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Foreword

With 20 per‘cent of the world’s population living in upland and mountainous areas and many more in the
plains below, sustainable management of watersheds is of global importance. In no region of the world is
this more obvious than in Asia, where nearby every country has substantive mountains and upland areas.
While natural phenomena such as heavy monsoon rains and fragile geological formations in themselves are
major threats to the stability of watersheds, expansion of agriculture, forest exploitation, and population
growth are causing increasing degradation on steep and sloping lands. Within upland watersheds and
below, landslides and floods inflict much loss of life and damage to property and infrastructure
annuallyHowever, there is now a general awareness of the problem of watershed degradation in Asia.

Various efforts are undertaken by government institutions, NGOs, and international and bilateral donor
organizations, to reverse the trend of degradation and promote successful approaches to sustainable
management of watersheds.

However, the rate of degradation still by far exceeds the rate of restoration, and there is an urgent need to
identify successes and failures in watershed management. In recent years, there has been a remarkable
change and transformation in concepts and approaches in watershed management in the fields of both
institutional development and technologies. Indigenous knowledge and technologies of natural resource
management have been (re) discovered as often being more effective, affordable, and appropriate in the
more remote areas. At the same time, new technologies and tools for planning and implementing watershed
management programmes have been developed and applied also.

A serious constraint in the widespread adoption of successful concepts, technologies, and skills has been the
lack of sufficiently trained human resources to apply them.

Sharing information on indigenous and modern technologies and concepts in watershed management
among institutions in Asia was the main objective of a training course held in Kathmandu, Nepal, in April
1998. During this course a draft of the present Training Resource Book was used. The course was organized
by the International Centre for Integrated Mountain Development at the request of and in close collaboration
with the Participatory Watershed Management Training in Asia Programme of the Food and Agriculture
Otrganization of the United Nations (FAO).

The Participatory Watershed Management Training in Asia (PWMTA) Programme (GCP/RAS/161/NET/
of the FAO(UN)/The Netherlands) is making efforts to train manpower and to help human resource
development in participatory watershed management for sustainable use and management of primary
natural resources; soil, water, and forests; and by enhancing national capabilities to plan, implement,
evaluate, and monitor participatory watershed rehabilitation programmes. This is being achieved by regional
training courses, workshops, seminars, preparation of resource books, and manuals for training and regional
and national network of trainers and institutions.

The International Centre for Integrated Mountain Development (ICIMOD) attaches great importance to
watershed management and is involved in many programmes. It has joined hands with the PWMTA



programme of FAO(UN) to organize training and develop materials for human resource development. The
objective of preparing this Trainer’s Resource Book, which is the third and final in this series, is to help
improve, upgrade, and update the skills and capabilities of the available manpower in recent concepts,
knowledge, practices, technologies, and skills in participatory integrated watershed management as facilitators
so that the practitioners can own and implement them successfully.

We hope that this resource book will be useful and helpful, not only to professionals and to institutions
engaged in transferring and improving skills for sustainable management of watersheds, but also to the real
stakeholders, the people living in those watersheds.

Egbert Pelinck Prem N. Sharma
Director General Regional Coordinator/CTA
ICIMOD, Kathmandu PWMTA, FAO (UN)

Nepal Kathmandu, Nepal



Preface

Degradation of upland mountain watersheds, particularly acute in the Asian region, is increasingly becoming
a problem of world-wide concern. It is seriously undermining the economic, social and environmental
security and well-being of people living in these watersheds.

Though the importance of natural resource conservation is being realised increasingly in the region, full
awareness and understanding of the multiple benefits that can be achieved from the management of watersheds -
on a sustainable basis, and the disastrous consequences of watershed degradation on socioeconomic and
environmental conditions of the people living therein, have yet to be realised fully by policy-makers,
practitioners, and the ultimate beneficiaries or the sufferers — the watershed farmers and downstream
inhabitants.

Various efforts by the people, governments, NGOs, INGOs and donors to manage watersheds have produced
mixed results. There are many success stories that are mostly based on the active participation of local
people, the application of indigenous knowledge and technologies, and the application of new concepts,
knowledge, and practices that have been discovered, rediscovered, and used successfully. At the same time,
new developments in today’s science and technology and the availability of advanced tools and skills, such
as the three ‘S’ technologies, which are efficient, effective, cheap and quick, can help greatly in the successful
planning, implementing, monitoring and evaluation, as well as managing of watershed rehabilitation
programmes.

Efforts have been made in preparing this resource book to include recent concepts, knowledge, practices,
and new skills in participatory integrated watershed management (PIWM) based on the experiences and
lessons learned from within Asia and other parts of the world. This book is mainly for the use of trainers
and practitioners of PIWM in mountainous watersheds so that they can increase their understanding,
knowledge, and skills for sustainable management of natural resources.

This resource book is organized into three modules: (1) Recent Concepts and Approaches in PIWM; (2)
Appropriate Technologies and Practices in PIWM; and (3) New Methods, Skills and Tools in PIWM. These

modules contain sub-modules that deal with important elements of PIWM.

We hope that this book will help torimprove the understanding, knowledge, and skills of the professionals,
trainers, and people involved in managing mountain watersheds in Asia.

Bal Ram Bhatta Suresh R. Chalise Aung Kyaw Myint Prem N. Sharma
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Introduction

Land, water and vegetation, the basic resources of the life support system in the south east Asian region are
under intense pressure due to natural factors and human induced accelerating factors. Rapidly increasing
population density, excessive number of livestock, overexploitation of watershed resources, environmentally
unsound infrastructural development, turning into development disasters and inadequate management
practices, are disturbing, damaging and degrading the highly sensitive fragile and precariously balanced
watershed ecosystems in Asia. Most of the people living in these fragile marginal areas are poorest of the
poor and are totally dependant on the use of local natural resources for their sustenance and survival.
Increasing poverty of the people forces them to encroach on to very vulnerable marginal lands for cultivation,
deforestation, overgrazing and overexploitation of the resources further aggravating watershed degradation,
soil erosion and deterioration of the wholesome natural environment. Mountain top soils erode, silting and
polluting the streams and rivers and causing the river beds to rise. This increases the incidences of flash
floods in the lower valleys and plains with consequent damage to fertile farms, irrigation systems, dams,
hydro-electric power systems, roads and bridges, severe loss of socio-economic development and tragic loss
of life and property with increasing intensities and frequencies year after year.

In recent times it is being realised increasingly that serious degradation of upland watersheds creates
biophysical, socio-economic and environmental problems not only for those living within the watersheds
but also for those living in the valleys and plains below.

Concern for these problems led to the establishment of Regional co-operative Participatory Watershed
~ Management Training in Asia (PWMTA) Programme, (GCP/RAS/161/NET) for human resource
development for ten countries of Asia: Afghanistan, Bangladesh, Bhutan, China, India, Myanmar, Nepal,
Pakistan, Srilanka and Thailand.

PWMTA is funded by the Government of Netherlands and executed by FAO (UN). The development
objectives of the PWMTA programme is to contribute to human resources development (HRD) for people’s
participation in sustainable natural resources management in the Himalayan and other tropical watersheds
in parricipating countries by enhancing skills, knowledge and awareness of the problems of watershed
degradation as well as by enhancing national capabilities to plan, implement, evaluate and monitor watershed
rehabilitation programs for the benefit of affected populations through their own participation in watershed
management.

In line with the recommendation of the Regional Expert Consultation cum Advisory Committee Meeting
(REC-ACM) of the PWMTA program and to achieve its objective, ICIMOD joined in partnership to

implement the activities. Three following major activities were to be carried out.

Firstly, Training Manual Development on “Farmer-Led Integrated Watershed Management” and conducting
of Regional Training, which has been already completed successfully (April 7-1 3, 1 997).

Secondly, Training Manual Development on “Participatory Watershed Planning, Monitoring and Evaluation

and conducting of Regional Training, which has also been already completed successfully (September 12-19,
1997). . :

Finally, Trainer’s Resource Book development on “Modern Concepts, Knowledge, Practices and New Skills
in PIWM?" and the Regional Training was completed successfully in April 3-10, 1998. During the training

the draft of the resource book was widely circulated among the participants, resource persons and interested



people and was tested discussed and deliberated upon extensively. Eight working groups were also formed
to study the modules thoroughly w0 provide comments and suggestions for further improvements. Very
useful comments and suggestions were received. These valuable comments and suggestions have been
incorporated in this final version of the resource book. We are extremely pleased to announce that this
resource book is a product of participatory process of preachers and practitioners.

This resource book contains three modules namely: Recent Concepts and Approaches; Appropriate
technologies and practices and New methods, skills and tools in PIWM and a total of twenty one sub
modules covering a very wide range of important and useful subjects.

Itis hoped and believed that after the successful completion of these major activities the following two main

immediate objectives of PWMTA programme have been fulfiiled.

Firstly, the development of human resources (HRD) in order to improve national capabilities for participatory
watershed management, and

Secondly, exchange of technology and sharing of national indigenous experiences in participatory watershed
management have been achieved and these will further improve, strengthen and help attain the short term
and long term objectives and goals of participatory integrated watershed management (PIWM) to deliver
the socioeconomic and environmental benefits to the people of the region on a sustainable basis.

It has been now realised that although increasing efforts and resources in terms of money, manpower,
policy, institutions awareness and priority are being invested in watershed management by regional
governments, international funding agencies, NGO’s, INGO’s and the people, watershed management is at
widely different stages of development throughout the participating countries of the region.

Watershed management principles, concepts, approaches, practices, skills and the knowledge required for
watershed management have experienced a vast change during past few years. This has resulted in change of
definitions and objectives, purposes of watershed management itself, due to lessons learnt from past successes
and failures as well as due to widening of the knowledge base and integration of participatory natural
resource management and socioeconomic and environmental parameters, with close involvement of people,
professionals and related institutions.

Recent watershed programmes and projects have not been that successful and many have failed. Very licde have
been learned from past experiences of the successful ones. The success stories could not be replicated widely and
failures have occurred again and again. A lot of ground has been covered recendy in developing new ideas, practices
and significant progress made in PIWM. Considerable efforts have been made in preparing this manual to incorporate
these recent concepts, knowledge, practices and skills in participatory integrated watershed management (PTWM),
and this manual has now been placed before the experienced professionals and practitioners of (PTWM) for testing,
comments, suggestions and further improvements. These will help in updating and improving the manual and to
make it more useful and practical for wider dissemination within the Asian Region and other parts of the world.

This resource book cannot include all the recent concepts, knowledge, practices and skills related to a very
complex, varied and multi faceted subject as PFWM. The focus of the manual has been on most important
components of PTWM, their practical application, and the experiences gained and lessons learnt under
actual field conditions, as well as on implementation and operations under actual real world situations.
Simple, affordable, socially acceptable and environmentally friendly methods and tools based on indigenous
knowledge and technology which can meet the needs of the people and could be self sustaining have been

given due consideration in this resource book.
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Module 1.1
An Overview of Recent Concepts and Partcipatory Integrated Watershed

Management (PIWM) Processes

Prem N. Sharma

Objective

 To provide an over view of recent concepts, includ-
ing the role of indigenous technology knowledge
(ITK), and to arrive at a better understanding of
participatory integrated watershed management
(PIWM) processes and related aspects.

Overview of Recent Concepts

While there are limited lessons to be learned from re-
cent watershed management (WM) efforts that have
been successful at upland watershed rehabilitation in
certain places, much can be learned from the indigenous
efforts made by people over the centuries in all aspects
of participatory watershed management.

People’s indigenous knowledge systems in watershed
management

In a recent regional workshop on indigenous technol-
ogy knowledge (ITK) for watershed management (WM)
by PWMTA, Mr Anupam Mishra (1996 a,b; 1997)
highlighted the importance of people’s indigenous

knowledge systems as follows.

* Conservation, utilisation, protection and develop-
ment of forest, land, and water resources are as old
as civilisation. In fact, civilisations have evolved
around them.

“* Society has traditionally moulded WM into socio-
cultural mechanisms thus supporting people
sustainably over the centuries by assimilating it into
the life of each member of society without barriers
of caste, class, or gender.

* Today, technology agents (who often consider them-
selves donors) label people beneficiaries, if not la-
bourers ,making them feel alien in their own lands.
Thus they break the spirit of independence and self-
confidence in the society.

Module 1: Recent Concepts in and Approaches to PIWSM

 Subsidies and many incentives used for WM also do
the same, even though they are unaffordable over
the long term. Then where will the initiative to un-
dertake such work come from? It will' only come
about by restoring confidence in social institutions,
by recognising the people’s strengths and the depth
of their experience and by not looking down upon
large sections of our society as illiterate, poor, and

weak.

* Thus the most important task in WM is to help re-
instate the self respect and sense of identity that the
people have lost due to recent interventions.

* Sustainable WM should be based on age-old indig-

enous knowledge within a society.

This new paradigm addresses the watershed degrada-
tion problem as perceived by farmers and gives economi-
cally viable, environmentally sustainable, production-
oriented conservation alternatives that are built upon
indigenous knowledge. In this respect, simple concepts
of appropriate land use and conservation technology
based on traditional farming systems, which can be di-
rectly understood and implemented by farmers with-

3



out much external technical or financial assistance, play
an important role. Modern tools, such as GIS and ad-
vanced models ,can be used to assist farmers by con-
verting their outputs into simple rules of thumb as an
aid to correcting land use and other related decision-
making mechanisms.

What Are the Other New Concepts in PIWM?

In addition to basing WM programmes on ITK/WM,
some new concepts that have come to be accepted in
the past 10 years or so are as follow (Dent 1995; Gupta
and Chokkakula 1998; Hamilton 1986;
Moldenhauer,1989; Nair 1986; Sanders 1990).

* Building on indigenous knowledge and grafting suit-
able frontier technologies, e.g., biotechnologies,
biofertilizers, bio-engineering, biodiversity, etc to
upscale productivity and conservation

* Farmers’ institution-building firmly rooted in local
indigenous social institutions

* WM techniques to aim at production-oriented con-
servation

* Assurance of ground cover, tree litter/mulch and
multi-storey forest plantations for soil conservation
by forests

* Agroforestry contributions to soil and water consetr-
vation if planted as barriers and/or used as ground
cover/mulch

* Encouragement of live barriers versus alone or with
mechanical methods to be encouraged for produc-
tion-based soil and water conservation

* Appropriate management of land use by agronomic
and cultural practices, e.g., correct time of crop plant-
ing on contours to provide cover at peak-intensity

rainy season, use of beds/ridges and furrows, use of
crop residue as mulch and compost, traditional mini-
mum tillage practices, live barriers and suitable
agroforestry practices, etc.

» Provision of investments to farmers and other land
users for self-help rather than doling out depend-
ency-creating incentives

* Participatory process-based WM rather than target-
based WM programmes that call for natural resource
management in a small watershed for overall human
development.

New Paradigms in Participatory WM

These new concepts are used to redefine sustainable
PI'WM as urilisation and conservation of land, water,
and forest resources at farm household and community
(or given watershed) levels for continuously improved
livelihoods and overall human development (Table 1).

Thus, in the Asian context, participatory watershed
management consists of natural resource management
by farmers and communities for poverty alleviation and
local overall development. This shifts the old paradigm
of target-based WM to a new process-based PIWM para-
digm.

Participatory Processes for Integrated Watershed
Management

The following key elements are required to make inte-
grated watershed management programmes into par-
ticipatory processes. These elements can overlap, be con-
tinuous, or be in sequence depending on the need

(Sharma 1997; Sharma et al. 1997).

* The basing of integrated WM programmes on the
cosmic vision of the people, i.e., their relationship
to nature and the universe, which often is through
spiritual and/or religious thought in Asia.

* Farmers’ empowerment and ownership of WM proc-
esses, i.e., by building farmers’ organizations

* Land-use tiding/tenure should be given to the land
users.

* Mainstreaming gender concerns, ensuring women’s
and other disadvantaged group’s participation.

* Assured and quick-benefit generation by WM pro-
grammes using indigenous technologies and the in-

4 Recent Concepts, Knowledge, Practices, and New Skills in Participatory Integrated Watershed Management



Table 1: Old Versus New Paradigm.* for PIWM
Old/Outdated

New/Recent

WM was synonymous with soil conservation
WM was addressed in separate components and sectors
Land-use decisions based on land capacity

Farmers viewed as backward, illiterate and unwilling to
change, as culprits in damaging the watersheds and part
of the problem, and unable to manage their natural
resources

Policies, legislation ,and structural issues such as land
laws, forest policies, ownership, management, etc not
considered '

WM programmes were designed, researchers tested
various options, extensionists conveyed the new
technology to farmers, and farmers passively waited for
science to provide solutions

GO/NGO/executing agency-led/driven and target-based
approach

Emphasis on technical activities and targets

Transfer of technology (ToT) extension method,
message-oriented (one-way communication)

Extensionist and scientist-led, based on imported ideas

and technology, ITK ignored

Supply-oriented research: supplying technical innovations
based on assumptions

Top-down planning, monitoring and evaluation — Top-
down thinking and approach

Controlled by single sectors, departments, disciplines, and
strong sectoral compartmentalisation; little cross-sector
linkages, interactions

Empowered officials and extension agents

Selected generally better-off farmers, and little concern for
women and disadvantaged people.

Aimed at long-term benefits

Incentives and monetary aid used for co-opting people’s
participation.

Did not encourage people’s initiatives.

Disjointed and arbitrary approach

Preference for engineering structure, methods
Large watershed based

Sustainable development not an important consideration

Synonymous to NRM for poverty alleviation and overall
human development in a watershed

WM seen in its entire complexity but made into simple
rules of thumb for farmers

Land-use decisions based on land suitability and people’s
interests, needs, and preferences.

WM programmes to be grounded in indigenous technical
and institutional knowledge of farmers who have rich
traditions of sustainable WM.

Policies, legislation, and structural issues are given an
important place

Farmers are involved from the beginning as equal
partners, and researchers and farmers work together by
complementing and blending modern science and
technologies to solve problems

Farmer-led/driven participatory approach to achieve
empowerment and self-reliance for farmers who are the
first stakeholders in their watershed development. GOs/
NGOs have important roles but as facilitators only

Emphasis on socioeconomic and environmental aspects,
participatory process-based approach

Farmer-first approach married to ToT, client-oriented.

Farmer-led based on indigenous knowledge technology
(ITK) and the culture of the people.

Demand-driven research responding to the problems
faced by farmers.

Participatory planning, monitoring, and evaluation
Grass-root’s based thinking and approach

Multisectoral and multidisciplinary, close inter-sectoral
linkages, interactions

Empowers farmers, other land users, stakeholders

Aims at poor, marginal, small farmers with special
emphasis on gender equity and disadvantaged classes

Aims at quick net benefits first to attain long-term socio-
economic and ecological benefits

Investment at the disposal of farmers

Based on people’s initiatives

Uses farming systems and common property resources’
management approach

Preference for biological methods

Small watershed based

Sustainable development gaining greater importance and
prime consideration

Module 1: Recent Concepts in and Approaches to PINSM




tegration of recent frontier technologies into indig-
enous technology systems.

Other Important Aspects of Participatory WM

To facilitate implementation of the above participatory
processes, the following aspects (Sharma and Krosschell
1997) should be planned, implemented, monitored
,and evaluated in order to facilitate farmers’/land own-
er’s empowerment and their true ownership of WM/
NRM programmes.

—

THE WM PROGRAMS FARMER LED
ARE TO 3E LED ~ AwMaMping
AND OWNED s N\ TR~
BY FARMERS \_\’

BUDGET 1S GIVEN TO
FARMERS , WHAT 15
LEFT FOR US TD DO!

\ JCIMLS

e Farmer-led facilitation

* Farmers capacity-building

* Farmer-led planning

* Farmer-managed funding

* Farmer-led implementation

* Farmer-led monitoring and evaluation

The final result of such an approach will be that the
confidence of farmers (women/men) has been boosted
and innovative ideas have spread from farmer to farmer.
By this, it is hoped that prevalent practices in local
indigenous WM will also be realised by professionals
(Mishra 1997), i.e., ‘Instead of looking down upon
large sections of society as illiterate, poor, and weak,
we need to reinstate the self-respect and sense of iden-
tity that they have lost. It is by building on the age-old
knowledge (or indigenous knowledge) in our society
that foundations for sustainable watershed manage-
ment can be laid’.
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Module 1.2

New Developments in Social and Economic Concepts and
Participatory Integrated Watershed Management

Makesh Banskola

Objectives

¢ To review new developments in social and economic
dimensions in the context of participatory integrated
watershed managemenr

* To understand and address critical components of
the current economy and environment

What are the changing perspectives on development ?

Economic consideration has received systematic pri-
ority in development for the past four decades and,
although its role is still critical, it is today being better
balanced by incorporating other concerns related to
basic needs, the environment, human development,
and ,more recently, democracy, human rights and lib-
eralisation.

What is an acceptable framework for development?

There is widespread debate on what is actually an ac-
ceptable framework for development. Depending on
the specific problems encountered in a particular area,
itis possible to come up with many different options—
some of which may be mutually conflicting. The rec-
ognition that development must deal with these con-
flicting realities is a crucial step forward and clearly
underscores the role of participatory approaches in any
development effort, including in watershed manage-
ment where there are many open conflicts regarding
use and access of resources: e.g., between conservation
and development, between uplanders and lowlanders,
and so on.

What do the developing countries want from development?
And what do developed countries emphasise?

Developing countries want higher economic growth,

improved standards of living for their people, and greater
access to developed country markets. They argue that
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environmental controls should be relaxed until a cer-
tain level of development has been reached. Developed
countries, on the other hand, emphasise the need for
greater liberalisation and openness in the domestic
economies of developing countries, greater environmen-
tal control, more human rights and democracy.

Which problems are receiving attention in all countries?

In both the developing and developed countries increas-
ing attention is being given to the problems of women,
children, minorities, and disadvantaged groups.

What is sustainable development (SD)?

There is widespread divergence in what is meant by SD.
Ecologists talk about SD in terms of resources and waste
management. Economists talk about basic needs, income
and well-being. Demographers and biologists talk about
carrying capacity. The most popular definition of sus-
tainable development was given by the Brundtland Re-
port which said it is ‘meeting present needs without re-
ducing the options for further generations’ (World Bank
1994). Others have defined it as increases in income op-
tions without degradation of the resource base (WCED
1987). This definition is appropriate for participatory
watershed management as it identifies the conditions
under which incomes can continue to increase. There is
some debate about the number and type of resources one
should consider, but this is difficult to discuss in the ab-
stract. Different areas have different endowments and
there are always some resources more important than oth-
ers. Watershed management is now ‘people-based’ and
the local people have a major say in planning and imple-
mentation of most activities. Local people have a better
understanding of the complexities in the watershed and
are better prepared to deal with them than outsiders.
From the point of view of watershed management, many
perspectives are essential because it is, in essence, devel-
oping a harmonious relationship between the people and
the watershed.



What are the guiding principles of sustainable
development?

Efforts have been made to integrate all the major com-
ponents. Some principles of sustainable development
(World Bank 1994) have also been proposed. These are
guiding principles and cannot be taken in isolation. They
are all interrelated.

* Principle of the cultural and social integrity of de-
velopment. This emphasises the notion that devel-
opment cannot be imposed or imported from out-
side. It must grow and come from within. Every so-
ciety must make its own decisions regarding priori-
ties and how to deal with them. As a nation is a
non-homogenous entity, it should develop mecha-
nisms for similar decisions at regional and local lev-
els. This has implications for different watersheds
and the communities that live in these watersheds.

* Ecological principle. Development can no longer
be at the cost of degradation and rapid loss of natu-
ral resources. Loss in biodiversity is reaching alarm-
ing proportions in many areas. Urgent efforts are
needed to restore diversity and introduce sustain-
able forms of resource use. Ultimately these will also
help to improve the quality of human life as their
loss has some adverse effects. There are many exam-
ples in which people’s participation has successfully
rehabilitated degraded watersheds and local residents
are receiving better economic returns than previously.
Through proper management it is possible to intro-
duce sustainable harvesting that will not deplete the
environmental capital.

* Solidarity principle. Everyone is different culturally,
socially, economically, politically and historically.
These differences should be respected and at the same
time should be made to work together to provide
basic necessities of life and secure living, working
and participating conditions for all. As far as possi-
ble, everyone should benefit from watershed man-
agement activities. Even if everybody does not gain
there should be no losers. This is obviously a diffi-
cul principle to implement but needs to be given
full consideration.

* Emancipation principle. Development must foster
self-reliance, local resource control, empowerment
and participation of the weaker sections of society—
women, the disadvantaged, and deprived—as much
or as extensively as the more fortunate members of
society. In the long run most sustainable practices
have incorporated this aspect. To a great extent this
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is influenced by the political process and framework.
Most rural development and poverty eradication
programmes have incorporated this emphasis
through focus on participatory processes.

* Non-violence principle. Development must be
peaceful for, without peace, there is no development
for anyone. This is equally true for nations, berween
sexes, and for communities and ethnic groups. With
ethnicity becoming a major basis for violence, this
principle must be better understood and practised.
Being non-violent does not mean being submissive
to injustice.

* Principle of error friendliness. There are no ulti-
mate technical blueprints for development and the
more we can accept this the better the chances are
that we will look around and become more open to
other ideas.Development is a dynamic process: it is
not just economic dynamism but learning to develop
in different ways. It is not a static process. This dy-
namic process must allow for mistakes—for learn-
ing, improving and obviously building a stronger
basis for future development.

Will there be other principles of sustainable development?
What were the problems encountered in the past in
watershed management?

Yes, there will be other principles besides the ones iden-
tified above. However, what should always be empha-
sised is the ‘opening-up’ of the development debate.
All ideas are relevant for participatory and integrated
watershed management. In the past, implementation
of watershed management activities has encountered
various problems—Ilittle or no local participation, in-
adequate extension and technical assistance, inadequate
testing and development of resource management op-
tions, a fragmented government structure, conflicting
interests among various actors that are not easily re-
solved and various territorial questions and issues. Use
of these principles will assist in resolving many of these
problems. They force the ‘framework’ or ‘approach’ to
open up and once this is achieved a healthy beginning
for generating sound local solutions to problems is
made.

What is growth?
Redefining growth
Conventionally, growth has come to be seen primarily

as economic growth. Growth meant increasing the size
of the economy over time, measured in terms of income
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of the people. So long as incomes were growing rapidly,
it was believed that other problems could be eventually
tackled. This position neglected many things—environ-
ment, equity, non-material quality of life, participation,
etc.

What are the main contributing factors to growth? What is
the meaning of the politics of international development?

The main contributing factor to growth was believed to
be improvements in technology. The challenge now—
particularly from an environmental point-of-view—is
to achieve a continuing process of technology develop-
ment but with less and less use of natural resources, es-
pecially of those facing serious environmental problems.
In other words, the emphasis in redefined growth is to
substitute human-made capital for natural capital
(Goodland et al. 1992). This is a slow process and can-
not happen overnight. The implications of this process
are far reaching because, if physical inputs are limited
then, by the law of conservation of matter-energy, physi-
cal outputs will also be limited. So someone has to be-
gin giving up and making sacrifices. This is where the
politics of international development come in—who
should give up? how much? how to enforce it? etc. All

these questions are being asked quite clearly in the con-
tinuing debate on the ozone layer and global warming—
between rich and poor countries, among rich countries,
and between small and bigger nations both rich and
poor.

Do the conflicts of redefining growth matter in watershed
management?

Yes, some conflicts related to redefining growth are also
encountered in watershed management. There is always
the pressure to add one more development project ei-
ther to use available resources or to support develop-
ment objectives. This tendency does not consider the
overall status of the watershed—not just in terms of
pollution and resource depletion, but also in terms of
‘wilderness’, ‘openness’ and other ‘pristine’ characteris-
tics that are lost to the onslaught of development.

What is meant by ecological economics?

Ecological economic principles have developed in re-
sponse to the prevailing limitations of conventional eco-
nomics to deal adequately with the problems of the en-
vironment, particularly those related to increasing scar-

Economic growth without ecological consideration
leads to disastrous consequences

Module 1; Recent Concepts in and Approaches to PIWSM
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city of resources and resulting from our production and
consumption systems or ‘externalities’. Two important
reasons for the lack of adequate attention were that, un-
til recently, most environmental goods were relatively
abundantand that these have been non-tradable or non-
marketable goods. Ecological economics attempt to deal
with some of these problems in a systematic manner
although in some aspects there are still wide differences
within the discipline on how to handle these problems
and issues. Some of the new thrusts (Goodland et al.
1992) are as follow.

* Reflection of the full, social marginal opportunity
costs in prices. This means that we should know or
at least try to find out what the society wishes to pay
for a particular activity and measure this in terms of
opportunity costs. There are difficulties in arriving
at this measure by depending on market prices and
other economic information.

Repeal of environmentally perverse incentives such
as subsidies for resettlement in forest areas, use of
fertilizer and pesticides, vehicles for agricultural use,
and so on.

Use of a ‘cradle-to-grave’ approach in valuation by
looking at the entire cycle of an activity even if this
is somewhat distant.

Use of the ‘polluter pays principle’. Whoever pol-
lutes should pay. The owners of vehicles should pay
for air pollution problems in urban areas and not
the rest of the nation.

Inclusion of non-monetary values in project justifi-
cation. Rigorous efforts should be made to capture
all values in quantitative terms, but if this cannot be
achieved, qualitative assessments should be used by
assigning weightage.

Ecological Economics

for sustainable development

8
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» Use of environmental accounting to separate what
is a liquidation of natural capital from what is in-
come. Decapitalisation should not be confused with
income. Environmental accounting helps to moni-
tor the drawing down of natural capital. For exam-
ple, harvesting plants provides incomes but there may
also be a loss of biodiversity. Bringing marginal land
under cultivation gives food but the loss of forests,
topsoil, and flora and fauna is a depletion of natural
assets. Using iron ore to make a plough depletes the
stock of minerals. Thus while the plough is a useful
piece of capital, its valuation should incorporate the
loss of natural resources.

¢ Use of the transparency principle to emphasise the
critical importance of not hiding information. With-
out appropriate information, awareness and action
will not be forthcoming. All sectors and sides should
make their decisions transparent and encourage wider
sharing and participation.

Most of these concepts are being applied to some extent
already in watershed management decisions. The place
to apply them is in the preparation of watershed man-
agement plans and the implementation of project ac-
tivities.

What is social assessment (SA) and how is it carried out?

SA is the systematic analysis of the social processes and
social factors thart affect development impacts and re-
sults. This is done through the following process.

* Identifying key stakeholders and establishing an ap-
propriate framework for their participation in project
selection, design and implementation

* Ensuring that project objectives and incentives for
change are acceptable to the range of people intended
to benefit and that gender and other social differ-
ences are reflected in project design

* Assessing social impact of investment projects and,
where adverse impacts are identified, to determine
how they can be overcome or at least substantially
mitigated

Developing capabilities at the appropriate level to
enable participation, resolve conflicts, permit serv-
ice delivery, and carry out mitigation measures, as
required.

ParFicipation of the stakeholders helps to identify criti-
cal issues. These stakeholders may be officials, NGOs,
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beneficiaries and affected groups. Depending on the
objectives and complexity of the area, SAs can be car-
ried out by either a team or an individual. SAs are not
only useful for planning but also for monitoring and
evaluation of programmes and objectives.

What is participatory action learning (PAL) and how can it
be promoted?

PAL seeks to promote participatory development and
is defined as a process through which stakeholders in-
fluence and share control over development initiatives
and the decisions and resources that affect them
(Ladekodi 1992). This shift towards participation em-
phasises the increasing role in development of owner-
ship, commitment, and sustainability. There is a criti-
cal gender dimension to participatory development.
Based on experience the following activities are carried
out to promote PAL.

* Establishing a database of existing participation ca-
pacity and experience

* Developing strategies and action plans to strengthen
capacity

* Developing and promoting a network of participa-
tory practitioners to identify and mobilise the best
local expertise to support selected participatory ac-
tivities and to strengthen the mechanisms of micro-
level partnerships between different stakeholders

* Developing capabilities for systematic joint learn-
ing, documenting, and disseminating of participa-
tory experience, including articulating processes and
products for learning and how that learning can be
captured and shared

* Supporting training for practitioners of participa-
tory approaches and in the design of supportive com-

munication strategies

Is environmental screening of development activities/
projects important?

The environmental impacts of most development ac-
tivities can be seen in terms of three areas, as follow.

* Location: proximity to or encroachment on envi-
ronmentally fragile or sensitive uplands

* Scale: needs to be judged within the country con-
text
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¢ Sensitivity: refers to issues such as impacts that are
irreversible, affect vulnerable ethnic minorities, or
involve involuntary resettlements, etc

Projects can be then be grouped into three categories

Category A. A complete environmental assessment (EA)
is required. These would be carried out for dams and
reservoirs, forestry production projects, industrial plants
and estates, irrigation, drainage and flood control, land
clearance and levelling (excluding terracing), mineral
development( including oil and gas), port development,
reclamation of new land development, resettlement, river
basin development, thermal and hydropower develop-
ment, manufacturing, transport, and use of pesticides
or other toxins and/or hazardous materials.

Category B. Although complete EA is not required,
environmental analysis is needed. The projects may
have adverse environmental impacts that are less sig-
nificant than the category A impacts. Few, if any, un-
der B are irreversible. The impacts are not as sensitive
or numerous. Preparation of mitigation plans could
be sufficient.

A mitigation or management plan should include

* identification and summary of all anticipated sig-
nificant, adverse environmental impacts,

* description and technical dertails for each mitigation
measure,

* implementing schedules,
* monitoring and reporting,
¢ cost estimates and sources of funds,and

* measures to strengthen environmental management
capability: staff development, technical assistance,
procurement of equipment and supplies, and organi-
zational charges.

Projects in this category would be agro-industries, elec-
trical transmission, aquaculture and mariculture, irri-
gation and drainage (small scale), renewable energy, ru-
ral electrification, tourism, rural water supply and sani-
tation, watershed projects (management and rehabilita-
tion), rehabilitation, maintenance, and upgrading
projects.

Category C. Environmental analysis is normally not
required because the project is unlikely to have adverse

impacts. Judgement indicates that either these are mar-
ginal or not evident. Most projects here deal in educa-
tion, family planning, health, nutrition, institutional
development, and most human resource development
activities.

How have the main concerns and gaps in watershed
management been corrected and the focus shifted recently?

Watershed management has come a long way since the
days when a few technical solutions for runoff control
and afforestation were its main concerns. A major gap
was the watershed community and this neglect was cor-
rected only after a string of failures in watershed man-
agement. In spite of the shift in focus from biophysical
problems to people, the approach was still top-down,
expert-oriented, and technology-driven and the role of
external inputs was high. Over time even these ran into
problems, but not without displaying other problems
and conflicts within the watershed community,
economy, and biophysical space. Loss in biodiversity
was not compensated for by increases in monospecies’
afforestation. Increase in the number of development
projects hastened resource extraction and degradation,
highlighting the urgent need for balancing development
with conservation. Whose development it was became
a difficult question as it was realised that women-were
in many ways worse off than before and poorer groups
were losing access to resources that were critical for their
survival. Development was creating a few prosperous
groups, but many others were being degraded,
marginalised, displaced, and sadly, in some instances,
even forced to fight for their space in the watershed.
Inappropriate concepts and methods have contributed
to some of these problems. The present situation in
which substantial efforts are being made to deal with
these problems conceptually and empirically will hope-
fully contribute towards participatory, integrated wa-
tershed development in the future.
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Module 1.3
Factors Supporting Small over Big Watershed Development*

N. 8. Jodha

Objectives

¢ To examine social dynamics that affect participation
and to gain a better understanding of the dynamics
of group action so that factors that induce and en-
courage group action for the natural resource man-
agement system can be identified

* To understand better the factors and processes asso-
ciated with community approaches and usage of
natural resources in mountain areas under traditional
and present-day systems

¢ To identify factors that could promote participation
and collective action in watershed management and
the choice of watershed size and approaches to
upscaling participation

Definitions

Devoid of finer, technical definitions, integrated water-
shed management implies usage or harnessing of an or-
ganically (naturally) unified land-resource unit which
permits continuous regeneration and prevents degrada-
tion of the natural resource base in the interests of over-
all human development.

What is participatory integrated watershed management
(PIWM) and what are the watershed management
approaches and shifts in primacy?

This module views PIWM as the latest stage in the evo-
lutionary process of thinking and action on watershed
management. Accordingly, users’ participation is being
increasingly emphasised as the kingpin of strategies for
WM. Participation is a social phenomenon rather than
a physical one. However, the former is not a context-
neutral phenomenon. The watershed provides the con-
text. The module pleads for a better understanding of
the dynamics of group action to help promote partici-
patory approaches. Furthermore, an understanding of
these dynamics also supports the small rather than the

large watershed as a unit of PIWM. To elaborate, the
factors and processes associated with the biological and
physical diversity of watersheds, the weakening of the
traditional community stake in the local natural re-
source base, the lack of scale neutrality in participatory
practices, and physical and socioeconomic constraints
to upscaling participation tend to favour small water-

sheds for effective PIWM.

Approaches to watershed management: the shifting primacy

The extent of resource degradation (as against regen-
eration) is closely linked to the degree of indiscriminate
intensification of resource use. Increased instensification
of resource use, unaccompanied by appropriate meas-
ures for conservation of the resource base through ter-
racing, hedgerows, etc) invariably leads to resource deg-
radation. Realisation of this fact has been the primary
motive behind advocacy and action for integrated wa-
tershed management. Despite over three decades of con-
centrated work in this field in Asian countries, ap-
proaches and mechanisms are still evolving. Every new
step reveals new gaps and the need for adding new com-
ponents to prevailing approaches. For instance, work
on watershed management/development largely focussed
on aspects such as land shaping, promotion/protection
of the tree component as under alley cropping, and other
agroforestry initiatives. Specific sectoral focus, particu-
larly the forest component or soil conservation, received
higher priority in watershed development.

Learning from the above led to greater attention being
given to an integrated approach through which differ-
ent land uses within the watershed were emphasised.
For a long time such integrated approaches did not go
beyond the pilot-project stage. Lack of sufficient funds
was identified as a key constraint. This led to substan-
tial fiscal resource support from donors to promote a
watershed approach to land use in different countries.
However, the injection of additional resources through
government agencies (e.g., forest departments, soil con-

S o >
In this paper, use of ther term ‘upscaling’ refers fo improvement in contexts related to training. skills, increasing participation and
also physical improvements. It is not to be taken in a social sense and does not imply inferiority in the social sense.
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servation departments, etc) led to a reinforcement of
the sectoral approach rather than a genuinely integrated
approach. Moreover, this meant the imposition of the
old public works’ department (PWD)) culture of project
planning and implementation, in which watershed de-
velopment was treated as civil works involving top-down
decisions, engagement of contractors, little concern for
local knowledge and community participation (except
as wage labourers or recipients of grants or subsidies).
Following the realisation of the inappropriateness of this
approach and the increasing advocacy of participatory
approaches supported by NGOs, donors, etc, a new el-
ement, namely, user participation, was added. This led
to what is described as participatory integrated water-

shed management (PTWM).

What does the PIWM approach share with previous
approaches ?

As of today PIWM represents the latest stage of think-
ing and action on the subject. This is promoted by fis-
cal support, technical training, capacity building, and
to some extent, government commitment. However,
this approach also shares some attributes of past ap-
proaches, which need to be minimised in order to avoid
consequences detrimental to the promotion of PTWM.
They are discussed below.

Uncontested acceptance of the approach

If one looks at the history of watershed management/
development programmes in Asian countries, each stage
or phase was dominated by a specific focus. Perceived
primacy and domination of conservation techniques;
overemphasis on specific sectors (e.g., forestry); over-
reliance on public sector wisdom; and a PWD approach
in execution of watershed projects— equating increase
in resource allocation and spending with watershed de-
velopment— treatment of NGO involvement as the fi-
nal indicator of community participation, etc. As in the
past, present efforts are now treating participation of
resource users (e.g., farmers) as the kingpin for water-
shed development. This paper pleads for closer exami-
nation of the social dynamics that affect participation.

Emphasis on a generalised, standard approach to
community participation

Community participation is a social phenomenon. Ru-
ral communities are highly diverse, and because of these
diversities participation can not be a scale-neutral phe-
nomenon. Participation is emphasised as a major com-
ponent of PIWM for diverse biological,physical,and
socioeconomic environments. This paper pleads for

greater attention to the diversity of stakeholders and their
natural resource base because the nature and degree of
participation, as watershed management cannot be de-
tached from these diversities. '

Persistence of the primacy of the biological and physical
dimensions of watershed management but how to
incorporate linkages with economic activities extending
beyond the physical boundaries?

All approaches to watershed management look at the
watershed resource users/managers through the window
of a watershed as a spatially fixed biological-physical
unit. Accordingly, by implication, the watershed users’
‘demands and supplies’ are seen to be confined to the
watershed. Economic activity by watershed users is as-
sumed to coincide with the physical boundaries of the
watershed. In traditional, subsistence-oriented, isolated
and small communities this was largely true. However,
in today’s context, the users’ economic links go far be-
yond the physical boundaries of their watershed. Con-
sequently, users” sustenance-driven stakes in the water-
shed are diluted; and efficient watershed management
ceases to be their exclusive concern. Unless the concept
of the watershed is extended to incorporate the catch-
ment of economic activities extending beyond its physi-
cal boundaries, the users’ stake cannot be fully under-
stood and used for its protection and conservation. This
is a major challenge.

Common goals with conflicting perceptions

The focus of WM strategies in the past had the general
support of most agencies. However most of them also
had their own perceptions about the realities necessitat-
ing such focus. This is more so in the case of PIWM:
focus on participation is a product of perceptions and
the consequent decisions/actions of different
stakeholders. Apart from rural communities who have
primacy as stakeholders because they are direct users,
there are other secondary (but more powerful)
stakeholders, such as the state, NGOs, donors, etc. Their
perceptions about issues involved in participation dif-
fer. The state acting through its technical bureaucracy
equates its authority with the knowledge to manage the
watershed; it wants the permanent involvement of its
agencies in the task even while promoting community
participation. NGOs, while helping social mobilisation
and community participation, also tend to promote their
own agenda as indispensable to donors and govern-
ments that use them as mediating agencies between com-
munities and the state. Donors have their own percep-
tions of watershed development problems and solutions,
which may not match with the community’s. Rural com-
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munities, due to increased economic differentiation and
factionalism, also do not have a uniform view of water-
shed management issues.

However, the most important feature of secondary
stakeholders’ perceptions is their understanding of the
rural community and the watershed as a unit of resource
management. Accordingly, heterogeneities or diversities
characterising rural communities and watersheds are
ignored in the promotion of a generalised approach to
PIWM. Any PIWM approach built upon the recogni-
tion and understanding of these diversities will have a
greater chance of success. By implication this will call
for the designing and evolution of location- and com-
munity-specific micro-solutions within the overall
framework of macro-level strategies. This line of think-
ing again supports small rather than large watersheds as
a unit of planning and management.

All of these issues are interlinked and suggest greater
priority be given to small rather than large watersheds
as a unit of management.

Has group action for natural resource management (NRM)
changed? How? And why?

Group action for NRM - past and present

This digression into traditional or indigenous systems
of natural resource management (NRM) is essential
because most agencies (donors, NGOs, and govern-
ments) have a ‘romantic’ view of rural communities and
their traditional group actions. They often look at rural
communities as homogeneous entities ready for group
action, provided that some incentives, technical assist-
ance ,and local capacity building are ensured. This view
is complemented by the ‘romantic’ view of traditional
forms of group action, which in fact were products of
circumstance and are non-existent today. As Table 1
indicates, with changed institutional, economic, and
technological circumstances, the community’s stake in
natural resources, and hence the group action for their
management, quickly disintegrated and disappeared. For
instance, (i) market penetration and changes in the atti-
tudes of village communities have promoted values and
approaches that put a low premium on collective strat-
egies; (ii) population growth, the rise in factionalisms,
and increased economic differentiation have made it
difficult to evolve and maintain a community stake; (iii)
depletion of the natural resource base (NRB) and de-
Pletion of the culture of group action (representing what
is called ‘social capital’) tend to reinforce each other in
accentuating the community’s indifference towards re-
habilitation of the NRB for collective gains; (iv) the le-
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gal, administrative and fiscal mechanisms (despite lip serv-
ice to the opposite) have a strong tendency towards cen-
tralisation and application of uniform, generalised top-
down solutions, ignoring diversities at the grass roots.

However, while it is neither feasible nor desirable to re-
vive traditional circumstances and practice, the latters’
rationale could help to evolve approaches to PIWM. To
understand this it is essential to look at the factors that
induced and encouraged group action for NRM.

What are the major factors that induce and encourage
group action for natural resource management (NRM)
systems?

Three pillars of traditional NRM systems

Three elements of traditional resource management/
usage systems, which in the past played a crucial role in
preventing human-induced degradation and facilitated
regeneration of natural resources, can be identified.
These elements, along with the objective circumstances
that promoted and strengthened them, were

* a strong community stake in their NRB facilitated
by almost total or crucial dependence on it,

* local control over local resources, resulting from iso-
lation and inaccessibility that induced a degree of
autonomy,and

* resource users and decision-makers’ functional
knowledge of limitations and usability of their di-
verse NRB resulting from the people’s close physical
proximity and access to resources.

The incorporation of the three elements into the present
resource-use systems may help in rehabilitation and con-
servation and should be promoted. However revival of
historically associated objective circumstances (e.g., ex-
clusive and almost total dependence on local resources,
semi-closed communities, physical proximity) is neither
possible nor desirable. Hence, the challenge lies in cre-
ating present-day functional substitutes that can pro-
mote the three elements and induce communities to
protect and regenerate their watershed resources. In fact
remedial approaches indicated in Table 2 sum up the
prerequisites for successful PIWM.

When reinterpreted in the context of PIWM, the un-
derstanding of traditional arrangement could be put in
terms of factors favouring and those obstructing par-
ticipation in watershed (or natural resource) manage-
ment. Table 3 summarises them. Though most factors
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Situation under traditional systems

Situation under present-day systems

A.

Basic objective circumstances

Poor accessibility, isolation, semi-closeness, low
extent of and undependable external linkages and
support; subsistence-oriented small populations
Almost total or critical dependence on local, fragile,

diverse NRB

Bottom line: High collective concern for health and
productivity of NRB as a source of sustenance

B.

Key driving forces/factors generated by A

D.

Sustenance strategies totally focussed on local
resources

Sustenance-driven collective stake in protection and
regeneration of NRB

Close proximity and access-based functional
knowledge/understanding of limitation and usability
of NRB

Local control of local resources/decisions; little gap
between decision-makers and resource users

Bottom line: Collective stake in NRB supported by
local control and functional knowledge of NRB

O

Social responses to B

Evolution, adoption of resource-use systems and
folk technologies promoting diversification, resource
protection, regeneration, recycling, etc

Resource use/demand rationing measures
Formal/informal institutional mechanisms/ group
action to enforce the above

Bottom line: Effective social adaptation to NRB.

Consequences

Nature-friendly management systems evolved and

enforced by local communities; facilitated by close
functional knowledge and community control over
local resources and local affairs

Bottom line: Resource-protective/regenerative social
system-ecosystem links

p

Enhanced physical, administrative and market
integration of traditionally isolated, marginal
areas/communities with dominant mainstream
systems on the latter’s terms; increased population
Reduced critical dependence on local NRB;

diversification of sources of sustenance

Bottom line: Reduced collective concern for local NRB;
rise of individual (extractive) strategies

External linkage-based diversification of sources of
sustenance (welfare, relief, trade)

Disintegration of collective stake in NRB
Marginalisation of traditional knowledge and
imposition of generalised solutions from above
Legal, administrative, fiscal measures displacing local
controls/decisions; wider gap between decision-
makers and resource users

Bottom line: Loss of collective stake and local control
over NRB; resource users respond in a ‘reactive’ mode

Extension of externally evolved, generalised
technological/institutional interventions that
disregard local concerns/experiences and traditional
arrangements

Emphasis on supply-side issues ignoring
management of demand-pressure

Formal, rarely enforced measures

Bottom line: NRB over-extracted as open access
resources

Over-extractive resource-use systems, driven by
uncontrolled demands

Externally conceived, ineffective and unenforceable
interventions for protection of NRB

Little investment and technology input into NRB

Bottom line: Rapid degradation of fragile NRB; ‘nature

leads not guilty’.

Source: Table adapted from Jodha (1997)

favouring participation or collective action are
interlinked they can be broadly grouped as economic,
social (cultural), historical, and (for want of any other
appropriate term) operational factors (Table 3). Most
of these factors favour small watersheds. According to
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Table 3, the factors that promote participation in-
clude commonality of perceived interests or a collec-
tive stake in the watershed, possibilities of integrat-
ing diverse interests and developing functional
interdependencies, and upscaling of participation in
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the present context and remedial approaches
Community stake in local natural

Table 2: Approaches and constraints to revival of key elements of traditional natural resource use systems in

Local control over local natural

Recognition and use of resource

fiscal controls/restrictions
creating a range of perverse
incentives; reactive mode of
community behaviour as
individuals

¢ Highly depleted status of NRB
creating no hope and no
incentive to have a stake in it

e  More diverse and differentiated [
communities with different
individual rather than group-
based views on community
resources

resources resources users’ perspectives and traditional
knowledge systems
Constraints
e Formal legal, administrative e  State’s in-built resistance to self-|®  Top-down interventions with a

disempowerment through
passing decision-making power
to local communities; focus on
‘proxy arrangements’ e.g.,
village panchayats
Faction-ridden rural
communities driven by diverse
signals and concerns

NGOs as key change- °
facilitating agents, often
governed by own perspectives
and concerns

mix of ‘arrogance, ignorance
and insensitivity’ towards local
perspectives and traditional
knowledge systems

Focus on old context-specific
forms of traditional practices
rather than their rationale for
use in the current context
Rapid disappearance and
invisibility of indigenous
knowledge

Possible remedial approaches

e  Genuine local autonomy for .
local resource management;
legal framework and support
system for NR users” groups

investment and use of new
technologies for
regeneration/high productivity
of NRB

NRB

*  Collective stake through J
planned ‘diversification’ and
‘sharcholding’ system in natural
resource development and gains

agencies

Genuine decentralisation, °
decision-making powers and
resources to communities;
raising latters’” capacities to

respond to the above (with the NGO help
help of NGOs)
e Resource protection, e Rebuilding ‘social capital’, e Focussed efforts to identify

mobilisation and participatory
methods using NGO inpug;
focus on diversified, high-value
products from rehabilitated

Required changes in NGO .
approaches/perspectives by
introspection; involving small
local groups and unlabelled

Promotion of bottom-up
approaches to resource
management strategies using
participatory methods and

present-day functional
substitutes of traditional
measures for resource
management

R&D to incorporate rationale of
traditional knowledge system
using experiences of successful
Initiatives

Source: Table adapted from Jodha (1997)
Note:

indicated by Jodha (1997)

Most remedial measures require new/changed institutional arrangements at micro- and macro-levels as

natural resource management. Furthermore, most of
the above possibilities are directly linked to partici-
pants’ close and functional knowledge of the water-
shed resources and a history of collective action in
the past. Most factors mentioned above are social
phenomena, and they need to be understood fully
before action is taken.How to set the boundaries 6f
PIWM? How to choose the size of PIWM: big versus

small?

Module 1: Racent Concepts in and Approaches to PFNSM

Participation is a social phenomenon and neither a bio-
logical nor a physical entity. Hence the choice of a big
or small watershed as a unit of management is likely to
be dictated by socioeconomic circumstances character-
ising the watershed or its users. Furthermore, participa-
tion (and size of participating groups) is context spe-
cific. The context is provided by the watershed. The
biological and physical features of a watershed (and the
functional knowledge of the users) and the degree to
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Watershed

Factors favouring participation

Table 3: Dynamics of Participation in Natural Resource Management and Choice of Large Versus Small

Factors obstructing participation

Economic: Commonality of interest (collective stake)
based on sharing of common (or similar) products,
meeting common demands, following
common/similar resource-use practices/systems,
diversification of resource-use involving inter-linked
activities; physical proximity and knowledge of
resource potential/limitation help in evolving
collective or integrated measures.

Social: Possibility of integration of diverse interests in
common stake through ‘social capital’, i.e.,
perceptions of collective inter-dependence despite
diverse uses and products using shared values, trust,
mutuality, perceived inter-dependencies, etc,
promoting group action; community’s closer
knowledge; and control of natural resource base helps
in promoting collective perceptions for common
stake

Historical: Learning and dependence on traditional
systems of group action and resource management
systems

Operational: Possibility of upscaling participation
through diversification and federating small units or
integrating production-processing-marketing
activities rooted in WS potential (see Table 4)

o Diversity/heterogeneity of products/supplies,

e Diversities of demands or expected gains from

e Lack of physical proximity and practical

e Participation in natural resource management is

resource-use practices and requirements

natural resource base

- The larger the size of the watershed (WS) or
users group, the greater are obstructions to
group action

knowledge of resource base, awareness of nature—
society interactions in the past, oral history of
traditional sharing system, etc

- The larger the WS, the greater are the above
gaps, which obstruct the building of collective
stakes, ‘social capital’.

- Traditional arrangements and their oral
history being more location specific, they lose
their immediate relevance/ effectiveness with
increased size of watershed and number of
users.

not scale neutral. For reasons of biological-
physical and socioeconomic diversities,
operational logistics, etc, participation cannot
grow in a linear fashion as required in a large
watershed.

which the resource base, its products, gains, etc is shared
provide the context in which social and economic in-
teractions take place. The area of social-economic in-
teractions thus sets the boundaries of a watershed as a
functional spatial unit. In other words the boundaries
of social group action when superimposed on the bio-
logical-physical boundaries create spatial units in which
social system and eco-system links reinforce each other.
Thus watershed size for PIWM is decided more by non-
physical features and less by physical ones. In view of
this, the size of a watershed cannot be fixed. Yet if one
thinks in terms of boundaries of effective social
interactions,a small watershed has a better chance of

facilitating PIWM.

While talking of big versus small, we talk of the func-
tional unit rather than the specific area of a watershed.
The preference for small is guided by factors facilitating
participation. The issues involved are summarised in Ta-
ble 3. To reiterate, commonality of interests or common/
collective stake; possibilities of integrating diverse inter-

ests into a common stake through ‘social capital’ ; possi-
bility of learning from and dependence on traditional/
indigenous knowledge and practices; and scope for
upscaling participation may help to promote PIWM. An
intimate understanding and knowledge of the resource
base (both potential and usability) may help in the above
processes. It may also be added that all of the above fac-
tors and their imperatives tend to weaken with an in-
crease in the size of the watershed and its users’ group.

Other problems associated with past efforts to promote
PIWM will decrease with small warersheds. For instance,
the extent of irrelevant standardisation imposed through
top-down approaches; problem of ‘leakages’ of resources
for unintended purposes; gap between decision-makers
and resource users can be reduced with the greater fo-
cus afforded by small watershed units. Due to greater
transparency and visibility of association between ef-
forts and gains, local resource mobilisation for PIWM
will have greater chances of success when focussed on
small watersheds.
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How should diverse concerns be reconciled? How should
participation (horizontal and vertical) be augmented ?

To reconcile participation supporting small watersheds
with the benefits of macro-level approaches/logistics fa-
vouring larger units, participation must be upscaled.
Firstly, measures supporting participatory efforts (plan-
ning, funding, R&D, etc), where group action by pri-
mary stakeholders is not involved, can focus on the larger
scale within the watershed. Secondly, in order that small
units benefit from macro-level arrangements the
upscaling of participation can be addressed in two ways:
horizontal and vertical (Table 4).

Horizontal upscaling of participation means arrange-
ments for federating small watershed units through
PTWM. There are several examples in the fields of agri-
culture, horticulture, dairy farming, etc. Small units are
established in keeping with locational specifics and ad-
vantages, and to capture the advantages of scale, they
have purpose-specific federating arrangements. They
rerain flexibility and autonomy of decisions suited to
local requirements while securing the benefits of macro-
level arrangements. The promotion of this approach will
help address concerns associated with participatory natu-
ral resource management (Table 2). Diversification of

o A o
a0 PPIo4d D b d . a PDd O D

Form of upscaling

watershed-based activities in response to today’s eco-
nomic and social circumstances is another approach to
upscaling participation.

Vertical upscaling of participation means expanding
the range of stakeholders by extending activities be-
yond biomass (crops, timber, etc) into agroprocessing
and other value-adding activities. This is also another
form of diversification involving responses to market
opportunities. This may also extend the watershed
beyond its physical boundaries into the economic
catchment and facilitate further integration of the di-
verse interests of groups dependent on its resources.
This may also help to address concerns mentioned ear-
lier (Table 2): (i) focus on the economic rather than
biological-physical context; (ii) focus on economic
gains rather than just biomass production; and (iii)
revival of some elements of traditional systems of natu-
ral resource management.

The above suggestions may amount to thinking aloud
but they are supported by scattered field experiences.
Explaining their potential through pilot-scale initiatives
may have a high pay-off compared to mainstream par-
ticipatory approaches to integrated watershed manage-
ment.

P D All€ O 1A1rge al€ cd

Potential gains

HORIZONTAL UPSCALING

e Focus on small watershed units

e  Product/purpose-specific federating of smaller
units

® Diversification based on spatially differentiated
but economically interlinked activities rooted in
the watershed resource base

* Facility of access to macro-level services, inputs
without discarding flexibility and priorities of
local watershed units

VERTICAL UPSCALING

*  Qualitative shift in diversification by focus on
high-value/value-adding options
(products/services)

* Going beyond biomass production,

incorporating processing/marketing, etc, of

watershed products

Lessons from arrangements covering

vegetable/spices, horticulture, food grain/seed

production, processing/marketing in different
areas

o Dotential extension of watershed boundaries and

e Recognition and use of factors favouring
participation in PIWM (see Table 3) and also
benefits of scale

Constraints: Logistics of covering large-scale
watersheds by PIWM through federating
arrangements are more difficult than large-scale
investment; needs innovative institutional
arrangements

watershed management activities to wider
economic catchment of watershed communities
and their partners in other watershed

Constraints: Resistance to acceptance of innovative
approaches by government agencies; lack of
appropriate institutional arrangements

Module 1: Recent Concepts in and Approaches to PTIWSM
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Module |.4
Service Delivery versus Popular Participation and Extension

Decpat Tamang

Objectives

» To highlight the framework and concepts of partici-
patory people-first development rather than the top-
down service-delivery approach

* To advocate a participatory approach to designing,
implementing, monitoring, and evaluating develop-
ment so that by capturing the commitment, owner-
ship, and popular participation of the community it
becomes more effective and sustainable

How does the service-delivery approach compare to the
people-centered participation approach?

Development efforts in the 1950s, 1960s, and 1970s
were based on a top-down service-delivery approach.
Fuelled by the success of the American-aided Marshall
Plan in Europe, and the Soviet system of Five Year Plans,
this service-delivery approach was used in many devel-
oping nations. Emphasis was placed on a centralised
delivery system based on the efficacy of civil servants as
agents of development. Scientific and rational planning
was its hallmark. The ‘answer’ to many of the world’s
ills, it was believed, lay with bureaucrats, technocrats,
administrators, and extension agents. This approach is
now largely discredited since the trickle-down effect
expected never took place.

Important factors for failure at the ‘systemic level’ were
the lack of reward and punishment for development
agents, lack of adequate resources, and lack of trans-
parency and accountbility. Also there was a lack of
political will on the part of leaders and governments.
At the community level, the people did not feel in-
volved and, therefore, never took up the development
projects as their own. Responsiveness, responsibility,
and ownership were lacking. Sustainability factors,
such as process, institutions, and finances, were not
strengthened at the community level since this model
believed largely in delivery from the top. It often did
not consider a community’s perspectives , their aspira-

Module 1: Recent Concepts in and Approaches to PIWSM

tions, needs, problems, and solutions. As a result of
such failures, many thinkers and practitioners began
to question the appropriateness of this growth-centred
model.

Can GDP be considered a measure of welfare?

Some people feel that the purely economic-based gross
domestic product (GDP) can be used as a measure of
human welfare. However, many seriously question
whether this is an appropriate measure of development
and human well-being Many argue that GDP figures
do not encompass the total well-being of a people—
including human happiness or the quality of life. Lack
of equity, equality, distributive justice, human rights,
women'’s rights, child rights, ethnic and minority rights,
and the gap between rich and poor are seen as serious
flaws in the measurement of development and economic
progress under the growth model of development based
on patronage and service delivery. Hence, some devel-
opment researchers are experimenting with the concept
of human indices such as happiness and honesty. De-
velopment thinkers such as Kamala Bhasin have come
to advocate a measure of gross domestic happiness
(GDH) and gross domestic integrity (GDI) as more
accurate and revealing than the mere use of GDP as a
measure of a society’s well-being and welfare.

Popular participation or bottom-up approach

The concept of popular participation in development
(Figure 1) has gained credence and currency in the last
decade or so largely due to the failure of the ‘trickle-
down’ growth model of development. This approach,
also called bottom-up planning, people-first, or popu-
lar participation, is based on a myriad of philosophical
concepts. They are sociocultural, religious, and eco-
nomic. It believes that economic theories alone cannot
explain fully the concept of popular participation, since
these theories, whether they are ‘market’ or ‘Marxist’,
limit themselves to the phenomenon of wealth and pov-
erty in the material sense.
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Figure 1: Conceptual Framework of the Development Project

The popular participation approach believes in empow-
ering the community and individuals. Confucius the
Chinese philosopher is believed to have taught his fol-
lowers an early principle of popular participation and
empowerment. He said, ‘I hear and I am informed; I
see and I understand; I do and I finally know what it is
all about.” This laconic truth is still relevant today espe-
cially when we discuss issues such as participation and
sustainable development. The teachings of Lord Bud-
dha also have many principles of popular participation.
Above all he taught compassion and empathy towards
the people and that we should learn from one another
the goodness of human beings. He taught us to live,
learn , and unlearn from one another and to carry on
meaningful dialogue in order to help one another.

What is the context of development and popular
participation?

Many people nowadays are ralking about sustainable
development and alternative development models us-
ing traditional wisdom and respect for indigenous
knowledge and technology and the sanctity of nature.
In the past fifty years or more, development has been
equated with economic growth. The growth-centred
model pursues centrally planned and controlled regimes
and structures. Resources are concentrated in
infrastructural development, industrialisation, and es-
tablishment of formal government institutions. One
principle assumed by this model is that the fruits of
development will trickle down to the poor ,thus lifting
them from poverty and inequality. However, this phe-
nomenon has not taken place. The trickle-down model
has had the opposite result. The rich have grown richer
and the poor poorer. This has prompted universal out-
cry and re-examination of this model. The need foran
alternative based on addressing the well-being of the
people first is needed.
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Genesis of the popular participation approach

The genesis of the popular participation approach came
from civil society and civil movements in Asia and else-
where . The Gandhian Sarvodya Shramdana movement
in Sri Lanka is one example of a successful people-first
movement in Asia. Through this movement, leadership
in civil society was able to reach millions of Sri Lankans,
motivating, organizing, mobilising, and promoting sus-
tainable local development. Many NGOs followed
Sarvodyd’s example and even the state now works closely
with the movement. The core philosophy of Sarvodya
and many other successful social movements is to ap-
peal to the innate good sense of the people. Thus vol-
untary participation charity, solidarity, patriotism,
empowerment ,and cultural ‘mores’ play important roles
in such popular participation. Charismatic leadership

and the ensuring of honesty and integrity as well as -

discipline are important core values. Systemic elements
are devolution of roles and responsibilities, accountabil-
ity, and transparency and decision-making at the local
level by both men and women. Following these quin-
tessential principles, many in the state and civil society
have been able to replicate successful popular participa-
tion elsewhere in Asia.

Are there successful examples of the people-first approach?
How was it done?

In Taiwan, popular participation has been most suc-
cessful in the agricultural sector. It started as a state-
sponsored initiative where the government provided
impetus to academic and farmers’ associations to work
together. Land reform, secure tenancy, redistribution of
productive assets, and making farmers” groups autono-
mous were the hallmarks. The government line agency
functions as a facilitator and resource centre by pro-
moting and preserving indigenous knowledge and tech-
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nology. Millions of farmers are organized into coopera-
tives. The farmers’ production and marketing group
functions as the dynamic nucleus of the
farmers’association. It interacts with the market, gov-
ernment ,and local farmers. It provides technology and
know-how, and italso ensures that goods are produced,
packaged, and marketed efficiently securing a fair farm-
gate price for farmers. The farmers’ groups actually
employ the agronomist and extension officers. This
model mobilises the target group and empowers them
"to solve their own problems. Hundreds of thousands of
farmers’ associations have been able to ensure account-
ability and transparency and create financial, opera-
tional, and institutional sustainability.

Bangladesh is a pioneer in the people-based develop-
ment model. NGOs are in the forefront of development.
Notable NGOs with almost country-wide or regional
outreach are BRAC and Gramin Bank. There are also
many NGOs in India and a few in Pakistan , and these
include parastatals such as the Aga Khan Rural Support
Programme initiatives that have had an effective im-
pact on the lives of the rural poor by applying the bot-
tom-up approach to development.

In South East Asia, what began as a small nucleus of
academics, agricultural extensionists, and development
workers in 1974 in Chiang Mai, Thailand, is now a
major people-first movement spanning Indo-China,
Indonesia, Malaysia, The Philippines, Korea, Japan,
and Taiwan. The movement is called the Development
of Human Resources in Rural Areas (DHRRAS). Its
aim is to improve the quality of life of Aian rural farm-
ers and their families. Its philosophy is the primacy of
the farmers and their dignity, knowledge, and wisdom.
Its core values are respect for nature, natural farming,
and sustainable development, and its approach is called
the ‘rootedness’ of the development programme in the
community based on agrarian reform and rural devel-
opment through human development. It is based on
bottom-up planning and programming. The efficacy
of this approach is now manifested through a dozen
rural development movements and north-south co-
operation within Asia through a process called the
‘Dialogue of Life’ and farmer-to-farmer exposure dia-
logue and action programmes (EDAP). The work of
this movement is being carried out by the Thai
DHRRA in Thailand, MasDHRRA in Malaysia,
InDHRRA in Indonesia, PhilDHRRA and
CenDHRRA in the Philippines, KoODHRRA in South
Korea, ChinDHRRA in Taiwan, and JaDHRRA in
Japan;. CamDHRRA in Cambodia, VietDHRRA in
Vietnam, and NeDHRRA in Nepal are the new sib-

lings of this movement.
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What are the roles and responsibilities of the state, market
and civil society?

Human society has developed various social structures
so that its members can live secure and dignified lives.
These structures are the state sector, civil society ,and
the market sector. In the developed north, the state, civil
society, and the market sector are fairly evenly balanced.
They countervail one another to a greater or lesser de-
gree to provide society with security and well-being
socioeconomically and psychologically. In the develop-
ing south, the picture is not so well balanced: either the
state or the market sector plays a dominant role. The
state sector is dominant in centrally planned economies
and in countries such as Nepal. The market is domi-
nant in the so-called tiger economies of South East Asia.
Civil society, with desired features such as autonomy,
accountability, self-governance, and devolution of de-
cision-making ,is just emerging in countries such as
Nepal. It is important, however, that the civil society is
promoted. It is imperative for development practition-
ers to be mindful of the roles and responsibilities of the
state, the market ,and civil society. Each has its own
comparative advantages (Figure 2)

The comparative advantages of the state are that it is
inherently big and powerful and has wide coverage. It is
aleader in science and technology and has adequate hu-
man resources. It has administrators, managers, and civil
servants. It has huge financial and natural resources. It
makes and shapes policies and legislation. It is also the
essence of governance at the local level where develop-
ment takes place. The market sector creates jobs, in-
comes, goods, and services. It has financial and human
resources. It is also a leader in science and technology
and can invest in research and development. It can pro-
vide government and civil society with financial, tech-
nical, and scientific resources. Civil society is equally
indispensable as it represents the common person. It is
an association of guilds, professions, trade unions, doc-
tors, lawyers, students, men and women, and media. It
also has institutions and organizations such as NGOs
and CBOs. Ideally, civil society, especially through
NGOs and CBOs, is the voice of the people. NGOs
and CBO:s are close to the people, flexible, innovative,
efficient, and cost effective at their best.

What are the future directions?

Advocacy for popular participation through civil society is
etched firmly in the minds of development practitioners.
This has been possible because thinkers, both Asian and
western, have articulated well the roles and responsibilities
of the state, the market, and the NGO sector and articu-
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GOVERNMENT PRINCIPLES

BUSINESS PRINCIPLES

o Creates jobs, income, opportunities
o Has financial and HRD
® Leader in science and tech.
e Can invest in RD
o Service to the public
¢ Good management and marketing
practices

» Powerful and wide coverage
¢ Leader in science and technology
¢ Adequate HRD
® Has administrators and civil
servants

® Has financial and natural resources
o Legislation and taxation base

VOLUNTARY PRINCIPLES

¢ Close to the people and
quick in response
o Flexible
¢ Innovative
¢ Parcicipation and empowerment
o Efficient and effective
o Cost effective

Figure 2: The State, The Market and Civil Society and Their Comparative Strengths

lated them persuasively. Thus, according to Alan Fowler,
the development strategy to be aimed at is sustainable de-
velopment based on accountable self-governance.

Development and extension strategy

Alan Fowler (1997) suggests a useful framework (Fig-
ure 3). It is a schematic presentation in which NGOs
operate at both micro- and macro-levels. At the micro-
level, NGO activities are material services, social serv-
ices, financial services, capacity building, process facili-
tation, mediation and reconciliation. This is synthesised
as empowerment of communities and individuals,
strengthening of local institutions, and sustained im-
provements in the physical and environmental well-be-
ing of communities. The role of NGOs is primarily re-
lated to mobilising and strengthening civil society.

What are the essential steps in popular participation?

Participatory approaches fall within two broad frame-
works. The first one is the project managentent design.
The second one is the community mobilisation and
community development framework. In both these ap-
proaches the conviction that local people can help them-
selves together with outsiders is the guiding principle.
The Rural Reconstruction Movement in The Philip-
pines articulates its principles and processes through a
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series of diagrams and schematic flow charts (Figures 4,

5 and 6).

Participation broadly means the ability of people at the
grass roots to take decisions, implement projects and
processes, derive benefits from them and evaluate the
process of participation and implementation itself. This
involves setting and prioritising activities, contributing
and enhancing inputs, and shaping outputs, outcomes/
effects, and future impacts. In doing this there is a dy-
namic action and reflection process that takes place be-
tween the grass roots’ community and outsiders such as
project personnel. Ideally such a process takes place at
three levels: the programme or sectoral level in the head-
quarters of a project; the project and team level; and the
community and people’s level.

The IIRI/RRP framework leads us through five steps of
community participation. They are preparation, mobi-
lisation, initial people’s project, integration and expan-
sion, and separation. The first two steps can be termed
community mobilisation. This takes time, skills, trust,
creativity, persistence and energy to accomplish well. It
requires plenty of human input but often involves no
physical, monetary, or material inputs. The next three
steps can be termed community development. This
phase requires human, physical, material, mental, and
monetary inputs.

Recent Concepts, Knowledge, Practices, and New Skills in Participatory Integrated Watershed Management .



AONVNYIIAOD
40O SIWALSAS FAISOTONI
dTdV.INNODOY HILLA

SHINONODT FTIYNIV.LSOS
ANV LSn{ ATIVIDOS

ALAIDOS TIAID
ONINAH.LONTY.LS
ANV ONISI'TIION

ONIdd
“TTAM TVOISAHd
NI SINIWIAOIINI

dINIV.LSNS

SNOLLN.LLLSNI
TVOO1
ONINFH.LONTYLS

A

ADONVNIIAOD
dood
YOd SWHOITd
TYNOILLNLLLSNI

STVNAIAIANI ANV
SALLINAWWOD 40
LNAWIINOINWA

ANONOODA
TVOLLITOd
dHL DINLONILSTT

SAIDITOd DIT14Nd

UOnNEIpA A
CD_HN_:UEOUUM
sadexur) Sunaisoy
UONEI[1DE} §53D01 ]
Suipping Kaeden)
$2D1A13S [EIDURUT]
SIDIAIDS [BLINIE]N

SASYL-OdOIN

A

v

SNOILIANOD
arv

OIT1dNd 40 WJOJ9d

R: C(eh. (@)

ANV dDIAY4ES <

UONEIPAU ‘UOTIBI{IOU0IIY
souerdwos Juuonuoy
HOLESIQORESITGH ]
uonEdINpa d1[qn ]

8uidqqo]
£oesoape £o1[0]

SASY.L-OIOVIN

ADALVYLS
LNANWJOTIATA
OdON

A

TVYNOLLVNYA.LNI
dH.L 40 WHO49d

Figure 3: Framework of Development Strategy

29

Module 1: Recent Concepts in and Approaches to PIWSM



The Participatory Project Planning Process
Decision to Adopt Participatory Planning

Assess Current Situation

Re-Plan for Needed Changes or
Adaptations in Project

Specify Planning

Goals & Priorities

Monitor/Evaluate Progress
of Performance of Projects. Implement
Projects as Per Plan Formulate Targets/
Objectives vs. Available Funds
of Resources

Formulate Action Plans &
Budget Appraise and Select

\_Iifffr/reiAhematives

Figure 4: Participatory Project Planning Process

Project
Planning
3

Resource
Mobilisation

4

Ongoing
Reflection

Project Problem
I Identifi-
mplemen- :
; cation &
tation 3
5 Analysis

1

Idencifica-
tion and
Mobilization
of Interest

General
Situation

Analysis

Interest
Groups
Capability
Building

Ongoing

Ongoin, Reflection

Programme going Programme ccrio
Planning Reflection Evaluation Monitoring

Project
Evaluation

6

Project
Planning
7}

Programme
Implemen-
tation

Figure 5: Rural Reconstruction Programme Management Cycle
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Summarising the popular participation approach

The popular participation approach reinforces efforts
towards people-first development. It calls for concrete
actions at the micro-level that empower people and their
institutions at the community level. It is accomplished
through bottom-up empowering and an incremental
self-reliant process model as opposed to a top-down serv-
ice-delivery extension model. Its root is the conviction
chat local people are knowledgeable and can help them-
selves together with help from outsiders.

The Asian NGDO Consortium’s organizational devel-
opment model, developed in the 1990s, is based on a
holistic systems’ approach to enhancing and empower-
ing the institutions of the people at the community
level. Popularly called the Chakra Model, signifying a
wheel of learning and energy points, this systems ap-
proach encompasses three important concepts called
systems, strategy, and sustainability. It comes in a well-
articulated package that addresses: A

+ the core values of people’s institutions such as vi-
sion, mission, values, and organizational culture;

* various systems and functional management areas such
as governance, leadership and management styles,
human development, financial management, conflict

resolutions, information and communication, moni-,

toring and evaluation, and project planning;

* the strategy by looking at the long-term prospects
for people’s institutions and helping to analyse their

internal and external environment through a
strength, weakness, opportunities’ ,and constraints’

(SWOCQC) framework; and

* sustainability issues such as process sustainability,
institutional sustainability, programme sustainability,
and financial sustainability.

Hopefully, the ideas introduced here on participatory de-
velopment will encourage trainers and project personnel
to put into practice some of the guiding principles of popu-
lar participation and empowerment. International NGOs
and national NGOs have a wealth of information and ex-
perience on participatory planning and project manage-
ment. Trainers are encouraged to liaise with such institu-
tions and practitioners at the local and national levels. |
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Module 1.5
Ethnobotany for Biodiversity Conservation

Pei Shengii

Objectives

¢ To understand the importance of biodiversity con-
servation in watershed management planning, moni-
toring, and development

» To explain the basic principles of the ethnobotanical
approach for participatory biodiversity management
in a watershed

* To demonstrate community-based biodiversity man-
agement activities using case studies in ethnobotany

Definitions

Biodiversity encompasses all species of plants, animals,
and micro-organisms and the ecosystems and ecological
processes of which they are a part (McNeely etal. 1990).
Although biodiversity manifests itself as a characteristic
of the natural system, it is actually a product of the in-
teraction of both social and biophysical systems. In this
sense it can be defined as functional natural resources
on which humans are dependent for their livelihood
and socioeconomic development from ancient to present
times and extending into future generations. The utili-
sation and conservation of biodiversity involves intrin-
sic interactions berween species, genetic populations,
communities, landscape, and natural ecosystems, on
the one hand, and culture, technology, social, economic,
and indigenous knowledge, institutions,and informa-
tion on social systems on the other. Both natural and
social systems are interrelated and interwoven in the
evolutionary process of biosystems at different levels in
a.given area: human activities influence the level of
biodiversity, either decreasing or increasing components

of biodiversity in different conditions or settings (Pei
and Sajise 1995).

Et/mobotany is the study of human interaction with
the plant world, I is a multidisciplinary science of
botany, ecology and anthropology. The fundamental
Structure of ethnobotanical research is to examine the

Module 1. Recent Concepts in and Approaches to PTWSM

dynamic relationships between human populations,
cultural values, and plants recognising that plants per-
meate materially, symbolically and metaphorically
many aspects of culture, and that nature interacts with
human actions. Thus, ethnobotany is more than sim-
ply a study of plants useful to people, for it is devoted
to understanding the limitations and behavioural con-
sequences of human actions on the plant environment.
To accomplish these objectives, the principles of clas-
sification of the plant world are used, and beliefs about
plants as specific expressions of more generalised na-
tive ideas of world views are studied. Views are pur-
sued to determine how plants structure human rela-
tions with plants, and how the composition of plant
communities reflect human beliefs and actions. The
genetics, phenology, chemistry, and productivity of
specific plants and populations are a few of the factors
examined (Ford 1987).

The importance of ethnobotany is that it has an im-
portant role to play in conservation of nature and cul-
ture, and, in particular, the biological diversity and the
diversity of traditional human cultures. In fact, conser-
vation of biodiversity and cultural diversity are linked.
For instance, traditional medicine and food culture use
of edible plants differs from one region to another and
one ethnic group to another. Traditional knowledge sys-
tems are hundreds or even thousands of years old-and
involve not only knowledge of plants for medicine and
food but also strategies of protection for sustainable
utilisation of plant resources.

How are culture and biodiversity conservation linked?

Culrural diversity is largely dependent on the biological
diversity that provides materials for humans to create
the lifestyle of the society to which they belong. Cul-
tural beliefs contribute to biological diversity and envi-
ronmental protection. Along with material culture ,for
example,food, medicine, and shelter, plants have been
closely associated also with many social customs and
religious rituals (Jain 1987).
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Extensive deforestation and intensive farming on steep
slopes, heavy population pressure on soil-land-
water,biological resources, and the adverse impacts of
large development projects have resulted in overall en-
vironmental degradation and loss of biodiversity. In the
last few decades, concerns abour the state of the envi-
ronment and the poverty of mountain people in the
Himalayas have prompted much discussion and a range
of development interventions. Degradation of the
Himalayan mountain environment not only affects the
_ livelihood of the mountain people and opportunities
for economic development in the future, but also has a
significant impact on the adjacent plains (ICIMOD
1993).

Examples of interactions of bio-species and mountain
people in the region include the development of both
wet and dry rice cultivation, tea planting, domestica-
tion of barley, buckwheat, cardamom, agall (Aquitaria
agallocha), yak, mithun, Tibetan goat, and Mugu silk-
worm; and the use of thousands of wild species to meet
basic needs. Development of the mountain economy in
the region will depend on sustainable use of biological
resources, maintaining a high diversity of mountain
crops in farming systems, and management of forest
resources, pastures, and rangelands in the diverse moun-
tain ecosystems. Particular interest is placed on non-
timber forest products (NTFEPs), medicinal plants, fruits,
bamboo and rattan, livestock, and beekeeping. These
are the visible means of increasing food production and
income generation. The traditional utilisation of bio-
logical resources not only reflects a diverse resource-use
pattern but also the way of maintaining biodiversity in
mountain ecosystems by local communities. It is esti-
mated that at least 70 per cent of the medicinal plants
and animals in the region are wild species, and 70-80
per cent of the population depend on traditional medi-
cine for primary health care (Pei 1987).

What is the role of indigenous knowledge in biodiversity
conservation?

There are two global systems of knowledge: one being interna-
tional knowledge systems generated by universities, research
institutions ,and private firms and the other being the indig-
enous knowledge system (or folk knowledge) — knowledge that
is unique to a given culture or society and is handed down
from generation to generation, perhaps only orally. Indigenous
knowledge systems are not only of value for the cultures
from which they evolve, but also for scientists and plan-
ners striving to improve conditions in rural societies (War-
ren 1990). They can contribute to rural development, in-
dustrial development, health care and environmental con-
servation (Bellamy 1990). Ethnobiology is built upon the

assumption that new ideas and methods can be generated
through identification, documentation, and explanation
of indigenous knowledge systems. Natural resource man-
agement systems are localised indigenous knowledge sys-
tems that form a basis for decision-making by farmers.

What is participatory biodiversity management (PBM)?

Culture-based conservation has a long tradition. The
conservation of sacred plants, animals, forests, and
mountains is a common phenomenon and can be effec-
tively incorporated into modern conservation. Recog-
nising that local people should be part of a conserva-
tion programme and understanding that 77 sizu conser-
vation should include conservation of biodiversity in
different components of traditional agro-ecosystems,
buffer-zone development could be a new approach to
participatory biodiversity management (PBM) of pro-
tected areas. Since 1992, the International Centre for
Integrated Mountain Development (ICIMOD) has been
working in collaboration with national institutions and
NGOs in buffer-zone development of national protected
areas in China, Nepal, and Myanmar.

What are the recent methodologies for participatory
biodiversity appraisal (PBA)?

There is growing recognition that sustainable resource
management needs participation from local communi-
ties. Participatory biodiversity appraisal (PBA) can serve
as a new approach to analysing, together with local peo-
ple, information on preserving biodiversity and promot-
ing sustainable use (Xu and Ruscoe 1993). PBA could
be useful for assessing biodiversity that manifests itself .
in a range of functions for local communities in terms
of ecological, cultural, and socioeconomic purposes.
These include indigenous perceptions and values of bio-
logical resources in their surroundings, indigenous
knowledge associated with species in agro-ecosystems,
as well as priorities and decision-making in the use and
preservation of biodiversity in the study area. Such in-
formation could be collected and analysed using vari-
ous diagnostic tools such as interviews and observations.
PBA is applicable also for ecological measurement tech-
niques, such as field sampling and inventory, for identi-
fying sample species and for understanding existing land-
use patterns. It combines scientific and indigenous
knowledge to present an interdisciplinary picture of
human and biodiversity interaction.

Inventory

Ethnobotanical inventories can be viewed as a method
of participatory inventory. Ethnobotanists conduct field
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inventories of human-use species such as medicinal
plants, food, fodder, non-timber forest products,
swidden crops, home-garden plants, religious plants and
Others Usua“y inVOlVing a large number OFlOCal people.
Inventories of this type document information on both
natural and human-USC QSPCCtS Ofthe SpCCieS Surveyed,
including scientific names, vernacular names, habitat,
utilisation, preparation, properties, and maintenance.
Various types of inventory are used as follow.

Complete list of species of regional and national
biosystems. Species’ composition and the geographic
distribution of information are often documented in
the publications of regional and national monographic
studies on flora, fauna, and micro-organisms. These
types of inventory are based on biosystemic approaches
and should be considered authoritative documentation
in the assessment of species” diversity at regional and
national levels for biological resource management.

Species’ checklists. Species’ checklists record species’
diversity in a certain geographical area or in a certain
ecosystem. This type of inventory can be based on
biotaxonomical groups, ecological units,or life forms,
or can be in a comprehensive form covering species’ el-
cments of plants and animals in a particular area for a
specific purpose in the context of natural resource and
environmental management.

Ethnobotanical inventories. Ethnobotanical invento-
ries include inventories of plant species used by indig-
enous people in a given area/region or by cultural gioups;
medicinal plants used under a certain traditional me-
dicinal system; and natural products locally marketed.
Inventories of this type include information on both
natural and human aspects of the documented species,
including scientific names, vernacular names, habitar,
utilisation, preparation, properties, and maintenance,
etc. Inventories based on indigenous knowledge will be
extremely useful for rural development and the conser-
vation of natural resources on a regional level.

Inventories of genetic diversity in farming systems.
Under this category, farming and horticultural crops,
trees for afforestation, domesticated animals, and in-
sects are documented on a genetic level covering spe-
cles, varieties, land races, eco-types, and other gene types
of domesticated organisms.

Inventories of endangered and threatened species. In-
ventories of species endangered and threatened are used
t0.a8§ess environmental degradation and identify the
Priorities for natural conservation. This type of inven-
tory is often documented in the Red Data Book on en-

dangered and threatened species, at national level or on

Module 1 Recent Concepts in and Approaches to PIWSM

regional level, giving alarming indications of the extent
of loss of biodiversity.

Agro-ecosystem analysis

Recently, new methods for quantitative studies of
biodiversity in the agro-ecosystem have been developed,
for instance participatory mapping, free listing of im-
portant species, and keystone species.

Cultural beliefs and biodiversity conservation

Biodiversity and cultural diversity, the linkage and im-
pact on watershed management, religious linkage, and
traditional labour and village regulations could be in-

cluded.
Monitoring of biodiversity change

To monitor biodiversity change in a watershed, species’
diversity changes and farming crop diversity changes
are used as indicators along with forest-cover change
and land-use pattern change. Forest products and
NTFPs, water resources and soil erosion, and key spe-
cies’ distribution are also used as indicators. Levels of
use of traditional varieties in the farming system are as-
sessed in monitoring plots on selected sites.

Social structure of biodiversity management

Understanding of the social structure is important as it
governs use of the natural resources. A number of social
elements are involved in the process of biodiversity in-
cluding :local institutions, policy impacts, economic
incentives, and the impact of traditional culture on
biodiversity. The role of local institutions is a key mecha-
nism for PBM through community biodiversity con-
servation association.

Utilisation and conservation of biodiversity for poverty
reduction

* Identify potential bioresources for economic devel-
opment

* Integration of local practices and advanced technolo-
gies: agroforestry, local species, and NTFPs

» Rural women and biodiversity: biodiversity is gen-
der sensitive (household kitchen and rural healthcare

practices)

 Training and education: farmer-to-farmer exchange
and native training materials for conservation
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What are the main lessons learned?

* Biodiversity management is transformation: it is use-
ful to learn from the traditional subsistence approach
in order to refine the market-oriented approach to
natural resource management.

» The role of local institutions is the key mechanism
for participatory biodiversity management through
community biodiversity conservation association.

 Utilisation and conservation of biodiversity can be
used for poverty reduction.

What are the future directions ?

* Research: sustainable development models for
biodiversity management of different eco-regions
should be developed. Joint research and monitoring
are essential.

* Policy: communities’ and people’s resource rights
must be ensured and illegal trading on protected
species controlled.

Recognition of ownership of resources is a key issue
for conservation. Local people should be given the
right to self-determination and be allowed to set their
own development agenda. local communities should
be encouraged to maintain traditional agro-ecosys-
tems in the buffer zones and to preserve in situ re-
positories of crop germplasms. Support should be
available to local communities for maintaining tra-
ditional ‘sacred’ forests and holy mountains for
biodiversity conservation. There should be increased
co-operation regarding enforcement of laws and poli-
cies with specific reference to transboundary conser-
vation. Joint patrols, sharing of databases and moni-
toring methods, and coordinated customs and im-
migration activities can benefit protected areas and
people. Participation of local communities in the
development of transboundary conservation pro-
grammes and protected area management systems
should be ensured. Information on transboundary
conservation issues should be shared by governments
and institutions. Mechanisms for exchange of infor-
mation should be identified; for instance, regular joint
technical meetings, seminars, and communications.
Capacity building should focus on local institutions
and the management staff of protected areas. In-
creased awareness is needed. This should include edu-
cation and training. Training should concentrate on
on-site training and development of native training
materials.

Conclusions and recommendations

Biodiversity demands careful protection in order to
enhance the process of economic development of
mountain areas. In Chapter 12 of Agenda 13 of
UNCED 1992 the following is stated: ‘Mountains are
highly vulnerable to human and natural ecological im-
balance and most susceptible of all to climate changes in
the atmosphere. Mountains are a source of key resources.
As major ecosystems, they represent the complex and in-
terrelated ecology of our planet. Mountain environments
are essential for the survival of the global system.
Biodiversity is a concern common to all mountain eco-
systems. To ensure conservation at the local level, com-
munity participation in biodiversity management must
be treated as an important component of integrated
watershed management. Identification of local
biodiversity resources to support community develop-
ment and poverty reduction will help conservation. In
addition, traditional culture can be usefully incorpo-
rated into modern conservation in all watershed man-
agement schemes.

References and further reading (not necessarily cited in the
text)

Castri, E di Robertson, J: and Youns, T. 1992. ‘Inven-
tory and Monitoring Biodiversity, A Proposal for an
International Network. Biology International Special
Issues No. 27.

ICIMOD, 1993. International Symposium on Mountain
Environment and Develgpment. Discussion Paper No.
1. Mountain Population and Institutions.

Kathmandu: ICIMOD.

Jain, $.K. 1987. A Manual of Ethnobotany. Jodhpur, In-

dia: Science Publishers.

McNeely, Miller, K. R., Reid, W. V., Mittermeier, R.,
A., and Warner, T.B., 1990. Conserving the World’s
Biological Diversity. Gland: World Resource Institute,
Conservation International. WWE, [UCN and
World Bank.

Pei, G.]J., 1994. ‘Relevance of Rapid Inventory Tech-
niques for the Conservation of Himalayan
Biodiversity'. In Himalayan Biodiversity, Conserva-
tion Strategies. India: GPIHED.

Pei, S. J. 1991. Some Effects of the Dai People’s Cultural
Beliefs and Practices upon the Plant Environment in
Xishuangbanna, China.

38 Recent Concepts, Knowledge, Practices, and New Skills in Participatory Integrated Watershed Management




Pei, S. J. 1995. ‘Sustainable Livelihood for Mountain
Communities: Tradition and Transition in Natural
Resources’ Management'. Paper presented at an In-
ternational Workshop on Natural Resources’ Man-
agement and Sustainable Livelihood for Traditional
Societies in South and Central Asia. Faisalabad,
Pakistan: University of Agriculture.

Pei, S. J. 1996. ‘Biodiversity Resources in the Himalayan

Region’. Paper presented at the International Sym-
posium on Floristic Characteristics and Diversity of

Module 1. Recent Concepts in and Approaches to PIWSM

East Asia Plants, held on July 25-27, 1996 in
Kunming, China

Pei, S. J. and Sajise, P, 1995. Regional Study on
Biodivesity: Concepts, Frameworks and Methods.
China: Yunnan University Press.

Xu, J.C., and Ruswe, M. T., 1993. The Use of Indig-
enous Knowledge in Agroecosystem Management for
Biodiversity Conservation : A Case Study in Barangay
Haliap. Kiangdan, Ifuago, Central Coordillera, Phil-
ippines. Manila: UPLB-IESAM.

39



Module 1.6

Conflicts in Community Forestry and Mechanisms/Processes for Resolution
— Some Examples from Nepal

K B Shiestha

Objectives

o To identify, analyse and discuss conflicts arising in
community forestry

* To find ways of managing conflicts satisfactorily
Conflict

The word conflict denotes a relationship between op-
posing forces. The relationship may or may not be
marked by violence. Conflicts are brought about by
change and the way individuals or communities react
to that change. Changes can be physical such as an in-
crease in population and migration or in the degrada-
tion of physical environment. Alternatively, they can be
social such as growing inequity in the distribution of
natural resources. Conflicts are also observed when tra-
ditional practices, e.g., shifting cultivation, are consid-
ered not legitimate or consistent with national policies.
They occur when external agencies try to do something
according to their interest while ignoring the needs of
local people. In all conflicts there is an element of change.

What role can conflict play? Can it be positive?

Individuals and communities react differently when
confronted with change. Some may take it positively.
They adapr to change and use the opportunity for good.
Others may take change as a destabilising factor and try
to resist, resulting in conflict. All development works,
whether promoted by government, INGOs, or NGOs,
Propose change in one form or another. Such change
contributes to the emergence of conflicts. These con-
flicts can be between individuals within a group, be-
tween groups, or even between institutions.

What are the major conflicts in community forestry?

In : . . 5
£ community forestry conflicts arise at different stages.
¢ conflicts are seen within a forest users’ group, be-
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tween two or more forest users’ groups, and between
forest users’ groups and forestry administration.

Conflicts within a forest users’ group
ldentification of users

The operational guidelines of the community forestry
programme recognise investigation as one of the four
phases of the planning process. This phase concerns,
among other things, the identification of users of the
prospective community forest. The staff investigates
within the village, by discussion or by checking, to de-
termine the real users of a particular forest. However,
low-caste or disadvantaged people may be missed out
from the users’ group as they do not usually have a voice
in a community dominated by higher castes. As a re-
sult, if such disadvantaged people are excluded, at the
time of benefit-sharing, conflicts may surface. In an-
other case, people living away from the forest may not
be regular users but only use the forest seasonally, e.g.,
charcoal-makers. They are ‘secondary users’ who do not
contribute to the protection of forests. Often, during
the identification process these secondary users are not
aware of the field staff’s visit and are excluded from the
list of forest users. This could possibly cause conflict
later.

Sharing of benefits

Community forests are used for the production of fod-
der, fuelwood and so on. Conflicts arise over how the
produce should be shared. A user with eight family
members argues that, due to the size of his family, he
has the greater need; that forest products should be
shared according to the number of family members.
Orthers argue that benefits should be shared on the basis
of households irrespective of family size, because the
contribution of voluntary labour for forest management
depends on the household. There will be a difference
between need on one hand and duty on the other —
causing conflict.
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Participation

All members of a users’” group cannot actively partici-
pate in meetings or provide voluntary labour. Some
members are bound to be inactive for various reasons.
The active members may feel that, because of their lim-
ited participation, the inactive members should not
enjoy benefits equal to those of active members. The
inactive member, on the other hand, can counter that,
as a member of a users” group, social compulsions not
. under his control should not bar him/her from benefits
enjoyed by others. Such arguments give rise to conflicts.

The most visible form of participation in community
forestry is protection work. In many community forests,
the users decide that protection work should be carried
out in turn. Protection requires a physical presence at the
site, and strict vigilance. For most users, this is accept-
able. However, because it demands a physical presence at
the site, sometimes at odd hours, those of a higher social
status may not participate to the desired extent, yet wish
to enjoy the benefits. Their social status may prevent other
members of the group from complaining openly but re-
sentment and conflicts are inevitable. Similarly, some
members of a group may live near the forest and others at
a distance. In such situations, more participation is de-
manded from the former. Their proximity to the forest
does not allow them to escape or overlook the responsi-
bility of protection work and forces them to act if an
offence is being committed, even though protection on
that day could be someone else’s duty. Thus, unassigned
demand for vigilance could be heavier on members liv-
ing close to the forest, and this may cause them to de-
mand benefits commensurate with their work.

Leadership

In a village or community, people may want to enhance
their social status by ostentation, by pursuing higher edu-
cation, or by becoming a leader, and so on. Being nomi-
nated Chairman or Secretary in a users group commit-
tee can elevate one’s social standing in the village and act
as a stepping stone to local leadership. Naturally, this is
an attractive proposition; if two or more people compete
for chairmanship and consensus cannot be reached, con-
flicts could arise. If the ulterior motive is political, these
conflicts could take a dangerous turn.

Conflict between users’ groups
Location of forest

In general, a patch of forest in one village development
committee (VDC) is used by villagers from the same

village. However, when the boundary of a VDC is re-
drawn (a common occurrence), that patch of forest is
assigned to another VDC. The villagers from the sec-
ond VDC then claim the forest as community forest,
while the previous users make the same claim on the
grounds that they are the traditional users and, thus, a
conflict ensues.

Another potential conflict area is a patch of forest lying
within more than one VDC. Users’ /groups from the
VDCs request the District Forest Office to demarcate
the forest prior to handing it over for community man-
agement. In the absence of a clear-cut boundary on the
ground, conflict arises as to where the line of demarca-
tion should be. Naturally, users’ groups will claim and
counter claim the better parts of the forest.

Nature of the forest

There are instances of villagers using more than one
forest for forest produce. For some forest produce, such
as fuelwood and leaf litter, the villagers may use a mis-
cellaneous forest in their own village, but for other pro-
duce, such as timber, they may use a sal (Shorea robusta)
forest that lies in another village but within the same
VDC. When the users” groups are formed, the users’
group claiming the sal forest refuses to give any rights
to the users’ group with the miscellaneous forest, argu-
ing that the other users’ group does not contribute to
the protection of the sal forest. The other group claims
that they are barred from their long-standing right to
construction timber.

Conflicts between users’ groups and the Forest Division
Office/ Forest Department

Deviation from operational plan

When the operational plan is approved, and the forest
handed over, a representative of the users’ group com-
mittee, usually the chairman, and the District Forest
Office sign an agreement to implement the operational
plan without deviating from any of the provisions. Yet,
instances of deviation have been recorded. Deviation
has occurred due to either a lapse on the part of the
district forest staff or because of the forest users’ group’s
zealous pursuit of income for their community fund to
build community infrastructure.

Deviation from the objectives of community forestry
Users’ groups sometimes deviate from the objectives of

community forestry as illustrated by the case given in
Box 1.
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Box 1
Stone quarrying in a community forest in Syangja District, Nepal

The case involved a mixed sal forest that had been handed over to a users’ group. A section of this forest had only sparse
vegetation of young sal because of a rocky outcrop that had been a stone quarry 30 years' previously. The users' group was
protecting the forest without any problems. Subsequently, the government planned to build a major hydropower project of consid-
erable national importance in the district and gave a private company the contract to construct an access road originating about
a kilometre from this community forest. On the contractor’s request, the District Forest Office issued a permit to quarry the rocky
part of the community forest on the basis of a rule made 24 years' previously that authorised the District Forest Office to issue
such permits for national forests. The contractor quarried the area.

The forest users’ group did not challenge the validity of this permit but instead decided to levy a tax on the truckloads of stone.
This continued for some time until it came to the attention of the centre, which at once ordered an enquiry and stopped the
quarrying, thereby halting the construction of the access road to the hydropower project and prompting the Nepal Electricity
Autharity to request the Forest Department to permit quarrying of the area. The Nepal Electricity Authority cited the high quality of
stone and stated that no other potential quarry of a similar quality existed within a radius of 100 km. Under community forestry
rules, quarrying is not permitted.

The dilemma of the central forestry administration was whether to annul the right of the users’ group to manage the whole forest
and declare it a national forest, thereby allowing the forestry administration to issue the quarry permit for the project while, at the
same time, punishing the users’ group for wanting to earn money, or to deny the request to quarry the area, depriving the national

hydropower project of its much needed stones.

Conflicting decision

With the hand-over of community forests during the
last few years, many community forests have reached
the harvesting stage. The Forest Act of 1993 allows for-
est users’ groups to price, sell, and transport freely for-
est produce yielded from community forests across the
country. However, a government decision tried to regu-
late conditionally the sale and transport of forest prod-
ucts from a community forest outside a district. The
condition was that priority must be given to the needs’
fulfillment of the forest users’ group first and then to
the needs of other forest users’ groups within the dis-
trict before the forest products could be transported
outside of a district. This had evoked criticism and pro-
test by forest users’ groups that the rights of the forest
users’ group incorporated in the Forest Act are being
encroached upon by the government. The government’s
decision tries to safeguard the interests of other forest
users’ groups who do not possess enough forest area to
cater for their need for forest products. Conflicts are
emerging on this issue.

Lack of trust

A prerequisite for handing over a community forest is
the approval of an operational plan by the District For-
est Officer. Cases have been observed in which the Dis-
trict ‘F.orest Officer does not agree to apparently liberal
Ifbrovmons in the operational plan for removal of trees
rom- 2 community forest. This invariably is due to the
SUspicion on the part of district forest staff that the for-
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est users’ group’s proposal is driven by the motive for
making more money for the community fund rather
than by the need for forest products.

In other cases (Box 2), when forest users ‘groups have
requested the hand-over of purely commercial forests,
there has been a great deal of hesitancy on the part of
field staff. This arises from the district forestry staff’s
lack of confidence in the abilities of forest users’ groups
and their apprehension that forest users’ groups will be
tempted to cut illegally such commercial timber, which
has a high value in the market. Such low confidence has
led to conflicts. The district forestry staff’s suspicions
are not without foundation. Recent cases of forest us-
ers groups over-cutting commercial timber from com-
munity forests have compelled district forest staff to take
back community forests from the groups. The result-
ing conflicts have attracted much attention across the
country.

Amendment of the Forest Act

The Forest Act authorises the District Forest Office to
take back community forest from a forest users’ group
if the forest users’ group committee deviates from the
operational plan or commits an offence in the commu-
nity forest. There is no provision for penalisation of forest
users’ group committee members. The District Forest
Office has no other option than to take back the com-
munity forest, an extreme step depriving the forest us-
ers’ group of forest products. So the government has
proposed an amendment to the Forest Act empowering
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Box 2
Case of Koidim Community Forest

Koidim, a Community Forest predominantly of sal (Shorea robusta) ,was handed over to a forest users’ group (FUG) consisting
of 102 households in March 1994. The community consists mainly of an.ethnic hill group of Magar, a simple and straightforward
people. The chairman of the FUG, a former school teacher in Kathmandu, is a local political person. Other members of the FUG
are poor and illiterate and depend upon him for any community activity. The FUG assembly under his leadership decided to cut
trees (including green trees) from hill slopes and extracted 13,700 cubic feet of sal timber — when the permissible limit is 500
cubic feet annually of fallen and dead timber as prescribed by the operational (management) plan. Labour from poor people of the
FUG was used for nearly two months for cutting and extraction of timber by providing them with a food ration taken on credit from
a local shop with the agreement that the debt would be paid with proceeds from the sale of the timber. Local people informed
authorities about the illegal cutting and an investigation team was dispatched to the field from the centre. Based on the report of
the investigation team, the Forest Department suspended from duty the District Forest Officer and his deputies for negligence in
duties.

The newly deputed District Forest Officer immediately seized all the timber, which was worth six million rupees (US$ 1 million),
and dissolved the FUG. The community forest was taken back on the grounds that the decision of the FUG assembly was not
approved by the District Forest Office and could be recognised as an amendment to the operational plan as was necessary
according to the Forest Act. Another reason was that cutting of the trees had an adverse effect on the environment. The District
Forest Office also filed a case against the chairman and 10 executive members of the FUG for breaching provisions of the
operational plan. This provoked protests in the district headquarters by the FUG, led by the chairman, demanding the withdrawal
of the decision and the handing over of the seized timber. It drew wide publicity and there was a lot of political pressure from a top
politician on the District Forest Office to solve the case in favour of the FUG because the Chairman’s community had the decisive
vote bank for the politician. At the same time the FUG filed an appeal to the Regional Forest Directorate against the decision of
the District Forest Office as provisioned in the Forest Act. The Regional Director upheld the decision of the District Forest Office.

The chairman made many sorties to the centre to build up pressure through the top politician on the Department of Forests to
solve the case in the FUG's favour or at least to make available some money to compensate for the labour provided by the poor
members of the FUG. However, to the dismay of the top politician, there is no legal basis for the Forest Department to accept such

a demand. The Chairman did a lot of lobbying and reportedly extracted Rs 80,000 (US$ 1500) as a loan from the Federation of
Community Forest Users’ Groups to file a case in the Supreme Court against the decision of the Regional Director and the
District Forest Office. However, the Supreme Court also upheld the earlier decisions. It was reported that the poor and innocent
people of the FUG were used by the Chairman to fulfill his political ambitions. It was also reported that the FUG had earlier also
illegally cut and sold 2,000 cubic feet of timber for 1.2 million rupees. The cutting of trees had gone unnoticed by the centre and
| had encouraged the FUG led by the Chairman to cut more than 13,000 cubic feet of timber later.

The conflict between the FUG and the District Forest Office has not been resolved yet, although the Chairman's effort to put
pressure on forestry institutions continues. Because of the conflict, the forest cannot be used legaly by the community and the
timber cut illegally by users has not been utilised, but remains exposed o the elements.

District Forest Office staff to penalise the forest users
group committee members involved in the violation of
operational plans. The proposed amendment, the gov-
ernment feels, prevents the need to take back commu-
nity forest and, at the same time, acts as a deterrent for
violations. The amendment to the bill is under parlia-
mentary consideration, but the central organization of
forest users’ groups is lobbying against it — arguing
that it will encourage District Forest Office staff to har-
ass the forest users’ group committee members. They
also feel that it encroaches on the authority of forest
users’ groups to penalise any member not observing rules
made in the operational plan. Conflict is brewing be-
tween the forestry administration and the central or-
ganization of forest users’ groups.

What is conflict management?

Conflict management does not necessarily mean only
conflict or dispute resolution. It also means preventing
or minimising conflicts and covers all dimensions of
conflict. Managing conflict demands promotion of par-
ticipatory planning at all levels. It also seeks to raise
awareness at all levels of ‘conflict dimension’ meaning
how conflicts are generated, and how they can be
avoided, mitigated, and resolved. It also seeks to de-
velop the capacity of institutions at all levels through
training in conflict resolution skills. Conflict should not
to be ignored because it often threatens social harmony:
However, it must be stressed that there is no singlé
mechanism or formula applicable to all conflict resolu=
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rion. Each conflict is a unique situation and conflict
resolution is not a ready-made tool.

What are the mechanisms for conflict resolution?

There are different mechanisms or processes or techniques
by which conflicts can be resolved. The voluntary prob-
Jem-solving and decision-making methods most often
employed in conflict management are as follow.

» Facilitation: In this technique, a neutral third par-
ty’s assistance is involved. The neutral party helps in
designing and conducting a productive meeting of
conflicting parties. A facilitator may help in time
management or keeping track of agreements, etc.

* Arbitration: Arbitration involves a neutral third par-
ty’s assistance. The conflicting parties voluntarily
submit the case to the neutral third party for deci-
sion-making.

* Conciliation: In this process, a neutral third party
attempts to communicate separately with the con-
flicting parties. The main purpose is to reduce ten-
sions and agree on a process for resolving the dis-
pute. The conciliator merely facilitates the process
and does not direct the parties.

* Negotiation: This is a voluntary process in which
conflicting parties meet face-to-face to reach a mu-
tually acceptable resolution of the issue. There is no
involvement of a third neutral party. Negotiations
are typically unstructured and often lack formal pro-
cedures such as ‘rules of the game’ or in what order
issues will be addressed. Voluntary participation usu-
ally indicates a greater ‘good faith commitment’ to
the dispute-management process.

Mediation: Mediation involves the assistance of a
neutral third party in a negotiation process where a
mediator assists the disputing parties in reaching their
own agreement. The mediator has no power to di-
rect the conflicting parties or make decisions or to
attempt to resolve the dispute.

These processes are often combined in practice. An ef-
fort originally focussed on conciliation may develop into
a_ne_gOtiatiOn which may in turn be enhanced by me-
dlatlpn. Similarly, a conciliator may be asked to act as
mediator at some stage of the conflict-resolution proc-
€ss. M_ediation and conciliation can also be seen as an
eXtension of the negotiation process involving the as-
Sistance of a neutral third party in negotiation once di-
feCt negotiations have broken down.
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How can people and institutions play a role in conflict
resolution?

It is important for people engaged in natural resource
management to understand and recognise the role that
local institutions play and the mechanisms used to deal
with conflicts within and between communities. Local
institutions and mechanisms are rooted in tradition and
locally recognised.

Forestry staff do not have the necessary skills or capa-
bility to resolve all kinds of conflicts. They are not trained
to undertake such assignments. Conflict resolution is a
new field in renewable natural resource management,
especially in community forestry. The forestry adminis-
tration has lately realised the need to be sensitive to con-
flicts and develop resolution skills among field staff. As
such, regular training programmes on conflict resolu-
tion are carried out for field staff in the forestry sector.

The need to build up such capability is not confined to
forestry field staff only: NGOs and INGOs who are
assisting in the management of renewable natural re-
sources also require such skills. An innovative forum
called Nepal Madhyasthata Samuha (Nepal Mediation
Forum) has been formed with the involvement of gov-
ernment officials— including foresters, sociologists from
NGOs and INGOs, and independent lawyers. It has
prepared case studies, and held workshops and training
activities to develop awareness about conflict and build
capability for resolving conflicts that occur in natural
resource management. Such a neutral forum, which is
acceptable to conflicting parties, can play an effective
role in resolving conflicts.

Water users’ committees and community forestry

The community forestry programme is not limited to
the hills and mountains of Nepal but is also implemented
in the Zerai (plains). The Terai Community Forestry
Programme assisted by the World Bank was imple-
mented in 7erai districts in 1985. Under this programme
one of the activities was to plant trees on the banks of
irrigation canals. Thousands of sissoo (Dalbergia sissoo)
seedlings were planted along hundreds of kilometres of
irrigation canals on both sides and protected by paid
watchers with some assistance from the local people.
The project was terminated in 1992. Since then the
sissoo trees have grown and are being looked after by
district forest officers. As the land belongs to the De-
partment of Irrigation there is ambiguity as to who owns
the trees: the Irrigation Department by being the land
owner or the Department of Forests by being the planter.
It is an uneasy situation. The Department of Irrigation
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has formed water users’ committees and entrusted them
with management of irrigation canals— including main-
tenance. Recently, on the recommendation of the De-
partment of Irrigation, water users’ committees re-
quested the Department of Forests to hand over the ca-
nal bank plantation for protection, management, and
utilisation. Under the Forest Act, plantation on land
not owned by the Department of Forests, can be desig-
nated as community forest if local communities form
themselves into a users’ groups and obtain the written
permission of landowners of such plantations. On the
requests of water users’ committees and ,with the writ-
ten permission of the Department of Irrigation, such
canal bank sissoo plantations are being handed over to
water users committees for protection, management,
and utilisation according to an operational plan ap-
proved by the District Forest Office. This novel arrange-
ment is being adopted along irrigation canals in
Nawalparasi and Sunsari Districts.

Lessons Learned and Recommendations

Experiences gained in implementing the community
forestry activities have generated the following lessons.

* There is a growing need for forestry professionals,
especially at field level, to build up capability and
skills in conflict management. So conflict manage-
ment should be included in training programmes at
all levels.

* Many conflicts can be avoided or miminised if there
is clear and good communication between forest
users’ groups and forestry staff. Communication
mechanisms should be developed.

* Ambiguity in policy and legislation invites conflict.
So, the government should formulate and dissemi-
nate clear policies and rules.

* There is no mediation mechanism existing between
forest users’ groups and forestry institutions. A
mechanism for mediation should be developed.
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MoDuLE 2

Appropriate Technologies and Practices
in Participatory Integrated Watershed Management



Mobute 2.1

Rehabilitation of Degraded Lands

B R Bhatta

Objectives

e To identify and understand better the causes and
processes and the extent and consequences of land
degradation

 To identify and understand the constraints and the
opportunities available for rehabilitation of degraded
lands and the major challenges to be faced

* To highlight experiences and lessons learned in re-
habilitation of degraded lands in the Asian region

What is land degradation?

The term ‘land degradation’ is used widely in different
ways. At its simplest, land degradation is the diminu-
tion of the biological productivity expected of a given
tract of land. Degradation is keyed to human expecta-
tions which vary by land use. Indeed, each type of land—
farmland , wild land or rangeland, for example—is noth-
ing more than a set of expectations about the form its
biota should rake. The concept of degraded lands there-
fore is somewhat subjective, and a condition that con-
stitutes degradation on a particular type of land may be
considered normal elsewhere (WRI 1988-89). Typically,
however, on degraded land soil is impoverished or
eroded, less usable water is available due to increased
§urface runoff or contamination, vegetation is dimin-
ished, reproduction of biomass is lowered and
b-iOdiversiry is reduced. The diminution that degrada-
tion embodjes is expressed in many ways, depending
on the type of land.

Degraded lands are either inherently unproductive or
have 'been made so due to faulty land management
Practices. Degraded lands or wastelands rather loosely
indicate a variety of deteriorated lands that are degraded
due to various narural and biotic hazards and are unfit
for productive use, primarily agriculture. In India,
Wastelands have been defined as degraded lands that

ave deteriorated for lack of proper soil and water man-
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agement and can be vegetated with reasonable efforts.

Definitions aside, the fact is that such barren degraded
lands/wastelands with little or no vegetation at all cover
the landscape as unsightly reminders of past misman-
agement of land resources and now pose serious envi-
ronmental problems.

Rehabilitation, as the word suggests, entails making the
degraded land useful to humans again. It seeks to
optimise the production of usable biomass of a site. The
main purpose is utilisation.

Restoration is much more ambitious, it aims to rein-
state entire communities of organisms closely modelled
on those occurring naturally (Jordan et al., 1988). Be-
cause it strives to optimise the biodiversity of a given
site, restoration does not emphasise resource utility.

Rehabilitation makes no pretension about authenticity
and admits of no philosophical preconditions favour-
ing native over exotic species. In fact the choice may be
economic; conceivably, rehabilitation could convert
degraded lands to a completely new use, if that best
served human needs (Cairns 1986). Rehabilitation is
more relevant to the immediate needs of the people be-
cause it emphasises the fact that production can amel-
jorate hunger, fuel shortages, and poverty.

Are there different stages of degradation?
Degrees of degradation

Degradation may connote different meanings to differ-
ent people and which land should be considered de-
graded or not may be debatable. But generally speaking
any land that is not supporting its normal wealth of
natural resources and is suffering from accelerated de-
pletion and degradation is considered to be degraded
land. This could lead to the deterioration and destruc-
tion of a particular spot or parcel of land itself ,which
could affect adjacent lands and downstream lands. De-
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graded lands are generally denuded and dry and lose
their productivity gradually in the early stages but rap-
idly later. Soil moisture and water-holding capacity is
low. Low infiltration and increased runoff result in loss
of nutrients and topsoil followed by rill, sheet, and gully
erosion. In the beginning, degradation may be very slight
and almost unnoticeable, but, as the decline and degra-
dation accelerates and gains momentum, it can be co-
lossal, chaotic, and irreversible. Degrees of degradation
vary very widely from place to place and country to
country and observer to observer but, generally, degra-
dation can be broadly classified as follows.

* Pre-degradation/threshold stage

The normal natural state is under immense pressure
and resources are being exploited to the uppermost limit
of their endurance or carrying capacity or natural re-
covery. Natural resources are either not in an improve-
ment or decline situation, or are in a status quo situa-
tion. The situation must not be allowed to go beyond
this level. If this stage is diagnosed properly in time as a
pre-degradation stage, degradation can be prevented by
following appropriate preventive measures. Prevention
is better than cure.

* Beginning of degradation or early stages of land deg-
radation

First and early symptoms of degradation start appear-
ing, e.g., thinning of vegetative cover, lowering of or-
ganic matter, decreasing soil moisture, hardening of
soil, exposure of topsoil, poor regeneration, poor stunted
growth, slight disturbance of upper thin layer of top-
soil. At this stage, the process of degradation is very
slow and if appropriate protective measures are taken
degradation can be controlled effectively, easily, cheaply
and quickly. ‘A stitch in time saves nine’ this adage ap-
plies fully.

* Medium/moderate land degradation

Degradation is increasing in intensity, vegetative cover
is very poor and in the gradual process of disappearing.
Production is declining and soil erosion is taking place.
Soil depth is diminishing but some soil is still available
for plant growth. At this stage rehabilitation is still pos-
sible through biological means and vegetative growth.

* Seriously/critically degraded lands
No vegetative cover is visible. Topsoil has been eroded

away by severe soil erosion. Plants cannot grow on their
own without outside help. Formation of gullies and
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exposure of parent rock material are evident. The natu-
ral resources, particularly the soil, water, vegetation ,and
biodiversity have disappeared, and economic and eco-
logical conditions have reached the point of no return.
At this stage biological means alone and conventional
planting techniques cannot rehabilitate the land. Bio-
engineering and simple engineering structures for mois-
ture retention and soil formation, and special planta-
tion techniques with suitable plant species, need to be
adopted. At this stage, the costs, effort and time needed
for rehabilitation are quite high. The chances and de-
gree of success are also much lower than they would
have been if rehabilitatation had been undertaken at
an earlier stage. The following proverb explains this sim-

ply and fully.

For the want of a nail the shoe was lost.
For the want of a shoe the horse was lost.
For want of a horse the rider was lost.
For the want of the rider the battle was lost.
In losing the battle the kingdom was lost
And all for the want of a nail
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State of degradation

Increasing efforts & resources
required for rehabilitation !

What is the extent of degradation? What are the major
causes?

Land degradation is among the most chronic economi€
and environmental problems and burdens in the moun=
tainous regions of Asia. In the past, pressures were few
and well within the production, carrying capacity ,and
restoration ability of the land. But now the demand
and removals are heavy and well beyond the carryin
capacity of the land. The result is that a vicious cycle
depletion, degradation, scarcity, and poverty is growi



.

bigger and bigger year after year with very few excep-
tions.

The extent of land degradation and the major causes of
degradation are given below in Table 1.

What are the major categories of constraints causing land
degradation?

Four major categories of constraints causing land deg-
radation can be broadly characterised as follow.

» Geophysical: includes conditions such as rocky out-
crops, boulders, gravels in the soil, too steep slopes,
salinity, alkalinity, waterlogging, landslides, exposed
sites, poor nutrient and moisture conditions

e Environmental: includes interaction of rainfall,
snow, temperature, erosivity of rain and wind, mois-
ture and nutrient balance, overexposure to radiant

energy.

* Biological: includes interaction of humans and ani-
mals with the resources, pests and diseases, and eco-
logical imbalance.

¢ Socioeconomic: includes attitudes and reactions of
the people individually or collectively.

What are the consequences of land degradation?

Land degradation in Asia is causing very serious and
alarming consequences. The main pressures and conse-
quences are shown in Figure 1.

Degraded land accelerates soil erosion and valuable top-
soil is washed away from mountain slopes and gets de-
posited in streams, rivers, reservoirs ,and on prime farm
lands damaging and destroying them. The costs of re-
pairing, maintaining, and reconstructing them are al-
most impossible to bear. On degraded lands, a valuable
resource—the topsoil—is removed from upstream where
it is desperately needed and dumped downstream where
it is absolutely unwanted, thus it is doing double dam-
age and is a double disaster.

What are the main objectives and goals of rehabilitation of
degraded land?

When degradation can no longer be tolerated the re-
sponse to the problem is either abandonment and bear

able C ent and a] 0 auses Q d Degradatio p 0 alno egl0 of A
Country Extent of Land Degradation Major Causes of Degradation
Afghanistan 62 % of the land area Natural Factors
(39.8 million ha of mountainous area) High potential for degradation —steep
seriously affected slopes, unstable geology, short periods of
Bangladesh 7 % of land area heavy rainfall, high-speed winds, flooding,
(1 million ha of hill area) affected drought
Bhutan 35 % of the land area Demand Factors
(1.6 million ha of hill area) affected Rapid increase in human and livestock
population
China 22 % of the land area
(209 million ha) affected Unsound Management Practices
India 53 % of the land area Uncontrolled and excessive grazing, poor
(17.3 million ha) affected soil management practices, improper forest
Myanmar 2.6 % of the ]and area harvesting, unmanaged mining activities,
(17.6 million ha) degraded shifting cultivation
Nepal 13 % of the land area
(1.8 million ha) estimated to be degraded |Harmful Practices
Setting fires to forests, environmentally
Pakistan 25 % of the land area unsound infrastructural activities
(20 million ha) estimated to be degraded
Macro-policy-related factors
Land ownership problems, unplanned
Philippines 27 % of the land (8.2 million ha) is organization, inappropriate land-use
g degraded practices, lack of environmental protection
Sri I:anka 10 % of the land area (0.7 million ha) measures in infrastructural development
M 19 % of the land (10 million ha) activities
Mce: Bhatta 1990

M : :
odule 2: Appropriate Technologies and Practices in PIWSM
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Serious Consequences

Scarcity of foed, wood and water

the people

Increasing poverty and hardship of the people
Damage to sociceconomic development and environmental well-being of

Extensive loss of life and property of mountain and plains, people in
increasing intensity and frequency every year _!
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Figure 1: Land degradation : pressures and consequences

the serious consequences ahead or assisted recovery or
rehabilitation. Abandonment is most prevalent. Short
periods of abandonment of temporarily degraded lands
,such as shifting cultivation, nomadic pastoralism and
seasonal migration, are practised.

The main objectives and goals of rehabilitation of de-

graded lands are fourfold

* to halt the depletion, deterioration ,and degradation
of the resources;

* o regain and maintain the productivity of the land;
* o ensure sustainability and proper land use; and

* 1o establish equity in distribution of benefits from
rehabilitation of degraded lands.

Fulfilling these four objectives is the key to the well-
being of millions of people and sustainable utilisation
of natural resources for the present and future.
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What are the major challenges?

The major challenges to be faced and solved satisfacto-
rily are as follow.

* How to halt immediately the depletion and degra-
dation of the basic natural resources: soil, water and
plants, and the wholesome natural environment; de-
forestation; soil erosion; nutrient losses; sedimenta-
tion; drying up of water springs; flash floods;
biodiversity; and valuable environmental losses? How
to contain and control the degradation effectively?

* How to rehabilitate the damage done: restore de-

graded and destroyed forests, rangelands, watersheds,

farmlands, waste and barren lands, and restore lost
biodiversity and degraded ecosystems?

* How to relieve the pressures on the resources from
excessive numbers of people and livestock, bring it
down to within the carrying capacity of the land ant
maintain it and increase sustainable supplies th
meet demands?




*  How to reduce the demand for and c.onsumption of
land-based products, minimise wastage, increase uti-
lisation and efficiency, and adopt suitable alterna-
tives?

» How to correlate removal of resources and their re-
generation and develop an effective system so that
the regeneration is always more than the withdrawal?
How to reorient and equip policy-makers, planners,
and implementors to accept concepts and strate-
gies and change their attitudes to work for the above
objectives and goals?

» How to optimise and make the wisest use of the ex-
isting available resources according to the land ca-
pability and resource productivity on a sustainable
basis ,combining social needs, compulsions of the
poor, and the needs of the environment?

» How to meet the increasing needs of man and ani-
mal, achieve economic growth, and alleviate the pov-
erty of the people and raise their living standards
while conserving valuable natural resources, fragile
ecosystems, and the environment in the mountains?
Currently we see a‘cut and do not cut’, ‘exploit and
do not exploit’ ‘use and do not use ‘cultivate and do
not cultivate’ syndrome, one purpose acting against
the other, how to optimise the balance?

* How to increase production and productivity of for-
ests, rangelands, and farms to meet the needs of the
people and environment on a sustainable basis?

* How to produce and make available the needed ag-
ricultural, forestry, and rangeland products to the
people according to their requirements and ensure
just and equitable distribution?

How to generate and enhance income and employ-
ment opportunities ,through conservation measures
supported and supplemented by primary produc-
tion systems (crops, agroforestry, pastures, horticul-
tural crops, etc.); secondary production systems (ani-
mal husbandry, poultry, pigs, goats, sheep, rabbit
rearing, apiculture, sericulture, etc); and tertiary pro-
duction systems (processing for value-addition of the
two) in a symbiotically integrated and developed
Mmanner in perfect harmony with the needs of the
land, people, and the environment?

What are the major constraints to rehabilitation of
degraded lands?

Nartural forces

Modute 2, Appropriate Technologies and Practices in PIWSM

* Human/induced pressures, development disasters
¢ Socioeconomic factors

» Lack of awareness and understanding regarding the
multiple and long-lasting benefits to be derived from
natural resource conservation and serious disastrous
consequences of land degradation

* Inappropriate land-use practices and increasing the
extension and intensity of cropping

* Policy, legislation, institutional and implementation
weaknesses

* Lack of human resource development and mobilisa-
tion

* Lackof people’s participation, particularly of women
and disadvantaged people

* Inadequate and inappropriate education, training,
research and extension

* Confusion and uncertainty of land ownership, ten-
ure, use and management

* Lack of financial support and inadequate incentives

* Lack of immediate benefits to farmers and the longer
time frame required

What are the major opportunities available for
rehabilitation of degraded lands?

Mountainous regions, because of their geophysical rich-
ness, location, history and culture, geology, soil, water,
agriculture, forestry, pasture, animal husbandry, fauna
and flora, scenic beauty, and majesty ,together with vast
manpower, hydropower potentials, and, as perennial
sources and watersheds of thousands of rivers and
streams, can no more be neglected. The people in the
mountains and around them are now realising that sus-
tainable development based on a three-dimensional ap-
proach—ecological, economic, and sociological—is re-
quired to halt depletion and degradation of the resources
and to rehabilitate them quickly and effectively. Delays
in repairing the damage and preventing injury will be
too costly and at times may even become irreversible.
In many cases repair might well be beyond the reach
and capability of the countries in the region.

The time has now come to learn from experience and
to build for the future on the basis of recent develop-
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ments, knowledge , and new skills. The resources and
opportunities available that can be used are as follow.

* The increasing awareness and growing political de-
termination and people’s active involvement in natu-
ral resource conservation and management

* Existing degraded land with forest, farm, and pas-
ture land potential

. A setof policies and legal measures is being adopted
and can be improved upon to act as simple and ef-
fective tools for rehabilitation, resource development,
and resource management

» A wide range of indigenous and exotic trees, shrubs,
grass, crops and other plant species to suit different
climatic, soil and environmental conditions which
can rehabilitate, protect, and produce required prod-
ucts in increasing volume and serve multiple objec-
tives :

* Good biophysical conditions, growing periods,
potentials for restoring and increasing productivity
and production, hungry consumers of products, and
good markets

* A body of science, technology, knowledge and expe-
rience, new concepts, practices ,and new skills in
participatory watershed management that are being
enriched by growing research and development in
the region and in the world

* Chances of obtaining local and external financial and
technical resources

* Increasing local, national, regional ,and international
collaboration and cooperation in rehabilitation of
degraded lands, natural resource conservation, man-
agement and environmental improvement, closer
networking and sharing of experiences through re-
gional/international institutions such as PWMTA,
FARM, WATMANET, ICIMOD, RAS, FAO/
UNDP, SAARC

* Substantial comparative advantages of mountain
specificities, attributes, and niches

* Immense energy of human resources and wealth of
natural resources and great diversity

* Economic, land-use, agricultural, forestry and wa-
ter resource policies, laws , and regulations that could
be revised, rewritten, and reformed to meet the needs
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of the people and the environment and to aim to-
wards wise management and use of natural resources
on a sustainable basis through regional and interna-
tional cooperation to benefit the entire Asian region
by using and conserving genetic resources,
biodiversity , and majestic mountain ecosystems and
fauna and flora as a heritage of mankind and as a
scientific and natural asset for present and future
generations

* Forestry or agriculture or animal husbandry alone
cannot improve the living conditions of the people
and halt environmental degradation, therefore inte-
grated resource-use programmes involving agricul-
ture, animal husbandry, horticulture, apiculture,
sericulture, and small-scale and cottage industries
producing secondary and tertiary value-added prod-
ucts should be undertaken.

Experiences and lessons learned in rehabilitation of
degraded lands

Land degradation is not only a local, national or re-

gional problem: it is global. Land degradation in moun-

tain watersheds has become an issue of worldwide con-
cern. Almost 25 per cent of the population of the world
lives in the mountain watersheds of Asia and the Pacific
region. By some estimates, 27 per cent of the land area
has already been damaged—much of it irreparably. Land
degradation has inflicted heavy and far-reaching losses
of life, property, and the environment in increasing
intensities and frequencies year after year. Countries and
people, GOs, NGOs and INGOs have realised the seri-
ousness of the situation and are making efforts to address
the problem in various ways and at various levels. De-
spite these efforts the enormity and scale of the problem
is so complex and widespread that very few successes have
been achieved and the problem remains far from being
fully tackled. The rate of degradation far exceeds the rate
of rehabilitation. However, there are some encouraging
examples of recent concepts, knowledge, practices and
skills and  successful efforts and experiences in the re-
gion that can be cited, studied, and replicated with suit-
able modifications for creating successes in other parts
of the region. Some of these are discussed below.

ICIMOD’s and national collaborating institutions’ (NCI)
experiences in rehabilitation of degraded lands in the
mountain ecosystems of the Hindu Kush-Himalayan (HKH)
region

Degradation of the mountain environment and poY
erty of the people in the HKH region have been

focus of much discussion and development inte



tions. An acute crisis of food, fodder, fuelwood ,and
water (too little during the dry season, too much dur-
ing the monsoon) and a deteriorating natural resource
base and biodiversity have been causing serious con-
cern among the people, GOs, NGOs, and INGOs.
Realising this, ICIMOD, in close collaboration with
national partner institutions of the HKH member coun-
tries and with financial support from donors, has been
engaged in developing an understanding of the extent
of the forces and processes underlying land degrada-
tion in order to identify measures for restoring and de-
veloping degraded lands using options that are field
tested and economically, environmentally, and socially
viable; and which are owned and supported by local
peoples” close participation. More details can be gath-
ered from ICIMOD. NCIs’ project sites and activities
can be observed and studied and information updated.

Mountain Resource Management (MRM) Project, Nepal

The Mountain Resource Management (MRM) Project
in the Jhikhu Kholz Watershed (11,000 ha), Kabhre Dis-
trict in the middle mountains of Nepal was initiated in
1989. The project has three components.

* Baseline inventories were established for soils, for-
estry and agricultural land use, population dynam-
ics ,and socioeconomic conditions. All information
was placed into a geographic information system
(GIS) for analysis and documentation of resource
constraints and environmental degradation.

* An environmental monitoring programme was es-
tablished to determine the rates of soil erosion, the
rates of deforestation, soil fertility decline , and ad-
aptations of indigenous knowledge to hydrology and
soil and water management.

Monitoring and understanding of socioeconomic
conditions and relationships between biophysical
conditions, soil fertility, and indigenous knowledge.

Steps were also taken to rehabilitate a degraded site and
use it as a demonstration site, illustrating how alterna-
tve crops, fodder trees, and nitrogen-fixing hedgerows

€an be incorporated into traditional systems for greater
benefits.

Main findings of the project

L . . .

Understanding the degradation process is the key to
Successful rehabilitation of degraded lands. Defor-
EStation, soil erosion, and soil fertility are important

biOlogical—physicaxl factors that need consideration.

M
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* The key issues in environmental degradation of a
micro-watershed have been identified as water man-
agement; soil fertility maintenance; rehabilitation of
agricultural land, grazing land, and forest; and soil
erosion control.

* Land-use changes were documented between 1947
and 1995 and the results showed that deforestation
was significant between 1947 and 1972. Increases
in the forest cover have occurred over the past 15
years but the quality of the forest (in terms of
biodiversity, standing biomass, and understorey) has
declined. Forest expansion—dominated by pine
plantations—occurred mostly on intermediate
slopes. At the same time, agriculture intensified from
an average of 2.1 crop rotations per year to 2.7 crop
rotations, and expansion of agriculture has occurred
in marginal environments. This expansion occurred
at the expense of grazing and shrubland. The former
is of particular concern since animal feed was iden-
tified as one of the critical resource shortages
(Schreier et al. 1991) and hill agriculture is heavily
dependent on manure to maintain soil fertility (Shah

etal. 1991).

* Assignificant finding is that between 55 and 80 per
cent of the annual loss of soil occurs in two storms,
and it is during the pre-monsoon season that the
soils are most prone to losses. This was confirmed
by the stream flow measures for which the sediment
rating curves during the pre-monsoon season were
significantly higher than during the monsoon sea-
son. Ground cover during the pre-monsoon period
is the critical issue controlling soil erosion in upland
agriculture in the watershed , and techniques to re-
duce this risk by alteration of ground cover at the
time the first monsoon rains arrive need to be intro-
duced. The soil losses appear to be of significant
benefit to lowland farmers with irrigated rice land.
The annual sediment input and dissolved nutrients
in the water improve the nutrient status of these fields
suggesting that poorer upland farmers are losing
nutrients to rich lowland farmers.

» Soil fertility problems are widespread. Soils are acidic,
low in cations and organic matter, and generally defi-
cientin phosphorous. Since there is considerable lit-
ter transfer from forests to agriculture, it was shown
that soil fertility in the forest is the poorest, followed
by shrub and grazing land. Only irrigated land has a
nutrient status that is considered adequate for sus-
tained production, and higher inputs are needed in
all other parts of the land-use systems in the water-

shed.
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* Forest degradation cannot be measured effectively

by forest cover but needs to include measures of
biodiversity, biomass yields, site fertility, and other
site conditions. The overall losses of forest Jand have

agricultural plots. This provides protection against
soil erosion and improves the soil nutrient condi-
tions on these sites and has the potential to improve
animal feed production.

“been substantial and, combined with changes of soil
fertility and biodiversity, the current situation is of ~ The Rehabilitation of Degraded Lands in Mountain
serious concern in terms of maintaining production Ecosystems’ Project
capacity and resilience. Major changes in policies
were mainly responsible for the creation of a down-  [CIMOD, in collaboration with national collaborating
institutions (NClIs) of four member countries (China,

India, Nepal and Pakistan), initiated this project in 1992.

The main objectives of the project are

ward cycle.

* Soil erosion is of key importance since agricultural
expansion has moved on to marginal lands that are

more vulnerable to degradation. * to develop a better understanding of the extent,

forces, and processes underlying degradation and
* Active afforestation programmes should focus on

degraded areas since they are the greatest cause of
sediment transport. They are more effective if they
are carried out in the context of agroforestry where

to identify measures for restoring and developing
degraded lands in different mountain ecosystems by
using options that are field tested and found to be

nitrogen-fixing trees are planted on terraces between economically, environmentally, and socially viable.

Table 2:Rehabilitation of Degraded Ecosystems’ Project: Countries, NCls ,and Site Information and

Achievements

Country and NCI/ Land Area, Land Use, Achievements
Site Location Tenure and People
China

45 ha-denuded forest land,

Kunming Institute of Botany, Establishment of training and

CAS; K.I. of Ecology, CAS;
Chengdu Institute of Biology,
CAS; Damai village, Baoshan,

community forest, 136 houscholds

demonstration facilities; better
understanding of role of communities and
individual landowners in the rehabilitation

Yunnan Province of degraded lands
Altitude 1,370-1,750 m

India

G.B.Pant Institute of Himalayan
Environment and Development,
Arah Village, Almora, U.P.

Altitude 1,490 m

Identification of suitable tree, shrubs,
grasses for rehabilitation of degraded lands;
cooperation berween research agencies,
local government, NGOs, farmers; training

9 ha, abandoned farmland
86 households under village panchayar

and extension
Nepal

Department of Forests, HMGN;
forest user groups of two villages;
District Forest Office.

Site I. Godavari, Lalitpur District
Altitude 1,550-1,780 m

Various R & D activities are in progress
and the site is being developed as a research
training and demonstration area

Land-use management plan preparation
and implementation; socioeconomic
biomass surveys for assessing the status and
monitoring changes in future

Formerly government forest land, 30 ha
degraded forest/shrubland wansferred to
ICIMOD for research and training

7.8 ha and 15.9 ha denuded forest land,
handed over to two forest user groups as
community forest

Site I1. Bajra Pare and Dhaireni
Altitude 900-1,000m

Pakistan

Pakistan Forest Institute

Sinkyari valley, Manshera District.
Altitude 1,400-1,550 m

Actual rehabilitation and improvement of
biological-physical conditions for
demonstration and learning; direct benefit
to local user groups and marginal farmers
through improved land management
practices, soil erosion control, water
management and increased production of
biomass

15 ha abandoned farm land and 18
households’ private land

Table prepared based on ICIMOD 1993; Pei Shengji et al. 1993
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Five field sites were chosen in four countries for this
action research project. Countries, national collaborat-
ing institutions (NCls), site-specific information and
achievements are given in Table 2.

Major achievements/observations of the project

» Rapid population growth is the main factor causing
mismanagement of land and inducing and acceler-
ating land degradation because of very few non-land
based income and employment opportunities.

+ Meagre land holdings of less than 0.5 ha/capita, poor
shallow soils, insufficient manure and fertilizer in-
put, overexploitation of farmland and forest land,
and declining production. Scarcity of food, fodder,
and fuelwood and poverty of the people forcing them
to extend farming on to marginal, highly fragile
lands.

* Natural resources ,namely soil, water, and forests,
are under immense pressure to meet the daily basic
needs of the people. The mountain watersheds are
caught in a vicious cycle of high population growth,
poverty, underdevelopment—environmental degra-
dation and deteriorating development prospects.

* Inappropriate land-use policies, development poli-
cies, tenure arrangements, land laws, customs, tra-
ditions ,and practices also have affected land resource
conservation and utilisation badly.

*  Excessive removal of forest products, excessive graz-
ing, forest fires, deforestation and loss of biomass
cover are inducing and accelerating land degrada-
tion.

The scale and dimensions of degradation have been
further exacerbated by ecological sensitiveness, natu-
ral pressures or fragilities and disturbances. The con-
sequences could be irreversible.

How to cope with the problem of land degradation?

The need for viable options. The issue of land resource
Management is not just an environmental problem. It
€an be traced back to basic demographic, economic,
Cul.tura], technological, and natural forces. Thus its so-
utions also lie in the improved sustainable management
of avf:lilable natural resources, efficient and productive
AMing systems, a rapidly expanding infrastructural
¢, and expansion of non-agricultural employment
OPPortunities and income generation.

Modye 5,
a 2: Appropriate Technologies and Practices in PIWSM

It is usually the small poor farmer, the poorest of the
poor, living in the upper watersheds who are suffering
most. Given their extremely poor resource base it is very
unlikely that they will willingly destroy the very basis of
their survival. Then why are they doing it? What are the
overwhelming compulsions for deforestation and the
extension of agriculture on to marginal lands resulting
in degradation? The search for the solution must begin
with the mountain farmer. The interest and needs of
the farmer; an understanding of the land users’ design
regarding allocation ,use ,and management of resources;
and the users’ problems and prospects must be well
understood for effective and sustainable management
of land resources. Identification of problems, measures
adopted for rehabilitation of degraded lands, and the

responses and results are summarised in Table 3.

Appropriate approach for rehabilitation of degraded
lands. Not only is a biophysical approach required but
it should also be economic, environmental, sociocul-
tural, and people-based.

Rehabilitation of ecosystems and their sustainable de-
velopment—more specifically the sustainable manage-
ment of natural resources—are closely interlinked, in-
terdependent, and integrated. The interplay of ecology,
sociology, economics, anthropology and culture needs
to be consolidated for a comprehensive rehabilitation
strategy. The ultimate objective of rehabilitating the eco-
system is to manage natural resources in a manner that
satisfies current needs as well as allowing for a variety of
options for the future. Ecosystem rehabilitation and
management are part of a dynamic process and should
be monitored continuously to assess effects and impacts;
to improve interventions, baseline surveys and moni-
toring systems should be established from the begin-
ning of the activities.

The land ownership, tenureship, use, and management
patterns and the basic resources of soil, water, forest,
pasture, and farm land are of great importance. To
whom the land and the resources belong—whether it is
private, community, religious, government ,or
unallocated or any combination of these patterns or
confused or disputed ownership—is critical for identi-
fying and designing rehabilitation strategies, approaches
and technologies. Generally privately-owned lands are
least degraded, followed by community-owned, govern-
ment-owned, and disputed lands. Owner’s, user’s or
manager’s presence and care are vital in preventing, pro-
tecting, checking ,and rehabilitating degraded lands.
Someone has to be responsible and accountable for the
protection and supervision of the resource.
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RET Y
Problems

Table 3: Identification of Problems, Measures Adopted for Rehabilitation of Degraded Lands, and the Responses and

Rehabilitation Measures

Responses, Results

1.1

1.2

1.3

2

2.3

3.

—_—

4.1

42

Policy and institutional

People not involved in
resource management. Lack of
institutional mechanism.

Uncertainty of land
boundaries, extent, ownership,
management and use, current
status of degradation not
exactly known,

Resource-use policies,
traditions, practices are weak,
ambiguous and centrally
controlled.

Biological

2.1 Overexploitation of land

resources, deforestation,
overcutting, overgrazing, forest
fires.

2.2 Serious soil erosion, difficulty

in natural regeneration, very
slow growth and high
mortality of plants due to
serious degradation.

Shortage of fodder, fuelwood
and forest products, and
difficulty in obraining desired
materials,

Engineering/ bio-engineering

Scarcity of water during dry
season and excess of water
during heavy rain causing soil
loss, nutrient loss, gully
formation and land
degradation.

Economic

Poverty of people, low
income, scarcity of food,
fodder, water and fuelwood,
unemployment

Declining production, slow
growth, shortage of fertilizers,
manure, and nutrients

People’s participation from inception to
project implementation and post-
rehabilitation work. Training and
extension of village rehabilitation
committee, users’ group formed under
existing village-level organization. Co-
ordination between Forest, Agriculture
Departments, Village Committee, people
and project.

Land areas clearly identified, determined
and demarcated on ground and maps
prepared.

To assess the current status and monitor
changes base-line surveys of vegeration,
soil, water and socioeconomic surveys of
local people undertaken.

Local people decide about resource-use
pattern, intensities, and practices among
themselves.

Local people decide not to overexploit,
overcut, and graze on the site, and fire
protection measures taken. Preparation
and implementation of forest and land-
use management plans.

Selection of suitable pioneer, colonising
species that naturally grow well on poor
degraded sites; nitrogen-fixing species.
Sloping Agricultural Land Technology
(SALT) and Other Appropriate
technology (OAT) with plant hedgerows,
trench and ditch planting, plant nursery
establishment.

Seed sowing and plant nursery
establishment of the most favoured
suitable fodder, fuelwood, multipurpose
tree species and grasses.

Simple, cheap water ponds and tanks to
collect rainwater, irrigation channels,
check dams, drainage ditches, vegetative
protection belts, shelter belts,
establishment. Check dams, silt traps
conservation farming techniques, contour
cultivation, alley cropping.

Socioeconomic surveys to assess status and
needs of people. SALT/OATs. Models for
food and biomass production and income
generation. Rabbit rearing, goat
husbandry, bee-keeping.

Biomass mulching, compost manure,
organic fertilizer, biofertilizers. Nitrogen-
ﬁxing tree species in SALT and
introduction of OAT.

Local people are the owners, managers
and users, and trained manpower. Forest,
land-use management plans prepared and
implemented.

Land limits and the land users well
defined and determined; current status of
resources well known and future changes
are positive and are being monitored.

Local resource-use rules, conditions
prepared and strengthened.

Forest protection, stall-feeding of
livestock and fire protection is greatly
helping natural regeneration and growth
of plants; forest and land-use management
plans are operational.

SALT, and knowledge of appropriate
species and OAT very helpful.

Availability of choicest seeds and seedlings
for planting to meet the needs of the
people.

Availability of water during dry period
improved and damage during heavy rains
reduced. Simple engineering and bio-
engineering practices very useful and
effective.

Adoption of SALT and OAT models
encouraging. Increase in food, biomass
availability, and income and employment
opportunities.

Use of biofertilizers and organic manure
and introduction of OATs/SALT's
producing good results.
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Table 3: Identification of Problems, Measures Adopted for Rehabilitation of Degraded Lands, and the Responses and

Results (Cont’d)
Problems

5 Ecological

biodiversity and
environmental depletion.

ecological equilibrium.

6. Lack of human resource

development demonstration activities.

Rehabilitation Measures

5.1 Ecological degradation, loss of [Reforestation, conserving farming
practices, increasing vegetative cover and
productivity due to soil and water
conservation and improving measures

R & D activities, training, extension and

Responses, Results

Increased availability of protective and
productive plant cover due to better
conservation and utilisation of land
resources.

Human resources development very
useful and effective.

Table prepared based on ICIMOD 1993; Pei Shengji et al. 1994.

The impact of land degradation is felt not only in bio-
logical-physical terms but it extends deeply into the
economy and environment. Rehabilitation ecology has
to integrate effectively ecological, economic, sociocul-
tural, and political dimensions of the social processes
and perceptions. To achieve long-term environmental
benefits and goals for the larger society, immediate and
short-term benefits to on-site people must be preferred
and given priority to ensure success, sustainability, and
local people’s fullest participation.

Main strategies for rehabilitation of degraded lands
A three-pronged strategy was adopted.

* Direct interventions on degraded lands (on-site).
These consist of adopting appropriate land use, pro-
tective and productive activities such as establishing
vegetative cover, desired changes in land use, and
on-site activities affecting appropriate land use, soil
conservation, forest management, agroforestry, etc.

Indirect interventions. Policy and legislative reforms,
population control measures, conservation educa-
tion, development of suitable technologies, increase
in awareness, training, extension, land-use planning,
land ownership and tépurial rights, incentives for
Promoting positive land use and rehabilitation, and
disincentives and punishment for inducing and ac-
celerating land degradation.

Interventions outside degraded land (off-site). These
focus on off-farm employment, support and contri-
butions from the lower watersheds and adjacent com-
Munities to reduce and minimise negative impacts,
and help the affected site and people.

How to rehabilitate? What are the appropriate meastres?

Soc‘oeCOIlomic

" measures: ensuring people’s participa-
o8 for success

and sustainability. Awareness arousing

Odule 9. ;
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by highlighting the problem of degradation and identi-
fying its causes and serious consequences for the present
and future generations. The urge and search for solu-
tions must come from the sufferers and stakeholders
after they realise that grave consequences result from
not solving the problem and bright prospects for a bet-
ter future proceed from the rehabilitation of degraded
lands. People’s own initiatives and efforts will ensure
success and sustainability of the rehabilitation, mainte-
nance and further development of land-based resources.
Another major achievement is that once the people un-
derstand about the value of sustainable management they
become the custodians of their resources and will safe-
guard them from degradation in the future. This knowl-
edge is instilled not only in local people but is also dis-
seminated throughout the neighbourhood quickly and
effectively. In Nepal, a forest user group (FUG) was
formed by the villagers so that they could own and
manage their site. 3,000 m of high-density polythene
pipe was provided to bring water to the village for a
plant nursery and the FUG’s drinking water supply. The
pipe laying was completely done by the villagers them-
selves. Forest management plans were prepared and
implemented by the FUG with the assistance of the
Forest Department and the Project. People participated
fully from inception to completion. Similarly, in China
and India, local people were involved and land-use man-
agement plans were prepared and implemented. Income-
generating activities such as bee-keeping, goat hus-
bandry, and rabbit rearing were introduced. The grow-
ing of fruit trees, high-value cash crops, and medicinal
and aromatic plants was taken up. Socioeconomic sur-
veys were conducted to assess the status, needs, and in-
terests of people and to monitor changes. Training and
extension activities were conducted with excellent re-
sults of demonstration and dissemination.

Biological measures. Primarily consist of appropriate
forestry, agroforestry, agrosilvicultural, silvipastoral,
agrosilvipastoral, horticultural, pastoral, and sericultural
systems and practices and their combination, adopted
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for socioeconomic and ecological benefits. These are
permanent, sustainable, and cheap but need a longer
time frame, better protection , and continuous moni-
toring and improvement. Biological measures are not
only protective but are productive as well and are a grow-
ing investment providing economic and environmental
benefits for all time.

Biological measures adopted are as follow.

* Biomass surveys and monitoring, studies of indig-
enous knowledge, useful and suitable species for ni-
trogen fixing, soil conservation, fodder, fuelwood,
timber, multipurpose uses, medicinal and aromatic
values, higher-income generation cash crops, fruit
trees, flowers, grasses, live fencing, seed collection,
plant nursery establishment ,and seedling produc-
ton

* Species’ performance trials, growth records, natural
regeneration

* Natural forest, shrubland management practices

* Preparation and implementation of forest, land-use
and management plans

* Shelter belts, protection belts

* Natural regeneration enriched by sowing and plant-
ing of suitable seedlings of plants, grasses, trees, fruit,
rowing of crops, crop rotations
g g P P

* Sloping agricultural land technology (SALT) and
other appropriate technologies (OAT5)

* Biogas plant installation as an alternative energy
source and to reduce pressure on forests

* Bee-keeping for income and better pollination
* Compost manure, fertilizer, mulching, biofertilizer

Simple and cheap engineering measures (including bio-
engineering). These consist of simple engineering check
dams, gully control structures, walls, water ranks, reser-
voirs, trenches, drop structures, etc. These are second-
ary, expensive, and costly to maintain. Use is limited
generally, and utility decreases over time. These may be
necessary under certain critical circumstances but should
not be preferred over biological means.

Simple and engineering structures, including bio-engi-
neering structures established, are as follow.

* Dipelines, water channels for drinking water and ir-
rigation

* Drainage lines to divert and drain excess water safely;
also channels and tanks to collect rain water in the
ponds for irrigation and livestock use during the dry
season

¢ Check dams and stone walls in gullies, silt traps, use
of local materials such as stones, bamboos and in-
digenous traditional technologies undertaken

¢ Maintenance of abandoned and damaged terraces
People and Resource Dynamics’ Project (PARDYP)

This project evolved from the above-mentioned success-
ful ICIMOD/NCI projects. It builds on the achieve-
ments and lessons learned in the past. The goal is to
improve the understanding of environmental and so-
cioeconomic processes associated with degradation and

rehabilitation of mountain ecosystems and to generate
wider adoption and adapration of proposed solutions
by stakeholders.

This project became operational in 1996 on five sites in
four ICIMOD member countries. In China, India, and
Nepal, research and development activities are being
conducted in close cooperation with national collabo-
rating institutions and local people. Summary of the
sites, NCls, and activities is given in Table 4.

Appropriate Technologies for Soil-Conserving Farming
Systems’ (ATSCFS) Project

The main objectives of the project are the identifica-
tion, testing, and proving of soil conservation technolo-
gies that can reduce soil erosion to an acceptable level
(10-12 t/halyr), that can maintain soil fertility, and are
simple, cheap, effective and acceptable to mountain
farmers. ICIMOD, in close collaboration with the na=
tional collaborative institutions of six ICIMOD mem=
ber countries—Bangladesh, China, India, Myanmal":

Nepal and Pakistan—and the International Board of

and successful examples of soil-conserving farming
tems. They are being used as demonstration and traif
ing grounds for policy-makers, professionals, and faifk
ers.
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Country and NCls

1. China/Kunming Institute of
Botany, Chengdu Institute of
Biology, Baoshan Hydrologic
Research Survey Station, Baoshan

City Bureaux

2. India/G.B.P. Institute of
Himalayan Environment and
Development, Kumaon
University, Munch, CHEA, Tea
Development Project, Kumaon
Development Vikas Nigam, Block
Development Councll, Village
Forest Panchayats

3. Nepal/ICIMOD, HMGN
Departments of Forestry,
Hydrology, Meteorology, Soil
Conservation, Nepal Agricultural
Research Council, Tribhuvan
University

4. Pakistan/Pakistan Forest
Institute, NWEFP Agriculture
University, District Forest Officer

Table 4: PARDYP Project: Countries, NCls, Site Information, Im

Site, information

Xi Zhuang watershed, rural agrarian,
patches of degraded lands, extensive area
of scrubland and forests

Bheta Gad. Garur Ganga watershed,
2,230 ha, several degraded lands,
different land-use patterns

Yarsha Khola watershed, 5,338 ha,
farming, forestry, livestock, different land
uses and degraded lands

Jhikhu Khola watershed 11,121 ha,
farming, forestry, and variety of degraded
lands

Hilkot Sharkul watershed, agropastoral
subsistence farming, different land uses

and degraded lands

portant Aspects and Expected Outputs

Important aspects and expected outputs

e  Research agenda widened

e New local, national and
international partners to provide
specific contributions

¢ A common framework for socio-
economic and bio-physical
interventions to be developed and
systematically implemented

e Well-defined watersheds as study
sites

e All activities to be implemented
under unified methodology.

Expected Outputs:

e  Generation of information in the
ficlds of hydrology, meteorology,
soil erosion and fertility

e Improved understanding of natural
resource dynamics in selected
watersheds of the HKH

e Agronomic initiatives to combat
decline in soil ferdility

e  Conservation initiatives to combat
soil erosion and land degradadion

e Improved undersranding of the role
of communities in watershed
management and planning

e  Strengthening partnerships between
local, national and international
collaborators

e  Demonstration, training, and
dissemination of results and

information for wider application

Table prepared based on ICIMOD 1996, 1997 (b)

and Achievements
Country/NCI

Project site, elevation

‘Table 5: ATSCEFS Project: Countries, NCls and Project Locations with Approximate Agroecological Zone and Successes

Approx. agro-ecological
zone

Successes/
achievements

Bangladesh/Chittagong Hill
Tracts’ Development Board
(CHTDB)

India/G.B.P. Institute of
Himalayan Fnvironment and
Dcvelopmcnt
China/Chcngdu Institute of
Biology, Ningnan county

500m

400m

Myanmar/Myanmar
Agricultural Service
Nepal/ICIMOD

Nepal Agricultural Research
Council (NARC)

(PARC)

Alu Tila (CHTDB),

Mokochong, Nagaland

Ningnan county,
1,000m

Lashio, 1,000m

Godavari, 1,500m
Mugling, 400m

Tropical humid
Tropical-subtropical
humid

Subtropical sub-humid
dry

Subtropical humid

Warm temperate humid
Subtropical sub-humid

Department of Soil Tistung Cool temperate
Con.servacion, HMGN
stan/Pakistan Agricultural |Begowal Dry temperate

SALT. OAT adopted by 1,000 families
in shifting cultivation areas. Corn and
potato yield higher with SAL'T

SALT, OAT demonstrated and
promoted, shifting culdvation farmers
interested

29 nitrogen-fixing trees tested in
hedgerows, mulberry in between,
effective in gully control, soil loss from
traditional farming is 6-21 times higher
than with SALT

SALT models developed

16 nitrogen-fixing trees tested and best
identified extending on to adjacent
sloping farmlands soil loss reduced from
2.8 t/halyr to 0.4 t/halyr

SALT/OAT developed

Bean yield higher with SALT

Research Council :
Table éreéared based on ICIMOD 1994, 1997 (a).

Mog
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Lessons learned from the ATSCFS Project

64

SALT (Sloping Agricultural Land Technology)
agroforestry system using hedgerow barriers of ni-
trogen-fixing plant species and its various following
models are appropriate and suitable for controlling
plant species’ soil erosion. They also produce food,
fodder, and fuelwood, and enrich soil fertility.

Combinations of cereal crops, horticultural crops, high-
value cash crops, and most suitable nitrogen-fixing tree
species (NFT), their planting techniques, pruning size,
timings, and intensities have been determined. Runoff
has been controlled and soil erosion reduced, infiltra-
tion increased. Increases in organic manure, moisture
holding capacity of soil increase in nutrients particu-
larly nitrogen, phosphorus, and potassium.

Models Major products Other appropriate technologies (OATs) were the fol-
lowing.
SALT I Food
SALT II Meat/milk - Polythene film technology
SALT III Fuelwood, timber - Water harvesting and management, irrigation and
SALT IV High-value cash crops proper drainage
= Sloping Agricultural Land Technology Models (SALT) ]

) High value
13 cash crops
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Mulching, compost-making, effective micro-or
ganism (EM)

Biofencing/live fencing, appropriate species iden-
tified

Urea molasses block

Goat husbandry

Rabbit rearing

Bee-keeping

Protection belts/shelter belts

Fish farming

Duck raising

Pig raising

Floriculture

» Water has been identified as a key factor in all as-
pects of sustainable mountain farming systems. Both
excess and scarcity of water is harmful and damag-
ing. Safe passage and harvesting during excess to be
used for scarcity period adopting local materials in
simple, cheap, and environmentally friendly tech-
nologies are most useful and successful.

Technologies for seed collection, storage, germina-
tion, and plant nursery techniques and plant propa-
gation methods developed and used.

Dissemination of knowledge and information
through workshops, seminars, demonstration, train-
ing, literature, and video films from the grassroots’
level to professional policy level undertaken. Farmer
households, village level, country, national, regional

and international institutions, GOs, NGOs, INGOs
and other agencies and institutions all participated.

Based on the success and achievements of the first
phase of the project (1994-97) the second phase
(1997-2000) has been extended to substantiate the
preliminary research results and expand the demon-
stration, training ,and extension component.

Better understanding of lowland and upland link-
ages/interactions/issues and appropriate action

Policy and legislative improvement and implementa-
tion—institutional development and sectoral linkages

Introduction of the concept and practice of conser-
vation farming systems to minimise soil erosion, con-
serve moisture ,and improve productivity by water,
soil and plant management.

Improving education, training, research, and exten-
sion.

Human resource development and fullest mobilisation

People’s active participation and greater involvement
of women and disadvantaged people

Holistic, participatory integrated watershed manage-
ment approach

A complete production-cum-conservation farming
package for the mountain farmer comprising appro-
priate means, materials, tools, and technologies for
delivering socioeconomic and environmental ben-
efits to increase land value

SALT and OAT

Modye 5.
e 2: Appropriate Technologies and Practices in PIWSM
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Key steps for rehabilitation of degraded land

1 The first step is to examine the historic events that
led to the degradation, consider carefully the vari-
ous constraints and assess the role of various proc-
esses in degradation. Analyse, diagnose and identify
the main constraints and their importance.

2 The second step is to investigate the attitude and

~ responses of local people regarding rehabilitation of
degraded lands, and their interest, needs ,and com-
mitments towards it. Clear identification of people
involved and the determination of the area of de-
graded land must be established. Land ownership,
tenurial rights, management, uses, people’s coopera-
tion in terms of protecting the land from cutting,
grazing and fires, and maintenance and operation of
plant nurseries, etc must be agreed upon.

3 The next step is to study and evaluate the effect of
past rehabilitation measures taken, if any, their fail-
ures or successes, and people’s experience and sug-
gestions for improvement.

4 After the local people agree fully and decide to reha-
bilitate the degraded land the programme can
commenc with a reasonable degree of success. Quick
economic gains will be attractive to the people along
with long-term social and environmental benefits.

5 After ensuring the commitment of people’s fullest
participation the rehabilitation programme should
be prepared and implemented. Land-use manage-
ment plans, forest management plans, and
agroforestry/agriculture plans should be imple-
mented by following a package of practices of reha-
bilitation, protecting and producing the desired
bioproducts in increasing quantity and quality on a
sustainable basis using the following methods.

* Clear-cut allocation of responsibilities of local peo-
ple regarding their contribution and benefit-sharing
in the rehabilitation of degraded lands. Clear-cut
determination of physical boundaries on the ground,
on the map, or on paper is necessary. Securing of
boundaries through social, religious, vegetative or
physical fencing or flag posts for protection from
cutring, grazing, fires, etc. It is also useful for ob-
serving and monitoring changes because seeing is
believing and success breeds success.

* Woater management measures, proper harvesting of
water for irrigation, and proper drainage to collect
and drain excess water.

AA
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¢ Soil conservation measures.
* Vegetative conservation measures

* Construction of simple and cheap engineering and
bio-engineering structures if needed.

*  Selection of appropriate land use, forestry, agroforestry,
agriculture or a combination of these to suit the land
capability and the people’s interest and needs. Indig-
enous species are more suitable than exotics because

of certainty, sustainability and global biodiversity.

* Application of soil amendments to enhance growth

* Seed collection, storage, establishment of plant nurs-
ery, seedling production, seed sowing, planting,
maintenance, protection and management

* Appropriate technologies: sloping agricultural land
technology (SALT) and other appropriate technolo-
gies (OAT) can be adopted.

* Maintaining and improving the productivity of land
and ensuring sustainable supplies— fair and equita-
ble sharing of benefits by the stakeholders for suc-
cess and continuity.

Conclusions and recommendations

Degradation and rehabilitation are not static or fixed
but are dynamic and changing. With proper manage-
ment the situation can improve and with mismanage-
ment or lack of management it can deteriorate. It is not
a one-shot one-time but a continuous and regular ac-
tivity to be undertaken all the time. It should be incul=
cated and made into a habir as part of the customs, be=
haviour, culture, and practices of mountain people for=
ever for sustainable results.

Three-pronged strategy

Full use of traditional, indigenous knowledge with &
blend of modern science and technology and appropfi®
ate replication of successful experiences needs to
adopted in formulating and implementing the follow
ing three-pronged strategy.

* Protective and preventive. To protect and preves
degradation of land resources reduce pressures @
natural resources by reducing demand and consuf
tion of products, minimise wastage, utilise resotf
efficiently and adopr suitable alternatives. Follow



¢

maxim ‘prevention is better than cure’. Do not al-
low degradation.

» Rehabilitative and curative. Rehabilitation of the
damage done to degraded land resources—soil, wa-
ter, plants, ecosystem and biodiversity—by adopt-
ing appropriate measures and treating the wounds
on time. Early treatment is cheaper and quicker, the
response is better and the results are more success-
ful. Remember the maxim ‘a stitch in time saves nine’.

» Productive and sustainable. Increase productivity
and production in a sustainable manner for economic
and environmental gains.
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Mopuie 2.2
Agroforestry in Participatory Integrated Watershed Management

lang 1

Objectives

* To understand the role of agroforestry in PIWM and
discuss various agroforestry systems, their practices,
advantages and disadvantages

* To identify most suitable practices and incorporate

them in PIWM
What is agroforestry?

Various definitions of agroforestry have been proposed.
FAO (1996) defines agroforestry as ‘the deliberate growth
and management of trees along with agricultural crops
and/or livestock in a system that aims to be ecologically,
socially and economically sustainable’. Or simply as the
‘integration of trees with farming systems’. But the widely
accepted one is developed by ICRAF (1982) as
‘agroforestry is a collective name for all land-use systems
and practices in which woody perennials are deliberately
grown on the same land management units with crops
and/or animals. This can be either in some form of spa-
tial arrangement or in a time sequence. To qualify as
agroforestry, a given land-use system or practice must
permit significant economic and ecological interactions
between the woody and non-woody components'.

From the definitions it can seen that agroforestry en-
€ompasses all ways that trees and shrubs, intentionally
Integrated into agricultural land-use systems, provide
tr?e products and protect, conserve, diversify, and sus-
fin vital economic, environmental, human and natu-
ral resources. It has the potential to provide stable in-
Creases in and diversification of income sources, im-
Proved environments, and reduced risk of economic fail-
ures. The potential of agroforestry to provide simulta-
Neously economic, environmental, conservation and

socj £
'fil benefits to agroecosystems has been widely rec-
Ognised.

I::key Principle in agroforestry is ‘working trees’ — the
BNt trees and shrubs planted in the right place to do a

Odule 9,
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specific job. Therefore the choice of tree or shrub spe-
cies is an important concern in agroforestry.

What are the main aims of agroforestry?
The main aims of agroforestry are
* increased productivity and income,

* improved equity in benefit sharing,

* sustainable use and management of soil, water, for-
ests and other natural resources, and

* sustainable environmental management.

Why is agroforestry important in participatory, integrated
watershed management?

Water and wind erosion, excess nutrient and pesticide
movement, declining fertility of farmlands, lowland pro-
ductivity, lack of biodiversity on farms, and lack of ac-
tive participation of local people in watershed manage-
ment have become major problems for sustainable de-
velopment in mountain regions.

Agroforestry can address these problems in the follow-
ing three ways.

* Rechabilitation of degraded lands by conversion to
alternative production agroforestry practices such as
alley cropping, contour hedgerow systems, tree/pas-
ture systems, fuelwood plantations, etc.

* Protection of sensitive lands by integration of wind-
breaks, riparian forest buffers, and other conserva-
tion agroforestry practices.

* Motivation of local people to participate actively in
watershed management by increased income, com-
bination of short-term and long-term benefits, and
improved environments.
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Since agroforestry combines agriculture and forestry
technologies to create more integrated, diverse, produc-
tive, profitable, healthy, and sustainable land-use sys-
tems to meet the economic, environmental and social
needs of people, it has the potential to improve agricul-
tural productivity, diversify and increase farm income,
conserve land, maintain biodiversity and contribute to
poverty reduction.

Earlier afforestation/reforestation activities did not rake
local people’s needs into sufficient consideration and
lacked a combination of long- and short-term benefits.
This probably explains why most governmental and
non-governmental afforestation/reforestation pro-
grammes did not fulfill expectations. The introduction
of agroforestry in PIWM will contribute to the sustain-
able use of soil, water, forests and other natural resources
and improve the livelithoods of the people.

How many types of agroforestry system are practised?

Agroforestry practices are highly diverse and complex.
They are classified on the basis of structure, function,
agroecological and environmental adaprability, socio-
economic and cultural characteristics, and management
practices. Most agroforestry practices can be classified
within the following major systems.

* Agrosilvicultural systems

* Agrosilvipastoral systems

e Silvipastoral systems

* Silvipisicultural systems

* Agrosilvipisicultural systems

* Silvi-medicinal plant farming systems

* Agrosilvi-medicinal plant farming systems

Table 1: Major Agroforestry Systems an
Major agroforestry systems

Examples of Agroforestry Practices
Example of agroforestry practices

Some examples of each major agroforestry system are

listed in Table 1.

What are the most suitable agroforestry practices for
PiwM?

Agroforestry practices are diverse and vary in different
regions. For the purposes of PIWM the following

agroforestry systems may be used.

* Contour hedgerow systems

*  Windbreaks

* Riparian forest buffers

*  Multipurpose plants-crop systems

* Tea-nitrogen-fixing woody plants’ systems
* Forest-cash plants’ systems

*  Mulberry-fishery systems
Contour hedgerow systems

Contour hedgerow systems are an agroforestry concept
using single or double hedgerows of nitrogen-fixing trees
or shrubs planted very densely along contour lines, with
crops grown in the alleys between the hedgerows. The
trees or shrubs include various nitrogen-fixing and
multipurpose species.

Benefits of hedgerow systems

*  Reduce water and wind erosion

* Improve crop production

* Improve soil fertility

* Provide supplemental income

*  Provide wildlife habitat and corridors

* Provide aesthetic diversity

Agrosilvicultural systems

Agrosilvipastoral systems

Silvipastoral systems

Shifting cultivation, taungya system, tree garden, alley farming,
contour hedgerow system, multipurpose plants and crops system,
windbreak, soil conservation hedgerows, fuelwoods and crops
Home gardens, woody hedges for browse, mulch, green manure,
soil conservation.

Fodder and crops, living fence of fodder trees and hedges, trees and
shrubs on pasture.

Silvipisiculrural systems
Agrosilvipisicultural systems
Agropastoropisicultural systems
Silvi-medicinal plant farming systems
Agrosilvi-medicinal plant farming
systems

Others

Trees and fishing farming.

Trees, crops, livestock and fishing farming.
Sericulture and fishery system.

Woody plants and medicinal farming.

Woody plant, crops, and medicinal plants farming.

Apiculture with various woody plants.

Source: Air 1987, with modifications and

additions

70 Recent Concepts, Knowledge, Practices, and New Skills in Participatory Integrated Watershed Manag




Considerations in contour hedgerow systems

Species to plant: In this system, the best plants are ni-
rrogen-fixing woody plants that are fast growing and
multipurpose. Planting more than one species in the
hedgerows reduces risk from disease and insects.

Width of tree strips: Most contour hedgerow systems use
double rows of trees or shrubs to control soil erosion ef-
ficiently and provide sufficient fresh biomass to improve
soil fertility. Single row hedgerows will also function well
if improvement of soil fertility is not a priority.

Space between strips: Widths of the hedgerows are de-
rermined by slopes and management options. Sufficient
room must be allowed for crop strips. Studies show that
a width of 4-6 m is reasonable for agricultural land,
while 8-12 m is fine for cash plants’ cultivation on slop-
ing lands.

Orientation of strips: As indicated by its name, contour
hedgerows of nitrogen-fixing plants should be planted
on the contour to control water erosion.

Windbreak systems

Windbreaks are vegetative barriers of sufficient height
to create a windless zone to their leeward or protected
side. These barriers typically reduce open field wind
speeds by 20 to 75 per cent at distances of up to 10
times their height. The effects of windbreaks are many
and overwhelmingly positive. Benefits are as follow.

Increasing income
Increasing crop yield
Conserving soil and water
Protecting livestock

Improving water quality
Riparian felter strips

Riparian filter strips include water-loving trees and other
plants that grow near the banks of streams, rivers and
L’_ikes. Riparian vegetation is not only luxurious and beau-
tful bue i plays many important roles in the ecosys-
tem. A riparian filter strip may be natural or planted
but it can offer generous benefits in return for minimal
Xpense and care. A healthy riparian strip is evidence of
Wise land management.

T o,
he benefits of riparian trees are as follow.

Yield wood products
Reduyce floods, erosion and bank cutting

Mod
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* Trap nutrients and enhance aquatic environment
* Provide home for wildlife and enhance biodiversity
conservation

¢ Store water
Multipurpose plants-crop systems

These are widely distributed and diverse and include
numerous practices. Multipurpose plants include mainly
fruit/nut trees, medicinal plants, tea, rubber, nitrogen-
fixing plants. They are grown on farmlands or farm
boundaries or separate woodlots for various purposes.

Benefits of the system are as follow.

* Increased income

* Combination of long-term and shore-term benefits
* Stable income sources

* Improved environments

* Help conserve biodiversity
Considerations

* Appropriate space between multipurpose plants and
crops

* Avoidance of biologically negative effects between
plants and crops, e.g., few plants grow well under
walnut trees

* Appropriate management to minimise competition

Some practices of this system include fruit/nut trees -
crops; fodder trees- crops; timber trees- crops; mulberry
trees- crops; and medicinal plants-crops.

Woody plants -cash plants’ system

Woody trees or shrubs are planted for timber, shade,
fodder or other purposes, and cash plants are grown
beneath them in the forest. This may be a multistrata
(tree/shrub/grass) structure.

Benefits of the system are as follow.

* Increased income

* Improved environment/climate

*  Water and soil conservation

* Habitats for natural enemies of pests

* Wildlife and biodiversity conservation

Considerations of the system are as follow.

* Selection of marketable plants

¢ Others similar to the above systems
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Agro Silviculture (Tree + Fruits + Vegetable)
1 Woody Plants - Cash Plants’ System

Some practices of the system include medicinal plants
in Chinese fir forests; tea and other cash plants in rub-
ber plantations (cash plants may include pepper, coffee,
pineapple, cardamom, etc); cardamom in Alnus
nepalensis forests; vegetables in Paulownia forests; me-
dicinal plants in Paulownia forests; and ginseng in for-
ests.

Tea-n itrogen —ﬁxz'ng p/mz ts’ system

Tea production is a key economic activity for many
Asian countries and many types of tea plantation have

been developed, of which several are good agroforestry
practices. In the system, nitrogen-fixing plants are
sparsely planted in the tea plantation , mainly for shade.
However, the nitrogen-fixing plants are also soil fertil-
ity improvers.

Forest ﬁzrmz’ng

Forests are an important component of watersheds. As
well as providing economic and ecological benefit to
people, natural or planted woodlands also provide life-
giving essentials for wildlife.
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Food: Woodlands produce seeds, berries, leaves, grasses,
nuts and fruits, all of which can be food for different
wildlife species.

Living space: Although some species will cover a
large territory in their daily activities, woodlands
provide places for nesting, brooding or rearing their

young.

Cover: Trees and shrubs provide shelter and protection
from predators, cold winds and snow, and summer heat.

Water: A nearby stream or pond can be an important
source of water for birds and animals.

Woodlands in a watershed can also be used to produce
food, vegetables, mushrooms, medicinal plants and oth-
ers items. Because biodiversity has been declining due
to habitat loss, the forests and woodlands can be man-
aged for wildlife protection in the following ways.

Mulberry and fishery systems

This is a system in which mulberry trees are planted on
farmland and crops or vegetables are intercropped.
Mulberry leaves are fed to silkworms. The silkworm
excrement and silkworm chrysalis are used to feed fish.
After consummation by the fish, sediments in the fish
pond are used to fertilize mulberry trees.

Mulberry tree plantation =
|
|

Mulberry leaves (22,500 kg/ha/yr)

Silkworm =

Silkworm excrement (11,250
kg/ha/yr)
|

Fish (1,406 kg/ha/yr)

1
Fish pond sediments (249,000
kg/hayr) (N 1021.5 kg/hasyn)

|
Mulberry tree plantation for
sericulture and multiple
L beneﬁts established -

fuelwood (pruned branches)
10.000-15.000 kg/ha/yr

cocoon

in this system, food crop yicld is 25-50
% higher than in a monoculture system .
The fish yield is 1.500 kg higher than
from a pure fish pond.

Source: Li and Lai 1994
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What are the benefits of agroforestry in PIWM ?

*  Promotes sustainable agricultural development. Many
agroforestry systems ,such as windbreaks, tree and
crop intercropping, and contour hedgerow systems,
promote sustainable agricultural development. This
can be achieved by improving habitat, conserving
soil, improving soil properties, enhancing crop yield
and reducing risk.

*  Promotes sustainable forestry development: Pure affor-
estation/reforestation programmes have their limita-
tions and usually are not acceptable to farmers. Inclu-
sion of tree planting on farmlands or on farmland
boundaries, tree and food/cash crop intercropping,
etc, can provide fuelwood, timber, fodder and green
manure, and so are acceptable to farmers. Agroforestry
promotes sustainable forestry development.

*  Promotes sustainable animal husbandry: Insufficient
supply of fodder has been a problem and a limiting
factor for sustainable animal husbandry. Agroforestry
systems can provide fodder from both herbaceous
and woody plants.

*  Promotes rural energy development. Agroforestry pro-
vides fuelwood from various sources — including
pruned branches, thinned trees, and others.

*  Improves rural development. Agroforestry provides di-
versified and stable sources of income. Agroforestry
also creates job opportunities for surplus rural labour.

*  Provides multiple producrs: The diversified manage-
ment of various plants and crops can provide a wide
range of products.

* Improves environment: Agroforestry systems can
improve the environment by sequestering and bio-
degrading excess nutrients and pesticides through
biological and mechanical processes, by conserving
soil and water, and by moderating micro-climates to
avoid extreme situations.

*  Diversify habitass for wildlife and humans and help con-
serve biodiversity: Various plants in agroforestry systems
provide diversified habitats for wildlife and this will
have a strong impact on biodiversity conservation.

What are the limitations of agroforestry practices?

* Labour intensive: Managing a diverse and compli-
cated agroforestry system needs more labour com-
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pared with simple crop cultivation. This will hinder
-development in areas where labour supply is a prob-
lem.

*  Competition between trees and crops: As an integrated
system, competition for sunshine, water and nutri-
ents is present between tree plants and crop plants.
It is important, therefore, to select appropriate tree
species with minimum competition with crops.

»  Low benefit in the first few years: Crop yields may be
low in the first few years due to competition, al-
though the total benefits of agroforestry systems in
the long run are much higher than in monocultural
systems. Since it can take a long time to benefit from
the trees, it is not easy for local people to accept tree
farming, especially in regions where land holdings
are small.

» Insufficient skilled manpower: Appropriate develop-
ment and benefits can be achieved only by proper
design and implementation. Insufficient well-trained
manpower will hinder the development of
agroforestry.

How can agroforestry practices be incorporated into
PIWM?

In order to integrate various agroforestry practices into

PIWM the following are important.

* A participatory approach to understanding the prob-
lems and needs of the local people (PRA)

¢ Establishment of demonstration sites

* Enhancement of education and training on
agroforestry

* Appropriate extension programmes

What are the future directions?

Research: A pervasive barrier to agroforestry acceptance
and extension is a lack of information on the tangible
and intangible benefits of agroforestry to farmers, the
ecosystem,and the public. Like any other conservation/
land-use practices, agroforestry must be justified in term$
of costs and benefits. Research programmes should be
designed and conducted to obtain more information.

Training and education: As a relatively new discipliné
agroforestry should be introduced to agricultural and.



forestry education systems as a formal subject, and in-
formal training courses should be organized on specific
agroforestry systems for technicians, extension work-
ers, and farmers.

Capacity building: International and national organiza-
tions should work together to train enough personnel
in the fields of research and extension.

Establishment of watershed-level demonstration sites: ‘See-
ing is believing’ is the best way for extension and ac-
ceptance of agroforestry practices. In this regard, dem-
onstration of various agroforestry practices should be a
priority in watershed management programmes.

Conclusion

Agroforestry has proved to be a useful approach in wa-
tershed management to promote sustainable use of vari-
ous resources and to improve the economic well-being
of the local people. Agroforestry has also a great impact
on improvement of the environment. When properly
designed and managed, agroforestry can provide vari-
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ous benefits and has the potential to meet environmen-
tal and socioeconomic requirements.
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Mopute 2.3
Bio-engineering Practices for Soil and Water Conservation

Mokan Wagley

Objective

* To provide an overview of the concepts, knowledge
and practices in bio-engineering technologies, and
to highlight the low-cost and sustainable measures
used for combatting watershed degradation processes

Definition

Bio-engineering connotes different things to different
users and implementors. However, in general, the term
bio-engineering is used to mean a technique in which
living vegetation, either alone or in combination with
non-living plant materials, or soft engineering structures
are used to stabilise and protect slopes from erosion and
landslides. In other words, bio-engineering practices are
the integration of vegetative methods with normal en-
gineering practices in order to protect the land. Terms
like bio-engineering, vegetative engineering or vegeta-
tive structures are used synonymously.

Why bio-engineering practices in PIWM?

Past experience and knowledge from erosion and land-
slide control programmes have led us to believe that en-
gineering practices alone are not always the solution to
problems of slope stabilisation. In many cases, engineer-
Ing practices are expensive and need high levels of skill
and technology that are not always affordable by the us-
ers and implementors. Living vegetation can be used for
their engineering, hydrological and ecological properties.

What are the functions of bio-engineering practices?

Vegetation or plants used for bio-engineering can be
Woody and non-woody. Both woody (trees, shrubs, bam-
boos) and non-woody (herbs and grasses) plants perform
€Ngineering, hydrological, and ecological functions.

E”giHEering function

Englneering functions of plants resemble the functions
. . :
At cwvil engineering structures provide to support and
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protect the slope. These engineering functions of plants
are as follow.

Catch - Process for holding a thin layer of moving soil parti-
cles and debris by mult-stemmed shrubs and bamboos.

Armour - process for protecting soil surface and soil
particles from movement by providing protective cover
(grass carpets).

Reinforce - mechanism for providing strength to bind
the soil particles by densely rooted trees and grass.

Anchor - process for firmly fixing the soil particles and
debris by the anchoring action of deep, long and strong
roots of trees and shrubs.

Support - mechanism for providing support to soil mass
and rocks from the mechanical action of the root sys-
tems of plants.

In bio-engineering systems, vegetation provides additional
strength to the engineering structures with which they
are integrated. Vegetation and engineering structures, if
used in combination, co-exist and are compatible.

Hydrological function

The multiple stems and trunks of bio-engineering plants
trap soil particles and debris moving down the hill slope.
Root systems bind and hold soil particles, rocks and
debris and reduce the rate of erosion and landslides.

Hydrology is important for slope stabilisation and ero-
sion control. Vegetation plays a major role in manipu-
lating the hydrological regime by changing the quanti-
ties of water circulating from land and water bodies to
the atmosphere. Vegetation influences elements that are
responsible for enhancing erosion and landslides. These
elements are

* interception,

* leaf drip,
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¢ stem flow,

e evaporation,

* transpiration,

e infiltration,

* soil water storage, and
e sub-surface flow.

Vegetation intercepts raindrops and protects the ground
surface from the direct impact of falling rain. Leaf drip
and stem flow reduce the \}elocity and direct impact of
raindrops. Water evaporates from the leaf surface and
some water is stored in the canopy and stems. Vegeta-
tion loses water from the surface of leaves through tran-
spiration. Vegetation decreases surface runoff and over-
land flow and increases the infiltration process, soil wa-
ter storage, and sub-surface flow.

Ecological function

Unlike engineering structures, bio-engineering performs
an ecological function by tranforming the harsh envi-
ronments of degraded slopes into better ecological con-
ditions. Bio-engineering improves soil and moisture
conditions, which, in turn, generate better micro-envi-
ronments for the establishment and growth of plants,
micro-organisms, and small animals. It also helps in-
crease the biodiversity of the site.

What are the common bio-engineering techniques?

Various bio-engineering techniques can be used depend-
ing upon site conditions and availability of resources.
Possible combinations or integration of vegetative meth-
ods with light and small-scale engineering structures are
endless. However, some techniques that are commonly
used are follow.

Planting trees, shrubs and grasses. Trees, shrubs and grasses
can be planted on degraded slopes, either alone or in
combination. A dense network of roots in the soil and a
canopy ovethead helps to protect the slope from ero-
sion. Methods of planting should be selected depend-
ing upon the purpose, site condition and availabiliry of
resources. However, on hill slopes, contour line plant-
ing at regular intervals is the general practice.

Planting stumps/woody stems. Stump cuttings or woody
vegetation can be planted along the contour to trap soil
particles and debris falling down the slope.

Seeding grass, trees and shrub. Seeds of grass, trees and
shrubs can be sown directly on site either alone or in
combination. Methods and timing for seeding depend
upon site condition and availability of resources. Seeds
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can be broadcast to cover large areas in a short time and
at a low cost. This method can be used on steep, rocky
and unstable slopes where seedlings and cuttings can
not be planted directly.

Bamboolamliso-broom grass (Thysolena maxima) plant-
ing. Rooted-culm cuttings, rhizomes and wild seedlings
of bamboos and amliso can be planted directly on slopes.
Bamboo and am/liso perform slope stabilisation work
effectively once they are established.

Wattling. Bundles of live branches with buds are put
into a trench along the contour and covered with a thin
layer of soil. When the branches put out roots and shoots
a strong vegetative barrier is formed that is effective in
holding soil particles moving down the hill slope. This
technique is not popular since it is expensive and works
only on gentle slopes.

Brushwood check dams. Brushwood check dams using
bamboo and wood are commonly used to stabilise gul-
lies on slopes. After the construction of check dams,
grass and shrubs are planted on side slopes and on the

gully head.

Vegetated rip-rap. Side slopes of gullies and gully beds
are sometime protected by constructing dry stone walls
and then grass seeds are sown or planted in the gaps
between the stone in order to reinforce toe walls and

gully beds.

Loose stone and gabion check dams. Construction of loose
stone and gabion check dams is very common for stabil-
ising slopes. After the construction of check dams, seed-
lings of trees, shrubs and grasses are planted either sepa-
rately or in combination on gully heads, side slopes, gully
beds, and in and around the structure for reinforcement.

|
|
|

Brushwood embankments/spurs. Construction of brush-
wood embankments and spurs helps to protect stream
banks from erosion. Bamboo and wood are used to con-
struct the embankment and spurs. On the backside of
the structures, trees, shrubs, grass seedlings or woody
cuttings are planted to provide vigour and anchorage to
the brushwood structures. These techniques have shown
effective and promising results in the torrents and small”
rivers of the Churia and Térai regions.

Jute netting. jute netting is another way to protect the
slopes using grass slips or seedlings. This method ¢
be useful on steep and hard slopes where establishment
of vegetation is difficult. Although this method is €*=
pensive it is commonly used in Nepal. Results have i
been evaluated yet. '



Lifespan/longevity of bio-engineering systems

In bio-engineering systems, soft engineering structures
and vegetation should be integrated. This is because soft
engineering structures are temporary; they loose strength
over time and re-construction is always necessary. How-
ever, vegetative structures are permanent once the plants
are established. Plants will reproduce and rejuvenate. If
there is no human interference vegetation serves its bio-
engineering purposes permanently.

Selection of appropriate plant species for bio-engineering

The correct selection of suitable plant species is essential
for the success of bio-engineering practices. Identifica-
tion of engineering function and structural characteris-
tics of the plant is required before selection for bio-engi-
neering. The following criteria should be taken into con-
sideration while selecting the plants suitable for bio-en-
gineering.

¢ Durpose, site condition and local situation

 Physical and climatic factors

* Engineering function required

* Bio-engineering techniques required

 Structural characteristics of plants

* Availability of planting materials

* Identification of various alternatives (species choice,
methods, etc)

Selection of plants should be based on careful studies of
engineering functions such as armouring, anchoring,
reinforcing, matting, etc and the structural characteris-
tics of plants such as size, shape, form and structure of
leaf, canopy, stem, root, etc.

General characteristics of degraded land are a low level
of soil nutrients, stoniness, drought and harsh environ-
ment. Plants selected for bio-engineering should be able
to withstand these stresses. They should

* establish rapidly,

* grow vigorously,

* have dense and deep root systems,
* resist drought,

* propagate easily,

e resist insect and diseases, and

» withstand harsh environment.

The most suitable plants are usually pioneer/xerophytic
species, leguminous species and local species.

How to plan and manage bio-engineering programmes?

Planning bio-engineering programmes is complex. It
needs careful study and design of both vegetative and
soft engineering techniques. The interaction and inter-
relationship of these two techniques in terms of time

Conventional/old concepts,
practices
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and space and their primary and secondary functions
should be well understood. Planning aspects such as
application, site condition, technical requirements, geo-
graphical circumstances, scope of benefits, cost shar-
ing, participatory mechanism, resource availability, hu-
man interference, etc should be assessed. The following
also need to be considered.

* Causes of instability and consequences
* OQutline of landslide/erosion

* Site condition and description

* Severity of problem

¢ Technical mechanism

e Alternatives

Planning should also evaluate the cost-effectiveness of
the bio-engineering programmes. For example, the se-
lection of unpalatable plants will reduce the cost by
avoiding the problem of grazing. Similarly, plant spe-
cies that generate income or have an economic value
will yield benefits to the people. People’s cooperation
and their participation can be obrained if species’ selec-
tion contributes to solving socioeconomic problems.

What are the lessons learned?

Although the establishment of bio-engineering meas-
ures on degraded land following erosion is not easy, the
technologies can be environmentally friendly, cost-ef-
fective, socially advantageous and effective at reducing
instability of slope. However, some constraints and limi-
tations do exist. For example, they may be less effective
at controlling active gullies, slope stabilisation can take
a long time to establish and yield intended results, and
they may need extra care and frequent replacement of
plants. One great advantage is that measures are based
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on indigenous knowledge and local resources can be used
widely. The best possible way to replicate and dissemi-
nate such technology is through the ‘seeing is believing’
approach by conducting study tours and on-site train-
ing to technicians and farmers.

Bio-engineering techniques should not only be based
on technical aspects, but should also address socioeco-
nomic aspects. Techniques should be selected in such a
way that they help uplift the socioeconomic condition
of the rural poor by providing fuelwood, fodder, fruits
and nuts, and biomass for compost making, and by re-
ducing drudgery for women farmers.
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Mooute 2.4
Bio-engineering for Landslide Control in Upland Watersheds

L Tanchi

What is a landslide?

A landslide is generally defined as the failure of a slope
mainly under the action of its own weight in which the
displacement has both vertical and horizontal compo-
nents of considerable magnitude. A landslide consists
of downward and outward movements of slope-form-
ing materials composed of natural rock, soil, artificial
fill or a combination of these materials. The moving
mass follows any one of three principal types of move-
ment: falling, sliding, flowing or their combinations.
The rate of movement may vary from slow to rapid.

Bio-engineering is a specialised branch of engineering
in which living plants and plant parts are used as build-
ing materials for erosion control and landslide
stabilisation. Bio-engineering methods are the most
important stabilisation techniques for watershed man-
agement in the upland where the use of other
stabilisation techniques is neither economically justi-
fied nor technically possible. It makes bio-engineering
the most appropriate alternative for upland watershed
management in developing countries.

The process of movement downslope of soil particles,
stones, rocks and soil masses is called erosion and land-
slide. Erosion and landslides are natural phenomena but

Table 1: Varnes (1978) Classifications System

can be accelerated by human activities such as road con-
struction and environmentally destructive land use. In
recent years, the risks have become greater due to up-
stream erosion and downstream sedimentation as hu-
man populations increase.

How many types of landslide are there?
Types of landslide

Landslides vary in both occurrence and characteris-
tics, ranging from small slumps to enormous masses
involving huge volumes of earth materials. They range
in displacement from vertical to nearly horizontal, in
shape from sheets and slabs to blocks, wedges and
tongues, in duration of activity from a few seconds to
years. The velocity of landslide movement may range
from a few millimetres per year for creep movement
to several dozens of metres per second for falls and
avalanches.

Different criteria are used for classifying the types of
landslide, such as form of sliding surface, types of ma-
terials involved, rate of movements, type of movement,
age and state of activity. However, the classification pro-
posed by Varnes (1978) is the most commonly used
around the world (Table 1).

Type of movement Type of material
Engineering soils Bedrock
Predominantly line | Predominantly coarse
(Falls Earth fall Debris fall Rock fall
Topples Earth topple Debris topple Rock topple
Earth slump Debris slump Rock slump
e Rotational  |Few units Earth block slide Debris block slide Rock block slide
1des
Translational (Many units Earth slide Debris slide Rock slide
st Earth spread Debris spread Rock spread
Ows Earth flow Debris flow Rock flow
(Soil creep) (Deep creep)
M Combination of two or more principal types of movement

Mog
ei: Appropriate Technologies and Practices in PIWSM

&1



Components of a landslide

Generally a landslide has distinct parts. Recognising and
assessing these individually helps to understand the char-
acteristics of the landslide, in particular, its severity.

A landslide occurring on a steep slope generally has four
zones.

* Crackingzone: above the crown of the landslide and
sometimes around its sides.

* Failure zone: the head scar (crown) and failure sur-
face which may occupy only a relatively small area

at the top of the slide.

» Transport zone: a damaged slope, scarred by the pas-
sage of debris on its way down the slope, this part of
the slope may be stable and may recover on its own.

* Deposition zone: failed material deposit area (the
moved, detached material).

If the landslide occurs at the foot of a slope, it usually
does not have transport zone; the failure zone and depo-
sition zones are joined together.

Depth of landslide

The depth of a landslide varies from dozens of centime-
tres to some dozens of metres and it is controlled by
topography, geology and its structure. In bio-engineer-
ing, it is considered that shallow landslides below 0.5 m
deep can be treated. This is the depth to which vegeta-
tion can be used for stabilisation because 60 per cent of
a tree’s roots are found in the top 0.5 m of the soil. For
planning and designing of bio-engineering, landslides
can be classified into five types by depth: (1) very shal-
low slope surface failure up to 25 mm; (2) shallow slope
surface failure, 25 to 250 mm; (3) deeper slope surface
failure, 250 to 500 mm; (4) deep slope mass failure,
500 to 1,000mm; (5) very deep slope mass failure, more
than 1,000mm.

What are the interactions between vegetation and civil
engineering structures?

Measures for landslide stabilisation

In the past 40 years, many methods have been devel-
oped to stabilise landslides. These measures can gener-
ally be divided into the following three categories: heavy
hard structures, light soft structures and ‘living struc-
tures.
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Heavy hard structures are mostly large civil engineering
and geo-technical methods such as reinforced conerete
walls, anchored retaining walls, dilled horizontal under-
ground drains, etc. They need sophisticated calculation
and design and skilled workers for implementation. They
are used to stabilise large and complex, deep landslides.

Light soft structures are mostly small-scale civil engi-
neering works such as gabion surface and sub-surface
drains, small walls, stone arches, anchored wire netting,
etc. They do not need sophisticated calculation for con-
struction. These methods are suitable for stabilising fail-
ures of steep slopes with shallow topsoil layers where
bio-technical stabilisation alone is not successful for
which initial support is needed.

‘Living’ structures are called bio-engineering or biotechnical
slope stabilisation structures or vegetation structures.

Functions of vegetation in slope stabilisation

The manual written by Howell et al. (1991) identifies
seven functions that vegetation fulfills in the context of
bio-engineering. These are summarised below.

* Catching material that is moving down the slope in
the process of erosion. This is done by the stems of
the vegetation.

* Armouring the slope against surface erosion from
runoff and rain splash.

* Supporting the slope by preparing from the base.
This requires large, mature plants such as fully grown
bamboo clumps or trees.

* Reinforcing the soil by increasing the shear strength
of the soil. This depends on the strength of plant
roots.

* Drainage of the soil profile to avoid slumping of satu-
rated surface material.

* Limiting the extent of slope failure by binding soil.

* Improving the soil and micro-climate and so encout-
aging regeneration.

Functions of vegetation compared to civil engineering strue
tures

Civil engineering structures have six main functiofs:
Bio-engineering systems work in the same way as civ
engineering systems (Table 2).



Table 2: Main engineering functions of vegetation compared to civil structures (after Geo-environment Unit,

Department of Roads, Nepal, 1997)

Function Civil engineering system Bio-engineering system

Catch Gabion wire bolsters Contour lines (grass lines, brush layers)
Catch walls, catch fences Shrubs and bamboo (many stems)

Armour Revetments Mixed plant storeys giving complete cover
Surface rendering Grass carpet (dense, fibrous roots)

Reinforce Reinforced earth Densely-rooting grasses, shrubs and trees
Soil nailing Most vegetation structures

Anchor Rock anchors, soil anchors Deeply-rooting trees (long, strong roots)

Support Retaining walls Large trees and large bamboo (deep, dense root systems)
Prop walls

Drain Masonry surface drains Downslope and diagonal vegetation lines
Gabion and French drains Angled fanciness

Civil Engineering
System
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- Bio Engineering System

Apart from the six main functions, there are three more
benefits of vegetation.
* Environmental improvement: a cover of vegetation

encourages other plants and animals to live on the
slope.

Limiting the lateral extent of instability: the rooting
system of trees can interrupt the shear plane and stop
it spreading further in the current phase of active

instability.

Plants provide useful products such as thatch, fruit,
and fuelwood.

M
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Interaction between vegetative and civil engineering
structures

The strength of a civil engineering structure varies at
different stages of its life. It has its maximum strength
as soon as it has been completed. The strength of veg-
etative structures will build up rapidly from no strength
during the first year and will reach full strength in about
four years for shrubs and in about six years for trees.
There is a great risk for all vegetative structures in the
first few years of planting. A combination of both ac-
counts for the decreasing strength of the civil engineer-
ing structure and the increasing strength of the plants:
by properly selecting the functions of the two struc-
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tures, the function of the engineering structure will be
handed over to the plants. This hand-over of function
from an engineering system to a vegetative system is
important in the design of bio-engineering works. This
application, starting with small-scale engineering struc-
tures and adding bio-engineering structures, has proven
to be suitable for landslide stabilisation. Therefore, bio-
engineering is most commonly used in combination
with civil structures. It does not replace any form of
civil engineering. The art of using vegetation in engi-
neering is to combine it carefully with civil works to
give the best results in terms of cost and effect. Figure 1
shows certain aspects of slope stability as they relate to
the use of bio-engineering in combination with other
engineering measures. This demonstrates how impor-
tant it is to assess the factor of safety (FoS) of any slope
before planning the measures to be used.

How is bio-engineering applied for landslide control?

Example of an ICIMOD programme activity related to
landslide control

ICIMOD gives high priority to problems of watershed
management and natural hazard mitigation. It has or-
ganized its first international workshop on watershed
management. Within the framework of natural hazard
mitigation, more specialised programme activities are
implemented under various divisions.

The present Mountain Risk Engineering Project is
focussing on integrated training on small-scale engineer-

ing and bio-engineering practices for junior technicians,
farmers ,and community leaders.

Yujiago bareland rehabilitation

The purpose of the work implemented at this location
was to reclaim the disposal talus of an old quarrying
site situated at the side of a still exploited quarry and to
create a sustainable example of land reclaim for this area.
The disposal material was too coarse (though bearing
some topsoil) to reclaim as farmland and the only pos-
sibility was to afforest the area. The measures consisted
of terracing the talus and planting pioneer trees. Terrac-
ing was completed using cordon construction since this
method fits well with the irregular terrain and is appro-
priate for soil and water conservation. Twelve 2-m wide
terraces were created. 150 Cryptomeria fortunel, a local
fast-growing coniferous with a relatively deep-rooting
system, were planted. This type of tree can also generate
income for farmers.

What are the main lessons learned?

Advantages of using bio-engineering

* Itreduces instability and erosion by the use of plants
alone or in most cases in combination with normal

engineering methods.

* Many different plants can be collected locally and
applied in different circumstances.

Stabilisation (

of embankments and slopes J

Rehabilitation
of slides

Drainage
of localised wet/seepage areas

Slope stability marginal
‘ FoS=1.0t01.15 t

Slope stable
FoS > 1.15

Slope unstable .

FoS < 1.0

J Stabilisation methods
Protection methods

{e.g. seeding)

(e.g., layerine combined
with protection methods)

Combined methods with VERHARE CHIR SR

=3 methods combined with
retaining structures

civil drainage measures

Figure 1: Slope Stability and Bio-engineering Techniques (Kuonen 1983)

84 Recent Concepts, Knowledge, Practices, and New Skills in Participatory Integrated Watershed Managem&




* Bio-engineering is cost effective and can be applied
without a high degree of technical knowledge.

* Bio-engineering improves habitats for greater
biodiversity and reduces siltation of streams.

* Implementation of bio-engineering uses local labour
and the production of by-products is of benefit to
the local community.

Disadvantages of using bio-engineering

* It takes time for the plants to reach maturity: in the
meantime they make no contribution to slope sta-
bility and only strengthen year by year.

* Small engineering structures in bio-engineering sys-
tems may not last as long as normal civil engineer-
ing structures.

* In order to keep the system performing its designed
engineering function, constant attention is required.
There is after-care (seeing that young plants become
established), protection of plants (against, for in-
stance. grazing and cutting), and maintenance
throughout the life of the system, as for physical
structures.

* It can only solve some problems of landslide
stabilisation.

Conclusions and recommendations

Bio-engineering is the use of live plants for engineering
purposes. Plants are usually used in combination with small-

scale engineering structures. Bio-engineering represents an
additional set of tools for the engineer, but does not nor-
mally replace the use of civil engineering structures.

Bio-technical slope stabilisation methods are cost effec-
tive and can be applied without a high degree of techni-
cal knowledge. They use mostly local materials, such as
plants, plant material, and rocks, that can be collected
at the site itself.

Bio-engineering methods are typically long-term meas-
ures. They need careful maintenance of all structures
for 3-5 years after execution of the work. Maintenance
consists of replacement work, repair, cutting back of
trees, etc.

The long-term success of bio-engineering is largely de-
pendent on the response of local village people both in
establishment and long-term maintenance.

Bio-engineering methods can be used and designed by
local rural engineers or foresters after receiving short
on-the-job training. Therefore, it is strongly recom-
mended that an on-the-job training component be in-
cluded in integrated watershed management projects.

People’s participation

Bio-engineering methods are normally long-term meas-
ures. They take at least two years to establish after com-
pletion of the work. This fact makes careful monitoring
and maintenance necessary. Monitoring starts during
the execution of work and consists of counting the
number of plants, amount of seeds, mulch, cuttings,
etc and the date of execution. Maintenance means tak-

Barbed Wire Fencing

Ineffective barbed wire fencing without
people’s participation

e

Social Fencing

Effective social fencing-stall feeding with
people’s participation

Modue 2; Appropriate Technologies and Practices in PIWSM
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ing care of all structures and plants for at least five years
after execution of the work. Maintenance consists of
replacement work, repair, cutting back of trees, cutting
of shrubs and grasses, watering, fencing, and running
the nursery.

Monitoring and maintenance should be part of every
bio-engineering project. They can be done by skilled
project labour and local people with a supervisor or the
bio-engineer in charge. The involvement of local peo-
ple is important in order to build up their expertise/
experience, since these people will have to continue
maintenance for several years after execution of the work.
For the active participation of local people in mainte-
nance, the following approaches may be used.

* Raise awareness among the local community con-
cerning the problem associated with monitoring and
maintenance of bio-engineeririg.

» Some kind of management committee or group may
be formed. These are normally associated with local
forest management and are invested with special
powers by the local forest or soil conservation de-
partment together with the project.

* Private planting (management) is the most direct and,
perhaps, the easiest way to maintain the bio-engi-
neering structures. The site is often close to farmers’

56 Recent Concepts, Knowledge, Practices, and New Skills in Participatory Integrated Watershed Managemé

houses which is convenient for both the farmer and
he project.

* An arrangement can be made with local people to
monitor and maintain bio-engineering sites. This is
often the most long-lasting situation, but it is also
the hardest to achieve.
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Mobuie 2.5
Biotechnology for Natural Resource Management (NRM)

N Jostee

Objectives

+ To discuss and understand the importance of vari-
ous biotechnologies in natural resource management

(NRM) and diffuse and propagate their adoption

+ To identify the most suitable biotechnologies that
can be introduced into NRM and to blend them
with indigenous technologies and knowledge to form
a complete chain of technologies to increase pro-
duction on a sustainable basis in an environment-
friendly manner

What is biotechnology?

The US National Science Foundation defines biotechnol-
ogy as ‘the controlled use of biological agents, such as mi-
cro-organisms or cellular components, for beneficial use’.

Why is biotechnology important in NRM ?

With growing concern over food security and sustain-
able agriculture, the use of eco-technologies for food
production has become imperative. The integrated in-
tensive farming system (IIFS) involves agricultural in-
tensification, diversification and value-addition meth-
odologies (The Hindu Survey of Indian Agriculture
1996). There are two major responsibilities that con-
front the scientific community in developing countries.
Firstly, to search for and develop new science and tech-

Table 1: Tested and Available Rural Biotechnologies

Apiculture

Aquaculture

Biocontrol

Bioenergy

Biofencing

Composting
€rmentation

MiCrOpropagation
ushroom cultivation

Sericulture
ermitechnology

nology that can be blended with the wisdom of indig-
enous people to form a complete chain of technologies
for rural people to raise their productivity. Secondly, to
diffuse and propagate scientific and technological knowl-
edge that fosters and encourages environmentally-
friendly entrepreneurship among rural people, particu-
larly the young. To be ecologically sustainable, such in-
tensification should be based on techniques that are
knowledge intensive rather than capital intensive and
that replace, to the extent possible, market-purchased
chemical inputs with farm-grown biological inputs
(Swaminathan 1994). Biotechnologies (Table 1) being
practised at farm level in many countries include
micropropagation, bio-fertilizer, integrated pest man-
agement and bio-control, vermiculture, bio-energy
(biogas), mushroom culture, aquaculture, etc.

In a particular ecosystem or bio-climatic zone, e.g,,
watershed, these technologies play an important role in
making the system sustainable. There is a realisation that
an integrated participatory approach is required for sus-
tainable management.

A brief description of some of the biotechnologies is
provided below.

Biofertilizer

These are natural fertilizers that are microbial inoculants
of bacteria, algae or fungi individually or in combina-

Honey bee
Fish, prawn

Biopesticides, IPM

Biogas

Agave, Vitex

Weed and biocomposting
Cheese, yogurt, alcoholic drinks
Tissue culture of plants
Agricus, Pleurotus

Silk production

Use of earthworms for compost
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tion that augment the availability of nutrients for plants.
Rhizobium is the best known example. It fixes atmos-
pheric nitrogen symbiotically with legumes. Other
biofertilizers are Azotobacter, Azospirillium, blue-green
algae and Azolla. Another good example is an actino-
mycetous bacteria, Frankia, which fixes atmospheric ni-
trogen in a symbiotic relationship with the roots of non-
leguminous plants, e.g., Alnus, Casurina, Myrica, etc.

Biocontrol

It is well established that chemical pesticides pose seri-
ous threats to the environment, cause imbalance in the

ecosystem, and are hazardous to humans. Biological con-
trol through the purposeful employment of natural en-
emies is a possible alternative. These agents are gener-
ally known as biopesticides. The term is used to include
plant extracts, nematodes, micro-organisms and viral
agents that are marketed as formulated products. In In-
dia, the M S Swaminathan Research Foundation is try-
ing to make this programme ecologically and economi-
cally viable at the rural level. They have focussed on the
mass culturing of Trichogramma sp (Figure 1), the mass
production of Helicoverpa NPV (nuclear polyhedrosis
virus) and Spodoptera NPV, and the production of plant
extracts. One of the bio-insecticides on which extensive

Trichogramma Species Insect Host Crop/Tree
Sugarcane borers
Tomato fruit borer
r T. Chilonis Cotton boil worms ] Sugarcane
(==
Maize stem borer
r T. exiguum Citrus leaf eating catepillar Cotton
L
: Tomato
‘ T achaeae Cotton spotted bollworm and pink
boll worm
Maize
Sugarcane top shoot borer
{ T. japonicum ' Citrus
Paddy stem borer
= Cotton boll worm Paddy
T. brasiliensis K
Tomato fruit borer
T. eldanae Sugarcane borers
T. embryoptiagum Codling moth 1—— Apple
—_

Figure 1: Trichogramma species used for biocontrol in India (Singh ef al. 1994)
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studies have been carried out is the bacterium, Bacillus
thuringiensis. This bacterium can be used against cater-
pillars. Shoot-borers in cardamom, ginger and turmeric
can be controlled by four sprayings of the commercial
preparation of B. thuringiensis. At present about 75,000t
of pesticides are used by the agricultural sector in India.
According to recent estimates, the neem (Adzadarichta
indica) and other plant products can replace 50 per cent
of this. As of now, 86,000t of neem oil are extracted
from 200,000t of neem seed kernels. Other plants of
importance are Lantana camara (lantana), Nicotiana
tabacum (tobacco), Chrysanthemum cinerarifolium (py-
rethrum), Ruta graveolens, Derris elliptica, Quassi amara
and Ryania speciosa. Of these, the preparations of the
last four plants have already been authorised for use in
organic farming for pest and disease control. Spices ,such
as Allium sativum (garlic), Piper nigrum (black pepper),
Curcuma longa (turmeric) and Brassica nigra (black
mustard), have also been reported to have insecticidal
properties.

Vermiculture

Vermiculture biotechnology harnesses earthworms as
versatile natural bioreactors. Earthworms can be used
for waste water treatment and solid-waste management,
known as vermicomposting. Earthworms help nature
in overall soil-building and plant-growth processes by
particle break down. It is desirable to have 0.2 to 1.0
million earthworms per hectare to maintain the fertility
of soil regularly supplied with organic matter. They are
also a rich source of a protein, vermitin, and hence are
being used in feed for poultry and pigs (The Hindu
Survey of Indian Agriculture 1996).

Bio-energy

The generation of biogas, which is a mixture of meth-
ane and carbon dioxide, by anaerobic fermentation has
long been recognised as an appropriate rural technol-
ogy. The relevance of biogas technology for the subcon-
tinent lies in the fact that it makes the best possible use
of cattle dung, producing a clean cooking fuel and a
valuable fertilizer. In Nepal 42,000 biogas plants are in
Operation; more than 60 per cent of these are located in
the Terai region. The most immediate need is to de-
velop cheaper designs of biogas plants and achieve bet-
ter efficiency under cold climatic conditions.

Mushroom culture

Mushroom cultivation is carried out indoors and hence
litdle Jand is required. [t also provides employment for
_borh educated and illiterate people. In many countries
It has been accepted by rural women as an additional

Module 2. Appropriate Technologies and Practices in PIWSM

source of income. Mushrooms can be grown on
substrates based on various agricultural wastes, which
in turn are recycled. They are a good source of vita-
mins, niacin, pantothenic acid, and biotin. These are
retained well during cooking, canning and dehydration.
The most important cultivated mushrooms are white
button mushrooms (Agaricus bisporus), paddy straw
mushrooms (Volvariella spp), oyster mushrooms
(Pleurotus spp) and shitake mushrooms (Lentinus edodes).
During 1995-96 China produced 2.64 million t of
mushrooms and India produced 30,000 .

Aquaculture

Aquaculture development is gathering momentum and
its credibility is growing steadily. No doubt, predicted
production of 20 to 25 million t by the turn of the
century will be an underestimate. In China, scientists
using biotechnology produced female carp all the prog-
eny of which are female. The sex gland of male carp
develops earlier than the female and results in smaller

fish.
Apiculture

Due to small land holdings and other inherent prob-
lems of mountain areas ,such as undulating physiogra-
phy, cold and harsh climatic conditions, and limited
sunlight, farming alone is not sufficient to make an ad-
equate living. Bee-keeping could be a suitable off-farm,
food and income-generating activity for small farmers.
Apiary products are honey, beeswax, pollen, royal jelly
and bee venom. Pollen, royal jelly, and bee venom are
used for medicinal purposes. So far, China is the only
country in the Hindu-Kush Himalayan region that has
developed a technology for the commercial production
of these bee products. Apiaries also enhance pollination
efficiency, improve the growth of plants and increase
seed output (Partap 1997).

Sericulture

Over 60 countries at present are engaged in sericulture.
World silk production in 1993 was over 100,000 t. The
demand for raw silk has increased significantly recently
but the present production is much lower than the re-
quirement. Moreover, the area under mulberry has not
increased.

Livestock production

Improvements in the efficiency of reproduction in farm
livestock, using techniques such as super-ovulation,
embryo transfer and cloning are already having an im-
pact on the livestock breeding industry. Daily growth
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hormone administration to young stock has been shown
to increase daily live-weight gain and feed conversion
in cattle, sheep and pigs; with pigs, and most probably
with ruminants, the increased daily gain is associated
with a higher content of protein at the expense of fat.

Micropropagation

Why is micropropagation important in the context of
PTWM? Micropropagation represents optimum effi-
ciency in terms of vegetative plant propagation and al-
lows a large number of propagates to be produced in a

relatively short period of time under controlled condi-
tions, throughout the year, in a relatively small space.
The basic tissue culture process is provided in Figures 2
and 3. Micropropagation has the following advantages.

*  When classical methods of 77 vive vegetative propa-
gation prove inadequate, iz vitro cloning is an im-
portant tool in speeding up propagation.

* Adult plant material that often cannot be cloned in
vivo can sometimes be rejuvenated 7z vitro and then
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Figure 2: Sequence of shoot tip micropropagation
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Figure 3: Principal methods of micropropagation

subsequently cloned. It has special significance in
forestry sector.

*  Growth of in vitro propagated plants is often stronger
than in those cloned in vivo. This is mainly due to
rejuvenation and/or the fact that they are disease free.

*  When the existing methods of cloning are too slow
or too complicated to be profitable, iz virro cloning
can be applied to produce large number of plants
more quickly and at a competitive price.

* By in vitro cloning, expensive methods such as graft-
ing or budding on a rootstock can be rendered ob-
solete.

* In vitro cloning enables the uncovering of chimeras,
and the isolation and cloning of spontaneous or in-
duced mutants. Mutation induction and regenera-
tion of adventitious buds 77 vitro makes it possible
to obtain solid mutants.

In contrast to in vive propagation, in vitro cloning
of herbaceous plants can be continued all year round
and so become independent of the seasons.

In vitro cloning enables the production of disease-

free plants and thereby facilitates phytosanitory trans-
port from country to country.

Module 2. Appropriate Technologies and Practices in PIWSM

* In forestry, quality seed production and availability
is difficult. Proven elite plants can be cloned to es-

tablish orchards for high-quality seeds.
Different phases in micropropagation

Phase 0: This covers correct pretreatment of the start-
ing material, e.g., keeping the plant in a disease-free state,
etc.

Phase 1: This deals with sterile isolation of a meristem,
shoot tip, explant, etc. It is important to accomplish
non-contaminated growth and development.

Phase 2: The primary goal in this phase is to achieve
propagation without loosing the genetic stability.

Phase 3: This involves the preparation of the shoots and
plants obtained in phase 2 for transfer into soil. It in-
volves shoot elongation. Subsequent root formation
must be induced, either iz vitro or later in vivo.

Phase 4: This covers the transfer from test tube to soil
and the establishment of plantlets (hardening).

The process of acclimatisation or hardening is the most
critical phase of plant tissue culture. The process of hard-
ening is usually done in greenhouse and hardening tun-
nels.
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What are some of the useful indigenous/traditional
biotechnologies in the Himalayas?

Status of biotechnology in Nepal

Biotechnologies are an integral part of local culture, art
and ethnicity. They exist as cottage industries or at the
family level. It is interesting to note that they are being
conserved predominantly by women. They mclude the
following.

* Fermentation and distillation of characteristic alco-
holic drinks from rye (40do), rice or brown sugar
(sakhar) by using indigenous yeast. The yeast-mak-
ing process is still a closely guarded secret.

* Fermentation of vegetables—gundruk—from leaves
of mustard plant, radish or cauliflower; sink: from
radish cut into pieces; and sinamani from the whole
radish withour leaves.

* Browning of rice into hakuwa (black rice) by indig-
enous techniques of fermentation.

* Pickling of fruits by fermentation.

* Production of jute from the bark of the hemp
through the process of biological decortication.

* Preparation of yogurt and hard cheese (churpi).

* Plant materials such as timur (Xanthoxylum indicum)
powder and bojo (Acorus calamus)| titepati (Artemesia
vulgaris) are commonly used as insect repellents in
grain storage in the hills.

What are the new successful biotechnologies in Asia?

Among the new biotechnologies, tissue culture and re-
lated techniques have done quite well during the past
few years. Tissue culture is now being carried out at
government, non-governmental and private laborato-
ries in many countries. The main products (crops) from
different climatic zones include the following.

* Fruit—banana, strawberry, shoot-tip grafted sweet
orangc

* Cash crops—ginger, cardamom, sugar-cane
*  Vegetables—potato
* Flowers—orchids (Cymbidium, Dendrobium,

Paphiopedilum, etc.), carnation, chrysanthemum, Af-
rican violet, etc.
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o Trees— Ficus spp, bamboo, Artocarpus lakoocha,
Eucalyptus spp.

Potato is an important crop from the mountains. The
Potato Development Division at the Nepal Agricultural
Research Council (NARC) is involved in the detection
and identification of potato viruses. Viruses are elimi-
nated by thermotherapy and meristem culture. This
laboratory successfully produces and distributes virus-
tested, disease-free mini-tuber prebasic seeds of Kufri
Jyoti, Sarkari Seto, Desire, Kufri Sinduri and Achirana
Inta to government farms and seed growers across the
country.

Many laboratories are working on the rapid multi-
plication protocol of medicinal and non-timber for-
est product plants (orchids, plants for medicinal and
aromatic essential oils). There are certain important
fodder trees that have low seed viability (1 to 3 days)
and therefore show poor natural regeneration. Ex-
amples are Artocarpus lakoocha, Litsea monopetala, etc.
These plants can be mass-produced by clonal multi-
plication. Production of artificial seeds using somatic
embryos could be another alternative. Important
plants, such as papaya, Choerospondias axillaris (lapsi)
and poplar, are strictly dioecious. Male and female
plants produced through tissue culture may help in es-
tablishing plantations of such species.

In many countries of South and South East Asia, vari-
ous tissue-cultured products are already available. In-
digenous technologies and locally available substitutes
have brought down prices for the farmers.

* Anther-culture-derived varieties of rice and wheat
(Varieties thus generated and field-tested have shown
multiple superior traits such as dwarfing, greater
spikes and more grains, resistance to disease and early

maturity. The yields are also higher).

* Increase in the cover of plants used for biopesticides

|

* Application of mycorrhiza at the rooting stage of
micropropagated shoots

rm m nserva .Ol’l Or future use
¢ Germplasm co tion for fut

Which are the priority areas for biotechnology development
in future?

The following are suggested as priority areas for bio-
technology. If the technologies are promising, they may
be commercialised by non-government or private ot
ganizations.



Status of Biotechnology Practices in the Asian Region

Country Biotechnology in practice
China o Field demonstration of biofertilizer resulting in 5-30 % yield increase (Da Xing county)

e Series of anther-culture varieties of rice and wheat have been bred and released, showing multiple
superior traits. A high-yielding rice variety, H91-1371, has been released through anther culture
(Institute of Crop Breeding and Cultivation, Beijing).

e Banana plantlets have been produced through tissue culture and planted in many areas.

e Extension and demonstration of four fine varieties of grain Amaranthus for food and feed.

o Use of Beauveria bassiana to protect insect damage in peanur fields

e More than 180,000 accessions of crop resources have been collected and stored in the National Gene
Bank. Research into the characteristics of these germplasm resources is being carried out.

¢ Aquaculture country-wide (in collaboration with the Institute of Hydrobiology, Academia Sinica).

India * Micropropagation of Calligonum polygonoides, Commiphora wigghtii and Chlorophytum for semi-arid
sites — tissue-cultured tea and bamboo for mountain areas

o Application of mycorrhiza, rhizobia and other biofertilizers

® Rural biotechnologies have been surveyed for fibre extraction from Crotolaria juncea and preparation
of local drinks using jaggery, rice and barley

o A nursery for Bulgarian roses has been established and saffron is being evaluated along with new fruit
trees and vegetables to improve the economy

¢ [PM demonstrations in rice crops at coastal sites. Trichogramma and Chrysoperla for cotton. Tobacco
and maize have also been used for cotton IPM

e On-farm conservation of biodiversity, including microbial biodiversity, has been initiated in Tamil
Nadu

Nepal e Tissue-culture protocols for more than 60 plants are available. In the 7erai region more than 25,000
banana plants are being cultivated. This year the number is expected to reach 50,000 (Nepal Biotech
Nursery, Himalayan Floratech, Microplant—all private organizations). Floriculture-related tissue-
cultured plants (orchids, carnation, chrysanthemum, African violet, etc) will be marketed soon.

o Site-survey activities have been initiated in association with FARM. Training of farmers’ groups and
workers is being done on-farm.

o Mushroom production at rural level and training of women (National Agricultural Research
Council)

o Biofertilizer application trials on demonstration sites (National Agricultural Research Council)

Philippines e Establishment of biotechnology village at the FARM site in Infanta Quezon.

o The main technologies practised are biological nitrogen fixation, hybrid plant varieties,
micropropagation by tissue culture, biopesticides, monoclonal antibodies for disease detection,
aquaculrure, etc.

Vietnam ¢ In Chieng Dong - to improve household incomes, coffee and silk work programmes have been
strengthened.

e 100 ha of orchards of mango, citrus, orange, banana, etc have been planted.

e A rarger has been set to double the head of cattle by the year 2000 to increase meat production.

Thailand s Bioferrilizer application
o  Successful export-oriented micropropagation-based floriculture indusery
e Aquaculture for fish and prawns
[Source: Asian Biotechnology and Biodiversity Newsletter 1995-96.

lected for tolerance/resistance to disease, unfavour-
able soil and environmental conditions, etc.

Research and application of biotechnological tools
for producing high-quality, genetically superior
planting materials for biomass production, especially
for wastelands. * Identification of medicinal plants with a proven

record, e.g., Taxus, and study of active chemical com-

COnservation Of elite erm lasm throu h IOW tem-
g g
Peratures or cryopreservauon.

Studies of polymorphism and molecular mapping
of endangered and commercial crops.

S ] ]
election of naturally occurring mutants among so-
Matic cells—somaclonal variants. Mutants can be se-
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pounds, germplasm conservation, micropropagation
and biotransformation.

Development, validation and scaling up of
protocols for plant regeneration through plant tis-
sue culture for economically important plants. A
complete technology package to be handed over to
the end users.
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* Biotechnology programmes that benefit a target
population by employment generation, upgrading
of skills and improving standards of living.

* Biotechnology-based activities that involve women
sclentists and benefit women.

e Human resource development programmes that
cover inaccessible and remote regions, facilitating
training at all levels.

What are the limitations for implementing biotechnology
programmes?

There are no guiding policies for setting priorities for
biotechnology research that responds to national needs.
Decision-makers should create a policy environment that
allows biotechnology to thrive in national R & D insti-
tutions and in commercial and industrial sectors.

* There is no effective policy and legislation to pro-
tect Nepal’s right to its genetic resources and to en-
sure any flow of benefits to the Nepalese people.

* There is no biotechnology department as such.
gy dep

* Research institutions are not technically equipped.

* Lack of understanding and no inclusion of Intellec-
tual Property Rights (IPR), Farmers' Rights (FR) and
Breeders’ Rights (BR) in rules and regulations (law).

Constraints in general

*  Without the incentive of a strong market, potential
private firms are unwilling to take the risk of pro-
duction and marketing.

¢ Certain biotechnologies are expensive for farmers;
research and financial mechanisms are yet to be
worked out.

Can biotechnology be useful to all sections of society in
the village (biovillage)? How?

The development of biotechnology should proceed with
caution and critical thinking to ensure that results are
responsive to end users, generate income, are ecologi-
cally sound and benefit society. A particular biotech-
nology in isolation is unlikely to change the situation.
We need to use various technologies in an integrated:
fashion involving various sections of society. To propel
all these efforts in the right direction political will and
the support of financial institutions are necessary.

The basic paradigm of the biotechnology biovillage

should include consideration of the following.

* Ecological sustainability
* Participatory research and development
* Economic efficiency with equity

Biovillage

Feasibility Study

L

Participatory Group
Approach

e

Interventions

General Services Technology

Technology Packages

Off-farm Res. Econ & Fin. Res

On-farm Res. Village Inst. Dev

Biovillage Consortium

Methodical Approach for Biovillage Projects (Hossain 1994)

Biovillage Research Project
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* Employment and income generation for men and
women
* Attraction and retention of educated youth in the

village

A baseline survey (eco/agro/socioeconomic) through
participatory research will have to be undertaken for
qualitative and quantitative understanding of the re-
source base (physical, narural and human) and the cur-
rent status of use, agroecology of farming systems, and
an in-depth understanding of the constraints to sus-
tained productivity of possible interventions. Some
possible technological and institutional interventions are
given in the following passages.

For assetless farmers

Value-adding activities utilising biomass available within
the village (raising plant nursery, compost making, process-
ing fruits and vegetables, feed preparation for poultry and
livestock, mushroom production, micropropagation, re-
pair workshop for agricultural machinery, etc), and devel-

opment of common property resources including utilisa-
tion of wastelands, roadsides, embankments, derellct tanks
and ponds, as may be available.

For marginal and sma[[farmers

Labour-intensive production activities such as dairying
and poultry raising, vegetable growing, flower produc-
tion, hybrid seed production, integrated resource man-
agement systems (including waste recycling), value-
added agricultural products, etc.

For medium- and large-scale farmers

Technological inventions including those that would
save off-farm inputs. These may include the use of
biofertilizers, biopesticides, integrated pest management
systems, and inter-, multiple-, and relay cropping sys-
tems, etc.

A case study of the successful incorporation of biotech-
nology in a watershed is presented in Box 1.

and 38 % trees).

Activities undertaken
1. ldentification and survey assessment
2. Introduction of useful species

varieties into traditional stock produced a surplus.

introduced.

conditions and susceptibility to erosion.

e B

Introduction of biofertilizers: Azotobacter, Azospirillum.

Box 1
Successful case study of Haigad Watershed, Almora, India

The watershed is comprised of seven villages (1180 m to 2338 m). The total population is 1,553 with an annual growth rate of six per
cent. The average family size is six persons. Twenty-nine species of medicinal plants grow in the watershed (45 % herb, 17 % shrub

a. Vegetables and fruits: use of high-yielding varieties for own consumption and income generation. Introduction of these
b. Bulgarian rose: for oil production, market price US$ 4000/kilo. Other products are rose water and gulkand. 3,500 plants

c. Large cardamom: 1,975 plants distributed for plantation along with Alnus nepalensis, Bauhinia variegata and Crotolaria sp fo
provide shade, enrich soil fertility by fixing nitrogen and adding leaf litter, and as a source of fodder, fuel and timber.

3. Silvipastoral system using fodder/fuel trees: fodder and fuel trees were planted keeping in mind the hilly terrain, geological

a. Clonally raised and micropropagated plants of D. hamiltonii and D. strictus were introduced along the stream banks.

b. A perennial grass, Thysanolaena maxima (broom grass) was introduced along field bunds and irrigation channels. Itis a
good source of fodder, useful as a soil binder and the dried inflorescence can be made into brooms.

C. Napier grass introduction for fodder and soil conservation.

d. High-value fodder plants, Grewia oppositifolia, B. variegata and Morus alba, were planted.

e. Seeds of red clover, rye grass, lucern for cultivation along field bunds

4, Multipurpose tree plantations: source for wood, fuel, fodder, fibre, medicine and other products of local importance, e.g.,
Sapindus mukorossi (soap nut) Ougeinia oojeniensis for fuel, making utensils and fodder, Diploknema butyracea (Indian
butter tree), etc. The butter tree provides good quality oil and is also used for the treatment of headache and arthritis.
Biofencing: Agave can grow on dry soils and the leaves yield fibre. Decorticated refuse is used for making paper boards.
Plantation: Crotolaria, Alnus and Bauhinia sp were planted on degraded slopes for site improvement.

Bio- and weed composting: a supplement to traditional manure and vermicomposting.

o

Modue 2: Appropriate Technologies and Practices in PIWSM
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MobuLE 2.6
Integrated Plant Nutrient Management (IPNM) and Biofertilizers for Watershed Management

S. L Maskey and S. P Fandgy

Objectives

* To understand the concept, importance and utility
of IPNM and biofertilizers in watershed manage-
ment (WM)

* To identify components of IPNM and indigenous
knowledge

* To understand the constraints and opportunities and
the action needed for IPNM development in the
context of WM in Asia

Why are IPNM and biofertilizers important in the Asian
context?

IPNM and biofertilizers are important because of the
following problem:s.

* Nutrient mining

*  Unbalanced use of fertilizers

* Depletion of natural resources

*  Soil erosion/nutrient loss

* Decrease in use of organic manure

The most crucial issues facing Asian countries today
with regard to raising agricultural productivity by in-
creasing plant nutrients through the use of fertilizers
are

fectilizer use cannot be increased much more because
high prices and unavailability make it inaccessible
to many farmers; and

the natural resource base traditionally used for or-
ganic manure production has been degraded, and
this degradation process cannot be reduced without
raising and sustaining yield levels.

However, the demand for plant nutrients continues to

Increase due to intensification of cropping systems and
cultivation of high-yielding varieties. This further ac-
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celerates nutrient mining in the soil leading to deficien-
cles.

Massive soil erosion is a major factor causing loss of soil
fertility and plant nutrients. This problem is more acute
in hill and mountain regions. Soil loss depends on land
use, cropping pattern, terrace type, soil type and rain-
fall intensity. Results from various studies (ODA-NARC
1995; Carver and Nakarmi 1995; Maskey and Joshy
1991) show that soil erosion has caused the loss of top-
soil ranging from 0.1 t/ha/yr to 87 t/halyr. As topsoil
erodes, associated organic matter and plant nutrients
are also lost.

An analysis of this situation reveals that it will be a great
mistake to consider the sustainability of soil fertility and
agricultural productivity with the use of fertilizers or
organic manures alone without understanding the inte-
gration of all other related biophysical and socioeco-
nomic factors.

What is the basic concept of IPNM and how is- it defined?

The use of mineral fertilizers is an efficient way of in-
creasing crop production. However, their rising cost,
unavailability and improper use mean that it is not
advisable for farmers to depend only on them alone.
Hence a combination of mineral fertilizers with locally
available organic and biological sources of plant nutri-
ents is recommended. Such combined application of
organic materials benefits the soil by supplying nutri-
ents, improving physical and biological properties, and
increasing nutrient and water-retention capacities.

As defined by FAO (1995) the basic concept of inte-
grated plant nutrition management (IPNM) is the main-
tenance or adjustment of soil fertility and of plant nu-
trient supply to an optimum level for sustaining the
desired crop productivity through the optimisation of
the benefits from all possible sources of plant nutrients
in an integrated manner. In other words it is an appro-
priate combination of mineral fertilizers, organic ma-
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nures, biofertilizers, crop residues, etc, with proper crop
rotation, soil conservation and agronomic practices —
including water management.

The overall purpose of IPNM, therefore, is to supply
and manage the required plant nutrients from different
sources on a sustainable basis. In principle, it should
embrace a total management plan based on balance
sheets within a watershed. Use of fertilizers, manures,
biofertilizers, crop residues, legumes, and losses such as
leaching, gaseous losses of ammonia, erosional losses,
crop removal, etc must be considered. Thus IPNM
should focus on the farming system as a whole. We can
also say that it is a balance between organic and inor-
ganic fertilizers, traditional and modern technologies,
and agriculture and the environment.

What is the importance of IPNM in PIWM and what are the
components of IPNM?

The cropping pattern and intensity of land use in a
watershed have many on-site and off-site implications
for the farmer as well as the community. Farming is usu-
ally the most prevalent land use in a watershed followed
by forest, rangelands and others. The products from
these different land uses are interrelated as the farmer
has to manage food, fuel and manure from these sys-
tems.

Within a watershed, farmers follow various farming/
cropping systems. Each cropping pattern differs in its
nutrient requirements within specific biophysical and
socioeconomic conditions. The nutrient balance for a
particular cropping pattern in a particular watershed
may vary depending on farmers’ soil and water man-
agement interventions and the natural resources’ base.
Plant nutrients are the basis for maintaining the
biodiversity as well as bio-intensity which in turn helps
to protect the landscape and conserve natural resources.
Supply of required plant nutrients from a single source
is impossible in the long run; an integrated nutrient
management approach, therefore, plays an important
role in watershed management.

Component of Integrated Nutrient Management
Biofertilizers

Biological nitrogen fixation occurs through the medium
of bacteria which convert nitrogen from the air freely
or in symbiosis with leguminous crops, shrubs or trees
or with Azolla in wetland conditions. Potential micro-
bial fertilizers are as follow.

Azotobacter: Recommended for cereal crops in the
higher hills in association with organic manures. Yield
increases of 3-29 per cent are expected. It is not useful
in combination with mineral fertilizers.

Rhbizobium: Recommended for pasture and grain leg-
umes. A number of effective strains are identified and
distributed. Yield increases of 10-70 per cent are expected
in legumes. It can have significant residual soil fertility
effects on succeeding crops. It is estimated that with leg-
umes—soybean, chickpea, lentil— it derives 50-100 per
cent of its requirements from the atmosphere. Division
of Soil Sciences, NARC, Nepal distributes about 10,000
packets (200 gm each) of Rhizobium inoculant annually.

In India, goverment institutions, universities and pri-
vate enterprises are involved in the development of bac-
terial and algal biofertilizers. Efficient nitrogen-fixing
strains have been developed. At present about 800 t of
rhizobial biofertilizers are produced and distributed. In
addition, 15 million ha of rice-land are inoculated with
blue-green algae. However, these efforts are still under
research and at the pilot-plant stage (Biswas 1994). In
the Philippines, microbial biofertilizers are marketed
under the name of Bio N (Azotobacter, Azospirillum)
and Nicrogplus (Rbizobium).

Mycorrhiza: In Nepal, work on mycorrhizal inoculants
is still at the research stage. However mycorrhizal prod-
ucts are commercialised in India, the Philippines and
Thailand. Mycorrhizal cultures are used in cereal and
vegetable crops. Mycorrhizae are associations between
soil fungi and plant roots. Approximately 126 genera of
mycorrhizal fungi have been isolated. The most impor-
tant species are Glomus, Gigaspora and Acaulospora.

Organic manures: A package on better methods of farm-
yard manure (FYM) compost preparation, storage and
application is available. Also, technology for rapid
composting (20-30 days) through the use of fungi (77:-
choderma) is available. There is ample information on
the synergistic effect of combined use of organic ma-
nures, fertilizers, and green manuring and fertilizers on
various crops. Responses to 5 t/ha poultry manure, 20
t/ha FYM/compost and 100:40:30 kg/ha NPK ferti-
lizer were found comparable. Improvement in quality
of compost using various micro-organisms is worth ex-
ploring.

Legumes in rotation: Incorporation of legumes into the
cropping system is beneficial. It is reported that leg-
umes, at about a yield level of 1 t/ha, can provide a
residual 20-40 kg N/ha to succeeding crops depending

on the quantity of biomass returned to the soil:
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Intercropping of maize with legumes is common prac-
tice in the hills of Nepal. However, the introduction of
high-yielding varieties of maize and the use of chemical
fertilizers mean that intercropping of legumes with maize
is decreasing. In some districts, legumes are relayed with
maize and, in western Nepal, relaying of lentils with
rice is common.

Green manures: 30-60 kg N/ha can be supplemented
through green manuring with Sesbania canabina in rice
crops. Several plants have been identified as potential
green manures. Azolla, a water fern, can be used where
water management is good.

Inorganic fertilizers: Ample information has been gen-
erated in fertilizer use and crop responses. Increased fer-
tilizer efficiency through integration with organic sources,
balanced use, better methods of application and soil
amendments should be given priority. Fertilizer recom-
mendations for the major crops of Nepal on the basis of
crop responses and soil analysis are given in Table 1.

Indigenous knowledge in INM

Farmers in Asia follow a number indigenous integrated
plant nutrient practices for reducing soil erosion and
maintaining soil fertility. Some of them are listed as in
the following passage.

For soll fertility maintenance

* FYM/compost application

*  Green manuring

* Terracing and slicing of terrace risers

* Flood water diversion to rice fields

* Inclusion of legumes in the cropping systems
¢ Slash and burn in shifting cultivation

For reducing soil erosion

* Terracing

* Retaining wall

* Intercropping

* Growing fodder tree on terrace riser
* Zero tillage soil management

* Intercultural operation

* Maintaining grass fields

Most farmers now use mineral fertilizers since traditional
practices alone do not increase crop yields to meet their
expectations.

What are the main constraints and opportunities in the
application of INM?

The following are the main constraints (Pandey, 1995)
limiting the implementation of IPNM at farm level.

* Already depleted natural resource base due to defor-
estation.

* Lack of institutions to regulate the production, sup-
ply and distribution of IPNS inputs.

* Lack of well-defined policies and plans of action.

* Lack of appropriate extension methods.

* Lack of adequate research information.

* Laborious and time-comsuming technology.

* Lack of appropriate and well-defined land-use policy.

* Increased compulsion to burn dung for household
fuel purposes.

These constraints can be changed by making use of the
following opportunities.

* Improvement of composting technology
*  Utilisation of farmers’ indigenous knowledge

Table 1: Fertilizer Recommendations for the Major Crops of Nepal .

Crop variety Optimum dose (kg/ha) Expected yield (kg/ha)
N P K'O :

Rice
- Improved 100 30 30 3,811
- Local 40 20 30 2,541
Wheat
- Improved 100 40 30 3,287
Maize
- Improved 120 50 40 3,359
Barley
- Improved 60 30 30 2,479
Sugarcane
- Improved 120 60 60 65,300
Jute

| - Improved 60 30 40 32

Module 2 Appropriate Technologies and Practices in PIWSM
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* Promotion of high-value crops

* Promotion of agroforestry (fodder tree crops) and
methane gas plants

* Promotion of soil and water conservation practices
in agricultural lands

Conclusions and recommendations

It is recommended that future soil fertility improvement
programmes should be oriented to IPNM with the fol-
lowing initiatives and approaches.

* Building on indigenous knowledge and skills
* Increasing farm incomes
* Reducing soil erosion

* Supporting biomass regeneration and livestock de-
velopment

* Incorporating legumes into the farming system

* Increasing water availability

* Optimising external inputs such as fertilizers
* Improving compost quality

* Exploring and promoting production of organic fer-
tilizers on a commercial scale

* Increasing nutrient-use efficiency

* Maintaining/enhancing agricultural productivity as
well as environmental stability

~» Agro-ecological zone model sites should be estab-
lished for farmers’ participatory innovations, verifi-
cations, training and demonstration of integrated soil
fertility and plant nutrition management practices.

* IPNM trials/demonstrations should be designed to
assess the plant nutrition balance sheet of dominant
farming systems.

* Farmers should be motivated and organized to pro-
mote biomass-centred, local-resource-based and re-
generative soil fertility management practices in com-
bination with mineral fertilizers.
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Mobute 2.7
Water Harvesting

S A Sial

Objectives
* To highlight the role of water harvesting in PIWM.

* To elaborate how water harvesting can help in

PIWM.

What is water harvesting? How can a catchment be made
more impervious to runoff?

A water harvesting system may be defined as the use of
artificial methods to collect and store precipitation un-
til it can be used beneficially. The catchment is made
more impervious to runoff than it is in its natural state,
and a storage facility is constructed unless the harvested
water is to be used immediately.

A catchment can be made more impervious using the
following methods.

* Land surface alteration: clearing and smoothing,
shaping, compaction.

* Chemical treatment: silicones and sodium salts.

* Soil cementation treatment: mixing of asphalt, ce-
ment, resins and polymers with soil.

* Ground cover modification:-butyl-, plastic- and as-
phalt-exposed membranes, gravel-covered plastic
sheeting, reinforced cement-mortar-coated plastics,
sheet metal, concrete, reinforced asphalt and asphalt

planking (Harwood 1975).

Socioeconomic and ethnic aspects of water harvesting
Systems

In addition to biophysical considerations, socioeco-
nomic and ethnic aspects are of great importance in the
context of sustainability of water harvesting systems. The
site for construction of a water harvesting system should
be surveyed for social aspects which include availability

Module 2. Appropriate Technologies and Practices in PIWSM

of construction labour at an appropriate time of the
year; availability of local skills needed for construction,
operatioh and maintenance; social acceptability of the
project and people’s participation. Considerable thought
should be given to modifying existing techniques wher-
ever possible rather than trying to introduce altogether
new ones, and care should be taken to make the system
compatible with existing social patterns.

What are the main water harvesting practices and skills?

* [n situ water harvesting

* Catchment-based water harvesting systems

*  Dugout ponds

* Tanka (covered underground tank generally con-
structed for storage of runoff)

*  Nadi (small excavated or embanked village ponds)

*  Khadin (system of growing crops on harvested and
stored water by constructing earthen bunds across
the slopes of farms in valley bottoms)

* Check dam and percolation tank

*  Abar and bhundi (similar to khadin)

* Rooftop water harvesting or rainwater cistern sys-
tem

* Fogand ground cloud collection

Main lessons emphasising trends and approaches

Community participation, institutionalisation and policy
issues

The delivery of programmes of watershed management
with or without water harvesting is replete with diffi-
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culties. World-wide, many projects fail primarily due
to a lack of people’s participation. The consequence is
wastage of public funds invested in structures that fail
and have to be reconstructed. Unless beneficiaries are
committed to operating and maintaining water harvest-
ing programmes by investing their energy and money,
soil and water conservation projects cannot perform
sustainably.

How to achieve people’s participation in water harvesting?

* High priority should be placed on first implement-
ing programmes that generate quick and visible re-
turns such as water harvesting ponds, irrigation sys-
tems, income-producing cropping systems, and in-
come generation from common property resources
by diversifying into industrial grasses, fuelwood, tim-
ber, etc.

* Subsidies and incentives to the community for lo-
cally unavailable materials

* Empbhasis to be given to the development of capa-
bilities of local farmers

* Training to develop awareness of problems and
knowledge and skills of local users

* Regular and frequent visits of experts to observe and
discuss community organization and visits of field-
based staff to farmers’ houses are essential.

¢ Resolution of social conflicts (Samra et al. 1996).
What are the important policy issues in water harvesting?

Policy issues should be considered by government (cen-
tral and local) and sectoral departments, farmers and
users of the land. Technology demands joint and simul-
taneous management of arable and non-arable land,
whereas laws such as the Forest Act have not incorpo-
rated this concept.

Normally soil and water conservation programmes go
beyond the boundaries of individual farms and require
the investment of funds with or without immediate re-
turns, the maintenance of structures, and the sharing of
long-term benefits. Therefore, strong legislative support
for the success of such programmes is also needed (Samra

et al. 1996).
Rainwater harvesting should be integrated into the pro-

grammes of agencies involved with water resources,
agriculture, forestry/soil conservation, housing and set-
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tlement improvement, and road conservation wher-
ever feasible. Research and pilot scudies should be con-
ducted to arrive at technologies for rainwater conser-
vation that are appropriate for the location. Technolo-
gies should be disseminated and implemented through
community participation and the mobilisation of rel-
evant NGOs and INGOs (Dhungel and Bhattarai
1997).

What are the major constraints and opportunities in water
harvesting?

The cost, particularly the initial investment, as well as
the skills required are limitations for undertaking water
harvesting projects. However it can mean the difference
between life and death in some places, making economic
aspects of minor importance.

Water harvesting will never be used in some areas be-
cause other water sources are more economical, or be-
cause annual precipitation is very low. Since water har-
vesting depends on natural rainfall, it is no more reli-
able than the weather. Without adequate storage facili-
ties the system will fail in drought years. In locations
with an average annual rainfall of less than 50-80 mm,
water harvesting will probably never be economically
feasible. Lack of rainfall data, especially intensity and
variation information, in many areas makes it difficult
to design a water harvesting system. Annual precipita-
tion in excess of 280 mm is generally required to assure
successful vegetation management. Potential for increas-
ing runoff yield increases as annual precipitation in-
creases (Dawud 1975). Less than 30 per cent of the run-
off may be collected in dugouts to avoid hydrological
imbalances (Sardar Riaz n.d.).

Benefits that may accrue from water harvesting systems
* Protection to eroding uplands

* Protection to downstream fertile lands from silt flow,
floods and sand casting

* Land development in the command area of struc-
ture

* Flood moderation and drought alleviation
e Irrigation in winter and summer seasons
* Improved cropping pattern and increased production

* Increased biomass production from degraded of
waste common lands

Recent Concepts, Knowledge, Practices, and New Skills in Participatory Integrated Watershed Management




* Improved environment
* Generation of casual and regular employment
Advantages/ disadvantages

Surprisingly, the livestock or wildlife carrying capacicy
of many arid rangelands is limited more by water than
by field limitations. Improvement and proper manage-
ment of drinking water supplies increase the value of
grazing lands and allow available feed to be better uti-
lised (Martin and Ward 1970). Conventional methods
of providing additional water to many arid areas, such
as importation, require large amounts of energy. Water
harvesting for both drinking water and crop produc-
tion, however, requires only minimal energy inputs, most
of which are associated with material production and
construction (Morn and Mattock 1975). Overharvesting
could result in destruction of water canals and other
water bodies due to reduced surface water runoff.

Future directions
Research

A survey of natural watershed/catchment areas should
be made in high, medium and low rainfall areas.

Pilot projects may be developed in watershed areas for
developing and demonstrating rainwater harvesting
techniques and soil moisture conservation practices that
can serve as models for farmers from similar areas.

The feasibility of decreasing infiltration rates and in-
creasing runoff on catchment slopes for greater water
yields with less erosion can be studied by removal of
vegetation cover, compaction, use of sealants or water
repellent materials on the runoff area.

Research on selection of crops, cropping patterns, and
production technology for runoff agriculture under vari-
ous farming systems may be developed (Sardar Riaz, n.d.).

Integrated location-specific packages for rainwater har-
vesting should be developed to provide water for do-
mestic livestock or agricultural purposes.

Site-specific hydraulic and structural configurations
need to be evolved and standardised for different water
harvesting structures.

MOnitoring and data collection for creating a database,

self evaluation of the system, improving design indices
and assessing watershed responses.

Module 2. Appropriate Technologies and Practices in PIWSM

Training

Technical assistance for designing shapes and types of
catchments and suitable catchments for cultivated area
ratios to allow maximum runoff on the catchment slopes
and harvesting in the lower reaches for sustained crop
production should be given.

Farmers, especially in medium and low rainfall areas,
should be advised about in situ water harvesting tech-
niques based on the principle of maximising infiltra-
tion rates and minimising runoff.

As the supply of water for household use is traditionally
the responsibility of women, they should be trained in
rainwater collection from rooftops/treated catchments
and storage in tanks.

Training of technical manpower from government and
non-governmental organizations engaged in such pro-
grammes is necessary to ensure proper implementation.

Policy

National and local water harvesting programmes should
be formed to identify the resource base, components of
work, selection and development of research cum dem-
onstration sites. These sites should be used for obrain-
ing necessary data and training of technicians, govern-
ment officials and farmers in the programme.

As a matter of policy, small and micro water harvesting
structures should form an essential component of water
resource planning, development and management at the
national/regional levels. Accordingly, resources and pri-
orities should be allocated for water harvesting struc-
tures in watershed management plans.

Capacity building

New approaches and priorities should be geared towards
integration of traditional knowledge, meeting local
needs, and building capacities/capabilities at all levels.
A community organizes itself to perform a particular
task if the group as a whole stands to benefit from the
intervention (Prema Gera 1993).

Conclusions and recommendations

Project sustainability can be ensured through estab-
lishing an appropriate environment and strengthen-
ing the capacities of institutions and strengthening the
technical foundation and knowledge base of water har-
vesting.
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Sustainability can also be improved through collabora-
tive (community) pilot water harvesting schemes that
have a positive impact on socioeconomic conditions of
local people and by protection of quality of harvested

water from pollution.

More effective partnerships among government, private
sector and community-based organizations are needed
to promote and facilitate conditions in which people
can actively create their own development responses.

There is a need for better understanding of the techni-
cal, organizational and managerial aspects of local wa-
ter harvesting systems (LWHS) in micro watersheds.

Exploration of the feasibility of establishing water us-
ers’ associations as the institutional mechanism for sus-
rainable use of local water resources based upon the ex-

perience of LWH bodies.
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Mooute 2.8
Water Management

M M. Shestha

Objectives

* To highlight present processes, trends and approaches
in developing water resources and describe strengths
and weaknesses in managing water for sustainable
development of watersheds

¢ To describe the issues and complexities of water man-
agement problems in the present context of devel-
opment

* To develop an appropriate strategy for water man-
agement in participatory integrated watershed man-
agement

What is water management?

Water management develops the physical and institu-
tional control mechanisms necessary to make the water
available for a specific purpose. Now, with increased
competition for a given limited supply, the emphasis is
shifting towards multiple purposes and sequential uses
with the growing concern for water quality, pollution
and the environmental system.

Definition

* “Water management is the space-time-quantity-qual-
ity alteration of the water resource in and between
various uses to meet societal goals.” Within this defi-
nition, all aspects of water development and use can
be included. Both what is done with and to water
influence the quality of life and the environment.
There are five major levels of management: interna-
tional, national, state, local and user.

What are the major users of water?

Natyre

Nature is wichout doubt the largest consumer of water
for only a small portion of the water falling as precipi-

.Mod“le 2: Appropriate Technologies and Practices in PIWSM

tation reaches the rivers or other manageable surface or
subsurface supplies. Nature uses water to maintain all
life and natural processes such as energy transfer, min-
eral deposits, climate, etc.

Culinary

Water used for drinking, bathing, washing, cooking and
other household uses. Probably these would have prior-
ity over all of humanity’s other uses.

Agriculture

This is, and undoubtedly will remain, the largest con-
sumer of water managed by man. Evapotranspiration
from lands with growing crop averages more than 50 t/
ha/day. From 500 to as much as 5,000 t of water are
required per ton of crops.

Otber users

e Industry

* Energy

* Navigation

* Transportation
* Flood control

*  Municipal
* Recreation
* Mining

* Aquaculture

* Land building

 Pollution and quality control
* Aesthetics

Water management problems are complex. Physical,
economical, legal, sociological, biological, chemical,
political, ecological, emotional or religious components
occur at all levels of management for any of the major
uses. During the 1980s, the public became increasingly
aware that demands for fresh water and unchecked pol-
lution of rivers and aquifers were putting many catch-
ments and their dependent inhabitants in peril. Diver-
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sity of mountain environments and a lack of understand-
ing make the search for solutions a challenging task.

What is a farmer-managed irrigation system (FMIS)?

In Nepal, FMISs exist traditionally on a self-help basis.
They have contributed to the evolution and develop-
ment of irrigated agricultural systems in Nepal. Two
important characteristics of these FMIS are that they
are developed and operated in a demand-driven mode,
and they have assured participation of users at every
stage. Many of these FMIS are performing satisfacto-
rily, although some do not operate optimally. There may
be several reasons for this.

What are the principles of the participatory approach?

The participatory approach embraces the principle of
involving users at all stages of development and man-
agement: project identification, planning, design, con-
struction, and operation and maintenance.

Major elements of the participatory approach include
fostering feelings of ownership; decentralised joint de-
cision-making; transparency in budgeting, planning and
expenditure; user group empowerment; joint responsi-
bility and accountability; sustainability through local
resource mobilisation; and improved operation and
maintenance by water users.

As a successful model for a turn over and joint manage-
ment programme, the Irrigation Management Project
(IMP) began in 1986 under USAID financing (Figure
1).

The implementation process for participatory irrigation
management (PIM) has three phases (Figure 2).

Phase I: Initial organization: Establishment of an ad
hoc WUA
Baseline assessment: Initial baseline charac-
teristics of the system to be studied.
Formation of WUA: Water users are organ-
ized into multi-level organizations with con-

L Joint
Management
Joint Joint
Management Management
[ Agency l; ~ Joint Farmers'
Management Management Management

Figure 1:Joint management and turn over in the management
transfer continuum (Laitos and Rana 1992)
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Implemen(;?tion Phrase 111 Monitoring Evaluation and

Follow-up

L
Figure 2. Framework for joint management and turn over

stitutions, elections, and legally registered as-
sociations.

Phase II: Joint agreemént between WUA and the
agency
Joint development of action plan
Agreement of joint management activities:
who does what and when ?

Phase I1I: Implementation of programme (three to five
years).
Implementation of plan of action
Monitoring, evaluation and feedback devel-

oped and implemented by both WUA and

agency L

The incentives to be provided to farmers to assume
management responsibilities sustainably are as follow.

* Extending the right to fix and collect service fees —
including incentives on prepayments and collection

rates

* Access to information and participation in decision-

making processes on systems’ operation and main-
tenance

* Explicit water rights for the WUAs

* Transfer of required government machinery and as-

sets to WUAs

* Programme, budget and outcomes transparent t0

WUASs

* Involvement of WUAEs in all the stages of develop
ment ‘

* Technical advisory services provided by the agency

* Training of WUAs and farmers



Examples of farmer-managed irrigation system

Case studies of the Chhattis Mauja Irrigation System and
Pithuwa [rrigation System

While the Chhattis Mauja Irrigation System was initi-
ated by farmers, the Pithuwa Irrigation Scheme was
originally developed by the Department of Irrigation
(DOI). Subsequently users took over the operation and
management of the system.

Membership defined by property rights: The FMISs
in most cases are found to exercise some kind of prop-
erty right in defining membership and irrigation access.
In Chhattis Mauja, membership in the system is de-
fined by kulara (one person-day of labour for canal main-
tenance) entitlement. The resource mobilisation, obli-
gations and participation in decision-making are also
tied to irrigation entitlement. In Pithuwa, the size of
the branch canal outlet has been the basis for irrigation
allocation and resource mobilisation. Such a link has
been the basis for collective obligations and compliance
to the rules in use.

Local control of institutional innovation: In FMIS the
rights, roles and duties are entirely under local control
with users themselves defining the roles and duties for

operation and management. The rules and roles of the
users are tailored to local needs and the interests of the
users. They are not rigid. They are developed, modified
and tried again, matching the system dynamism and
changing the needs and preferences of users.

Prompt decision-making and effective enforcement:
Prompt decision-making and effective communication
of decisions ensure a higher degree of compliance to the
decisions. In Chhattis Mauja, the mukbtiyars and mes-
sengers (officials of the village-level organization elected
for a fixed term by villagers) at different levels of the
system have the responsibility for communicating deci-
sions. In Pithuwa, the communication of decisions is
through the functionaries of the WUA at the main and
branch canal levels. Also, the mechanism of irrigators
being pressured by neighbours to comply with rules in
both these systems has led to the evolution of collective
obligation on the part of users. The enforcement of the
rules is backed by a system of penalties that match the
severity of the defaults.

Equity in resource mobilisation and irrigation access:
Equity in resource mobilisation and irrigation access
has been the basis for prompt and assured mobilisation
of resources and compliance to rules. Users are assured
of a share of water in return for their investment of time,

Gross Command Area: 3,500 ha
Length of Main Canal: 11 km
Branch Canal & Outlets: 44 Nos.
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Figure 3 Chhattis Mauja Irrigation System
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Figure 4: Pithuwa Irrigation System
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labour and money during construction, operation and
maintenance of the system. In Chhattis Mauja and
Pithuwa, water allocation in each branch canal and there-
fore irrigation entitlement is determined by the size of
the branch canal inlet. The inlet size is also used as a
basis for cash and labour resource mobilisation during
repair and maintenance. Within the branch canal, timed
rotation of irrigation delivery ensures equitable distri-
bution. Equity in both the systems is also ensured by
regular monitoring of branch canal inlets. The inlet
openings are adjusted to ensure equitable allocation.
Regular monitoring of outlets eliminates the chance of
free riding. Rotation among the branches is the usual
practice of ensuring equity in water delivery between
head and tail reaches during the period of diminishing
water supplies.

Transparency and accountability: The FMISs maintain
transparency in rules and regulations, accounts and
book-keeping. The functionaries of the WUA are ac-
countable to the users and therefore the chances of fa-
vouritism and fraudulent behaviour are minimised. In
Chhattis Mauja and Pithuwa, the general assembly of
the users provides an open forum to expose problems.
Any functionary may be questioned if his/her function
and performance are inconsistent.

Gross command area: 3,500 ha
Length of main canal: 11 km
Branch canal & outlets: 44
Command area: 600 ha
Branch canals: L

What are the principal failures in agency-managed water
resource systems?

Fragmentation between sectors and institutions: Wa-
ter management within an agency system is fragmented
among sectors and institutions with different agencies
developing the same water source for different uses.

Heavy dependence on centralised administration: The
agencies charged with water management are severely
over-extended and have limited technical capacity to
provide quality services. They take the leading role in
participation and in managing water resources. The re-
sult is unreliable projects that produce services that do
not meet consumers needs and for which they are un-
willing to pay.

Water is not treated as a an economic goqd: Most coun-
tries do not treat water as an economic good. The ab-
sence of financial discipline has an especially negative
impact on the incentives and accountability of public
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authorities to provide high-quality services; water has
the least cost recovery (World Bank 1994).

Water is not linked to health, the environment and
economic development: Environmental degradation of
water resources causes human suffering and burdens
future generations with the cost of remedial actions.
Integrated water management based on the perception
of water not just as a basic human need, but also as an
integral part of the ecosystem, a natural resource, and a
social and economic good.

The new approach calls for policies that take into ac-
count the interdependencies among sectors and protect
aquatic ecosystems. Incentives for financial accountabil-
ity and improved performance should be created
through greater use of pricing, decentralisation of ad-
ministration and services, financial autonomy, user
participation, private sector investment, consistent rules
and regulations, and co-ordination among agencies re-
sponsible for water services.

How to manage water in multiple jurisdictions?

Managing water in multiple jurisdictions with an inte-

grated approach (large-scale development)

The Tennessee Valley Authority (TVA) has helped bring
prosperity to a once-poor, seven-state section of the south- =
ern United States. The TVA has promoted the linkage of

land and multipurpose, real-time water management in

an integrated manner as a way to conserve natural resources
and improve water resources management and restore the
basin’s ecosystem. The TVA serves as a facilitator to co-
ordinate fragmented interagency actions and encourage
local co-operation to improve the co-ordination of sepa-
rate land management programmes. In conjunction with
the new approach, TVA is facilitating interagency co-op-
eration, on a federal, state and local government level t@
co-ordinate management of land and water resources.
Through this programme, which is operated by an
interagency steering committee, water pollution and envi-

ronmental impacts caused by agricultural, mining, forestry:
and urban development are being reduced.

Frances ‘Model’ System

The French system of water resources’ managements:
adopted after many years of study and debate, includé
many excellent features that could serve as models @
help industrial and developing countries as they loo%
for the best way to put a comprehensive approach 1nfe

action (World Bank 1993). There are several key ele-

ments.



Well-defined laws and regulations: The Water Acts of
1964 and 1992 are the foundation of the French sys-
tem. The earlier law describes specific quality objectives
and regulations for pollution control, while the latter
act is designed in part to meet stricter European direc-
tives on water management.

Hydrographic basin management: The system is organ-
ized around six major hydrographic basins, with appro-
priate national policy direction. These correspond to the
country’s four main catchment areas and to two areas of
dense population and intense industrial activity.

Comprehensive management decentralisation and
participation: Each of the six basins has a basin com-
mittee and a corresponding executing agency, a water
board. The basin committee also known as a “Water
Parliament’, because of its representation and powers,
reflects regional rather than central government control
and is designed to promote the role and responsibility
of different interest groups in the basin. The water
boards, while executing the committee’s directives, are
also responsible to the central government for certain
technical matters (such as upholding national standards).
Water and sewerage services are provided by either public
or private firms (increasingly through competitive bid-
ding) and are chosen by communities.

Cost recovery and incentives: The companies and enti-
ties operating water services deliver a portion of the
charges they collect to the basin agencies. In addition, a
‘pollution fee’ (a penalty) is collected by the basin agency.
Most of these revenues are reinvested into the system to
provide technical assistance and to help the public or
private sector ensure that water is safe and purified.

Supporting research: About 14 per cent of the water
boards” expenditures in 1992-1996 were budgetted for
research and development.

Managing water resources with a new approach (small-

scale appropriate technology development)

Greater private sector and user participation offers an
effective means to decentralise water resources’ manage-
ment and increase the responsibility of users for man-
aging and financing water resource projects.

Four different approaches to introducing private sector
Incentives as are follow.

Forming water users associations

Transferring management functions from govern-
ment authorities to water users’ associations
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* Introducing irrigation service fees
* Developing private wells

Some important concepts in achieving the above tasks
are as follow.

* People’s participation

* Poverty alleviation

¢ Strengthening policies on land use and management
* Water conservation technology

* Low-cost technology for protecting against disaster

BASIN approach planning in a comprehensive framework
for PIWM

The adoption of a comprehensive framework for ana-
lysing policies and options would help guide decisions
about managing water resources throughout a basin. The
framework would facilitate the consideration of rela-
tionships between the ecosystem and socioeconomic
activities in the watershed (Figure 5).

e Basin-wise information collection
* Assessment of information collected
e Strategy formation

* Integration, control, and implementation of strat-

cgy
* Network development for dissemination
* Newwork development

B: Basin-wise information collection
A: Assessment of information

S: Strategy formation

I: Integration of strategy

N: Network development

Conclusion and recommendations
* Project planners should carefully assess water re-
sources within a comprehensive framework before

the design and implementation stage.

* More detailed guidelines, training and information
should be provided to the implementor, especially
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What is the problem?
Basin wise information
collection
(database)

v)

How can we disseminate the
information?
Networking development
regionally, globally
(dissemination)

(i)
Where do we want to be?
Assessment of information

(Vision and objectives)
[

(iii)
Which way is best?
Strategy formation

How do we ensure arrival?
Integration, control and
implementation of strategy
(national development
programme)
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for co-ordinating intersectoral water resources’ man-
agement, designing and administering fee structures,
and monitoring project performance.

Poverty relief should be a project goal at the design
stage.

Water users should be given more responsibilities
for managing water. In addition, where feasible,
emphasis should be given to private pumping and
small-scale systems managed by users.

To protect the environment, drainage networks
should be an integral part of the basic design of all
irrigation systems, the water table should be con-
tinuously monitored for operating irrigation projects,
and erosion control and reforestation programmes
should be an integral part of the project design for
reservoir catchment areas.

The following recommendations are relevant in pro-
moting participatory irrigation management (PIM).

Commitment at the political and management level

Improved policy and legal frameworks to support
the programme to fit the local conditions

Improved management environment in the agency
with a clear vision and commitment

Sufficient training programmes to be developed to
further orient and train agency staff and WUAs to
cope with emergency situations in the field

Figure 5: Participatory integrated watershed management (PIWM) BASIN - Approach Planning

* Adequate provision for financial support for insti-
tutional development should be part and parcel of
the programme.

* To reap the long-term, full benefits of increasing
agricultural production, PIM should be accompa-
nied by support activities, input supply, credit, mar-
keting, land reform, etc.

» Users' participation is to be encouraged, making
programmes, budget and outcomes transparent.

"¢ WUAs must be administratively, technologically and

financially capable before their irrigation systems are
completely turned over.

* Guidelines for implementation issued by the centre
should have uniformity in approach.
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Mobue 3.

Methods of Preparing Verifiable Environmental Impact Statements (EIS)

M. Glhimire and 8, Upreti

Objectives

¢ To describe an environmental assessment process for
watershed programmes with emphasis on how to
conduct assessment and prepare an EIS or an assess-
ment report with a participatory approach

» To outline the steps for environmental assessment
where local people have an opportunity to partici-
pate from the planning stage to its implementation
and monitoring

* To consider the role of local people in developing
and implementing the EIS to manage and utilise their
watershed resources on a sustainable basis and to
highlight the benefits of preparing an EIA through a
participatory approach

Definitions

The environmental impact statement (EIS) is a docu-

ment written in a format prescribed by law or terms of

reference (TOR). It contains a summary of the envi-
ronmental inventory and the findings of the environ-
mental assessment and is presented to decision-makers.
It may also be opened to the public.

The EIS is also called an environmental statement, im-
pact statement or environmental impact assessment. The
environmental impact assessment (EIA) is to identify,
predict, interpret and communicate information about
the environmental impact of an action. Information and
findings of the EIA are put into the EIS report. As in
many other reports, the EIS report is prepared in two
stages as a draft statement and final statement. The draft
Statements after review by the competent authority and
the public, as applicable, are made final.

Why is EIA needed?

Watersheds experience increasing environmental deg-
radation because of development activities. Such degra-
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dation is a major concern for the people both in the
mountains and the plains. Mountain people experience
the problems of increased soil loss and landslides while
the people living in the plains are affected by deposi-
tion of unproductive soil on productive farmland. The
source of the problem, by and large, is human activity
in the watersheds.

Preparation of the EIS for a (watershed) development
project largely facilitates the concerned organization to
design actions holistically. A good EIS is prepared
through a participatory process. People’s participation
has contributed to selecting and implementing pro-
grammes with intensive interaction among stakeholders.
To this end, preparation and implementation of the EIS
contributes to resource management and improves the
quality of life of local people living in the watersheds.
In this process, all the stakeholders are actively involved:
the stakeholders’ concerns are adequately accommo-
dated, and the stakeholders implement the EIS. In sum,
an EIS is prepared to ensure that watershed manage-
ment activities address environmental concerns ad-
equately and that the local people are fully involved in
the management.

The EIS must integrate environment and development;
but this integration is not that simple. A sectoral out-

look that attempts to accomplish the targets generally

guides the development process. However, the environ-
ment is a multi-disciplinary and multi-sectoral subject.
Significant environmental effects of development actions
are both direct and indirect.

What are the important dimensions of EIA?

A systematic procedure for the EIA should be intro-
duced into the project cycle before implementation (Fig-
ure 1).

The EIA deals with methodologies and techniques of

planning, environmental analysis and management of
project proposals. The EIA provides the relevant
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Detailed assessment of
significant impacts
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Project Concept

Monitoring and Evaluation

-

measures
Detailed Design
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mitigation measures

Implementation

Monitoring, lessons
for future projects

Figure 1: EIA and the Project Cycle

stakeholders with details about assessing and mitigat-
ing the environmental impacts of actions proposed. The
EIA (and the EIS) influences the decision-making proc-
ess at various levels. It is used to

* identify likely impacts of the proposed action on the
environment,

* analyse, predict and evaluate the significance of the
impacts and present options for decision-makers,

* provide corrective and preventive measures to each
adverse impact,

* provide measures to augment beneficial impacts,
* recommend a monitoring and evaluation system in-
cluding indicators, methods and responsible agen-

cies during project implementation,

* provide information on the framework of environ-
mental auditing, and

* recommend whether the proposed action should be
implemented and in what form.

Types and topics of assessment reports
Different types of impact analyses are carried out at dif-
ferent levels. At the project level, detailed impact analy-

sis is done through an EIA; at the regional level, a re-
gional environmental assessment (REA) is carried out
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to assess cumulative impacts; and at the programme and
policy levels, a strategic environmental assessment (SEA)
is done as a new generation of the EIA.

The environmental analysis contains a description of
the environmental impacts of the proposed action. The
EIS should also contain a list of, primarily, negative
impacts that cannot be avoided during the project im-
plementation. It should recommend whether the project
should be implemented even if the impacts are una-

voidable.

The EIS should focus on the possible alternatives and
the likely environmental impacts of each alternative. It
should also focus on short-term needs and enhancement
of long-term productivity. Adequate attention should
be given to future options if there is a possibility of re-
moval of resources.

If these issues are addressed, then the EIS will be con-
sidered as reasonably pragmatic.

Environmental Impact Analysis: Process and Decision-
Making

The proponent or the approving agency should screen
the proposal to understand the level of environmental
assessment required. The screening activity helps di-
vide the actions proposed into the following catego-
ries

* project clearly requiring an EIA,

Recent Concepts, Knowledge, Practices, and New Skills in Participatory Integrated Watershed Management



* project not requiring an EJA, and
* need for an EIA is not clear.

In Nepal, for example, according to the Environment
Protection Rules 1997, an initial environmental exami-
nation is required for a watershed management plan.
However, there could be many more sectoral projects
implemented in, and/or passed through, the watershed
area. These projects should also undergo screening for
impact assessment. If it is unclear, it is appropriate to
screen the project as in Figure 2.

Proposed Action
v

‘k Project Not Level of Environmental Clearly Requiring
Requiring EIS Assessment Not Clear EIS

\
‘ Initial Environmental

Examination

Project Authorisation

Project Implemented

( Project Rejected

|

Figure 2: Project screening for EIA

The second step of the environmental assessment is to
appreciate the scope of the study: often called scoping.
This step helps identify issues and areas to be covered
by the study. A plan for public involvement is made,
relevant information collected, and a public notice for
the attention of people likely to be affected by the pro-
posed action is issued. Scoping identifies major issues
of public concern, evaluates the seriousness of issues
raised, sets a priority on the issues, and develops a strat-
egy for addressing the priority issues. The scoping re-
port leads to the development of the terms of reference
(TOR) to guide the preparation of the EIA or the EIS.
The EIA should also contain a framework for environ-
mental audit. The detailed process of EIA report prepa-
ration is given in Figure 3.

The environmental assessment exercise requires a multi-
disciplinary team of experts. As set out in the TOR,
various impacts—biophysical and socioeconomic—
should be identified. The impacts should be rated as
direct, indirect or cumulative, and as of a reversible or
irreversible nature. Various methods, such as checklists,
matrices, networks, overlays, etc, can be employed.
Mathematical models (cause-effect relationship), statis-
tical models (data-hypothesis relationship), geographic
models (possible effect of project on resources), field
experiments, and expert judgement are also used to as-

sess the impacts and prepare the EIS (IUCN 1997).
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Proposal
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impacts could be ——

mmga(cd

Tssue Order for |
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committee incl. experts

No Significant
Impact on Env.

Put conditions if

impacts could be
mitigated

Proposal

Implementation ‘

Figure 3: Process of EIA and People's Participation

During the assessment process, local people are directly
or indirectly involved in furnishing information to the
reporting team. Once the report is prepared it should
be made public to encourage people’s advice, sugges-
tions and comments.

Nepalese Legislation

In Nepal, the Environment Protection Act 1996
(EPR) and Environment Protection Rules 1997
(EPR) require a scoping report by the proponent for
all proposals as mentioned in the legislation (HMG
1997). The proponent is required to issue a 30-day
public notice regarding the nature of the proposed
action for a particular area. The people may submit
their concerns or issues to be included in the terms
of reference and addressed during the study. All such
issues should be well documented in the scoping re-
port.

The legislation also has provision for penalties. A maxi-
mum penalty of NRs 100,000 (approx. US$ 1,500;
US$ 1 = NRs 67.35, Dec 1998) may be imposed on
anyone who implements a project requiring environ-
mental assessment without approval of its environmen-
tal report. In this case, the Designated Officer may
also issue an order to stop the project activity immedi-
ately. The legislation has also a provision for Environ-
mental Inspectors to inspect and report on proposal
implementation.
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Activities not covered by environmental legislation

Many development programmes or actions are legally
not included in the potential assessment category. Some
may have been overlooked while others are not included
because of their small size and so-called difficult-in-prac-
tice reasons. Nonetheless, these programmes could be
of environmental importance. Environmental assess-
ment should be carried out for environmental manage-
ment and sustainability, for public awareness and for

the good of the people at large.

Environmental assessment can contribute to project
conceptualisation

Environmental assessment identifies the environmen-
tal implications of a project and suggests ways to miti-
gate adverse effects. Such assessment also paves the way
for increasing the positive impacts of an intervention.
However, the exercise may not be limited to this; some-
times it creates a situation that allows for the develop-
“ment of a new project concept. An example in Nepal is
presented in Box 1.

Main lessons
A number of countries prepare EIS prior to the approval

of proposed actions in order to inform decision-makers
and the public on likely environmental impacts. Envi-

ronmental assessment studies help in the preparation of -
EIS. Generally, they overlook the impacts of macro-level
policy, plans and programmes. An assessment of cumu-
lative impacts is usually outside the scope of the project-
level EIAs; these EIAs focus on project-specific impacts.
However, a higher level of environmental assessment, such
as an EIS, opens opportunities for integration of envi-
ronmental aspects in development proposals, assesses
cumulative impacts, focusses on maintaining a chosen
level of environmental quality, and creates a framework
for measuring impacts and benefits of environmental im-
provement activities IUCN 1997). It is important to see
the impacts of a project on a watershed holistically.

It is encouraging and praiseworthy to note that various
countries have established an EIA system through na-
tional legislation. Some have institutionalised it as an
integral part of environmental planning and adminis-
tration. Preparation of an EIS has been made legally
binding to selected projects and programmes. However,
many developers consider that, once the EIA report is
approved, the environment is adequately managed.

The implementation of environmental assessment tools
has been limited due to the weak institutional capacity
for enforcement. This includes inadequately trained hu-
man resources, a lack of information dissemination and
database systems, and a lack of procedures and criteria
for reviewing assessment reports and for integrating rec-

Box 1
EIA study that changed the project concept

In the mid-1980s, a scheme was designed to irrigate about 5,300 ha of the northern part of Tandi and Bhandara, Chitwan
District, in the central Terai. The southern part of the project area had a well-established farmer-managed irrigation scheme.
The plan was to divert water from the East Rapti River. This river runs through the Royal Chitwan National Park located south
of the proposed site. The National Park was established in 1973 and is home to a number of protected wild animals. In 1984 it
was included in the UNESCO World Heritage List. The river provides an aquatic habitat for 44 species of fish and is a perennial
water source for grassland mammals.

The highest average discharge rate of the Rapti River was estimated to be 180 m?/sec in August during the monsoon with a dry-

season average flow of 17.4 m*sec and a mean annual flow of 62 m%sec. The project was designed to provide a 400m- long

diversion weir across the Rapti River to divert a maximum flow of 14.3 m%sec. An under sluice, guide banks and a 3.7m-wide
fish ladder was proposed for construction. Similarly a self-flushing de-sander, 21.9 km of canal networks and 24.6 km of
drainage networks were also designed to protect the river bank and distribute the water.

After the project design was completed, the National Park authority and NGOs raised the question of environmental impact. The
proponent then conducted an EIA study. The study identified, predicted and evaluated the likely environmental impacts of the
diversion of water for irrigation during the dry season. The project was likely to affect flora and fauna including rare and endan-
gered animals, income generation from eco-tourism in the park, and cause possible contamination downstream from chemical
fertilizers and pesticides.

The EIA study concluded that the project should not be implemented as envisaged and that the farmer-managed irrigation
scheme should be strengthened. The study further concluded that the recharge of the river downstream should be monitored
for at least two years. The EIA changed the project concept and reformulated the project.
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ommendations into project design and contract docu-
ments. Also, mechanisms for public consultation and
for monitoring and evaluation are grossly inadequate.
The responsibilities of non-governmental and private
organizations, affected people, business communities,
academicians, professionals, and politicians should be
counted on to strengthen this system. Other ingredi-
ents such as education, research, professional develop-
ment, etc are equally important for preparing an EIS
and implementing it more effectively.

Future directions

In many countries, EIS has been institutionalised
through a ‘learning-by-doing’ approach. There are no
well-established training centres to teach basic tech-
niques and methods for preparing an EIS. However,
almost all the countries of South Asia have made EIS
legally mandatory for some projects. In this context,
human resource development should be a key concern
so that trained specialists become available.

As environmental assessment is a multi-disciplinary
process, training programmes are important for offic-
ers in the approving agencies and people from the pri-
vate and public sectors. Since environmental manage-
ment is a rapidly growing area, the people concerned
must be exposed to recent research and development
on environmental assessment. Furthermore, education,
training and extension programmes for local people are
important if the assessment is to be realistic,
implementable, far reaching, and effective.

Conclusion and recommendations

Watershed management activities are generally environ-
ment-friendly. The impacts of other sectoral projects
and programmes implemented in the watershed areas
are generally overlooked in such activities. The water-
shed area should be considered as a development unit,
and an EIS should be prepared with people’s participa-
tion prior to the implementation of any development
programmes. This process will provide a basis for iden-
tifying the cumulative impacts of programmes and en-
suring intersectoral co-ordination during programme
implementation. This will also help to assign the re-
sponsibilities of each development partner involved in
Wwatershed management.

Preparation of an EIS is a legal requirement in many
Countries. EIA reports are generally prepared at project
level, and cumulative impacts of the proposed action
are, in most cases, overlooked. EIA reports are prepared
on a value-judgement basis because of the lack of time-
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series’ data on physical, biological, and socioeconomic
status. Local people are involved in providing informa-
tion for the EIS, but their roles in implementing the
EIS are not clear.

There is a dearth of specialists in different fields of en-
vironmental management in the public and private sec-
tors. There is also a shortage of competent manpower
in the government agency to review EIS and make sound
decisions. In countries such as Nepal, human resource
development in EIS preparation is lacking, and simple
methods of checklist and matrices are commonly used.
In order to prepare a good EIS, it is necessary to de-
velop human resources in different disciplines. Short-
term and intensive training could be organized on meth-
ods of impact identification, prediction and evaluation;
selection of monitoring indicators; report review meth-
ods; development of public consultation plans; etc. Such
training programmes are required for managers and us-

ers alike.

Environmental effects of small but collectively signifi-
cant programmes are generally not assessed. Such as-
sessments should be made for environmental and
sustainability reasons, if not for legal obligations. Sim-
ple guidelines for conducting such studies are needed.
Mass awareness about environmental effects of devel-
opment programmes on watersheds is needed.

A myth prevails that the environment is managed once
the EIS is prepared. There are weak or no institutional-
ised monitoring and evaluation systems, and use of
monitored information in programme design and fu-
ture planning is also lacking.

The EIS provides a basis for linking different develop-
ment programmes within a watershed area. The state-
ment helps to manage the resources and deal with the
environmental impacts of development. The EIS should
be integrated into watershed development planning not
only in its preparation but also in its implementation
and evaluation. A good EIS report ensures local peo-
ple’s participation and the involvement of all
stakeholders.
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Moouie 3.2
Application of Strategic Environmental Assessment (SEA) in Watershed Management

R B Khadka

Objectives

* To provide some insight and describe briefly the sig-
nificance of strategic environmental assessment
(SEA) in terms of its concept, methodology and the
processes being used globally

Why is Strategic Environmental Assessment (SEA) needed?

In order to bring environmental balance and
sustainability, there is a need for developing a new per-
spective that combines social, economic, and environ-
mental concerns in watershed management where opti-
mal utilisation of natural resources and urban parcels
are treated in an integrated manner. Development of
such a new perspective in watershed management with
appropriate integration of strategic environmental as-
sessment (SEA) is required, in order to ensure a sustain-
able balance of ecological, economical and sociological
parameters.

In most conventional watershed management, the inte-
gration of environmental assessment in order to address
the causes of unsustainability emanating from the im-
plementation of development proposals is ignored.
Watershed management is considered as environmen-
tally benign and conservation-oriented. However, wa-
tershed management activities can be complex, ranging
from simple rehabilitation measures to the construction
of large irrigation channels, feeder roads, bridges and
other infrastructure, most of which have significant en-
vironmental effects. The application of project-level
ElAs on a project-by-project basis is cumbersome, time-
consuming, expensive, and ineffective. Therefore, the
integration of SEA at the planning stage for evaluating
the management plan from an environmental point-of-
view could be beneficial and effective. It could mini-
Mise most of the anticipated adverse environmental

Impacts that are likely to emanate from plan implemen-
tation,
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SEA: general concept, process and method

What are the inefficiencies, inadequacies and limitations of
EIA?

Integration of environmental impact assessment (EIA)
in development projects was initiated almost 30 years
ago with the enactment of the Natural Environment
Protection Act in the USA. The primary objective of
integrating EIA in development proposals was to make
economic development projects environmentally sound
and sustainable. EIA proved useful in ensuring a bal-
ance between environmental conservation and economic
development objectives. Consequently the adoption of
this tool spread to most countries of the developed world
during the 1970s and 1980s. More recently, developing
countries have also adopted this tool as one of their na-
tional instruments in order to protect and conserve the
environment from the harmful effects of development
project implementation. Most have enacted EIA laws
and regulations, establishing appropriate institutions and
administration procedures and developing human re-
sources. However the implementation of EIA has not
yielded the expected output in terms of combining the
aims of conservation and development. Experience from
developed countries indicates that the implementation
of EIA at the project level is constrained by a number of
deficiencies such as the following.

* EIA is a self-limiting process (reactive) and is not
able to tackle the current scale of the global ecologi-
cal deterioration.

e It is not an effective tool to analyse and assess the
cumulative impact.

* It does not go beyond the process of impact fixa-
tion.

* Itis often applied to assess the downstream impacts

of a decision-making cycle and therefore does not
influence upstream decision-making in which the
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real cause of environmental unsustainability is be-
lieved to be rooted.

* It does not consider project alternatives.

* It is not able to assess the impact of non-project ac-
tions.

* EIA is of limited value when it is considered only as
a mechanism for obtaining government clearance for
the execution of a project—a situation common in
most developing countries.

Is SEA a second generation EIA process? Where is it
applied? Whom does it address?

Realising the ineffectiveness of project-level EIA, a sec-
ond generation EIA process called strategic environment
assessment (SEA) has been adopted recently. SEA is
applied at the upper level of decision-making, particu-
larly at the policy, plan and programme levels. The ef-
fectiveness of SEA goes beyond the process of impact
fixation and is effective in reducing the causes of
unsustainability that usually lie at the upstream level of
decision-making. SEA, if applied at the upper level of
decision-making, addresses all major environmental is-
sues resulting from activities proposed and contained
within a plan.

Definition of SEA, similarity and differences with EIA

SEA is defined as a systematic process for evaluating the
environmental consequences of proposed policy plan
and programmes initiatives in order to ensure they are
fully included and suitably addressed at the earliest ap-
propriate stage of decision-making. In other words, SEA
is an EIA of policy, plan and programmes. The proce-
dural aspects of SEA are similar to EIA, but SEA at the
strategic level addresses issues at the upper level of deci-
sion-making, whereas EIA addresses project-level activi-
ties. Therefore, SEA differs from EIA in its scope and

the dimension of issues to be covered.

A policy is defined as an inspiration and guidance for
actions, a plan represents a set of co-ordinated and timed
objectives for the implementation of policy, and a pro-
gramme is a set of projects to be implemented in par-
ticular areas. SEA can be applied to all these actions
and in their associated decision-making cycle. Policy,
plan and programme (PPP) may be sector-specific such
as transport, mineral extraction, forestry, etc. It can also
be spatial such as national, local and regional. PPPs are
tiered, in the sense that a policy provides the frame-
work for the establishment of a plan, a plan provides a
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framework for a programme, and a programme leads to
projects. However in practice these tiers are fluid and
have no clear-cut divisions. When SEA is applied to
different tiers of PPP the major environmental issues are
often addressed and those which are apparent in project
implementation are resolved by the application of project-
level EIA. Therefore, if the major impacts have been ad-
dressed at the upper level of decision-making through
the application of SEA, then minimum attention needs
to be given to environmental issues at the project level.

What are the merits of SEA?

The application of SEA at PPP level has the following

merits.

» SEA applied at the upper level of the decision-mak-
ing cycle influences downstream decision-making
and implementation.

» SEA provides an opportunity at the upstream level
for considering alternatives that may make the proc-
ess more sustainable environmentally.

* SEA strengthens project-level EIAs, making them
more sequential, and reduces time and effort involved
in their preparation.

» SEA is effective in tackling the environmental ef-
fects of large-scale programmes (regional,
transboundary, watershed and global) and their cu-
mulative effects.

How many types of SEA are there? What are their
specialties?

Types of SEA

Several important activities, including project and non-
project development actions which can not be addressed
easily by project-specific ElAs, are usually subjected to
SEA. They include the following.

Sector-specific SEA

Sector-specific SEA is the process of examining envi-
ronmental and social implications of all or most project
proposed in the same sector. Sector-specific SEA can
influence project selection more easily than project-level
EIA. It provides environmental ranking of all projects
proposed before pre-feasibility and helps in project se-
lection (for example, in the power sector, coal vs. hydro
vs. thermal; or in the transport sector, road vs. railway
vs. airport). Initially SEA sets a development objective
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and then evaluates a number of possibilities for achiev-
ing the set objective. For example, if there is need for
2,000 MW of power for a certain location, SEA evalu-
ates a number of viable project options: this is not pos-

sible through project-specific EIA.

A secror-specific SEA can

* provide an environmentally and economically sound
strategy to achieve objectives,

* introduce non-traditional options into the planning
process at an early stage,

* help in ranking potential alternatives in sequence of
environmental soundness,

e start gathering existing data and identify data gaps,

* make project-specific EIA cheaper, quicker and ro-
bust,

* make things transparent so that the project selected
is acceptable to taxpayers and people affected, and

* help minimise political pressure in project selection.

Regional SEA

A regional SEA analyses cumulative impacts resulting
from the implementation of environmental, social,
economic and multi-sectoral developments within a
defined geographical area over a certain period of time.
If an area, such as a watershed, is likely to be subjected
to intense development pressure then there is a need
to analyse the effects of the likely impacts and pro-
posed mitigation measures. This can be performed in
two ways. The project proponent can undertake indi-
vidual project-specific EIAs (such as for irrigation,
hydropower, road construction, town development,
etc). In such cases, impacts from all activities should
be summed up through cumulative impact assessment.
Alternatively SEA can be applied at the planning stage
for all activities in order to reduce the anticipated im-
pacts. The former method is cumbersome, ineffective,
expensive, and time-consuming. However the appli-
cation of SEA is more effective, quicker and cost-ef-
fective.

Cumulative SEA

The cumulative SEA focusses on assessing the impact
of currently proposed projects added to the impact from
existing development projects and the impact of fore-
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seeable future projects to be implemented in the same
area. The distinctions between cumulative and regional
SEA are not sharp and, in some cases, they overlap in
concepts and application. However, a cumulative SEA
deals with the synergy of the impacts of past, present
and future development projects whereas a regional SEA
deals with the future consequences of implementation
of plans and programmes in a defined watershed area.
Box 1 illustrates the application of SEA in a forestry
sector management plan.

An example of sectoral SEA of Bara District Forest

.Management Plan

Background

Forty-two percent of Nepal’s natural forest is protected
by law. However, extraction of timber, fuelwood and
fodder, and deforestation for acquiring agricultural
land are still common practice. As a result, the forest
area of Nepal is degrading at an alarming rate, if this
continues the remaining forest area will be degraded
within the next 20-25 years. The Forestry Sector Mas-
ter Plan (1988) realised that current practices of pro-
tection-oriented forest management are not enough to
maintain and conseive forest resources. Production-
oriented forest management planning is necessary for
sustainable use of forest resources. With these objec-
tives in mind, the Department of Forests in collabora-
tion with the Forest Management and Utilisation
Project (FMUDP) developed a strategy for the pro-
duction-oriented forest management planning that
relies on the natural regenerative potential of sal (Shorea
robusta) trees.

Project description

The operational forest management plan (OFMP) pro-
posed covered 26,000 ha of forest in Bara District.
Harvesting was to be carried out initially on 14,000
ha for the first five years. However, the implementa-
tion of the OFMP included activities geared towards
shifting from protection—oriented to production-ori-
ented forest management and encompassed an array
of adverse and beneficial impacts associated with bio-
physical, social and economic conditions. Govern-
ment-endorsed national and forestry sector guidelines
require EIA for such a large project that changes the
management regime from one type to another. There-
fore, an EIA was carried out for the OFMP, and two
alternatives were analysed: the ‘do-nothing’ alternative
that evaluated the impacts if the existing situation con-
tinued and implementation of the proposed manage-
ment plan,
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Impact analysis

Based on background reports and scoping exercises, 19
environmental impacts were identified. Each impact was
evaluated and its magnitude, extent and duration were
predicted. The following critical environmental impacts
were identified.

* Fuelwood gathering for domestic use
 Forest clearing

* Grazing

. Wood-cutting

» Wildlife poaching

* Uncontrolled forest fires

* Loss of habitat and biodiversity

* Soil erosion

¢ Silvicultural practices

* Timber harvesting methods

* People’s participation

* Tenure rights

* Economic activities

* Employment

* Awareness and education

* Health

* Legal and institutional arrangements
* ‘Transportation

* Marketing strategies

Conclusion

The production-oriented forest management plan ex-
amined during the EIA did not include most of the is-
sues listed above. It contained only timber management.
Therefore, the EIA recommended their inclusion and
appropriate measures to overcome the adverse impacts
identified. Ranking of each impact indicated that most
of the adverse impacts identified in the ‘do-nothing’ al-
ternative would be lessened by implementing the OFMP.
Therefore, the EIA study recommended implementing
the OFMP and incorporating consideration of the im-
pacts identified. The final version of the OFMP incor-
porated all the impacts identified and was modified ac-
cording to the conditions given in the EIA recommen-
dations. The government of Nepal recently approved
the OFMP and authorised the proponent to implement
the plan which, with the use of SEA, now fulfils the
strategy of production-oriented forest management laid
out in the Forestry Sector Master Plan.

SEA and sustainable development
It is now well recognised that SEA is a keystone in achiev-

ing sustainable economic development. There are two
approaches to the application of SEA. They are (a) ex-
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panding the existing EIA framework incrementally to
reach the sustainable objective, and (b) adopting a
trickle-down strategy in achieving the sustainability
objective. The incremental type of system goes on ex-
panding its policy towards sustainable development,
whereas the trickle-down strategy adopts sustainable
development as a central aim. For example, the Natural
Environment Protection Act of the USA was originally
enacted to implement EIA at the project level; however,
the same act was expanded to cover the application of
SEA. Similarly EC directives on SEA are the expansion
of directives on project-specific EIA. The Dutch system
of SEA is an example of the trickle-down approach in
which policy sets targets for sustainability and efforts
are made to achieve the targets.

Relevance of SEA in Watershed Management Plans

Watershed management plans include an array of ac-
tivities and often have different kinds of projects within
a plan. Some of these are environmentally benign and
will improve environmental conditions; for example,
protection and plantation of forest trees enhance forest
cover which ultimately leads to the protection of soil
and the provision of habitat for wildlife. However, there
can be activities within a plan that are necessary but
that may generate significant cumulative environmen-
tal impacts. These need to be addressed propertly. Such
activities include construction of access roads, irriga-
tion channels, farming, and other infrastructural devel-
opments. Itis usually not possible to assess the environ-
mental impacts of such activities for every project and
try to mitigate them individually. However when con-
sidered in totality at the planning stage through the ap-
plication of SEA, the majority of anticipated impacts
can be assessed and almost 90 per cent will be resolved
at the implementation stage of individual projects if pre-
scriptions made in SEA are implemented.

SEA procedures and methods

Most of the steps in SEA are similar to EIA except that
the dimension and scope differ to some extent. The is-
sues addressed at the strategic level tend to be more ge-
neric and at the project level more specific. Therefore,
there are some variations in methodology. The follow-
ing are the steps that are generally used for making an

SEA.

Screening

Screening triggers the SEA process. The screening pro-
cedure usually determines whether the plan in question
needs to undergo SEA. In most countries where EIA is
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legally mandatory, guidelines indicate the type of project
that needs screening or list projects that need to be con-
sidered and those that do not {exclusion/inclusion lists).
Screening lists are often given as an appendix in the
legislation, and the screening process is legally binding.
Although in most cases screening lists are prepared for
project-level EIA only in some cases, lists also indicate
types of plan and policy to be examined for environ-
mental soundness. For example, the Nepalese Forestry
Sector EIA guidelines contain a provision for environ-
mental assessment of watershed management plans and
any type of forest management plan. Similarly, in other
sectors there are provisions for plans and programmes
requiring environmental assessment. Such cases are ex-
amples of the incremental system for consideration of

SEA.

In most cases, strengthening of screening procedures
could bring key process benefits. It would allow practi-
tioners to decide on

» whether SEA is necessary for a particular plan,
* at what stage the assessment should take place,

* the extent and type of involvement of people from
outside in the light of planning, and

* the requirements.
Scoping

Scoping is an important step in the process of SEA. It
determines the coverage or the scope of SEA of a plan
or programme. Scoping helps to develop and select al-
ternatives to the proposed action and to identify the
1ssues to be considered. It is also a procedure for design-
ing the terms of reference (TOR). The scoping exercise
involves various steps as follow.

Collection of existing information. Information

about the plan and the area in which the plan is to be

implemented is collected. It is supported by maps,

drawings and other aids. The information is presented

in a way that is easy for readers and interested groups

to understand and should be accessible to all people
- concerned.

Information distribution. Compiled and processed in-
formation is assembled in a package and distributed to
individuals and institutions for their review and com-
ments. An open scoping process can be organized to
facilitate interaction on issues related to the proposed
plan. Aleernatively, closed scoping, such as sending let-
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ters and conducting interviews or discussions in small
groups, can be organized in order to obtain opinions
about the plan proposed and its environmental conse-
quences.

Identification of issues of public concern. Opinions
expressed by the people are assembled, processed and
categorised. Such information is compiled into a com-
prehensive list and concerns without any significance
are usually rejected. Only significant issues directly re-
lated to the proposed plan are usually considered for
further analysis.

Analysis and comparison of alternatives

Another important step in SEA is the consideration of
alternatives and their comparison in terms of environ-
mental soundness. The alternatives should include the
case for continuing the existing situation (the no-ac-
tion option) and the need for modification. If feasible,
a series of options should be compared. However, the
minimum should be at least two options in order to
provide reference for decision-making. Alternatives are
developed by using optimisation techniques. However,
in some cases, multi-criteria and sensitivity analysis are
also used to determine the preference and robustness of
policy options.

Identification of environmental impacts

Implementation of any economic development plan will
have some environmental implication whether benefi-
cial or adverse. Therefore, it is essential to identify
changes that will affect the existing environment. The
process of identifying environmental impacts for all vi-
able options identified is one of the key steps in carry-
ing out SEA. The impacts are identified in three key
areas as follow.

e Socioeconomic impact. Impacts, both adverse and
beneficial, generated in socioeconomic areas.

* Biophysical impacts. Impacts on biophysical re-
sources such as vegetation, wildlife, crops, and
aquatic life, also includes air, water and soil quality.

* Cultural impact. Impacts on cultural and heritage
sites, religious sites and traditional practices likely

to be affected by the plan.

Impacts may be direct, such as deforestation due to
project implementation, or indirect such as impacts on
river fish due to the siltation affecting the production

of plankton.
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Methods for impact analysis

Techniques and procedures for SEA vary from plan to
plan. Some plans may cause greater impact on the envi-
ronment than others. Similarly, some impacts are ben-
eficial while others are detrimental. The following meth-
odology may be used for identifying impacts associated
with plan implementation.

* Use of matrices. Interaction matrices are used for
displaying an area of impacts. Activities to be imple-
mented are presented in the horizontal column and
resources likely to be affected are presented in the
vertical column of an impact sheet. The area likely
to be significantly affected by an action is displayed
in a square box. There is a variety of matrices used
for various situations.

* Computer modelling. Computer models are used
in analysing impacts. Calyx Expert System contains
a set of impact rules that describes the condition
under which environmental impact will occur based
on general principles.

* Geographic information systems (GIS). GIS are
especially useful in land-use planning and in assess-
ing the cumulative impacts of several projects in the
same area.

* Cost-benefit analysis (CBA). This technique is ap-
plied in many cases because impacts can be expressed
in comparable terms: the cost:benefit ratio is used as
a basts for choice between options.

* Multi-criteria analysis (MCA). This is an advanced
form of CBA. MCA uses mathematical operations
leading to weighting and ranking of options. Unlike
CBA, MCA allows for joint analysis of environmen-
tal and financial costs.

In addition to these, there are many other techniques
used to evaluate policy, plans and programmes from an
environmental point of view for SEA. Examples include
life-cycle analysis, aggravation methods and several con-
sultative tools.

Impact prediction, evaluation and comparison of
alternatives

Once impacts have been identified, it is essential to pre-
dict their magnitude, extent and duration. The predic-
tion made should be based on the following factors.

* Determine the initial reference or baseline condi-
tion
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* Estimate the future state with the proposed action

* Estimate the future state without the proposed ac-
tion

* Impact predictions are made in the following way

* Magnitude of impact. An impact is assessed in terms
of its severity. It is classified as reversible or irrevers-
ible and ranked as high (H) if it cannot be miti-
gated, medium (M) if it can be mitigated with an
appropriate measure and low (Lo), if it does not make
a difference whether it is mitigated.

* Extent of impact. An impact can be classified on
the level of its spatial influence. It can be site-spe-
cific (SP), occurring locally (L), regionally (R), na-
tionally (N) and internationally (I).

* Duration of impact. An impact can be classified on
a temporal basis: short duration (S), medium term
(10-20 years) (M) and longer periods of time (L).

There are several methods available for predicting im-
pacts. No prediction method is perfect, and additional
methods are being devised. Most methods are
extrapolative, and a few of them are normative. For de-
tails of such methodologies please see EIA Training
Manual for Professionals and Managers (Khadka et al.
1996).

There are several methods for comparing alternatives.
Some of the methods are listed below, however, for de-
tails of the methodology refer to Khadka et al. 1996.

* Quantitative approach

* Qualitative approach

* Ranking, rating and scaling approach
*  Weighting approach

* Nominal group process technique

* Delphi methods

* Environmental evaluation system

Should the public be involved in SEA and how?
Public involvement in SEA

Public involvement is an integral part of SEA. It en-
sures procedural integrity and provides relevant infor-
mation and input to policy development. Public involve-
ment brings together stakeholders, affected interest
groups, NGOs and other relevant organizations. There
are several ways to involve the public either by work-
shops, meetings and seminars (open) or letters, inter-
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views and discussions (closed). etc. There are two ap-
proaches as follow.

*  When policy, plan and programme are to be evalu-
ated, the first public involvement is organized dur-
‘ing scoping. People will be asked for comments on
the main objectives of the plan, policy or programme
and on environmental issues likely to arise due to
plan implementation.

* The second public involvement can also be organ-
ized after the SEA'is completed. The report is opened
to the public at the strategic level, and suggestions
for improvement are obtained:

Documentation and SEA report

The length of report can be as short as one page to sev-
eral pages, depending upon the issues addressed. If the
report is long then there should be a short executive
summary that should include a precise non-technical
description of the significant results and recommended
actions. The report should also include a clear descrip-
tion of

* the proposed policy/planning concept,

* the environmental consequences of policy option and
how these alternatives compare,

e the difficulties encountered in the assessment and
the resulting uncertainty in SEA results,

* recommendations in terms of approval and imple-
mentation of proposals, and

* arrangements for monitoring and post-decision
analysis

The report should also be accompanied by supporting
documents, graphs, charts, relevant baseline informa-
tion, study team personnel, a list of people contacted
and reference materials. A glossary of terms should also
be provided to make the report understandable to deci-
sion-makers and the public at large.

Summary of SEA procedure

Initiation: screening mechanism, identify whether

SEA is needed.
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* Scoping: identify the significant issues to be ad-

dressed.

* Impactidentification: identify the main impacts on
the key resources.

* Prediction of impacts: predict and evaluate the im-
pact and identify the significance.

* Mitigation measures: propose mitigation measures
for each impact.

* Public participation: involve the public in the SEA
process.

* Preparation of the SEA report.

* Decision-making: take the SEA conclusions and rec-
ommendations into account.

* Post-decision: identify follow-up measures for over-
all impact of projects and measures resulting from
policy, plan and programme.

Conclusion

SEA has become one of the most direct and effective
ways to ensure that human activities are carried out in
an environmentally sustainable manner over a period
of time. Many countries have now adopted this method
of analysing environmental impacts arising from the
implementation of development proposals. In future,
this strategic method, particularly the trickle-down ap-
proach, is likely to become more popular for achieving
sustainable development objectives.
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Module 3.3

Resource Dynamics: Complex Problems, Complex Solutions

Hans Schreier R A Allen and P B, Shah

Objectives

* To describe and discuss the methodology used by
ICIMOD in its natural resource management
projects

* To share the experiences gained and lessons learned
in identifying the problems and the various efforts
made for solving them

What are the major findings of the project?

A multi-media CD-ROM entitled Complex problems-
complex options: preservation, degradation and rehabili-
tation in a Nepalese watershed was produced as part of
the 1997 Annual Report. The People and Resources’
Dynamics Project (PARDYP) grew out of the Moun-
tain Natural Resources’ Management Project (formerly
Jhikhu Khola Watershed Project).

The main goal of the Jhikhu Khola Watershed Project
was to quantify the status and changes in the water, soil,
agricultural and forest resources in the watershed over
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the past 20 years and to determine the socioeconomic
conditions and dynamics that shape the lives of the in-
habitants. The integration of socioeconomic conditions
with biophysical conditions was of key importance and a
special effort was made to link soil fertlity and degrada-

tion with gender and socioeconomic conditions.

The main findings in the Jhikhu Khola Watershed cov-
ered research activities between 1989 and 1997 and are
summarised below.

How is rainfall, erosion and sediment transport affected?

Rainfall, erosion and sediment transport are key issues
to consider when determining resource management and
sustainable farming in mountain environments. The
research findings over the past years are as given in the
following passages.

R/zz'nﬁz//

* There are on average 77 storms annually, of which
3.5 per cent have a peak 10-min rainfall intensity of

NEPAL

Locations of Jhikhu and Yarsha Khola Watersheds
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>50 mm, a critical level for erosivity. About one third
of all storms occur during the pre-monsoon season.

¢ Total rainfall during the monsoon represents about
70 per cent of the annual total.

*  Most of the rainfall delivery is highly variable and

local rather than regional-pattern dominated.
Erosion

* Annual losses were highly variable ranging between
0.1 and 40 t/ha/yr on rainfed agricultural sites.

* Pre-monsoon losses were over one order of magni-
tude greater than monsoon losses and were attributed
to a lack of vegetative cover during the pre-monsoon
period. Unfortunate timing of cultivation during the
pre-monsoon results in the greatest losses, and farm-
ers have little warning or predictive power to prevent
such events. Planting a cover crop that can survive
the dry season is one of the options considered to re-
duce the erosion risk during this period.

Sediment properties and behavior

* Silt and clay is dominant in sediment yield during
the premonsoon season, and silt and fine sand are
dominant during the monsoon season.

* Because of differences in parent materials, soil age
and weathering intensity, red soils produce sediments
with significantly lower nutrient content than non-
red soils (particularly phosphorus and calcium). Since
red soils only occur below 1,700m, sediment colour
and associated P content can be used as a finger-
print trace to determine the origin of storm-source
materials and possible nutrient benefits derived from
recapturing sediments.

* Red soils are more difficult to manage and once such
sites are degraded sediment production is high (sig-
nificantly higher than on bari land) (dryland culti-
vation), downstream impacts are large and re-cap-
turing of sediments is of little value. This suggests
that rehabilitation of red soils is an important task
in order to prevent problems affecting more produc-
tive land downstream.

* Farmers have a profound effect on sediment dynam-
ics. Management practices are designed to prevent
soil loss and sediment production. Agricultural in-
tensification increases erosion risk and presents more
challenges to farmers.
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* Sediment yield is highly dependent on season, scale
and land use. Of the total annual sediment produc-
tion, 30 per cent is recaptured on bari and kbet (irri-
gated rice field) fields. In larger watersheds, up to 60
per cent of sediment is put into long-term storage
within the basin.

* Average annual sediment yield was found to be in
the range of 10-20 t/ha/yr at all basin scales investi-
gated (75-11,000 ha), and degraded land produces
sediments in direct proportion to the total event rain-
fall independent of season and scale.

* Individual events were most damaging on the field
or terrace scale and declined rapidly as scale increased.

What are the soil fertility status and dynamics?

Overall soil fertility conditions were examined over the
past five years using four different survey methods: soil
mapping evaluation covering the entire watershed; soil
comparison between forest and upland agriculture in
the headwater area; detailed soil fertility analysis in the
subwatershed to identify the key factors that affect soil
fertility declines; and selective soil analysis in long-term
forestry monitoring plots (11 forests). Farmers were
consulted in all surveys, but a special effort was made to
relate farmers’ inputs and experiences to soil fertility
(200 sites were analysed), and information on inputs,
yields, and constraints was obtained through farm in-
terviews. The findings of these surveys are summarised
in the following passages.

Soil fertility starus

* The overall soil fertility conditions are poor. Soil
carbon (0.99 + 0.47% average), pH (4.8 + 0.4) and
available P (16.6 + 18.9 mg/kg) are particularly prob-

lematic.

* Land use is the most important factor influencing
soil fertility, followed by soil type, topography and
micro-climatic conditions (elevation and aspect).

*  Kbet shows the best overall soil fertility (pH 5.2, Ca
5.3 cmol/kg, available P 21.6 mg/kg), followed by
bari and rangeland, while forest soil fertility is the
poorest (pH 4.2, Ca 0.9 cmol/kg, available P 0.7
mg/kg).

* Red soils are the oldest soils in the study area and
have a greater clay content, higher CEC, and higher =
acidity, but lower available P than non-red soils (9.8
versus 22.1 mg/kg).
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* Asite-factor approach based on relationships between
soil fertility and site characteristics facilitated extrapo-
lation from point data to a spatial coverage and was
useful for assessing the extent of soil fertility prob-
lems. The composite soil fertility map produced with
GIS overlay techniques indicates that only 14 per
cent of the classified regions have adequate pH, avail-

able P and exchangeable Ca.

* Phosphorus sorption studies indicate the high P-fixa-
tion capacity of red soils. Sorption ranged from 2-4
g P,O,/kg soil for the 16 red-soil sites. Phosphate
sorption calculated using Borggaard’s model, which
includes AAC extractable Fe and Al and CBD ex-
tractable Fe, showed good agreement (.. =0.85) with
measured P sorption and was used to calculate P
sorption under different land uses.

o The P sorption capacity on red soils is nearly one
order of magnitude greater than calculated values
for non-red soils, and forest sites sorbed significantly
greater P than agricultural sites.

* A phosphorus sorption map was developed using
GIS techniques and a site-factor approach. The re-
sults indicate that 29 per cent of the area has very
high P-fixation capacity (>1.5 g/kg) and 61 per cent
has a P fixation capacity >0.5 kg. The high P-fixa-
tion capacity of these soils has important implica-
tions for phosphorus management as fertilizer P will
quickly be converted to insoluble or complex forms.

Soil fertility dynamics

* The direction and rate of change of soil fertility in-
fluence both current and future biomass production.
Plot studies and nutrient budget modelling indicate
declining soil fertility on bari, forest, shrub and
grasslands, and marginal conditions on 4ber subject
to intensive cultivation.

* Fertility characteristics of soils originating from the
same parent material but subject to different land
uses show that sites have the lowest N, available P,
exchangeable Ca and pH values resulting from nu-
trient removal through biomass collection.

Bari sites, which receive the highest organic matter
inputs, have the highest C and N levels, and £ber
enriched by irrigation water and suspended
sediments have the highest available P, Ca and Mg.

Rates of soil fertility depletion estimated from dif-
ferences in soil fertility between land uses indicates
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substantial N and Ca losses from forest land (94
and 57 kg/ha furrow slice respectively). Annual
losses from bari are small due to additional inputs
from organic sources suggesting that losses from
agriculture are strong and are influenced by man-
agement.

* Nutrient budget modelling of N, P and Ca levels
for the dominant crops and cropping patterns was
used to estimate nutrient depletion from the soil pool
and identify management practices contributing to
soil fertility degradation. Practices related to maize
production result in large deficits in N, PzO5 and
Ca (118, 38 and 32 kg/ha furrow slice respectively).
Rice and rice-wheat cultivation on irrigated land
appear to have limited impact on the soil nutrient
pool, but the addition of pre-monsoon maize in the
rotation results in deficits of 106 kg N and 12 kg
P,O, /ha furrow slice.

¢ The collection of forest biomass results in annual
nutrient losses of 56 kg N/ha, 16 kg P,O,/haand 34
kg Ca’ha, which are comparable to nutrient deple-
tion determined from plot studies. Biomass removal
from rangelands results in nutrient losses roughly
estimated at 60 kg N/ha, 20 kg P,O,/ha, and 20 kg
Ca/ha while soil erosion on degraded range and
shrublands results in comparable losses (34 kg N and
23 kg Ca /ha furrow slice).

What are the key management factors and options?

Land-use change and soil-nutrient budget modelling are
useful for assessing the impact of management factors
on soil fertility and identifying management options that
may reduce nutrient deficits. Data on soil inputs, yields,
labour allocation and management practices were ob-
tained by interviews and participatory surveys. Key fac-
tors influencing soil fertility degradation include forest
litter removal, agricultural marginalisation, erosion and
agricultural intensification.

Key management factors

Litter removal: Forest soils show the lowest overall soil
fertility and largest annual nutrient losses. The collec-
tion of fodder, litter and fuelwood results in significant
nutrient removal (56 kg N, 7 kg P and 72 kg total bases/
ha) and disrupts natural nutrient cycling. Historical
forest cover data suggest a cyclical decline in forest cover
with at least two cycles of deforestation followed by ef-
forts at rehabilitation. Biomass removal contributes to
a low soil organic matter content and soil acidification
through the removal of bases from forest land, and pine
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litter inputs to agricultural fields are likely to be acidi-
fying cultivated land.

Marginalisation: The nutrient status on bar7 is gener-
ally poor and nutrient modelling indicates that N, P
and Ca inputs are insufficient to maintain the soil nu-
trient pool under maize-wheat production. Bari soils
are acidic with pH values ranging from 4.1 to 4.9, acidi-
fication from chemical fertilizer use is a concern and P
availability is limited on red soils due to their high P-
fixation capacity. Rainfed agriculture has expanded on
to former range-, shrub- and abandoned lands located
on steep slopes and at high elevations. These marginal
lands have inherently lower soil fertility and are less fa-
vourable for intensive nutrient management.

Erosion: Erosion from upland éari and degraded lands
result in substantial nutrient transfer to lowland agri-
cultural fields. Erosion on bari removes an average of
25 kg N and 13 kg Ca /ha furrow slice, and marginal
upland agricultural sites are prone to higher erosion rates.
Nutrient losses through erosion on forest land are small
when understorey vegetation is maintained, but litter
removal leaves the forest floor unprotected from
monsoon rains. Degraded shrub and rangelands (>50%
soil exposure) cover 5 per cent of the study area and are
a significant source of sediments, removing an estimated

34 kg Ca /ha furrow slice.

Intensification: Kbet fields act as a nutrient sink receiv-
ing inputs from compost, fertilizer, sediment, water and
biological fixation. Soil fertility conditions on kber are
adequate and nutrient modelling suggests that inputs
are sufficient to maintain a rice-wheat cropping system.
The amount of irrigated land has remained relatively
constant over the last 25 years, but cropping has inten-
sified and shifted toward cash-crop production. Nutri-
ent budgets under triple cropping are causing N and
PO, depletion ( 106 kg N and 12 kg PO, /ha furrow
slice), and cash crops such as tomatoes and potatoes
require higher N.and P, O, levels than staple grain crops.
Vegetable production and the use of high-yielding vari-
eties have resulted in an increased dependence on
agrochemicals, and water quality problems are associ-
ate with heavy fertilizer and pesticide use.

Excess use of pesticides: The introduction of high-yield-
ing varieties of tomatoes and potatoes has resulted in
the increased use of pesticides. The lack of extension
services and appropriate education programmes are key
reasons for the misuse of agrochemicals. The long-term
health implications are severe and urgent action is needed
to address the proper handling and use of these chemi-

cals.
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Management options

Potential options for reducing nutrient deficits include
organic matter management, water management, lime,
integrated nutrient management, Azolla and on-farm
fodder production.

Organic matter management: Organic matter inputs have
many beneficial effects on soil chemical, physical and bio-
logical properties, providing macro- and micro-nutrients,
reducing acidification, maintaining soil structure and en-
hancing micro-activity. Best management-practice and
deficit-elimination scenarios identified improved
composting as a practical option for improving nutrient
budgets on bari. Pit composting nearly doubles the N and
P, O, content of compost, and improved composting re-
duced estimated N deficits on bari fields by 17 per cent.

Water management: The diversion of stream floodwa-
ter through the irrigation system carries suspended
sediments and nutrients on to kbet fields. Sediments
are enriched in Ca, P and C, and an average accumula-
tion of 4 mm/yr supplies an additional 11 kg N and 28
kg Ca /ha furrow slice in addition to nutrient enrich-
ment from sediment accumulation.

Lime: Bari, forest, shrub- and rangelands all have me-
dian pH values <5.0 and further acidification is a con-
cern with the increasing use of chemical fertilizers on
bari and biomass removal from forest, shrub- and
rangelands. Calcium- and magnesium-based rocks pro-
vide a source of liming materials that are locally avail-
able in limestone and marble deposits. Rehabilitation
studies with lime and manure have shown increased
fodder production and a slight increase in soil pH.

Integrated nutrient management: Nutrient-deficit elimi-
nation scenarios suggest chemical fertilizer use would need
to be quadrupled to meet crop N requirements under a
triple crop rotation. The high cost of fertilizer constrains
application rates and the associated soil acidification
would be detrimental to crop productivity. Many farm-
ers already report that soils are becoming hard due to
continued chemical fertilizer use. Integrated nutrient
management combining chemical fertilizers and compost
is critical to maintaining soil fertility. Compost alone will
be insufficient to meet crop nutrient demands with in-
creasing cropping intensities and vegetable production,
but organic matter additions improve soil structure, pro-
vide available nutrients gradually, and are less prone to
nutrient losses through leaching.

Azolla: N-fixation by blue-green algae and Azolla may
provide sufficient N to meet the requirements of rice
grown on kbet fields.
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On-farm fodder production: Eighty-five per cent of the
households surveyed report fodder trees on their pri-
vate land, but fodder shortages are common during the
dry season. Additional fodder may be produced by plant-
ing species such as Napier grass on terrace risers and
waste lands. Regular cutting would minimise rodent
problems, provide a source of fodder close to the house
and reduce pressure on forest resources. Nitrogen-fix-
ing fodder trees planted as hedgerows are able to grow
on N-deficit sites, and litter adds organic matter to the
soil. Regular cutting would provide fodder and fuelwood
and minimise the shading effect on agriculture.

Extension service for fertilizer and pesticide use: There
is an urgent need for improved agricultural extension
services. With the introduction of cash crops, new man-
agement techniques are needed and, without professional
advice from agricultural staff, the indiscriminate use of
fertilizers and pesticides is leading to water-quality prob-
lems (eutrophication and toxicity) that have long-term
health consequences.

What are the key socioeconomic factors and options?

Population growth, land tenure, culture and poverty are
key socioeconomic factors influencing nutrient man-
agement and driving soil fertility degradation. Poten-
tial options that may counter the negative impact of
socioeconomic influences on soil fertility include off-
farm employment, community forestry, cash cropping
and population stabilisation.

Population growth: Up to 1995, population growth
rates were estimated at about 2.6 per cent. However,
recent analysis (1996 surveys based on aerial photo work)
indicates that the rate is significantly higher in part due
to immigration and natural growth. This is placing ad-
ditional pressure on soil resources. The per capita avail-
ability of land had decreased to 0.17 ha, and double
and triple crop rotations are applied in an attempt to
meet the increased demand for food. Agricultural
marginalisation in response to population pressure has
brought steep slopes under cultivation and is indicative
of continuing pressure on forest resources. Population
growth is a dominant factor driving land-use dynamics
and the increased demand for food, animal feed and
fuelwood results in increased nutrient removal.

Land tenure: Land ownership varies dramatically with
15 per cent of the surveyed households owning 36 per
cent of the agriculrural land and 53 per cent of the house-
holds owning only 25 per cent with total holdings <1
ha per household. Share cropping is practised by ap-
Proximately one third of the households, and 47 per
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cent of households report that the land they farm does
not generate enough food and income to meet their
family's basic needs. The poorest soil fertility conditions
within the study region are found on forest and
rangelands, which are primarily under government own-
ership. Agricultural land holdings are positively corre-
lated with total fertilizer and compost applications, and
significant differences in nutrient budgets and soil fer-
tility are noted with farm size. Share-cropped land re-
ceives significantly lower compost fertilizer and pesti-
cide inputs, and rangelands are largely unmanaged.

Culture: Ethnic distribution, the role of livestock, and
women as resource users and managers are three com-
ponents of Nepali culture related to soil fertility in the
study region. Rich farmers typically own the most kbet
and apply more fertilizer and pesticides to their land.
Livestock are important in Nepali culture, particularly
cows and goats, and impact soil fertility through ma-
nure inputs. Female buffaloes are obtaining economic
importance with increased commercial mitk production.
Women are central in soil fertility management due to
their responsibilities for livestock care, litter collection,
and compost application, and the commercialisation of
milk production is dramatically increasing the work-
loads of women farmers.

Poverty: Agricultural assets (land and livestock), farm gross
margins (total returns less variable costs) and sources of
cash income (crop sales, milk production and off-farm
employment) are used as indicators of household economic
well-being. Access to land and land quality assessed by lo-
cal land values are highly skewed. Livestock values are highly
variable between households, and some 50 per cent of
household livestock assets are accounted for by female buf-
faloes. Vegetable crops involve higher levels of resources
(labour, pesticides, fertilizer, compost and water), but farm-
ers have an economic incentive to adopt vegetable crops.
Tortal returns and household gross margins are greatest for
households growing vegetable crops as part of their rota-
tion, but 47 per cent of households have gross margins
<US$ 70 /yr. Farmers sell a variety of crops, but only a
small minority systematically produce for the marker.
Households with higher agricultural asscts and gross re-
turns apply more compost and fertilizer to both ket and
bari and households with higher returns and milk sales
appear to farm sites with better soil fertility conditions.

Socioeconomic options
Potential options for reducing socioeconomic pressure
on resources include off-farm income, community for-

estry, cash cropping, and out-migration and population
stabilisation.
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Off-farm income: Off-farm activities provicic cash in-
come that may be used to purchase chemical fertilizer,
thereby reducing nutrient deficiencies associated with
intensive cultivation. However, male out-migration in
pursuit of wage employment negatively impacts the
household by increasing the workloads of women farm-
ers and increasing their responsibility for farm decision-
making. The workload placed on women farmers is
particularly problematic given parallel increases in de-
mand for their labour associated with agricultural in-
tensification, vegetable-crop production and commer-
cial milk production.

Community forestry: Community forestry initiatives
have been successful in increasing biomass through re-
stocking and restricted access, but long-term investments
are required. Local farmers now have incentives to man-
age common forest land, but the necessary capital re-
sources to initiate community forestry projects require
outside subsidies.

Cash cropping: Market-oriented production provides
a source of income that may be used to purchase com-
mercial inputs. Vegetable production, however, increases
water and pesticide requirements, and increased chemi-
cal fertilizer use is associated with soil acidification and
water-quality problems. Integrated nutrient manage-
ment is required to minimise the negative effects of
agrochemical use, and water-use cfficiency issues need

to be addressed.

Are traditional farming systems sustainable? What are the
implications for future research?

Farms in Nepal need to be viewed as systems that inte-
grate forest, livestock and cultivation activities. Biomass
collected from forest, shrub- and rangelands provide
nutrients to the agricultural system with livestock,
through manure, playing a central role in nutrient re-
distribution. Erosion is an important natural process,
but water and sediment regimes are modified through
complex irrigation systems. Off-farm employment, cash-
crop production and milk sales provide income to farm
households that is partially used to purchase
agrochemicals impacting on agriculture. Nutrient flows
must be evaluated within and between components as
nutrient fluxes are interlinked. Pressure on one compo-
nent will impact on the entire system and alter the trans-
fer of nutrients.

The traditional farming system appears to have been
sustainable. Despite high rates of erosion, nutrients were
recaptured on kbet, and compost was used to replace
nutrients lost from bari. However, triple cropping and
increased vegetable production are now threatening
sustainability. Both require more fertilizer, pesticides,
water and labour. As a result nutrients on £bet are being
depleted and bari receives less compost. Cultivation of
low soil-fertility sites leads to low productivity, low re-
turns to human and capital inputs, and the inefficient
use of scarce nutrient resources. Forests are cleared of
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understorey vegetation, short circuiting the natural nu-
trient cycle and more erosion results. Social sustainability
is also being threatened: given the increased demands,
particularly on female buffalo numbers to provide more
manure, milk production increases labour demands for
fodder collection, feeding and milking, which are tasks
mostly fulfilled by women. Increasing off-farm employ-
ment and schooling remove male and child labour from
the system. Some 25 per cent of the farmers cannot pro-
vide for their families. They will have no choice but to
take a short-term view and use the capital stock of soil
nutrients rather than investing in soil fertility.

Implications for future research

Understanding how resources are changing, and why, re-
quires the integration of biological, physical and socio-
economic factors. Farmers perceptions of soil fertility are
useful in identifying past trends. However, given the non-
linear charactersitics of relationships between soil param-
eters (e.g., pH and P fixation), farmer perceptions do not
indicate the proximity to threshold values. Long-term re-
search on soil fertility and nutrient dynamics are neces-
sary to understand the physical processes. While soil fer-
tilicy research provides an index of soil resilience and an
understanding of the agronomic processes, it does not
indicate the underlying socioeconomic factors driving
nutrient management. Household, farm and off-farm
activities need to be viewed in terms of their interactions
with natural and socioeconomic environments. More
interdisciplinary efforts that seek to integrate our under-
standing of these subsystems are needed to fully compre-
hend resource issues in the Middle Mountains in Nepal.

For more information consult the CD-ROM.
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Mobute 3.4

Population Dynamics and Land-Use Changes:
A Case Study of hikhu Aftola Watershed, Nepal

B Shrestha

Objective

* To assess and study the interrelationships between
population, natural resources and land-use changes
in mountain watersheds for developing a better un-
derstanding of these relationships and formulating
better policies and intervention mechanisms

How to assess the popuiaiion dynamics in Jhikhu Khola
watershed?

Population information for each village development
committee (VDC) is available over time, but in most
cases the VDC boundaries cross the Jhikhu Khola wa-
tershed (JKW) boundary. Only two are totally within
the JKW; the remaining VDC boundaries extend out-
side the watershed. Selective aerial photographs on a
scale of 1:20,000 were enlarged to 1:5,000 and used for
counting all houses. The number of houses was multi-
plied by the average family size determined for cach
VDC through surveys and interviews. This methodol-
ogy seems appropri ‘tc and reliable for the study of popu-
lation dynamics. The 1947 numbers were obtained from

1:50,000 scale topographical maps and the average fam-
ily size was obtained from historic census data. To check
for manual errors, 10 per cent of the households were
selected from the total of each VDC. The family size of
these households was compared to the estimated average.

How is land use in JKW estimated?

Land use was determined from aerial photographs
(1:20,000 to 1:25,000 scale) and field surveys for 1972,
1990 and 1996. General land-use categories such as ir-
rigated land, rainfed terraces, forest, grassland, shrubland
and others were delineated on each photograph. Addi-
tional details were collected during field work.

Geographical information systems (GIS)

All land-use information was digitised into a GIS using
Terrasoft in order to create a dertailed land-use inven-
tory for the watershed. Total areas and units in the vari-
ous land-use categories were determined from the dig-
ital database, and land-use changes over different time
periods were examined by GIS.

vDC 1947 1990 1996

House- | Family | Popula- [ House- | Family | Popula- | House- ﬁamily Popula-

hold # size tion hold # size tion hold # size tion
Anaikort 124 4.7 583 445 5.6 2492 619 5.6 34606
Baluwa 148 5.8 858 568 6.7 3806 1066 6.7 7142
Banepa 6 5.8 35 18 5.6 101 18 5.6 101
Devitar 99 5.8 574 343 6.3 2161 4006 6.3 2558
Dhulikhel 128 7.8 998 304 6.0 1824 557 6.0 3342
Hokse 70 5.8 406 338 5.2 1758 468 5.2 2434
Kabhre 75 5.3 398 462 5.4 2495 538 5.4 2905
Kharelthok 102 5.8 592 353 4.9 1730 375 4.9 1838
Maithinkor 51 5.8 296 220 5.4 1188 266 5.4 1436
Panchkhal 250 5.8 1450 1117 6.5 72061 1638 6.5 10647
Patlekhet 246 5.8 1427 477 6.2 2957 807 6.2 5003
Phoolbari 52 5.3 276 179 5.6 1002 214 5.6 1198
Rabi Opi 104 5.8 603 422 7.1 2996 685 7.1 4864
Sathighar 82 5.8 476 228 5.2 1186 345 5.2 1794
[ Total 1537 5.8 8971 5474 5.8 32956 8002 5.8 48728

Module 3: New Methods, Skills and Tools in PIWSM

143



Population status of the JKW in 1947, 1990 and 1996

The population status of the watershed in 1947, 1990
and 1996 is provided in Table 1. The data show that the
overall population has increased from 8,971 in 1947,

through 32,956 in 1990, to 48,728 in 1996.

Population growth from 1947 to 1990 averaged 3.0 per
cent. From 1990 to 1996 the number of houses has
increased by 5.7 per cent.

Land-Use dynamics in the JKW between 1947, 1972,
1981, 1990 and 1996

From 1980 to 1994, the average cropping intensity in
the watershed increased from 1.3 to 2.3. To understand
and quantify the trends of land-use dynamics, historic
land use (1947, 1972, 1981, 1990) and recent land use
(1996) have been compared. Quantification and analy-
sis of land-use changes between these various periods
were carried out by applying GIS technology.

Broad land-use changes between 1947 and 1981

In 1947, general land use was mapped delineating for-
est, shrubland and agriculture. The spatial distribution
of land use for 1947 and 1981 is presented in Map 1.
This assessment shows an overall gain of 10 per cent in
agriculture and 14 per cent in shrubland. It indicates
substantial forest deterioration over this period. A sig-
nificant net conversion of forest into agricultural land
of abourt 1,164 ha and forest deterioration into shrubland
of some 1,551 ha is absent.

(10%) ‘

Land use 1972 - 1990

The land-use changes over the period of 18 years were
examined using GIS. There were substantial increases
in forest of 10 per cent, and bar7 (dry land cultivation)
of 5 per cent while ket (irrigated fields) increased by
only 1 per cent, shrubland decreased by 9 per cent and
grassland by 5 per cent (Table 2).

GIS results show that forest has increased over this 18-
year period: 738 ha from shrubland and 317 ha from
grassland. Bari has also increased: 250 ha from shrubland
and 224 ha from grassland.

There has also been a change in forest species’ distribu-
tion. The increase in forest cover due to pine planta-
tions is 63 per cent. Sixty-five per cent of all pine plan-
tations are on slopes of less than 35 per cent with the
largest area in the 20-35 per cent slope range. Eighty-
four per cent of the plantations are below 1,200m. Dur-
ing the 1972-1990 period, significant agricultural
changes occurred in two directions: expansion on to
marginal land and crop intensification. Bari increased
by 5 per cent from 1972 to 1990. Sixty-six per cent of
all sites converted into bari occurred on slopes greater
than 20 per cent. The highest land conversion occurred
in the 36-49 per cent slope class. This clearly suggests
that a critical limit was being reached in dry land culti-
vation during the period from 1972 to 1990. Lowland
irrigated agriculture intensified over this period with
the introduction of high-yielding crop varieties and
application of mineral fertilizer.

Land wse 1990 - 1996

The six major land-use categories were compared by
superimposing the land use of 1990 and 1996 using
GIS. The GIS analysis shows that between 1990 and
1996 there has been an expansion of grassland and kber

Bolend }f L g r § P s by 1 per cent balancing a similar loss of shrubland and
| w0 (Zi%) X K (+ 1_4-%) bari (Table 3). There were significant increases in forest
W1Tahd T — | cover from 1972 to 1990 but almost no changes from
A01€ A ( - d ( .
Landuse Types 1972 1990
Area (ha) Area (%) Area (ha) Area (%) % Change
Kbet 1653 15 1719 16 +1
Bari 3844 34 4354 39 +5
Forest 2181 20 3359 30 +10
Grassland 1184 i1 466 4 -7
Shrub 1857 16 937 8 -8
Others 422 4 306 3 -1
11141 100.0 11141 100.0 0.0
Source: Land-use maps of 1SS, Topographical Survey Branch, Department of Survey Scale 1:20,000
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Table 3: Land ase 1990 and 1996

Landuse Types 1972 1990

Area (ha) Area (%) Area (ha) Area (%) % Change
Kbhet 1719 16 1838 17 +1
Bari 4354 39 4264 38 -1
Forest 3395 30 3319 30 +<10
Grassland 446 4 613 5 +1
Shrub A7 8 781 7 -1
Others 306 3 326 3 +<2

11141 100.0 11141 100.0 0.0
Source: Land-use map of PARDYP/ICIMOD. Scale 1:20,000.

Pine Plantation 1972 - 1990

63% of all new increases in

,4-/"‘_\/(_,_,.4\ forest are chir pine
u_/-»._,—\ﬂ

65% of all pine are
on 20-35% slope

84% of all plantation are
below 1200m. Elevation

PARDYP-MNR/ICIMOD, 1998

Figure 1: Land use dynamics 1972 to 1990 (1.:20,000)

1990 to 1996. The expansion of kher was mainly from
bari during this period, with about 119 ha of land con-
verted from bari to kbet.

Population and land-use dynamics in JKW

There is a close relationship between population growth
and land-use dynamics in the JK'W. During the last fifty
years the population has increased significantly influenc-
ing land use and cropping systems. Population growth
has resulted in a dramatic decrease of per capita agricul-
tural land from 0.62 ha/capita in 1947 to 0.18 ha/capita
in 1990 and 0.11 ha/capita in 1996. To meet the increas-
ing demand for food, agriculture has intensified and ex-
panded on to marginal upland slopes. The pressure on
forest resources also appears to be increasing as illustrated
by recent losses of sal (Shorea robusta) forest.

Summary and conclusions
Aerial photography and GIS are useful tools for docu-
menting and quantifying trends and processes of popu-

lation and land-use dynamics. This methodology can
be used in any watershed study of mountain regions
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and can provide information that is generally not avail-
able from government sources.

Population growth increases the demand for food and places
an additional pressure on limited resources; this has quickly
affected land-use practices in the Jhikhu Khola watershed.
From 1990 to 1996 farmers practised more commercial
farming systems, and kber expanded by one per cent. Be-
tween the 1970s and 1990s the cropping patterns were
mainly dominated by rice, wheat and some potatoes on
the £bet, and maize, mustard, wheat or millet on the bar:.
From 1990 to 1996 the cropping system has changed to
include more diversified crops dominated mainly by rice,
potato, tomato, wheat and early maize on kher and maize,
wheat, mustard, romato, potato and some millet on bari.
More and more farmers are practising commercial cultiva-
tion of potatoes, tomatoes, radishes, onions, and garlic.
The change from largely subsistence to more commercial
farming systems in the JK'W over the last six years is due to
the development of market centres and the extension of
motorable secondary roads; during the last six years more
than six secondary roads have been constructed. Milk-chill-
ing centres, telephone facilities, rice mills, a college, etc.
were also established.

The three sets of assessments record deforestation from
1950 to 1970, significant plantation from 1972 to 1990,
and almost no change from 1990 to 1996. GIS analysis
shows that about 47 per cent of all increases in forest
are pine below 1200 m elevation, and 65 per cent of all
pine plantations are on slopes of less than 35 per cent.

At the same time, annual crop rotation intensified from
an average 1.3 in 1980 to 2.3-2.7 in 1994, and this was
accompanied by expansion of agriculture into marginal
environments. Agricultural intensification may indi-
rectly be helping to protect the forest: limited time is
available for fuelwood, fodder and litter collection.
Farmers are applying more and more chemical fertilizer
and pesticides. Maintenance of soil fertility (organic
matter, nutrients, and soil pH) may become a serious
issue in the furure.
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Mot 3.5
Three *S" Technologies for Watershed Management

Moe Myt

Objectives

» To discuss three ‘S’ technology in the context of
watershed management and to highlight the infor-
mation generated by these technologies

What are three ‘S’ technologies?

The 38§ technology— global positioning system (GPS),
geographic information system (GIS) and remote sens-
ing (RS)—is a multi-disciplinary science of geo-
informatics to measure, record, process, analyse, repre-
sent and visualise geospatial data. 3D application, data
acquisition for digital elevation models (DEM), data
processing and analyses, and 3D-image output are em-
phasised in geo-informatics. 3S technology with 3D
applications add a new dimension to research and ap-
plications in watershed management.

What is the global positioning system (GPS)?

The global positioning system (GPS) is a world-wide
radio-navigation system formed from a constellation of
24 satellites and their ground stations in Hawaii, As-
cension Island, Diego Garcia, Kwajalein and Colorado
Springs. GPS satellites are called NAVSTAR. The alti-
tude of the satellites is 10,900 nautical miles. The or-
bital period is 12 hours. The orbital plane is 55 degrees
to other equatorial plane. The.GPS provides three di-
mensional positioning, velocity and time information.
The first and most obvious application of GPS is the
simple determination of a basic position or location.
GPS is the first positioning system to determine highly
precise location data for any point on the earth in any
weather.

How does GPS work?

The position is calculated from distance measurements
(ranges) to at least four satellites to determine the exact
Position of the antenna of the GPS receiver. It is called
triangulation. The distance to the satellite is determined
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by measuring how long a radio signal takes to reach the
receiver from the satellite. In order to make the meas-
urement, both the satellite and the receiver are generat-
ing the same pseudo-random codes at exactly the same
time. By comparing how late the satellite’s pseudo-ran-
dom code appears compared to the receiver’s code, de-
termines how long the signal took to reach the receiver.
This time is then multiplied by the speed of light to
determine the distance. Therefore, accurate perfect tim-
ing is the key to measuring distance to satellites. Re-
ceiver clocks do not have to be too accurate because an
extra satellite range measurement can remove errors.

There are a wide variety of possible errors. For example,
as the GPS signal passes through the ionosphere and
troposphere, it slows down and creates an atmosphere-
induced error. One way to counteract this error is to
compare the relative speeds of two different signals. The
dual frequency measurement is sophisticated and is only
possible with advanced receivers. When the signal
reaches the ground, it may bounce off various obstruc-
tions before it reaches the receiver. This is called
multipath error. Good receivers use sophisticated sig-
nal rejection techniques to minimise multipath error.
Atomic clocks are very precise but they are not perfect.
Miniscule discrepancies can occur in travel time meas-
urements, so slight position errors can appear. The con-
figuration of satellites in space can magnify these er-
rors. This is called geometric dilution of precision
(GDOP). There are more satellites available than the
receiver needs to fix the position, the receivers pick a
few and ignore others. If the receiver picks satellites close
together in space, the intersection circles that define the
position will close at very shallow angles. This increases
the error margins around a position and GDOP is high.
If the receiver picks satellites that are widely separated,
the circles intersect at almost right angles and minimise
the error regions: GDOP is low. Good receivers can
select satellites that will give the lowest GDOP. Alterna-
tively GDOP is also referred to as PDOP (positional
dilution of precision). The position should be meas-
ured when the PDOP value is less than 6.
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The accuracy range of position is from 100m to bettet
than-one cm depending on the design of the GPS and
method of measurement. Use of a single GPS is called
autonomous GPS. The positional accuracy of an au-
tonomous GPS is 100 m and the speed accuracy of au-
tonomous GPS is about 3 mph. Mapping applications
use GPS receivers with sub-metre accuracy. In order to
obtain better than a 100-m accuracy, differential GPS
(DGPS) must be used. Differential GPS can eliminate
almost all the errors. It can provide a position accuracy
of about 10 m to 1 cm and speed accuracy of better
than 0.1 mph. DGPS corrections are available for both
real time and post-processing. DGPS requires the co-
operation of two receivers. One receiver is a stationary
or reference station and another receiver is moving
around to mesa positions—the rover receiver. If two
receivers are within a few hundred kilometres, the sig-
nal that reaches both of them will have travelled through
virtually the same slice of atmosphere, and so will have
virtually the same error. The reference station is placed
at a point that has been accurately surveyed. The refer-
ence station calculates the timing using its known posi-
tion instead of calculating the position using timing.
So it calculates backwards. Since the reference station
knows where the satellites are supposed to be in space,
and it knows exactly its location, the theoretical dis-
tance berween itself and each satellite can be calculated.
Dividing the theoretical distance by the speed of light
determines the time. The reference station compares the
theoretical time and the time actually taken. Any differ-
ence is the error or delay in the satellite signal. The ref-
erence station uses all visible satellites and computes their
instantaneous errors. It encodes this information into a
standard formart and transmits it to the roving receivers
through a radio link. The roving receivers receive the
complete list of errors and apply corrections for the par-
ticular satellites they are using. In the early days of GPS,
reference stations were established privately. Now there
are enough public agencies and commercial firms trans-
mitting corrections. One service provider for DGPS is
Omnistar. The home page is http://www.omnistar.com/

Deriving high-accuracy data in real time uses real-time
kinematics’ (RTK) techniques, while post-processing
techniques require phase data to be collected. Radio links
are required for real-time DGPS. A number of different
types of radio transmitters are used. The main types are
radio navigation beacons, commercial FM transmitters,
and geostationary satellites. Many GPS receivers are
designed to accept corrections, and some are even
equipped with built-in radio receivers. FM stations can
be used to transmit correction data cost-effectively, es-

pecially in the HKH region. Some DGPS applications
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do not need radio links because they do not -need im-
mediate precise positioning. Rover receivers record all
measured positions and the exact time each measure-
ment is made. Then the data can be corrected at a refer-
ence receiver. This is called post-processing DGPS.
Internet can also be a good source of corrected data be-
cause some academic institutions are experimenting with
the Internet as a way of distributing corrections.

Post-processing DGPS will be an excellent tools for
positioning and mapping in the watershed areas. GPS
can pinpoint the position of a gauging station, a mete-
orological station, a drain, a trail or a particular patch
of forest or sample plots in a watershed. Moreover the
position of soil samples, elevations points, endangered
animals, sources of pollution and villages can be recorded
for inclusion in a spatial database of a GIS. Moreover
ground control points in a watershed can be precisely
measured by DGPS and used for rectification of digital
image data in remote sensing.

What is a geographic information system (GIS)?

A geographic information system (GIS) is a computer-
based geospatial database tool on which location infor-
mation (where) and attribute information (what) of
spatial objects such as houses, rivers, and forests can be
recorded and stored. This information can be repre-
sented as points, lines and polygons. In a watershed,
gauging and meteorological stations, pollution sources
and villages are the point features, trails and drainage
are line features, and land use and watershed bounda-
ries are the polygon features. GIS generate new infor-
mation based on the spatial relationship of individual
objects for particular spatial decision support and prob-
lem-solving. For example, by examining the spatial re-
lationship and connectivity of pollution sources, drain-
age and villages, GIS can derive new information on
‘villages that stand a high risk of toxic pollution’. GIS
can visualise and present results cartographically. The
capability carry out to spatial analyses distinguish GIS
from other information systems and make it valuable
to a wide range of applications such as urban planning;
telecommunication network monitoring, transportation
planning, environmental planning, watershed classifi-
cation and natural resources” applications, etc.

Components of a GIS

Hardware is the computer on which a GIS operates:
The digitiser, scanner, printer, and plotter are also hard-
ware components. GIS software runs on a wide rangé
of hardware types — stand-alone or network compu®
ers in client server environments.
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Software allows a GIS to input, correct, store, analyse
and display geographic information. Major components
of GIS software are

* inputting, cleaning and manipulation of location and
attribute information,

* database management system,

* spatial query, spatial analyses, database query, spa-
tial modelling and visualisation of geographic data,

* graphical user interface for easy access by users, and

*» application programming language to customise
applications.

Data are the most important component of a GIS. A
dartabase of spatial data and attributes can be created in-
house or by sharing or by purchase from a commercial
dara provider. Creating the data is time consuming. By
sharing existing data from different agencies and organi-
zations, the capability of a GIS can be increased by re-
ducing the time and effort spent in creating duplicate
data. Data quality and data standard are important, and
data requirement analyses should be performed in the
watershed. The data in the GIS, especially location dara,
contain explicit geographic references such as latitude and
longitude or national grid co-ordinates. The attribute data
contain nominal variables that are described by name
(such as park, pine forest) , ordinal variables such as lists
of discrete classes with an inherent order (classes of stream:
first order, second order and so forth), interval variables
that have a natural sequence within addition (such as tem-
perature 10-20 °C, 20-30 °C), ratio variables that have
the same characteristics as the interval variables but in
addition have a natural zero or starting point, and im-
plicit references such as an address range, postal code and
census tract name. The attribute information is stored in
the attribute table of a particular spatial object. GPS tech-
nology provide the basic location information of x,y co-
ordinates to GIS. However, by using the data dictionary
facility of a GPS data collector, attribute information can
be recorded. Location and attribute information can be
downloaded from GPS to GIS by using the utility soft-
ware of the GPS.

GIS users range from technical specialists, who design
and maintain the system and manage the data; applica-
tion specialists from different disciplines, who apply GIS
to a particular field; and policy-makers who use the GIS
as a support tool for decision-making. GIS integrate
not only different data layers but also professional knowl-
edge from different disciplines in order to solve a par-
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ticular spatial planning problem. GIS are of limited value
without the knowledge of people who develop plans
for the real world. In a watershed, the knowledge of the
hydrologist, agriculturist, agronomist, soil scientist,
ecologist, forester, economist, GIS specialist and land-
use planner is essential for sustainable management and
planning.

GIS Models

Geographic information systems are based on two fun-
damentally different types of spatial data models—the
vector model and the raster model. In the vector model,
the position of points, lines and polygons are precisely
specified. Location of a point feature, such as a gauging
station, is described by a single x,y geographic co-ordi-
nate and its attributes are described by its identifier
number and name or label and other attribute informa-
tion defined by the user. The location of a line feature,
such as drainage, is described by a series of x,y geographic
co-ordinate pairs, and its attributes are described by its
identifier number and name or label and other related
attribute information defined by the user. The location
of a polygon feature, such as a lake, is described by the
close loop of x,y geographic co-ordinates and its at-
tributes are described by its identifier number, name or
label and other related attribute information defined by
the user. Vector data are efficient at recording and de-
scribing discrete features, but less useful for describing
continuously varying features such as soil types, tem-
perature and rainfall.

The raster model represents point, line and polygon spa-
tial features as a collection of grid cells. Each cell is as-
sumed to be a homogeneous unit. Each grid cell is only
assigned one value. In a soil pH map, each cell is assigned
the pH value of that particular location. In a soil texture
map, each cell is assigned the soil texture value of that
particular location. The raster model is efficient at re-
cording and describing continuously varying features such
as temperature, soil and rainfall and transition zones.

Modern GIS, so-called hybrid GIS, are able to handle
both models.

How can GIS be used for a watershed management?

In a watershed, line features and their attributers; such
as trails, drainage, and contour lines; point features and
their artributes; such as rainfall stations, gauging sta-
tions, water origins, villages, pollution sources and
ground water wells; and polygon features and their at-
tributes such as land use/land cover, watershed bound-
ary, catchment boundary can be recorded in a vector GIS.
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A digital elevation model (DEM) of a watershed can be
generated with a triangular irregular network (TIN) model
in a vector GIS by using a network of irregularly spaced,
randomly selected elevation points. More sample eleva-
tion points are selected in the areas of rough terrain and
fewer in smooth terrain. Alternatively, in a raster GIS a
DEM can be generated based on digitised elevation points
by using interpolation algorithms. Using stereo aerial
photographs and stereo space images, automated DEM
can be generated by stereo-image matching algorithms.
This will be discussed in more detail in the section on
remote sensing. Topographic features such as slope, as-
pect, drainage network and elevation contours can be
generated in vector or raster GIS based on the digital
elevation model. A rainfall map or temperature map can
be generated by using thiessen polygons and by interpo-
lation based on the location and temperature and rainfall
data of meteorological stations.

What can GIS do?

GIS performs the five tasks: input, manipulation, man-
agement, query and analyses and visualisation.

The location and attribute data of a paper map can be
input to a GIS by scanning or digitising. Tabular data
can be imported from a database management system
or spreadsheet or directly input to the DBMS. Many
types of geographic data already exist in GIS-compat-
ible formats. These data can be obtained by data shar-
ing or from data suppliers. Departments of Agriculture,
Forest, Geology, Mining, Meteorology, Statistics and
Hydrology are useful sources of data for the watershed.

The data may have to be transformed from one geo-
graphic co-ordinate system to another (for example, the
latitude-longitude geographic co-ordinate system to the
UTM [Universal Transverse Mercator] co-ordinate sys-
tem). The data format may have to be manipulated to
be compatible to a particular GIS (for example, the
Maplnfo MIF file format to the ArcView Shape File
format). Data may have to be merged to obtain com-
plete coverage of a watershed or it may have to be clipped
out for an area within a watershed. Data may have to be
cleaned and the dangle errors (overshoots and under-
shoots of arcs) and attributes of spatial objects corrected.
Changes have to be updated. GIS technology offers tools
for manipulation, transformation, map joining, clip-
ping, reclassification, updating and cleaning of spatial
and non-spatial attributes.

A database management system (DBMS), especially a

relational DBMS (RDBMS), is best for storing, organ-
izing and managing data. In the relational database de-
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sign, data are stored as a collection of tables. Common
fields in different tables are linked to one another. There-
fore, to normalise the database, tables can be split into
smaller tables based on common fields.

GIS provide simple point-and-click spatial query and
attribute query systems. In a simple point-and-click
spatial query, click on a spatial object (point or line or
polygon) and the GIS provides attribute information.
In a simple point-and-click attribute query, click a par-
ticular record in an attribute table or enter a query (
such as land use=forest and elevation >500 m) and the
GIS highlights spatial objects (such as all the forest above
500 m). GIS also provide sophisticated tools for analy-
sis to look for suitability, patterns, trends and to model
‘what if’ scenarios. Proximity or buffer analyses are a
useful tool for answering spatial queries such as ‘derive
forest types and areas within 200m of first order drain-
age’. Overlay analyses are another powerful tool used to
integrate data layers of spatial objects according to cri-
teria derived from the integration of knowledge from
application specialists. The overlay or spatial join can
integrate data on soils, slope, vegetation and elevation
in order to derive ‘an area suitable for reforestation with
soil types of sandy loam or loam, slope <30°, eastern
aspect, deforested and elevation <500 m’. Land-use dy-
namics and change maps can be derived by simply over-
laying time series’” land-use maps.

The end results of GIS operations are maps, graphs and
tables. Maps are efficient at storing, communicating and
presenting geographic information. GIS and automated
cartography will provide new and exciting tools such as
integrated image output with DEM , birds eye views,
and image animation.

What is remote sensing (RS)?

Remote sensing is defined as the use of electromagnetic
radiation reflected, emitted or backscattered from an
object, area, or phenomenon in order to acquire, iden-
tify, measure and analyse the characteristics (spectral,
spatial, temporal) of the object, area and phenomenon
without direct contact. It is recognised as an essential
data source, especially when there is no map available
or existing maps are out of date. It provides multi-spec-
tral, multi-resolution, multi-temporal and multi-sensor
imagery of the latest conditions of an area.

Passive remote sensing makes use of sensors that detect
the reflected (visible, near infrared) or emitted (thermal
infrared) electro-magnetic radiation from object, area
and phenomerion. Active remote sensing makes use of
sensors that detect the backscatter energy from an ob-
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ject, area or phenomenon through artificially generated
energy sources such as synthetic aperture radar (SAR).

The electro-magnetic radiation characteristics used in

remote sensing are listed in Box 1.

In general, resolution is defined as the ability of an en-

tire remote-sensing system, including lens, antenna, dis-

play, exposure, processing and other factors, to render a
sharply defined image. Resolution of a remote-sensing
system is of different types. Spectral resolution is the
number of spectral bands of the remote-sensing satel-
lite. More spectral channels means higher spectral reso-
lution. For example, Landsat TM has seven spectr’
bands and the SPOT multispectral mode has three spec-
tral bands, so the Landsat TM has a higher spectral reso-

EMR
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‘Microwave
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Detection
Interaction
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lution than SPOT. Radiometric resolution is determined
by the number of discrete levels into which signals may
be divided. For example, the NOAA AVHRR sensor
has 10 bit (2'° = 1024) and Landsat TM has 8 bit (28 =
254) digital levels. Therefore, the NOAA AVHRR has
higher radiometric resolution than the Landsat TM. Spa-
tial resolution describes the representation of each pixel
size to the ground distance. For example, spatial resolu-
tion of the SPOT Multispectral sensor is 20 m and that
of Landsat TM is 30 m. Therefore the SPOT
Multispectral sensor has higher spatial resolution than
the Landsat TM. Spatial resolutions related to accuracy
for map production are provided in Box 2.

Temporal resolutior: is the revisit capability of a remote-
sensing satellite to the same location. the Landsat TM
revisits every 16 days and SPOT revisits every 20 days.
Therefore the Landsat TM has higher temporal resolu-

tion.

Some visible and infrared sensor system characteristics
of earth resource satellites used in natural resource studies
are illustrated in Table 1. The SAR instrument charac-
teristics for Radarsat, ERS-1, ERS-2 and JERS-1 are
illustrated in Table 2.

Land cover/land-use mapping is an important applica-
tion of remote sensing. Land cover corresponds to the
physical condition of the ground surface, such as for-
ests, grasslands ,etc, while land use reflects human ac-
tivities such as industrial zones, residential zones and
agricultural fields, etc. Land cover/land-use change map-
ping is another application for updating land cover maps
and the management of natural resources. Change vec-
tor analyses of remote-sensing data can be applied at
the watershed level for multispectral monitoring of land
cover and condition. Remote-sensing data can be use

for forest-type mapping and biodiversity inventory.
Coarse resolution data, such as NOAA AVHRR, can
be used to monitor land cover. Temperature can be
derived by using the thermal infrared channel of
Landsat TM or MOS-1 (Marine Observation Satel-
lite) VTIR (Visible and Thermal Infrared Radiometer).
Water-quality monitoring is a typical application, es-
pecially in offshore areas. The visible bands are useful
for monitoring clear water and suspended turbid wa-
ter near offshore areas.

Digital elevation models (DEM) can be generated from
a stereo pair of satellite images. The height accuracy Dh
depends on the base:height ratio and the accuracy of
parallax, which can be approximated by ground resolu-

tion, DG.

Ah = H/B G
Satellite Satellite Orbital Spatial
height (H) interval (B) resolution
(DG)

705,000 m 145,000 m 80 m
705,000 m 145,000 m 30 m
830,000 m 840,000 m 10 m

Landsat MSS
Landsat TM
SPOT Pan

Ah of Landsat MSS is approximately 400 m.
Ah of Landsat TM is approximately 145 m.
Ah of SPOT Pan is approximately 10 m.

Level 1A SPOT stereo pair with base:height approxi-
mate to 1 is suitable for DEM generation of a water-
shed. Based on the DEM, drainage network and water-
shed, slope and aspect can be extracted. In addition to
the SPOT satellite, the IRS1-C, IRS1-D, JERS and
Radarsat satellites have the capability of acquiring the
stereo-image data.

Scale Height Contour Position - Application
Spatial Accuracy interval Accuracy
Resolution
1:250,000 25.0 m 33 m 100 m 33.3 m Natural Resources
1:100,000 10.0m 17 m 50 m 50 m RegionalPlanning
1:50,000 5.0m 7 m, 13 m 20m,40m  25m Base topo map
1:25,000 2.5m 3m,7 m 10 m, 20 m 12.5m Base topo map
1:10,000 1.0 m 3m 10 m 5.0 m City map
Remarks: 1. Height accuracy is one third of the contour interval

Box 2

Pixel Size

2. Pixel size is taken as 0.1 mm on maps
3. Position accuracy is taken as 0.5 mm on maps

Fl
|
|
_,J
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Conclusions

3S technologies of GPS, GIS and remote sensing can
be integrated to create a powerful complementary tool
for real-time mapping, data collection, feature extrac-
tion, data modelling, data analyses and data visualisa-
tion for watershed, environmental and natural resource
management. The ability of GPS technology to define
the geographical features to a high degree of positional
accuracy has greatly enhanced the value of data for GIS
application. Moreover, high-resolution remote-sensing
data, such as Quick Bird from Earth Watch, Orb View-
1 from Orbital Sciences and CRSS from Space Imaging,
1-m spatial resolution data with stereo-image matching
technology, 1:25,000 scale topographic maps with 10-
m contour intervals, can be produced. These high-reso-
lution remote-sensing data will enhance the value of data
for GIS application. At the same time, visualisation and
spatial analyses functions of GIS and three-dimensional
information processing technology such as image ori-
entation, image matching, and automated cartography
are much improved. In recognising 3S technologies as
powerful tools, conventional systems will have to be
modified or replaced by these new technologies in or-
der to use geo-informatics effectively in watershed and
natural resource management.
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Module 3.6
Remote Sensing (RS) and Geographical Information System (GIS) Applications at Watershed,

National, Regjonal and Global Levels

A K Myin

Objectives

* To present the application of RS/GIS at a micro-
watershed level

* To describe applications of RS/GIS at national, re-
gional and global levels

* To discuss the advantages and limitations with some
recommendations

How can remote sensing (RS) and geographical information
systems (GIS) be used for PIWM?

Remote sensing (RS) and geographical information
systems (GIS) can be applied at all levels of area cov-
erage and presentation. Application at the watershed
level is most common, but RS and GIS applications
at national, regional and global levels are also possi-

ble.

Although GIS methodologies are highly technical,
comdnunities can participate in preparatory work
when information is gathered and when the results
of the analysis are used for decision-making. In In-
dia, the Indian Remote Sensing (IRS) satellite data
have been applied through an integrated approach in
the National Natural Resources Management System
(NNRMS) and Integrated Mission for Sustainable
Development (IMSD). These applications involved
integration of various central and state agencies/de-
partments. The Indian National Satellite (INSAT)
facilitates communication applications that include
radio and television networking, weather forecasting
and education services. Through the INSAT satel-
lite, it is possible for remote farmers to be educated
and even for TV interaction between farmers and pro-
fessionals in towns. GIS maps have assisted farmers
in planning agroforestry activities and developing vil-
lage forest management plans. With these approaches
community participation can be achieved.

Module 3: New Methods, Skills and Tools in PIWSM

What types of application are possible using RS and GIS?

* Land-use and land cover analysis

» Land-use changes over time

* Town planning applications

* Forestry planning applications

* Hazards and landslide analysis

* Environmental impact analysis

* Disaster warning and remedy operations

GIS applications at the watershed level (Shivapuri
Watershed, Kathmandu, Nepal)

GIS has been used in the Shivapuri watershed for

* preparation of maps of land-use change between

1981 and 1993,
* assessment of major land-use categories,

* estimation of the extent of land-use changes in agri-
culture, forestry and non-forest lands, and

¢ establishment of land capability criteria for propos-
ing the land capability map and land-use adjustment
map.

For carrying out the above tasks, base maps of the
Shivapuri Watershed were first prepared. A topographic
map from the Indian Survey of 1950 with 1’ to 1 mile
scale and the maps prepared by E. Schneider with 1971
aerial photographs on a scale of 1:10,000 scale were used
for preparing the base maps. Aerial photographs from
1981, 1989 and 1991 were used for interpretation of land
use. After field checks, the land-use information was put
on to base maps. 1981 and 1993 land-use maps were
prepared. These land-use maps were digitised to ente them
into the GIS computer for analysis and mapping,

Land-use changes in the watershed have been analysed
and tabulated (Table 1). Changes are given as reduc-
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Table 1: Land use in Shivapuri Watershed for 1981 and 1993 and changes

Land Use 1981 1993 Changes
Area (ha) % Area (ha) % Area (ha) %

Agriculture 7668.8 36.16 7477.0 35.26 -191.8 -0.90
Forest 7771.4 36.65 8638.3 40.74 +866.9 +4.09
Shrubs 3412.2 16.09 3148.2 14.85 -264.0 -1.24
Grassland 1032.3 4.87 618.9 2.92 -413.4 -1.95
Grassland with shrubs 850.8 4.01 555.6 2.62 -295.2 -1.39
Landslides 87.3 0.41 102.3 0.48 +15.0 +0.07
Settlements 166.6 0.79 187.6 0.88 +21.0 +0.09
Riverine features 229 0.11 45.7 0.22 +22.8 +0.11
Abandoned lands 191.9 0.91 430.6 2.03 +238.7 +1.12
Total 21204.2 100 21204.2 100

Source : Karim and Tamrakar 1994

tions in agricultural land and increases in forest. These
changes are also shown on the map.

More detailed analysis of land-use categories can be car-
ried out. The change in various forest types and
shrubland in 1981 and 1993 indicated the actual changes
observed (Table 2).There was an increase of 700 ha of
hardwood and 180 ha of conifers.

Once the database is in the GIS, further analyses can be
made. One example is analysing slope to determine land
capability for agriculture, forestry or fodder and graz-

ing lands.
Applications of GIS at the national level
GIS applications for flood control in Bangladesh

Flood control is important in Bangladesh as frequent
floods occur and have devastating effects on human
life, agriculture, industry and infrastructure. Entire
flood control which is impracticable, but systems can
be built for flood damage reduction. Rainfall in Bang-
ladesh is high and flooding is serious. International
assistance was requested to develop a flood action plan
(FAP) to identify and prepare structural and non-
structural flood control and water management plans.
Mathematical models are used to predict the hydrau-

lic behavior of the river systems. Models using one
dimension are used for predicting river flow and two
dimensions are used for flood-plain flow predictions.
The main objective of the FAP is ‘to protect people’s
lives, houses, commercial and industrial centres’
(Paudyal and Syme 1994). To achieve the objective
of the FAP, computer-based mathematical models of
the Brahmaputra, Ganges and Meghna rivers were
developed. MIKE11 software (a one-dimensional hy-
draulic model) provides simulation for flows, water
qua]ity, and sediment transport in rivers as well as
irrigation systems, channels and other water bodies
but it has no capability for spatial presentation of
data. It was necessary to link the hydraulic model
with a GIS to build a spatial decision support system
(SDSS). A PC/ARCINFO workstation software was
linked with MIKE11 software and the simulation re-
sults for hydraulic characteristics were spatially pre-
sented and analysed in GIS. This was the basis for
developing the Flood Plain Management Model. GIS
outputs were used to estimate the flooded area dura-
tion, depth, and extent and for frequency mapping
of floods. In combination with other data, such as
crop-planting data, land-use data, soil-association
map data and return-period data, it was possible to
assess flood damage. The indirect costs could also be
calculated. Thus environmental and social impacts
were also assessed.

Table 2 : Changes in various forest types between 1981-and 1993 ,

Land Use 1981 1993

Area (ha) % Area (ha) %
Mixed Forest 94.0 0.84 45.1 0.38
Hardwood Forest 7207.4 64.45 7934.1 67.32
Coniferous Forest 470.0 4.20 659.1 5.59
Shrubs/ Scrub 3412.2 30.51 3148.2 26.71
Total Forest Area 11183.6 100 11786.5 100
Source : Karim and Tamrakar 1994
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Data associated with the GIS are flood data, such as
flood depth, area, and duration; socioeconomic data,
such as demography, employment, social status, and
education; environmental data on fisheries, wetlands,
habitats, forestry (mangrove), ecology, pollution, sur-
face water, a groundwater, forests, and fuelwood use;
data on infrastructure agriculture and livestock. Dur-
ing floods ground survey may not be possible so re-
motely sensed data may be applied and digitised for GIS
(Paudyal and Syme 1994).

Constraints include

* need for MIKE11 and other systems including hard-

ware and software,
* need to link different systems,

* collection of data for analysis during flood period
needs a lot of effort,

* financial necessities, and

* manpower required.

Opportunities include

e can assist flood control,

* flood damage can be reduced,

* planning for the after-flood period can be facilitated,

» the database will be useful for studies and future

analyses, and

es and divisions of Myanmar (sq.

* cost and speed are reasonable.

RS/GIS applications to construct a land-use map for
Myanmay

A land-use map for Myanmar was prepared using
Landsat TM imagery for 1989 (Tint et al. 1991). (Ta-
ble 3).

In the analysis the following land-use categories were

identified

e closed forests,

* closed forests affected by shifting cultivation,

* degraded forests,

* degraded forests affected by shifting cultivation,

* non-forest areas including agricultural land, settle-
ments, etc, and

* water bodies.

In identifying the various land-use types existing, aerial
photographs were also used. The resulting land-use map
was used to determine forest cover changes by comparing

them with the land-use map of 1979 (Tintand Hla 1991).
Constraints include
* Landsat TM satellite data are expensive,

* gathering digitising data of state and division
boundaries is time consuming, and

* the absence of digital imagery of Landsat data and
software for analysing imagery, such as ERDAS
(Earch Data Analysis  Systems)

Resources’

km.)

State / Closed forest Degraded Forest with Non-forest Water body Total
Division forest shifting
cultivation

Kachin 72718 2292 8119 5147 763 89039
Kayah 3536 1606 4165 2345 F4 11731
Kayin 12155 1068 11080 5897 182 30382
Chin 17640 882 17062 419 14 36017
Sagaing 56950 7157 5163 24201 1150 94621
Tanincharyi 35755 1083 5637 2112 756 43343
Bago 14473 1274 5594 16914 1148 39403
Magway 4864 6884 15433 16205 1433 44819
Mandalay 6630 4303 6611 18710 768 37022
Mon 2739 1130 2804 5032 591 12296
Rakhine 20059 1881 3482 8980 2375 36777
Yangon 1164 145 478 7998 386 10171
Shan 41679 18335 66896 27991 895 155796
Ayeyarwady 4907 2928 1865 22649 2787 35136
[Myanmar 293269 50968 154389 164600 13327 676553
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makes manual interpretation unavoidable; transfer-
ring data into the system is time consuming.

Opportunities include
* state or division analysis is possible,

* the Himalayan region of Myanmar can be easily sepa-
rated for different studies,

* the land-use map of Myanmar can be published, and

* comparison with previous land-use data is possible
for forest degradation rates.

Application of RS/GIS at the regional level

An application has been designed for studying the forest
cover of key Asian watersheds; these include the follow-

ing river basins: Indus, Ganges, Brahmaputra, Mekong,
Yangtze, and Yellow river. Estimating forest cover in a
few months is not possible by any means other than re-

mote sensing. In this study, NOAA AVHRR satellite
imagery for 1992-93 (Loveland et al. 1997) was applied.
Satellite data were available for the whole Asia and Pa-
cific region and the study watersheds need to be sepa-
rated by GIS. The following activities were carried out.

» Key Asian watersheds were identified by differenti-
ating drainage on the world digital chart on a scale

of 1:1,000,000.

* Land-use data for each key Asian watersheds with

GIS were generated (Table 4).

» Elevation data for each key Asian watersheds were

generated (Table 5).
Constraints include

e need for NOAA AVHRR data,
* need for a digital chart of the world,
« need for field checking;: the land-use data had to be

cross checked with the land-use map of Myanmar

. |Land cover type River Basin (Area in percentages)
No. Yanguze Yellow Indus Ganges | Brahma- Mekong Total
putra

I Evergreen needleleaved forest 0.05 0.01 0.03 0.02 0.01 0.02

2 |Evergreen broadleaved forest 0.22 0.24 0.02 0.57 2.09 18.42 2.86

3 |Deciduous needleleaved forest 0.19 1.82 0.30

4 |Deciduous broadleaved forest 6.49 0.37 7.63 11.64 14.36 6.41

5 |Mixed forest 1.46 0.88 0.12 0.17 0.76 11.23 2.18

6 |Closed shrublands 2.38 0.02 2.24 1.93 0.12 3.03 1.83

7 |Open shrublands 0.99 20.08 27.22 1.63 8.90 0.84 8.54

8 |Woody savannah 0.94 0.16 0.23 0.01 0.66 4,17 0.96

9 |Grasslands 20.80 41.92 16.24 6.59 44.00 10.38 21.25

10 |Permanent wetlands 0.17 0.01 0.11 0.05 0.02 0.08

11 |Croplands (agricultural lands) 41.04 15.51 35.20 67.61 13,72 31.60 37.48

12 |Urban built-up areas 0.11 0.11 0.12 0.18 0.02 0.04 0.11

13 |Croplands/natural vegetation 23.05 12.36 2.31 9.92 12.86 4.32 12.56
mosaic

14 |Snow and ice 3.24 0.88 1.09 0.77

15 |Barren/ sparsely vegetated 0.26 5.73 11.36 1.58 20 0.03 3.14

16 |Water bodies 1.84 I 1.17 1.30 .72 1.55 1.51
Total 100 100 100 100 100 100 100

Source : Myint and Hofer 1998 N

ADIC CVd 0 0 = 4§ C ALC Cd d d 4 d
Sr. |Elevation River Basin (Area in thousand sq. km.)
No |Zone (m) Yangtze Yellow Indus Ganges Brahmaputra Mekong Total
Area % Area % Area % Area % Area % Area % Area %

1 0-300 603.8( 33.39 56.0{ 7.06{ 330.3] 34.97| 510.0| 48.58]108.92 18.7} 250.1| 31.47{ 1,859] 31.14

2 300 - 1,000 418.1| 23.12 61.5 P 95.9( 10.16[ 113.5| 10.81| 34.22 5.90( 290.8| 36.58| 1,014| 16.98

3 1,000 - 2,300 | 290.2| 16.05| 467.0| 58.8| 135.5] 14.35{ 70.88 6.75( 43.15 7.44| 136.4( 17.16{ 1,143| 19.14

4 2,300 - 3.600 | 119.7| 6.62| 77.1 9.711 85.301 9.03| 33.81 3.22| 30.86 5.32] 20.43| 2.57 367| 6.15

5 Above 3,600 338.9| 18.74| 132.2 16.6] 263.3| 27.88| 82.74 7.88[315.23 54.3] 93.65| 11.78]| 1,226| 20.53

6 No data 37.4| 2.07] 0.00 34.10] 3.61| 238.9| 22.76| 47.68 8.221 0.32] 0.04 358 6.00
Total 1,809 100 794 100 945 100 1,050 100 580 100 795 100| 5,972 100

Source : Myint and Hofer 1998
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(comparison indicates the reliability of the land-use
interpretation).

Opportunities include;

e forest cover estimates are available within the time
permitted,

* regional as well as watershed level analysis is possi-

ble, and
* representative maps are produced.
RS/GIS applications at the global level

RS and GIS applications at the global level can also be
formulated. For a good example of global applications
refer to the training material on RS/GIS applications
entitled, Remote Sensing for Environmental Impact As-
sessment, by S. Murai (1994). The NOAA AVHRR sat-
ellite data and other global data sets including tempera-
ture, precipitation, soil, and elevation are applied for
assessing global forest cover and potential areas for for-
est cover. With the analysis, global planning is proposed.
For this exercise the following tasks are involved.

Preparation of actual vegetation maps with a global veg-
etation index of eight types.

* Tropical forests

* Evergreen forests

¢ Deciduous forests

* Tundra

* Agriculture and grassland
¢ Semi-desert

* Alpine-desert

*  Desert

Preparation of potential vegetation against global data
sets of the following.

*  Arid or moisture index

* Temperature

Table 6: Change in vegetation cover due to human interference (unit %)

* Precipitation
* FElevation

Assessment of changes in vegetation cover (Table 6).

* GIS was applied using global data for predicting the

suitability of forest conservation and reforestation.

* The global map for forest conservation was prepared
indicating the ‘very high” and ‘high’ land suitability
of forested areas.

* The global map for reforestation was also prepared
showing the ‘high’ and ‘low’ land suitability for re-
forestation in non-forest areas.

* The exercise demonstrated that RS/GIS applications
are powerful tools for global environment monitor-
ing as well as global planning.

* Use of RS/GIS is helpful for planning the sustain-

able use of the earth’s resources.
Constraints include

* need for global data sets, and

e need for technical know-how

» Applications needs global collaboration cannot be
at the watershed level.

Opportunities include

* global analysis of environmental monitoring is pos-
sible,

* analysis can be done in a short time,

* the cost is reasonable, and low for global coverage,

and :

* policy-level strategic planning can be exercised.
Advantages in and limitations to using GIS

GIS are efficient because spatial data once stored in the
computer system can be retrieved and used for analysis.

Tropical Other Grassland | Semi-desert Desert Total
forests forests

Potential vegetation 13.4 35.9 28.7 10.6 11.4 100.0
Actual vegetation 5.9 28.1 33.9 14.9 172 100.0
Difference 75 -7.8 +5.2 +4.3 +5.8 0.0

-15.3 Defore- 5.2 +10.1 Deserti- 0.0

station fication
Source : Murai (1994), Shunji Murai, Global Engineering Project for Sustainable Use of the Earth, Technical
Report to the UN COPUOS, June 1993
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Information is easy to update and the whole process
does not need repeating, unlike in manual systems.
Comparison of changes is possible for a series of data.
GIS applications are fast and accurate. Maps can be pro-
duced for many alternatives and repeated with great
accuracy. Presentations of GIS maps are of major value
and the scale of the maps becomes flexible.

Advantages can be summarised as

* speed,

* accuracy,

* efficiency,

* repetition and duplication is possible,
* complicate analysis is possible,

* Dbetter presentations, and

* flexibility in mapping.

Limitations of GIS applications are the need for special
hardware and software, technical know-how, and skills
for operating the system. Some investment in these has
to be considered. Remote-sensing data are costly and
sometimes interpretation is difficult. Participation of the
community in implementing GIS is not easy; it is only
possible in data gathering and use of the results. Proper
maintenance of the system and a regular supply of sta-
tionery can also become limitations in some circum-
stances.

Limitations are

* need for special hardware and software,

* need for trained persons for operation and analysis,
* involvement of some investment,

* community participation is difficult,

* satellite data or remote-sensing data can be expen-
sive, and

* poverty being the root of most problems and devel-
opment being the main solution, this high-tech ap-
plication may not be in the interests of the commu-

nity.
Conclusion and recommendations

It is important that the community is aware of the envi-
ronment and the impacts of development. Rapid and
accurate results using modern technologies can be help-
ful. RS/GIS data can yield strategic information, such
as forest cover and land-use changes, within a reason-
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ably short period of time. RS/GIS application can be
used for community-based and global planning. It in-
volves the following main activities.

» Setting of clear objectives for using RS/GIS
* Design of the application

* Collection of material

* Preparation of data

*  Analysis

* Interpretation of the results

* Reporting
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MODULE 3.7
Extending an Integrated GIS-based Watershed Modelling Approach to

Participatory Watershed Management
S H. Actet

Objectives

* To present the state of the art in integrated GIS-
based hydrologic modelling.

* To outline how a participatory watershed manage-
ment dimension could be added to such a model.

Why is watershed modelling important?
* Rainfall-runoff processes affect people, land use, veg-
etation, channels and geomorphic processes in a com-

plex way in a watershed.

* Developing a model can significantly improve our
understanding of the landscape-level response.

* Ithelps to refocus watershed management towards a-

systems’ approach.

* In view of the shift from traditional watershed man-
agement to participatory integrated watershed man-
agement, watershed modelling can integrate science
and participatory mechanisms.

Many studies in the USA have addressed the interrela-
tionships between timber harvesting and runoff using
different modelling and research approaches. Review-
ing several modelling and research approaches, Achet
(1997) concluded that, in general, the impact of timber
harvest on streamflow is blurred and contradictory, and
that the appropriate approach to addressing the inte-
grated modelling problem is to use a physically based
distributed approach.

What is the approach for hydrologic modelling?

The present know-how on watershed modelling is fo-
cused on

* using geographic information systems (GIS), remote
sensing (RS), visualisation techniques and compu-

Module 3: New Methods, Skills and Tools in PIWSM

ter programming combined with watershed model-
ling to produce a physically based distributed wa-
tershed modelling approach;

*  GIS providing spatial reference, programming keep-
ing track of changes in different components of the
hydrologic process, and visualisation helping to dis-
play and communicate results; and

* borrowing techniques from other relevant disciplines.
What are the models and modelling?

There are no universally ideal models, they have to be
developed for specific purposes (Daniels 1992). A model
can be used to challenge conventional wisdom, explore
complex systems, identify gaps in knowledge (Daniels
1992) and as an aid to resource management decision-
making. Hydrologic modelling is also an alternative
approach to comparison of treated watersheds with un-
treated control watersheds. By using a hydrologic model,
the cost of data acquisition can be reduced and research
can be extended into areas where control watersheds
may be impractical (Troendle and King, 1985). Many
scenarios can be generated within minutes.

Irrespective of the classification approach, reliable hy-
drologic models should not only work well, but work
well for the right reasons (Kelmes 1986). They must
reflect, even in simplified form, the essential features of
the system. However, practical considerations can re-
sult in 2 model being accepted as accurate without be-
ing a valid representation of the prototype (Beven and
Kirkby 1979). Uncertainty or confidence interval of
predictions must be an integral part of the modelling
(Kelmes 1986). Although models seldom provide un-
ambiguous answers, good models are not only simple
bur also complete and focus attention on what matters
most (Brooks 1992; Daniels 1992). In practice, prefer-
ence is always given to models with a transparent struc-
ture and easy handling, especially if, at the same time,
they provide reliable results (Turcan 1990). Since hy-
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drologic models can be used as submodels of complex
systems, hydrologists doing simulations need to inter-
act with others to help incorporate new concepts in
hydrology into ecosystem-level models (Federer 1982).

How is remote sensing used in modelling?

Remote sensing (RS) provides a means of rapid assess-
ment of various parameters related to a hydrologic model
in a convenient, repeatable and objective way. RS as data
input to a GIS enhances the possibility of data integra-
tion, synthesis and analysis. In the recent past, there
have been several applications of RS and GIS in hydro-
logic modelling. The advantage of using RS is that data
with high resolution in space can be obtained for areas
for which no measurements exist (Schultz 1986). In-
creasingly, not only are simulation models and GIS be-
ing combined to provide improved means of managing
and displaying data, but RS data are also being inte-
grated into GIS asa part of the hydrologic modelling
approach. In addition, RS techniques, oriented to aerial
rather than point events, have an inherent potential for
fertilization of hydrologic thinking (Kelmes 1983).
Thus, a GIS-based modelling system with RS data as
inputs continue to be the focus of hydrologic model-

ling.

Expressing hydrologic parameters as a function of cur-
rent land use makes it possible to predict rationally the
impact that future land-use change will have on runoff
response (Rango et al. 1983). In any hydrologic model,
land cover plays an important role in determining the
streamflow response (Duchon et al. 1992). Researchers
assert that Landsat-based information gives similar or
better results than traditional methods.

Land-use classification techniques commonly integrated
in a GIS framework for relating hydrological parameter
change are supervised and unsupervised. Supervised clas-
sification is used most commonly because it permits
greater refinement. Although accuracy associated with
the practical use of RS data is variable, applicability of
remotely sensed data is not limited by the degree of ac-
curacy.

What are the limitations of GIS and how can they be
overcome?

Current GIS represent a static view of the world from a
temporal perspective. To analyse spatiotemporal infor-
mation digitally, current cartographic theory and meth-
ods are inadequate (Langran and Chrisman 1988). The
GIS have not reached a stage of representing temporal
phenomena effectively. Efforts to enhance temporal ca-
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pabilities of GIS have revealed several problems at the
fundamental and conceptyal levels (Langran 1989;
Peuquet 1994). In cartograpzy, three approaches are used
for representing time and depicting change: sequence of
discrete displays (snapshots or oscillating colours) at vari-
ous speeds; dynamic display using interactive control; and
a static map with supplemental graphics (Peuquet 1994).
However, the primary basis of cartographic approaches
to representation is spatial. Temporal representation of
time as a way of organizing a database is so complex and
challenging that experts have suggested interdisciplinary
research involving concepts from perceptual psychology,
artificial intelligence, and other fields (Peuquet 1994).
The state of the art in modelling the temporal dynamics
of a process in a GIS framework comes down to integra-
tion with computer-based programming,

What are the model types?

A simulation model can be event-based (storm runoff)
or continuous. Some commonly used event-based mod-
els are: the flood hydrograph package (HEC-1) of the
US Army Corps of Engineers (1981), TR-20 (SCS,
1969), TR-55 (SCS, 1975), SEDIMOT-II (University
of Kentucky 1985) and Hydrograph-2. Most of these
models are based on unit hydrograph theory implying
that the relationship between rainfall and runoff is lin-
ear and constant. Commonly used continuous models
are: the Stanford Watershed Model, National Weather
Service River Forecast System (Curtis and Smith 1976),
Sacramento Watershed Model, Precipitation-Runoff
Modelling System (Leavesley et al. 1983), SSARR and
Simulation of Urban Runoff Process (Australian Water
Resources’ Council 1977) and the Peatland Hydrologic
Model (Guertin et al. 1987).

What are the issues surrounding the accuracy of models
and modelling?

Accuracy of any hydrologic model depends on the ac-
curacy of the parameter inputs. Precipitation distribu-
tion is an important factor affecting streamflow response.
Another factor is evapotranspiration. Since research on
evapotranspiration is limited (Nakama and Risley 1993),
leaf area index is used as a principal independent vari-
able for ecosystem modelling - including estimation of
transpiration (Running and Coughlan 1988). In the
absence of evaporation data, water body evaporation
rates are taken as close approximations (Nakama and
Risley 1993). Representation of the antecedent soil-water
condition is one of the most difficult aspects of param-
eter estimation in hydrologic modelling. A uniform
antecedent soil-water content throughout the catchment
is often assumed, but this simplification undermines
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the physical basis of subsequent modelling. Uniform
conditions rarely exist under wet conditions. The best
approach to defining antecedent conditions is to use
the model to establish them.

Model complexity is another issue. A number of stud-
ies has compared simple and complex models. Resules
generally show that simple models are almost as accu-
rate as complex ones. Results of comparative studies as
well as development application and evaluation of com-
plex distributed models continue to be areas of active
research. Michaud and Sorooshian (1994) concluded
that a simple model performed as accurately as a com-
plex distributed model provided that calibration was
performed. In another study, comparing four models
in South Africa, differences in simulation results could
be explained either by differences in complexity of the
modelling approach or resolution of input data (Hughes
1994). Many factors affect the accuracy of runoff mod-
els: input data, initial conditions, assumptions, param-
eter values, runoff dynamics and model resolution. These
factors are difficult to examine properly (Michaud and
Sorooshian 1994). Thus, simple models may be as good
as complex ones (Federer 1982 and Dickenson 1982).

In view of the complexity of the model and the practical-
ity of applying it, the use of a compromise approach—in
which the model is kept simple but lumping occurs at
the land-cover level—emerges as a practical approach to
modelling at the watershed level. Process modelling needs
to evolve and experimental research needs to develop pa-
rameter values. New research should include experimen-
tation on flow representation, expansion and contraction
of source areas at the micro- and macro-levels.

How is flow routing important?

Flow routing is another important factor in determining
streamflow response. Usually, prior to flow routing, hy-
drologic analysis is performed by subdividing the catch-
ment into subwatersheds. Runoff hydrographs are ob-
tained for each subwatershed, routed through intercon-
nected channels and combined to develop a design flood
hydrograph at approximate locations. Flow routing may
be done by using kinematic wave approximation,
Muskigum method or dynamic wave formation (Prakash
1986). In recent years, digital elevation models (DEM)
have been used in hydrologic modelling for representing
terrain and its attributes. Approaches to terrain represen-
tations can be grouped as continuous and discrete. Con-
tinuous approaches include surface elevation contours,
triangulated irregular networks (TIN) and grids. The grid-
based approach is applied most widely because of the
low cost of computer memory. In the gridded approach,
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the steepest downslope gradient between the cell and its
adjacent neighbour is used to determine the flow path;
the drainage network is identified based on a channel
threshold value. There are basically two variations of this
approach: treating sinks as artifacts and accepting DEMs
as accurate.

The approach of flow representation in only one direc-
tion fails to represent divergent flows on convex slopes
and can lead to bias in flow path orientation. So, ap-
proaches for divergent flow have been proposed. The
divergent flow approach requires six to seven times more
computer execution time than the one-dimensional
steepest gradient representation. The quality of infor-
mation that can be automatically derived from DEM as
well as the quality of slope information are functions of
both horizontal and vertical resolution of the DEM
(Jenson 1991). In fact, the one-dimensional steepest
gradient approach is sufficient for channel representa-
tion and overland flow routing in a large mountain
watershed. More recently, multiple flow direction ap-
proaches have also been proposed. The application of
current physically based models might be carried out in
conjunction with a programme of field measurements
to ensure consistency berween model predictions and
real-world processes (Beven 1992; Grayson etal. 1992).

How are results displayed and communicated?

Display and communication of model results are re-
ceiving attention in watershed modelling research. Sev-
eral three-dimensional visualisation models (e.g., Utools,
Vantage Point, Grass) and computer graphic techniques
are used to display and communicate results. Combin-
ing watershed modelling, computer programming, GIS,
RS and visualisation is the present state of the art in
integrated watershed process modelling.

An example of an integrated approach to GIS-based wa-
tershed modelling

The approach is illustrated by using a study developed
for the US Man and the Biosphere Programme. The

main features of the approach are presented in Figure 1.

e Use of RS for land-use/land-cover information for
generating different management scenarios

¢ Use of existing model for precipitation distribution

in mountain areas
e Use of C programming to generate initial conditions

and characterise hydrologic conditions based on
antecedent conditions and event magnitude
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Figure 1: GIS-based watershed model developed for the US Man and the Biosphere Programme

* Use of C programming to keep complex accounting
of each component of the hydrologic process

s Use of watershed, sub-basin and basin scales for
modelling

* Use of an event-based approach to assess impact on
streamflow peak, timing to peak and mean daily flow

* Hypothesis testing using 4 management scenarios,
2 modelling approaches, and 3 hydrologic condi-
tions for three watershed scales to confirm model

predictions

* Use of two modelling approaches: distributed and
response-unit-based to predict hydrologic response

* Use of readily available meteorological information
*  Use of GIS-based parameterisation techniques

» Use of ASCE standards for model calibration and
validation

* Use of model to arrive at new management criteria

* Outlining of ways to link hydrologic science and
nartural resource management
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* Use of user 3-D perspective views to communicate
model results

What are the main activities in formulating and testing
hypotheses?

The main activities in formulating and testing hypoth-
eses are

* reviewing and drawing inferences from previous
work,

* linking hypotheses to public issues and management
concerns,

* formulating clear-cut research questions, and

* designing experiments or approaches to address the
question(s) or hypothesis or hypotheses.

How can GIS-based hydrologic modelling be extended to
participatory watershed management?

The entry points in embracing participatory watershed
management could be as follow.

* Public consensus building before setting objec-
tives.
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¢ Involving the public in accuracy, details and error
concerns

e People’s participation in defining scenarios, model-
ling approaches and sizes of watershed scales

* Specifying and changing of model input and output
* Ascertaining 3-D perspective views

* Using the model to evaluate post-development en-
vironmental impacts

Conclusions

Adapting an integrated GIS-based hydrologic model to
the Asian context involves the following,

* Defining a working hypothesis embracing partici-
patory issues

* Using participation analysis before model building

* Developing management scenarios that reflect peo-
ple’s actions

* Using readily available information
* Providing refresher training in hydrologic modelling

* Using remotely sensed data and data from second-
ary sources

* Building a modelling database and sharing digital
data

* Using PC-based modelling

* Focussing on priority issues needing quantitative
predictions

* Making models flexible in order to address gender
and equity concerns.

The future of an integrated approach to watershed mod-
elling that encompasses participatory watershed man-

agement can be briefly outlined as follows.

* Integration of socioeconomic and ecological proc-
esses as a one-step procedure

* Use of models to address sustainability of human-
dominated landscapes

Module 3: New Methods, Skills and Tools in PIWSM

¢ Use of interdisciplinary planning and model build-
ing

» Use of transdisciplinary techniques
* Use of a comparative modelling approach
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PWMTA

The Participatory Watershed Management Training in Asia (PWMTA) Programme
(GCP/RAS/161/NET, FAO/Netherlands) is designed for human resource
development in participatory watershed management. It will contribute to
sustainable use and management of forest, soil, water, and other natural resources
by improving skills and national capabilities to plan, implement, evaluate, and
monitor participatory watershed rehabilitation programmes. This will be achieved
by regional training, workshops, seminars, and national and regional watershed
management networking. Many of the Asian Countries are seriously investing in
WM today. However, few are providing training in holistic approaches to
participatory watershed management. PWMTA is to assist the member countries
in filling this gap.

ASIAN WATMANET
(Asian Watershed Management Network)

This is a regional network for people’s participatory watershed management
founded in Nov. 1994 by the national coordinators of the RAS/93/063, WMTUH/
FARM Programme. It is now sponsored by the PWMTA, GCP/RAS/161/NET
Programme of the FAO/Netherlands since January 1996. lts member countries
are the participating countries in the PWMTA programme. The network is to facilitate
people’s participation in watershed management at small watershed, village, and
district and national levels; exchange of experiences at farmer, extensionist,
technical, professional, educator, and policy-maker levels; exchange of information
among member countries; and the strengthening of a movement of GO/NGO/
PO/FO for sustainable natural resources’” management of fragile watersheds in
the Asian region. It also publishes a quarterly ASIAN WATMANET newsletter.

Participating Countries

Afghanistan Myanmar
Bangladesh Nepal
Bhutan Pakistan
China Sri Lanka

India Thailand



Publications of PWMTA — ASTAN WATMANET

I. ASTAN WATMANET Newsletters
Issue No. 1, theme: WMTUH and FARM Introduction
Issue No. 2, theme:  Status of Watershed Management in Asia
Issue No. 3, theme:  Farmers' Organizations
Issue No. 4, theme:  Policy Issues in Watershed Management
Issue No. 5, theme:  Gender Framework for Resource Management
Issue No. 6, theme: Participatory Watershed Management Training
Issue No. 7, theme:  Gaps in Participatory WM Training and Education in Asia
Issue No. 8, theme:  Envisioning of WM professionals
Issue No. 9, theme:  Elements of articipatory Processes in WM
Issue No.10, theme: Land Use Titles - A Key to People's Participation
Issue No.11, theme: Sustainability of Participatory WM
Issue No.12, theme: Participatory Watershed PME
Issue No.13, theme: Indigenous Technology Knowledge for WM
Issue No.14, theme: Sustaining Success and Learning from Failure
Issue No.15, theme: People’s Movements in Watershed Management
Issue No.16, theme: Farmers’ technical Associations (FTAs) in China
Special issue: Membership Directory

I1. Field Documents
No. 1 Status of watershed management in Asia
No. 2 A rapid review of the NWDPRA in India
No. 3 Case study of people's participation in WM in Nepal (BTRT area),
(in Nepalese language, out of press)
No. 4 Case studies of people's participation in WM in Asia:
Part 1: Nepal, China and India
No. 5 Case studies of people's participation in WM in Asia:
Part 2: Sri Lanka, Thailand and Vietnam.
No. 6 Recent developments, status and gaps in participatory watershed
management training and education in Asia
No. 7 Participatory processes in integrated WM
No. 8 Farmer led integrated WM- A trainers’ resource book
No. 9 APEX and SWAT models for rapid impact assessment (in draft)
No.10 Participatory upland watershed planning, monitoring and evaluation
-A training resource pack
No.11 Indigenous technology knowledge for upland WM in Bangladesh
No.12 A glimpse of local technology knowledge for comprehensive WM in China
No.13 Building farmers’ organizations for integrated WM in India- A trainers’ manual
No.14 Ripples of the society — Peoples’ movements in watershed development in India
No.15 A glimpse of indigenous technology knowledge for watershed management in
Upper North-West Himalayas of India
No. 16 An introductory training manual on village organizations for IWM in Pakistan
No. 17 Recent concepts, knowledge, practices and new skills in participatory integrated
watershed management — A trainers’ resource book






