assessment of
phenological growth of vegetation in forest ecosystem has been attempted in the present study
under the ISRO-GBP programme by the Indian Institute of Remote Sensing (IIRS), Dehra Dun (IIRS,
2004a). The climatic data with biogeographic map is used to delineate the biomes in the Indian
Subcontinent. The product will offer the basics input for the ecophysiological processes. The maps
serve a specific purpose in natural resource planning and decision-making at landscape or regional level.
B Vegetation and land use and land cover using IRS WiFS data:
Realizing the importance of Land Use/Land Use Change (LU/LUC) 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 the substantial contribution of RS and GIS techniques to map spatial
distribution of important habitats (Roy and Tomar, 2001; Amarnath et al. 2004 and Roy and
Behera, 2005). IIRS (2004a) has clearly brought out 36 LULC classes with description of 17
vegetation cover types and has accounted 18 percent of forest area remaining being the
agriculture and/or other land uses. [IRS (2004b) used daily SPOT-4 VEGETATION data to
produce NDVI based vegetation and LULC map for South Central Asia. These inputs form
the primary basis for studies on regional climatic variations, accounting changes in
deforestation/degradation, forest fragmentation, carbon flux, evapotranspiration, Living
Planet Index (LAI), Net Primary Productivity (NPP) assessment and regional ecosystem

functioning and monitoring.

Aspects of LULC changes and modelling

Models on land use and land cover change are powerful tools that can be used to understand and
analyse the important link between socio-economic processes associated with land development,
agricultural activities, natural resource management strategies and the ways that these changes
affect the structure and function of ecosystems. Long-term understanding on the LULC needs to
propose a more dynamic framework that explicitly links what is often divided into separate
“natural” and human systems into a more integrated model. In developing countries like India, it
is likely that land use and land cover are often semantically equivalent, i.e. land use activities
associated with logging leads to deforested land cover (Lambin, 1997). Therefore, satellite images
can often be used to detect land use change through observations of the biophysical
characteristics of the lands. Contrastingly, in developed countries like USA and Europe LULC are
less likely to be equivalent. Although forestry can be modelled as a land use activity that responds




GLCM | GLOBAL LAND COVER NETWORK series

to economic, social and demographic drivers (e.g. Mauldin et al. 1999, Geist et al. 2002) such
drivers do not provide direct predictors for understanding and modelling the amount and locations
of forests and tree cover in all parts of a landscape.
® LULC modelling:
Summarizing a large number of case studies, we find that land use change is driven by a
combination of the following fundamental high level causes: resource scarcity leading to
an increase in the pressure of production on resources, changing opportunities created by
markets, outside policy intervention, loss of adaptive capacity and increased vulnerability
and changes in social organization, in resource access and in attitudes. Currently review
highlights as many as 19 land use change models for their spatial, temporal, and human
decision-making characteristics for comparing and reviewing land use change models
(Agarwal et al. 2001). The models surveyed are:
m  General Ecosystem Model (GEM) (Fitz et al. 1996)
m  Patuxent Landscape Model (PLM) (Voinov et al. 1999)
m  CLUE Model (Conversion of Land Use and lIts Effects) (Veldkamp and Fresco 1996)
= Area base model (Hardie and Parks 1997)
m Univariate spatial models (Mertens and Lambin 1997)
m  Econometric (multinomial logit) model (Chomitz et al. 1996)
m  Spatial dynamic model (Gilruth et al. 1995)
m  Spatial Markov model (Wood et al. 1997)
= CUF (California Urban Futures) (Landis et al. 1998)
m  LUCAS (Land Use Change Analysis System) (Berry et al. 1996)
®  Simple log weights (Wear et al. 1998)
®  Logit model (Wear et al. 1999)
®m  Dynamic model (Swallow et al. 1997)
Towards this, a series of recent papers, reports and workshops has been carried out by
members of LUCC and other research communities (Turner et al. 1995; Moran, 2000;
Laurence et al. 2001; Nepstad et al. 2001, Veldkamp and Lambin, 2001; Leemans et al.
2003). Reviews that characterize and classify land use models are provided by Lambin et al.
(2003) and Kaimowitz and Angelsen (1998) for deforestation, while Bockstael and lrwin
(2000) gave an explanation of land use models based on economic theory. We, thus, argue
that models of land use change can be linked with critical land cover outcomes (like forest
cover) through the use of land cover transition models to understand land use condition
and land use change. Deriving such estimates from models of LU and LUC in time and
space, which are driven by exogenous variables, for the assessment of future forest cover
impacts of economic, social and policy changes would be useful for land use managers and

policy makers.

LULC in the Indian scenario
From initial knowledge on extrinsic and intrinsic factors operating at different spatial and
temporal scales an alarm needs to be developed for quantifying LULC changes. In the past few

decades there has been change in land use, because of expansion of mining areas, increment in




construction of dams, industrialization, urbanization, etc. to name a few which affect the areas as

external factors. Internal changes include shifting cultivation areas, selective logging due to
human pressure on forest resources and habitat loss of wildlife due to reduction in forests.

Studies so far conducted in India on LULC change are scattered, particularly in regions like
Western and Eastern Ghats, the Himalayas and Northeastern states. In Western Ghats over the
past centuries the changes in landscape are mainly owing to plantations (tea, coffee, rubber,
teak, etc.) and some to anthropogenic pressure. Menon and Bawa (1998) have estimated the
rate of deforestation in the Western Ghats to be 0.57 percent annually during the period
1920-1990 and Prasad et al. (1998) have assessed 0.90 percent annual decline in natural forest
cover in Kerala for the period 1961-1988. Deforestation has been particularly intensive in the
southern Western Ghats, which lost a quarter of its forest cover between 1973 and 1995 (Jha
et al. 2000). The data from the Agastyamalai region, Western Ghats, indicating a five-fold
increase in forest loss from the periods 1920-1960 and 1960-1990, also suggest that the rates
may be increasing (Ramesh et al. 1997) studied land use change patterns and also calibrated
and validated the disturbance in the Western Ghats of India (1920-1990).

Arunachal Pradesh over the past decades has not only resulted in the large-scale loss of
forest cover, but has also caused the land cover change, fragmentation of the remaining
habitat into numerous isolated patches (Ramesh et al. 1997; Menon and Bawa, 1998; Prasad et
al. 1998; Jha et al. 2000; Menon et al. 2001). Attempt to model vegetation and land cover
particularly in Indian region e.g. forest cover change at landscape scale (Menon et al. 2001; Giriraj,
2005), as a direct function of socio-economic changes, land use patterns with biogeophysical
characteristics to predict areas most susceptible to future deforesation and biodiversity loss.
Recently, [IRS and NRSA prepared vegetation and land cover mapping for entire Western Ghats of
India on 1:25 000 scale usinig IRS LISS Il satellite data (IIRS, 2002) to identify major areas of
fragmentation, disturbance and biological rich areas.

Proposed land use/land cover inventory under NR census

As the land use/cover maps statistics generated were evaluated by the Planning Commission,
Ministry of Rural Development, Department of Science and Technology of Government of India etc.
a need for large scale nationwide land use/land cover analysis on a five-year cycle was felt as part
of “Natural Resources Data Infrastructure” Under this it is proposed to bring out a “Status of NR
Census” report at national level every five years considering 2000 to 2001 as the base year, which
covers the land use/cover information or other important theme. It will address the issues
concerning irrigated and rainfed areas, current fallows, forest types and canopy density
information at various administrative levels, human settlement areas and their dimensional
changes with respect to urban, town and rural settlements. The periodic data on changes of water
bodies serve as an indicator for the drought prevalence in parts of the country. The dynamics of
waterlogged/wetlands information serve as vital environmental parameters.

In the above context, spatially and temporally explicit monitoring and evaluation assume
greater importance. The national spatial databases to enable the monitoring of temporal dynamics
of agricultural ecosystems' increase in mining, industrialization and urbanization, forest
conversions, surface water losses are lacking. These kinds of databases are of primary importance
for national accounting of natural resources and planning at reqular intervals.
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USE OF LAND COVER DATA FOR HYDROLOGICAL MODELLING
AK. Gosain

Professor of Civil Engineering,

Indian Institute of Technology, New Delhi

Initial national communication to UNFCCC
B Entrusted to MoEF.
B A large number of groups involved to undertake studies in various sectors.
B The communication has been made by the MoEF to UNFCC in July 2004.

Objectives of the study
B To quantify the impact of the climate change on the water resources of the country.
B |dentify hotspots.
B [dentify adaptation and coping strategies.
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Tools used
® Modelling: SWAT (Soil and Water Assessment Tool) model provides opportunity for scenario
building.
B GIS framework: acts as a pre-processor for the distributed modelling and is also a powerful
tool for visualization of the outputs/results in terms of V and A.

SWAT model components
B Features.
= Physically based
= Distributed model
= Continuous time model (long term yield model)
= Uses readily available data
= Suitable for long term impact studies.
® Data used for modelling
= Contour: 100 m interval digitized contours, 1:250 000
= DEM: 1km grid, generated using ArcView
®  land use: 1:2M USGS
= Soil: 1:5M FAO
= Drainage: 1:250 000 digitised
= Weather: Data generated in transient experiments by the "Hadley Centre for Climate
Prediction” U.K. at a resolution of 0.44° X 0.44° latitude by longitude grid points has
been obtained from IITM, Pune.

River basins (twelve*) modelled




GLCM | GLOBAL LAND COVER NETWORK series

Sub-basin water balance components for current to GHG for Krishna
B reduction in precipitation by about 20 percent of the current value;
B corresponding decrease in water yield over the sub-basins is varying between 30 percent
to 50 percent;
actual evapotranspiration reduced by about 5 percent over most of the sub-basins;
there are a few sub-basins which do not follow these trends.

Vulnerability assessment procedure
®m Palmer Drought Severity Index (PDSI) widely used index
= incorporates information on rainfall, land use, and soil properties in a lumped manner
m PDSI value
= below 0.0 indicates the beginning of drought situation
m A value below -3.0 as severe drought condition
®  Soil moisture index to monitor drought severity using SWAT
m  output to incorporate the spatial variability.

Assumptions and coarseness of the data used
B land use has been coarse
B The detailed data on the agricultural land use and the cropping pattern have not been used
m Soil type and profile have also been scanty
m Water bodies including reservoirs could not be incorporated at this stage owing to lack of
data on their capacities and the operation rules.

INCORPORATING ENVIRONMENTAL CONCERNS IN LAND COVER MAPPING/
MONITORING

K.D. Singh

Global forest resources assessment specialist

Concepts
B Introduction:
Since the Stockholm Conference on Human Environment, 1972, limits to human use of
natural resources have been universally accepted. A basic understanding in this context is
the view of land as an ecological system. FAO defines land as: “an area of the earth's
surface, the characteristics of which embrace all reasonably stable, or predictably cyclic,
attributes of the biosphere vertically above and below this area including those of the
atmosphere, the soil and underlying geology, the hydrology, the plant and animal
populations, and the results of past and present human activity, to the extent that these
attributes exert a significant influence on present and future uses of the land by man"
The definition clearly recognizes land as an integral part of the biosphere, the other
two components being ocean and atmosphere (Figure 1).
Like all ecosystems, land has a hierarchic constitution, ranging from local to global. For

a complete understanding of processes associated with land, it is imperative that
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information is collected at various levels, Figur_e 1: A simple m_odel sl_10wing main
) e ) ) constituents of the Biosperic System
with a possibility of adding/removing data to

develop a range of models, local to global.
This is, perhaps, the main logic for GLCN.
®m land use/land cover change in relation to

climate system:
The close interaction between land, ocean
and atmospheric systems is also evident

from Table 1, where statistics are presented

on the impact of land use / land cover change on CO, budget.

Table 1: Average annual budget of CO2 for 1980 to 1989 and for 1989 to 1998, expressed in
Gt C yr1 (error limits correspond to an estimated 90 percent confidence interval).

1980 to 1989 1989 to 1998
1) Emissions from fossil fuel combustion and cement production 55+0.5 6.3+0.63
2) Storage in the atmosphere 3.3+0.2 3.3+0.2
3) Ocean uptake 2.0+1.0 0.7+1.0
4) Net terrestrial uptake = (1) - [(2)+(3]] 0.2£1.0 0.7+1.0
5) Emissions from land use change 1.7 £0.8 1.6 £0.8>
6) Residual terrestrial uptake = (4)+(5) 1.9£1.3 23+1.3

ANote that there is a one year overlap (1989) between the two decadal time periods.
bThis number is the average of annual emissions for 1989-1995, for which data are available.

In a reciprocal manner, the atmospheric system affects the land use/land cover through the
climate regime. It is important that the random year-to-year variations in the weather
regime are properly accounted for and not mixed with definitions of cover categories.

Figure 2: Biomass production fluctuations
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B Land use/land cover in relation to biological diversity:
Age and origin of land cover is related in a very important manner to biological diversity
(see Figure 3). The structure and pattern of land cover also varies though ecological zones.
B Human induced changes in the natural ecosystem:
The human induced land cover/land use changes are dynamic (see Figure 4). This is evident
from declining employment in the agriculture sector and increasing emphasis on
environmental functions associated with land (see Figure 5).
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By the end of 1990, the poverty situation was as below (see table 2):

® the poor (including workers and their dependents) were around 39 percent of the total
population (or say 390 million assuming the population to be around 1 billion);

= the poverty line was at US$60, but the average GNP/Capita of the poor was only US$
40, at 1990 prices.

Poverty alleviation is more demanding than the task of national reconstruction was in 1950.

Figure 3: Increase of diversity within local flora with time
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Figure 4: Model of an integrated natural and cultural system

M1, M2, M3 = Matural ecosystems
102, C3 = Cultural ecosystems
I= Input, @ = Qutput, T1.. = Time




Figure 5: Declining share of agriculture labour force with economic development
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Table 2: Statistics on rural poverty in India in 1990

Occupation group

Workers

Poverty incidence

Annual income

Literacy rate

Cultivators

Million

Million

(%)

Rs

(%)

>1ha

46

9

"

11, 000

58

<1ha

64

27

45

3500

53

Wage earners
Agriculture

75

51

68

2308

37

Other sectors

129

48

37

4111

62

All

314

125

40

4485

54

Sources: 1. National Council of Applied Economic Research, India (1997)

2. Ministry of Agriculture, Government of India (1998)

Global Forest Assessment

Methodology and Results

B Building blocks of the method

This section will present method and sample results of FAO Forest Resources Assessment
1990, which was designed to provided remote sensing and sample survey based on reliable
statistics for the rate of deforestation in the tropics and environmental implications of
forest changes. The two steps in the survey included:

= Global ecological zoning, and

= Sample survey in tropics.

Global ecological zoning (see Figure 6)

The classification of the world's vegetation into homogenous ecological zones, taking into
account broad vegetation and environmental characteristics, was the first step in the
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Figure 6. Global distribution of Koppen climate types
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method. The work was started in the tropics in 1982 and criteria used were precipitation,
temperature, physiography, soil (in broad groups) and floral composition. Accordingly, the
map was termed an Ecofloral Zone Map. By the end of 2000, the classification was updated
to cover forest types of the world using climate zones as the first level for classifying global
vegetation. Accordingly, the output was termed an Ecological Zone Map (FAO 1989, 2000).

A holistic approach to ecological zoning

A holistic approach to ecological zoning could be expressed in model form as follows:
Z=F\,C,PRS|L

where F is the zoning procedure (a rule, classification system, look up Table, etc.) to assign

ecological zone values (Z) to land units (L) of a country, region or the world, based on

characteristics including vegetation (V), climate (C), Physiography (P) and Soil (S). Three

approaches are possible: i) exclusive use of the vegetation characteristics; (ii) exclusive use of site

characteristics, and (iii) a holistic approach, combining both vegetation and site characteristics.

50|

The FAO vegetation classes with matching Koppen climate types are given in Table 3.

The following points may be noted in this context:

= At the broadest level, five vegetation domains are distinguished following temperature
zones: Tropical, subtropical, temperate, boreal and polar. At the second level 15 classes
are recognized using precipitation as an additional criterion;

m The third (regional) level is based on additional criteria, for instance, altitudinal
variations within climate types (i.e. lowland versus mountain regions). This makes the
FAO system useful at the regional level;

= Finally, at the fourth level, the classification uses floral criteria, referring to the
potential vegetation;
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m  For classifying the potential vegetation (i.e. the fourth level), FAO made special efforts

to make use of the most commonly used system in each region.
B The sample survey for forest cover change assessment

The forest cover extent and changes, including deforestation, afforestation, fragmentation
and degradation, each have a profound influence on the carbon budget and biological
diversity. FAO in the framework of the Global Forest Assessment 1990 designed and
implemented a comprehensive approach, which had the following types of questions in
mind (FAO, 1996):
= How fast are the tropical forest resources depleting?
= How much is being degraded? Fragmented?
= What is happening to deforested land?
= How are forest state and change linked with ecological and socio-economic conditions?
= What are the causes of deforestation?

Though applied only in the tropical zone, the survey method is general and can easily
be applied worldwide for all forest formations, to provide reliable information on the extent

and the process of change on a consistent and continuing basis.

Table 3: FAO global ecological zones based on Koppen / Threwartha (1968)

Definition of FAO Level 1 and 2 classes & Terminology Vegetation formations?
Level 1: Climate  |Level 2: Climate types (pre- Climate types (adapted from
groups (temperature |cipitation criteria) Koppen)
criteria) Name Symbol 1
Tropical: All months 0-3 months dry? Wet Ar Evergreen & semi-evergreen Forest
without frost: in - - - !
marine areas over 3 - 5 months dry Moist Awa Moist deciduous forest
18°C 5 - 8 months dry Dry Awb Dry deciduous forest
E>P2 Semiarid BSh Thorn forest and thicket
All months dry Arid BWh Steppe and desert vegetation
Sub-tropical: Eight No dry season Humid cf Evergreen forest
months or more over
10°C 3-8 months Dry Cs Sclerophyllous forests and woodlands
E>P Semiarid BSh Woodlands, shrub and grass steppe
All months dry Arid BWh Steppe and desert vegetation
Temperate: Four to Coolest month > 0°C Oceanic Do Temperate evergreen and deciduous forests
eight months over - -
10°C Coolest month < 0°C Continental Dc Temperate deciduous forests
E>P Semiarid BSk Forest steppe and prairie
All months dry Arid BWk Steppe and desert vegetation
Boreal: Up to Four 2-4 months > 10°C Boreal zone Ea Boreal forest
months over 10°C
1-2 months >10°C Forest tundra Eb Woodland and shrubs
Polar: All months Polar zone F Polar vegetation
below 10°C

“The Table refers to zonal vegetation only, resulting from the dominant impact of climate in lowlands
and in average soil conditions.

%A dry month is defined as the month in which the total of precipitation P expressed in millimeters is
equal to, or less than, twice the mean temperature in degrees centigrade. E and P refer to evaporation

and precipitation respectively.

The main characteristics of the sample survey approach were as follows:

= |t covered the entire range of woody vegetation formations in the tropics, from the
rainforests of the wet zone to the shrub and tree savannas of the dry zone

= |t provided estimates of mean forest cover area and area change together with an
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estimate of associated error
® |t was designed with the aim of integration with existing FORIS/GIS databases for

modelling purposes
= |t was based on the concept of a continuous forest inventory with a view to furnishing

consistent estimates of mean changes over time.

A distinctive feature of the method lies in the fact that it provides not only forest cover
change data, but also maps and change matrices for each sample unit of the size of a
LANDSAT scene (approx. 3 million ha). When implemented in the form of a sample survey,
this enables estimations of class-to-class changes of land cover and forest categories
between the two dates of interpretation at sample, regional and global levels: this is
essential information for understanding the complex processes taking place, such as
deforestation, fragmentation, degradation and afforestation. An example of the pan-
tropical change matrices, 1980-1990, follows.

The salient features from a remote sensing point of view are the following:

m  Standard classification of various forest classes (closed, open, with shifting cultivation,
fragmented) on a pan-tropical basis.
= [nterdependent interpretation procedure:

This interpretation approach secures the highest level of thematic and spatial

consistency between historical and recent image classification. This procedure is the

most important element of the method since it reduces the error associated with the
estimate of changes, and makes production of change matrices possible.
= |mage archive:

All images used represent permanent reference as part of a continuous time series; in

future these images will be used to estimate the speed of change (three or more time

series).
= Low sophistication:

In spite of its sound conceptual basis, the methods and procedures developed for this

survey are simple and robust and require very low technological input; the method has

been designed for implementation in average developing country conditions.
= Flexibility:

Although applied here in a global survey context, the monitoring method can be applied

at national or subnational level without substantial modifications.

The FAO system of forest cover classification and change assessment includes the

following categories, which have direct relevance to the assessment of biodiversity:
= FRA 1990 Land Cover Classification System
The land cover classification includes nine classes (main level classification, excluding the
class otherwise than interpreted) which have been defined to represent in relative detail
the full range of land cover conditions relevant to the analysis of change in woody
vegetation.

The first four classes represent the forest under various conditions: grades of density
(closed and open), spatial disturbance (fragmented) and temporal disturbance (long fallow

shifting cultivation). These classes can be grouped to reach various definitions of forest,




from the most strict that includes only the class closed forest to the broadest which

includes all four classes. It is implicit, but not generally recognised, that the definition of
forest determines the definition of deforestation.

A narrow concept of forest, composed of one class only, implies a wide concept of
deforestation since any transition from that single class would represent deforestation. A
broad concept of forest, composed of several classes, implies a narrow concept of
deforestation since only transitions outside that group of classes would be considered
deforestation, while the transitions within the group would be defined as degradation,
fragmentation, amelioration, etc.

One important factor to be considered is that, for a deeper analysis of forest area
changes, a broader definition of forest is preferable, since it allows for finer differentiation
among changes and a better description of their environmental impact.

However, since there is no single definition of forest that satisfies everyone and all
purposes and, in order to highlight the relativity of the concept of forest, three class
groupings have been used in the present survey and three distinct forest cover and
deforestation rates have been estimated, the classes have been grouped hierarchically into

five land cover categories, as shown in Table 4. Some examples of global

matrices are given in Table 5 and 6.

Table 4. Land cover classes and land cover categories

transition

Land cover categories

Land cover classes

NATURAL FOREST Continuous forest Closed forest
Open forest
Long fallow
Fragmented forest Fragmented forest
NON-FOREST Other wooded land Shrubs

Short fallow

Non-wooded areas

Other land cover Water

MAN-MADE WOODY VEGETATION

Plantations (forest and agricultural)

Table 5. Pan-tropical area transition matrix for the period 1980-1990

Land cover classes in 1990 (Million hectares)
Land cover Closed Open Long Frag- Shrubs Short Other Water Planta-| Million ha %
Classes in forest forest fallow| mented fallow|land cover tions
1980 forest
Closed forest 1275.91 8.97 9.27 9.17 2.53 21.57 34.79 1.78 3.95| 1367.96 446
Open forest 0.86 283.31 1.30 5.18 1.46 2.40 10.18 0.05 0.21 304.94 9.9
Long fallow 1.10 0.26 48.61 1.08 0.79 2.35 2.27 0.05 0.01 56.54 1.8
Fragment. 0.58 0.63 0.63|  159.33 0.45 1.41 11.40 0.25 039  175.06 5.7
forest
Shrubs 0.15 0.20 0.26 0.14 152.69 0.34 19.17 0.19 0.15 173.30 5.6
Short fallow 0.56 0.29 0.46 0.39 0.16 119.79 7.30 0.19 0.17 129.31 4.2
Other land cov. 0.71 0.70 0.26 1.35 1.94 2.03 834.23 1.58 0.44 843.26 27.5
Water 0.14 0.02 0.01 0.05 0.01 0.07 1.46 Stable 0.02 1.78 0.1
Plantation 0.05 0.03 0.00 0.00 0.00 0.01 0.11 0.00 15.68 15.88 0.5
TOTAL Million 1280.06 294.41 60.81 176.69 160.03 149.97 920.91 4.09 21.03
ha 3068.01
1990 %
417 9.6 2.0 5.8 5.2 4.9 30.0 0.1 0.7 100.0
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Table 6. Pan-tropical transition probability matrix (Estimated mean probability of class-to-
class transition in the period 1980-1990)

Classes in 1990
Classes in 1980 Closed Open Long Frag- Shrubs Short Other Water Planta- Total
forest forest fallow| mented fallow|land cover tions
forest
Closed forest .933 .007 .007 .007 .002 .016 .025 .001 .003 1
Open forest .003 929 .004 .017 .005 .008 .033 .000 .001 1
Long fallow .019 .005 .860 .019 .014 .042 .040 .001 .000 1
Fragment. forest .003 .004 .004 910 .003 .008 .065 .001 .002 1
Shrubs .001 .001 .002 .001 .881 .002 A1 .001 .001 1
Short fallow .004 .002 .004 .003 .001 926 .056 .001 .001 1
Other land cov. .001 .001 .000 .002 .002 .002 .989 .002 .001 1
Water! .079 .013 .003 .028 .008 .038 .820 .012 1
Plantation .003 .002 .000 .000 .000 .001 .007 .000 .988 1

1Refers only to the area of water that has changed. Stable water (ocean, sea, lakes and rivers) has been
excluded from the analysis of changes.

Concluding remarks

| will end this paper with a profound thought quoted from the famous development economist,
Gunnars Myrdal (1980). “The history of mankind suggests, however, that certain fundamental
aspects of life determine the fate of the people and nations, and that the relationship between
man and land is of one of these. A conviction that this relationship largely decides the course of
economic and political development has grown on me throughout the vyears...." Land
redistributions a continuing process. "A permanent land distribution pattern has never existed"
Man land relationships are dynamic forces, which primarily affect the production of both man and
land. Two powerful forces, population expansions technological progress, shape society and have
a profound influence on the development process.
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M. Moni
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A SUMMARY OF THE PANEL PRESENTATIONS

K.V. Sundaram
Chairperson of the session

This session was devoted to national presentations of land cover/natural datasets, methods, and
activities of the major national institutions in India. The session was divided into three parts:

(a) A structured discussion (in the form of a panel) for one hour

(b) Individual presentations for 1.5 hours, and

(c) Discussions/brainstorming on the topic for the rest of the time with a view to the future.

Dr K.V. Sundaram, Chairman, Bhoovigyan Vikas Foundation (Earth Care Foundation), New Delhi,
chaired the session. About 25 professionals participated in the discussions. The leading institutions
which participated were: the National Remote Sensing Agency, Hyderabad; the All India Soil and
Land Use Survey of the Department of Agriculture and Cooperation (Ministry of Agriculture,
Government of India); the Survey of India; the Remote Sensing Applications Centre, Bhopal;
Natural Resources Management Division, ICAR; the Foundation for Innovation and Technology
Transfer, Indian Institute of Technology, New Delhi; the National Informatics Centre, New Delhi;
Census of India, New Delhi, CRIDA, Hyderabad; the Bhoovigyan Vikas Foundation, New Delhi and
M.S. Swaminathan Research Foundation, Chennai. Officials from FAO headquarters also
participated. Dr K.D. Singh, FAO, was the coordinator.

The panel discussion was structured as follows:

SN Topic Panelist
1 Map producer’s viewpoint Dr P.S.Roy, DDG, NRSA
User’s perspectives
2 Natural resources management DDG /ADG ICAR
3 Environmental concerns Dr K.D. Singh FAO
4 Modelling perspective Dr A.K. Gosain T
5 NIC perspective Dr Moni, DDG NIC
6 Chairperson’s total perspective Dr K.V. Sundaram, Chairman, Bhoovigyan Vikas Foundation

The individual presentations were devoted to the current state of art in the country through
power point presentations, in which the main elements of method and results were highlighted.
Dr P.S. Roy and Dr R. Nagaraja of NRSA in their paper on “land use/land cover analysis - an Indian
experience” presented the various thematic mapping exercises and studies conducted by NRSA, in
collaboration with different agencies. These studies included:

m Nationwide land use/cover analysis for agro climatic zone planning on 1:250,000 scale,

using a 22-fold land use/cover classification system.

B Land use/cover analysis to identify and map the details of cropland in kharif and rabi
seasons, double cropped areas, fallow lands, different types of forest, degradation status,
waste land, water bodies, etc. using hybrid methodology.

B Reconciliation of area statistics generated by remote sensing and ground-based techniques.

B National wastelands inventory project which prepared wasteland maps of all the Indian
states and union territories at a 1:1 million scale.

Forest/vegetation cover analysis and mapping on 1:1 million scale for the entire country.
Land cover mapping using spot-vegetation for South Central Asia under a major project of
the European Commission - Joint Research Centre, Italy.
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B Biome level characterization of Indian vegetation (IRS - WIFS data) under ISRO - GBB
programme by the Indian Institute of Remote Sensing, Dehradun.

B land use land cover modelling, etc.

Dr Roy concluded that, in spite of several studies and exercises, mapping on a uniform scale

with an acceptable classification scheme is more than desirable.

This was followed by a presentation by the representatives of All India Soil and Land Use Survey,
New Delhi. The mandate of this organization is to provide detailed scientific database on soil and
land characteristics to the various state user departments for planning and implementation of soil
and water conservation in the watershed-based programme for natural resources management. The
presentation highlighted the following works undertaken by the organization:

B Rapid reconnaissance survey to demarcate and identify priority watersheds in the catchment

area, based on either sediment yield index or run-off generation potential on the scale 1:50 000.

B Detailed soil surveys and mapping, on scales ranging from 1:4 000 to 1:15 000, by taking
observations at intervals of every 300 to 500 metres.

B land degradation mapping to generate a realistic and scientific information base on
degraded lands on scale 1:50 000, using satellite imageries coupled with ground truthing
in 10 to 15 percent of the area.

m Soil mapping to identify potential and problem soils using remote sensing on 1:50 000 scale.

A paper from the M.S. Swaminathan Research Foundation drew attention to the limitations in
mapping and surveying for microlevel planning. It emphasized the need for a common method for
mapping, standardization and customizing the mapping, quality checking and integration.

Dr K.D. Singh in his paper on “Incorporating environmental concerns in land cover mapping/
monitoring” touched on land use/cover changes in relation to climate, and biodiversity. He also
referred to the negative effects of human induced changes in the natural ecosystem, which is
evident from the declining employment in the agricultural sector and increasing emphasis on
environmental functions associated with land. Then he presented the method and sample results
of FAO, Forest Resources Assessment 1990, which indicated the rate of deforestation in the tropics
and the environmental implications of forest changes. In this context, he emphasized the
distinctive feature of its method, which not only provides forest cover change data, but also maps
and changes matrices for each sample unit. He ended his presentation with the statement that
population expansion and technological progress were shaping society, leading to a profound
influence on the development process.

Dr Moni's exposition comprehensively laid out all the major data parameters being handled by
the NIC, including natural resources data and human resources information. He dealt with the new
initiatives of the DISNIC plan, which is intended to support building-up databases, decision-
support systems and communication systems, to facilitate sustainable development of resources.
He emphasized that this database system will also address problems of poverty alleviation,
empowerment of women and full employment and also problems in production systems planning
and infrastructure planning.

Dr Gosain, in a succinct presentation, dealt with the modelling perspective, in which he
brought out the various problems including data constraints faced in futures studies, particularly

for projecting growth rates and development trends, where one has to make several assumptions
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and keep pushing against heavy odds, in the absence of firm and authentic data. In the context of
the development of new technologies and methods as well as the systems being designed, which
came out from the various presentations made, he expressed optimism for more accurate
predictions through simulation and other studies.

The Chairperson then made his observations arising from the presentations made by experts,
adding his own perspective as a microlevel planner. He observed that the presentation by experts
showed that we have enough analytical tools to measure and take stock of resources and human
activities at the macrolevel (nation and region). But the tools are too weak to study resources and
activities at the local level. He said that to get a fair degree of understanding at the local level,
one has to attempt a fusion of theoretical modelling with empirical findings drawn from different
disciplines like geography, anthropology, demography, ecology, economics and other sciences. He
also referred to the potential for application of GIS and the participatory three-dimentional models
for microlevel planning. He emphasized the need for biodiversity mapping in the “Protected areas”
which can be captured by satellite information. For "Outside protected areas” he suggested that
biodiversity mapping using student power should be encouraged.

The brainstorming discussions which followed helped in clearing doubts about the methods of

national presentations.




