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Role of Forests in climate change mitigation in India

Haripriya Gundimeda
Associate Professor, Department of Humanities and Social Sciences, Indian Institute of
Technology Bombay, Powai, Mumbai — 400 076
Email:haripriya@hss.iitb.ac.in

The issue of climate change has gained tremendous importance in the recent years. Many
mechanisms like emissions trading, joint implementation and clean development
mechanism have been put in place to arrest or halt climate change through Kyoto
Protocol. Forests play an important role in regulating climate as they store large
quantities of carbon in vegetation and soil, exchange carbon with the atmosphere through
photosynthesis and respiration and act as sources of atmospheric carbon if they are
disturbed by some human activities or natural causes. However, they become
atmospheric carbon sinks during land abandonment, regrowth after disturbance and due
to afforestation and forest conservation. The net flux of carbon between the forest sector
and the atmosphere determines whether the ‘carbon footprint' is positive or negative.
Though forests play an important role in climate change, forestry projects have not
qualified under the emission reduction projects of the clean development mechanism
until recently. Recently, reducing emissions from deforestation and forest degradation
(REDD) has been recognized as playing a key role in climate change mitigation in the
coming years. Not only does this benefit climate, but can offer tremendous opportunity
for conserving biodiversity, poverty alleviation and promoting sustainable development
in many developing countries. However, it all depends on how well the projects are
designed. The main objective of this paper is to quantify the current role of forests in
carbon sequestration in India using a comprehensive accounting framework and discusses
some of the positive as well as negative consequences of REDD.
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Global Warming and Climate Change in India during the Recent
Hundred Years

P.V.Joseph
Professor Emeritus, Cochin University of Science and Technology
(Former Director, India Meteorological Dept., Govt. of India)

The Fourth Assessment Report of the Intergovernmental Panel on Climate
Change (IPCC) released in early 2007 has given an account of the ongoing Global
Warming scenario and its effects which include the decrease of the area covered by sea
ice, loss of glacier mass and the increase of the heat content of the ocean’s top 3000

metres and the consequent increase of the sea level. The average temperature of the
global atmosphere just above the surface of the earth has warmed through 0.74 degrees
during the 20™ century. Arctic air temperatures have increased at twice the global
average. The IPCC report states with a high degree of confidence that global warming
since 1750 has been the net effect of human activities.

All India average air temperature has increased through about 0.6 degree Celsius
during the 20™ century. It is comparable to the global average. The  sea surface
temperatures over the Arabian sea and the Bay of Bengal have shown increase during this
period. The climate of India has also changed during the last 100 years. The observed
change in climate has been in two ways (a) decadal change (a few decades of increase
followed by a few decades of decrease, a sort of multi-decadal oscillation) and (b) long
term trends, either decreasing or increasing. Monsoon onset dates over Kerala and the
number of tropical cyclones per year in the Indian seas did not have any long term trend
but had long period oscillations in the last 100 years. Annual number of monsoon
depressions and the monsoon rainfall of south Kerala (particularly over the slopes of the
Western Ghats) had strong decreasing trends. On the other hand very heavy one day rain
rainfall occurrences in India and the annual number severe tropical cyclones of the Indian
seas had increasing trends. The strength of the low level monsoon winds through
peninsular India (the Low Level Jetstream) had a decreasing trend through about 20%
during the recent 50 years of good reanalysis wind data which goes well with the
observed decreasing trend in monsoon depression frequency. A new finding is that the
Sea Surface Temperature of the equatorial central Indian ocean has had a phenomenal
increasing trend through about 1.5 degrees Celsius in the recent 50 years which is much
larger than anywhere else in the global tropics. This is feared to have adverse impact on
the Indian monsoon by creating an area of increasing rainfall (and the consequent
heating of the atmosphere through latent heat release) near the equator already seen
through satellite observations, which will weaken the monsoon heat engine (the vertical
Monsoon Hadley Cell that drives the monsoon circulation).
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Global warming: causes and concerns

Brahmanand Mohanty
Regional Adviser for Asia, French Environment and Energy Management Agency
(ADEME)
Visiting Faculty, Asian Institute of Technology (AIT)
e-mail: mohanty@vsnl.com

The climate change that we all are witnessing today is the outcome of the alteration in the
energy balance of the climate system due to changes in the atmospheric concentrations of
greenhouse gases (GHGs) and aerosols, land cover and solar radiation. Human activities
since the beginning of the industrial revolution in 1750 have contributed largely to the
rapid growth of global atmospheric concentrations of long-lived GHGs such as CO,, CH,4
and N,O (due to fossil fuel use, changes in land-use and agriculture). Based on the
assessments of the Intergovernmental Panel on Climate Change (IPCC), these human
activities have not only influenced the increase of the average earth temperature, but also
contributed to the risks of heat waves, changes in wind patterns, large-scale changes in
land precipitation in some areas and droughts in others.

Natural systems in the ocean and on land are being affected by regional climate changes,
such as enlargement and increased number of glacial lakes, increasing ground instability
in permafrost regions and rock avalanches in mountain regions, and changes in some
Arctic and Antarctic ecosystems. It is also strongly affecting biological systems on the
earth, mainly in the form of earlier timing of spring events (earlier greening of vegetation,
bird migration and egg-laying). Also, marine and freshwater biological changes have
been observed as a result of rising water temperatures and related changes in ice covers,
salinity, oxygen levels and circulation.

Other effects of regional climate changes are likely to be on agricultural and forestry
management at higher latitudes of the Northern hemisphere, some aspects of human
health, losses of coastal wetlands and mangroves and increase damage from flooding in
coastal areas.

Studies show that the current climate change mitigation policies and related practices will
result in continued GHG growth over the next few decades and induce much greater
changes in the global climate system than those observed during the 20" century,
resulting in adverse impacts on systems, sectors and regions. As far as Asia is concerned,
fresh water availability, particularly in large river basins, is projected to decrease.
Countries experiencing rapid urbanisation, industrialisation and economic development
are likely to face greater pressure on natural resources and the environment. Last but not
least is the threat of human health associated with the projected changes in the
hydrological cycle.
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Hydro-climatic Variability of Wet and Dry Spells across India:
1951-2007

Nityanand Singh and Ashwini Ranade
Indian Institute of Tropical Meteorology, Pune, India

Characteristics of wet spells (WSs) and intervening dry spells (DSs) are perhaps most
useful information in water-related sectors. The information assumes greater significance
in the wake of global climate warming background and climate change scenario
projections. Features of 42 attributes of wet and dry spells as well as their extremes have
been studied for 19 sub-regions across India using available daily rainfall gridded on 1°
latitude x 1° longitude for the period 1951-2007. Derived from local climatology, the
rainfall threshold ‘daily mean rainfall of the climatological monsoon period over the area
of interest’ has been applied to identify yearly wet and dry spells. The threshold shows
spatial variation in the range of 2.6mm/day (extreme southeast peninsula; ESEP) and
20.2mm/day (central southern West Coast). Climatologically, the number of wet spells
(WSs) varies from 4 (northwest) to 11 over ESEP, and the total duration of the WSs
following similar pattern from 29 to 101 days. For individual WS the duration varies
from 7-12 days. Following annual/monsoonal rainfall distribution the total rainfall of the
WSs varies from 284-2130mm; the rainfall of individual WS 74-467mm and the rainfall
intensity during a WS 8-37mm/day. The rainfall due to WSs contributes 47-79% to the
respective annual total. The first WS starts the earliest on 20 March over the ESEP and
the latest on 21-23 Jun over the northwest. The last WS ends on 12 September from
northwest and on 16 December from ESEP following normal withdrawal pattern of the
summer monsoon.

The total duration of all the intervening DSs (3-10 nos.) varies across the country from
45-173 days and the duration of individual DS 11-22 days. Total rainfall of all DSs varies
from 28-459mm, rainfall amount of individual DS 10-116mm and rainfall intensity
during a DS 1-10mm/day, following annual/monsoonal rainfall spatial pattern. The
percentage contribution of the rainfall due to DSs to the respective annual total varies
from 10-19%. For the whole of India, the rainfalls due to WSs as well as due to DSs
contribute about ~85% to the annual total. In general, the wet and dry spell parameters do
not show significant long term trend. Important features (total rainfall, rainfall intensity
and duration, starting date) of extremes of wet as well as dry spells in respect of rainfall
amount, rainfall intensity and duration have also been examined. Changing tendencies in
recent years/decades have been noticed in some isolated cases.
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Climate variability over Kerala during 1901-2007

D.R. Kothawale and H. P Borgaonkar
Indian Institute of Tropical Meteorology, Pashan Pune 411008
kotha@tropmet.res.in

In the context of ever increasing interest in global warming, the regional climate
variability also have a acquired great importance. In view of this, temperature and
rainfall variability over Kerala have been studied for the period 1901-2007. In this study,
Kerala state , which spread from 8° N to 12° N Latitude, have been separated in to two
regions, i. e. North Kerala (North of 10°N) and South Kerala (South of 8°N). The two
representative stations Kozikode and Trivandrum have been selected from North and
South Kerala to examine temperature variability.

Maximum temperature of North as well as South Kerala show significant
warming trend in all the seasons viz., Winter, Pre-monsoon, Monsoon , Post-monsoon
and Annual for the period 1901-2007 and recent period 1971-2007. Annual maximum
temperature of North and South Kerala have increased by 1.2°C and 1.0°C per hundred
years over the period 1901-2007. While, temperature of both the regions showed
accelerated warming in recent three and half decades, and increase in temperature is
about 0.4°C per decade. In the case of minimum temperature, South Kerala showed
significant negative trend in all the seasons, while, North Kerala showed significant
positive trend, for the period 1901-2007. However, in recent period, South Kerala showed
no significant trend, it suggests the intensity of cooling have decreased.

Kerala subdivision showed decreasing trend in monsoon rainfall for the period
1901-2007 and it is important to note that after 1999, rainfall of Kerala is below long
term average rainfall except the year 2006, when the rainfall is just above normal.
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Gain maximization for a few Vs Risk minimization for all: Choice that
society will have to make to survive this century

Sagar Dhara
Cerana Foundation, Hyderabad Platform
sagdhara@gmail.com

We face three tipping points today, each with the potential to pose grave risk to human
society as we know it. The first is the rapid exhaustion of our primary energy sources-oil
and gas, with no techno-economically viable alternative source—nuclear, green,
geotectonic—available as a replacement. A steep energy price rise and a consequent
deep global recession are predicted to happen in the near future. The second is global
warming, which is expected to drastically impact the environment, human health and
livelihoods within this century. And the last is the rapid deterioration of the environment
and its life support systems—Iland, water, air and biodiversity.

The classic response to these issues has been to suggest technical, legal and
economic fixes—alternate energy sources, Kyoto Protocol, supply side management of
energy. None of these will work as the global economy is based on greed, and has
permitted eMergy accumulation on a massive scale in the hands of a few. Its
consequences—peak oil and climate change—nhave interfered with the Carbon cycle to
such an extent, and in such a fundamental way, that many believe that we have already
crossed the point of no return, or have a very narrow window of a couple of decades to
rectify the situation.

Development as understood—qgrowth, equity and social justice—has failed. Economic
growth will slow down and even become negative with rapidly rising energy prices and
climate change impacts setting in. Trickle-down theory has failed and inequity has only
grown in the last 150 years. By going against the laws of nature, capitalism has become
self-limiting.. Sustainable development has become an oxymoron. Development must
therefore be re-defined as:

. Powering down energy and natural resource throughputs in society.

. Conservation of natural capital is vital for the survival of human society and can
only be done along with addressing issues related to equity, and vice versa.

. Ensuring that all people have equal: i) access to energy and other natural

resources, ii) consumption levels of energy and other natural resources, iii)

participation levels in decision making over all issues related to energy and natural

resources.
The above can only be achieved if global thinking shifts from *““gain maximization for a
few people” to ““risk minimization for all of life”’. Implicit within the latter is the
acceptance of three equities: a) between people, b) between generations, c) between
species. If equity between species is accepted, it challenges the very definition of
“economic value” as we understand it today. The currently anthropocentric political and
sociological structures must also become bio-centric.
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Climate Change and Forests

N.H. Ravindranath, Indu K. Murthy and Rajiv K Chaturvedi
Centre for Sustainable Technologies, Indian Institute of Science, Bangalore
E mail: ravi@ces.iisc.ernet.in

Forests provide several goods and services that are crucial to human survival. They are
one of the world’s major carbon stores, containing about 80% of aboveground terrestrial
biospheric carbon and 40% of terrestrial belowground carbon. The forestry sector is
unique, in that it contributes significantly to global CO, emissions (about 20% of global
CO, emissions) and also provides significant opportunities to not only reduce the current
or projected emissions, but also to remove CO, accumulated from past emissions in the
atmosphere, and sequester it in soil, vegetation and wood products. Finally, forest sector
is highly vulnerable to climate change, adversely affecting the species composition,
species dominance, biodiversity and ultimately to extinction. Further, forestry sector is
closely linked to socio-economic systems, particularly the forest dwellers and rural
communities and thus making them vulnerable to projected impacts of climate change.

In 1990, the Land Use Change and Forestry (LUCF) sector accounted for 20% of the
global CO; emissions of 7.1 GtC. GHG emissions and removlas were estimated, by
Indian Institute of Science, for India using the IPCC (Intergovernmental Panel on
Climate Change) Revised 1996 Guidelines for the National Communications submitted to
the UNFCCC (United Nations Framework Convention on Climate Change). A net
marginal emission of 14.29 million tonnes of CO, was estimated for the forest sector for
1994. In India, CO, emissions from forest conversion or loss are largely offset by
afforestation.

IPCC Reports have concluded that even moderate warming and climate change will
impact forest ecosystems and biodiversity adversely. A detailed assessment of impacts of
climate change on forests at national level for India by Ravindranath et al, 2006 made
using BIOME4 model, SRES scenarios A2 and B2 and Regional Climate Model of the
Hadley Centre (HadRM3) outputs shows that in India 68 to 77% of the currently forested
grids are likely to undergo change in forest type, adversely affecting biodiversity in the
transient phase. The model outputs further show that the projected climate is likely to be
not optimal for existing vegetation. The study also shows that Net Primary Productivity is
likely to increase by 70-100 % due to CO, fertilization, assuming no nutrient limitation.
Recent dynamic Global Vegetation Modeling Studies have also confirmed that majority
of the currently forested grids are highly vulnerable to climate change even by 2050s.

A comprehensive assessment of the CO, sequestration or mitigation potential of forest
sector in India has been made and published in several papers. Contrary to the belief that
forest sector in India has limited carbon mitigation potential, due to high human and
livestock population density, mitigation studies carried out by the Indian Institute of
Science at national, regional, district and project level shows the following. At the
national level, economic mitigation assessment is carried out for the first time using AEZ
(Agro-ecological Zone) classification of land. Economic mitigation potential assessment
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is carried out under baseline and mitigation scenarios, including the carbon price
incentive using GCOMAP model. The incremental mitigation potential, over the baseline
scenario afforestation, is estimated to be in the range of 129 to 435 million tonnes of
Carbon during the period 2005 to 2035 (Ravindranath et al, 2007). The regional
mitigation study focused on developing regional baseline and comparing with the project
baseline, for the first time. The study adopted three-step approach namely; identification
of likely baseline options for land-use, estimation of baseline rates of land-use change,
and quantification of baseline carbon profile over time. The analysis showed that carbon
stock estimates made for wastelands and fallow lands for project-specific as well as
regional baseline are comparable. The study for the first time showed that conducting
field studies for estimating carbon stock changes in biomass and soil, using regional
baseline approach is about a quarter of developing a project baseline. The study
demonstrated the reliability, feasibility and cost-effectiveness of adopting regional
baseline for forest sector mitigation projects. A study at district level demonstrated the
approach and methods to be adopted for estimating carbon mitigation potential of forestry
projects.

A recent study by Indian Institute of Science, made an assessment of the implications of
past and current forest conservation and regeneration policies and programs on forest
carbon sink in India. The study concluded that if the current rate of afforestation
continues the carbon stock in Indian forest is projected to increase from 8.79 GtC in 2006
to 9.75 GtC by 2030.

Mitigation and adaptation are the two strategies to address climate change. Currently the
two strategies are separately addressed. A preliminary attempt was made to conceptualize
and explore the opportunity for synergy between mitigation and adaptation. Firstly, there
is a need to ensure that mitigation projects and programmes do not increase the
vulnerability of forest ecosystems and plantations. Secondly, several adaptation practices
could be incorporated into mitigation projects to reduce vulnerability. The study has
listed several adaptation activities which contribute to mitigation. The paper concluded
that there is limited information about the synergy between mitigation and adaptation and
highlighted the need for research and demonstration of synergy through field projects.
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Sundarban and Global warming — the real threat

A.K. Raha
Principal Chief Conservator of Forests, W.Bengal

The Sundarban Region in India is located between 21° 32" and 22°40'N latitude and
88%0’N and 89°00E longitude. It is bounded by the river Hooghly on the west,
Ichamati-Kalindi-Raimangal on the east, Dampier-Hodges line on the north and the Bay
of Bengal on the south. The total area of Indian Sundarban region is about 9630 sq. km.,
out of which the Reserve Forest occupies nearly 4260 sg. km. At present, out of 108
islands of the Sundarban region, 54 are inhabitated with a population of about 3.2 million
(1991 census), spread over 1093 mouzas. The area contains a rich inter tidal mangrove
forest which provides appropriate habitat and sanctuary to many rare and endangered
animals including about 500 to 600 Royal Bengal Tigers.

The effect of High tide causes the water level in the tidal rivers rise as high as 12 ft — 15
ft every six hours and large parts of the islands containing mangrove forest, get
inundated. Species like Avicennia and ceriops, which tolerates prolonged water logging
and high degree of salinity, comes up naturally in such inter-tidal mud flats.

Of late, there is a global concern regarding the threat posed to Sundarban, due to the
global warming and projected sea level rise. It is beyond any controversy that the
projected climate change will bring in its effect globally, and different regions of the
world will be affected in different ways. However, it must be kept in mind that the threat
of sea level rise near Sundarban and elsewhere will originate most possibly due to global
warming caused through uncontrolled industrial pollution elsewhere, far away from
Sundarban, and no amount of ameliorative measures in the deltaic region can stop the
projected danger. If we are concerned about the conservation of Sundarban, we should
look at the root of the possible dangers and stop diverting attention from the real issues
by undertaking localised measures. The mangrove forests in 4200 sq km of Reserved area
is well protected and the natural vegetation dynamics will take care of the changing soil-
water-climatic conditions in the region.

The real threat and a thought for future

» Aurrest the present trend of reduced fresh water flow in Indian Sundarban

» Allow the process of formation of islands in this young estuary

* No more increased human pressure on the over-populated islands

* Review the conventional development process : Island embankment — breach —
rebuild — rise of river bed — increase of embankment height — more flooding —
more money to repair breaches — less fund for socio-economic development

* Reduce dependence of forest fringe population on mangrove forest, by providing
sustainable, alternate livelihood in the villages

» Leave the estuarine forest to itself — nature will take care of mangrove species and
its wildlife

10
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Carbon for People - Developing a case for CFM communities in Andhra
Pradesh

P. Raghuveer
Chief Conservator of Forests (Environment Cell),
Government of Andhra Pradesh, Hyderabad (Email : praghuveer84@gamail.com )
Verghese Paul
Fellow Forestry & Biodiversity, TERI, New Delhi (Email : vpaul@teri.res.in )

In the context of climate change, forests are unique in that they are both a source and a
sink of carbon dioxide, the most abundant greenhouse gas. In the quest for reducing the
carbon dioxide concentration in the atmosphere to combat climate change, reducing
deforestation and degradation, and increasing carbon sequestration through afforestation
and rejuvenation of degraded forests are considered very pertinent. In addition to
providing timber, NTFP and bioenergy, forestry activities also provide the added co-
benefits of environmental services such as soil and water conservation and biodiversity
conservation. A majority of forest-dependent communities derive sustenance and
livelihood benefits from the forests.

It is important to diversify the livelihood base of forest dependent communities and at the
same time strengthen the incentives provided to them in lieu of their efforts in protecting
and managing forests. Revenue from the sale of carbon credits, in both mandatory and
voluntary markets, is an important, additional step in this direction. The paper describes
the efforts by Andhra Pradesh Forest Department in co-managing the forests in
collaboration with forest dependent communities through Andhra Pradesh Community
Forest Management (APCFM) Project, and builds a case for linking forest dependent
communities to the existing carbon markets.

Under the APCFM project, Eucalyptus clonal plantations have been raised in various
districts of the state. Also degraded natural teak forests in some districts have been
regenerated naturally by carrying out coppicing and singling activities. An existing
Eucalyptus plantation project in Nellore forest division and a teak rejuvenation project in
Karimnagar (West) forest division are presently being assessed for their carbon
sequestration (GHG removal) potential and possible sale of carbon credits in the
voluntary market. The paper describes the approach in these two cases and also
provides a description of a potential institutional mechanism for trading and channeling
the benefits to the communities.

11


mailto:praghuveer84@gmail.com
mailto:vpaul@teri.res.in

Global Warming — Kerala (Abstracts) —January 2009

Forest Management strategies for carbon management functions in
context of climate change

S K Khanduri
Director, Environment Management Agency, Kerala, Thiruvananthapuram

It has been almost established that it is the accumulation of Green House Gases
(GHGs), which constitute predominantly carbon dioxide, is the prime cause of the global
climate change through the phenomenon of global warming. In spite of the uncertainties
about the extent, impact and outcome of global warming, it is unequivocally accepted
that reduction of Green House Gases is the direction in which concerted efforts from the
global community should be focused. Forests, as the carbon sinks, play a major role in
removal of the GHGs from the atmosphere. Forest management has thus attained an
exclusive additional dimension and responsibility in context of atmospheric carbon
management.

Forests have been recognized as simple but effective means of carbon
sequestration where ultra modern technological advances are not required. However,
several factors determine the feasibility of role of forests as carbon sinks and enhancing
their utility in carbon sequestration. As wood is the most important carbon storage system
of the forest biomass, the strategy for carbon management must include wood
management as an important component. Consequently forest productivity and wood
management become most important factors of carbon management.

This paper attempts to analyse the costs and concerns involved, the opportunities
and the issues needed to be addressed while accounting the role of forests as carbon
sinks, among the different roles and functions the forests play in the ecological and socio-
economic paradigms of human life, in the Country. The present notion of conservation,
trades off required in optimizing the carbon sink efficiency of forests and need of a new
perspective in the forest management have been presented. Some of the management
imperatives and options that would be required to be internalized in forest management
planning and administration in this context have been discussed.

12
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Implications and Resolution of Effects of Climate Change

Mehar Singh
Chief Conservator of Forests (FMIS), Kerala Forest Department, Thiruvananthapuram
drmeharsandhu@gmail.com

The implications of the effects of Climate Change have been described. These
implications range from a simple rise in temperature to potential catastrophe and disaster
with various chains of domino effects. Rising sea levels, submergence of coastal areas,
disruption in the primary production processes, altitudinal shifting of various life forms
and large scale extinction of different species are some of the well known implications of
the effects of the Climate Change.

In response to the effects of climate change efforts have been made to mitigate the
same by way of sequestration of carbon dioxide gas from the atmosphere and reduction
of emissions. One of the mechanisms relevant to the third world countries and convenient
to the first world countries is the clean development mechanism (CDM) as adopted by
United Nations Frame work on Climate Change (UNFCC). The main objectives of CDM
are sequestration of carbon dioxide in the developing world which are released by the
developed countries in order to meet the commitment of reduction of carbon dioxide by
5.2% of 1990 levels in the first phase i.e. upto 2012 and sustainable development in the
third world countries. Eligibility and guidelines for availing the benefits of CDM are
described.

13
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Forest productivity under elevated carbon dioxide in the atmosphere

Jose Kallarackal
Scientist and Programme Coordinator, Sustainable Forest Management Division, Kerala
Forest Research Institute, Peechi 680653, Kerala
Email:jose@kfri.org

It has been predicted that forest productivity will increase as atmospheric CO;
concentrations continue to rise. Giving a spurt of CO, to normally growing plants in
controlled conditions showed that there could be a 40 per cent increase in photosynthesis.
This gave rise to the idea that CO, could be acting as a “fertilizer” for increasing
productivity. However, as science progressed, and our understanding on photosynthesis
increased, it was noted that continuous exposure to elevated CO,, could sometimes lead
to a neutral effect, or even downregulation of photosynthesis in some species. Even then,
there is a universal agreement on stimulation of photosynthesis at elevated CO,. Does it
mean that forest trees will sequester all the excess CO, in the atmosphere and give us a
much higher productivity?

The stimulation of photosynthesis due to elevated CO, gives variable growth responses
and it still remains a big puzzle. Photosynthesis is not saturated at current
CO,concentration (approx. 380 ppm) in the atmosphere, that is, plants are able to
assimilate far higher CO, concentrations. This means that more carbon enters the plant
when exposed to elevated CO, atmosphere. This should mean a higher productivity.
However, it should be realised that structural growth is controlled by a morphogenetic
plan, by developmental stage and by availability of resources other than carbon, namely,
light, water and soil nutrients. Physiological studies have exposed a wide mismatch
between photosynthetic capacity of leaves and crop biomass production.

The most modern method developed to study the elevated CO, effects on trees is the
Free-Air- CO,-Enrichment (FACE) technology. Almost all the studies done in temperate
countries have shown 27 to 30 per cent increase in forest productivity on long-term
exposure to elevated CO,. The increase was mainly in young trees where canopy closure
had not occurred. In not a single case was steady state Leaf Area Index (LAI) increased
under elevated CO,. In all cases, the nutrient cycle sets the ultimate limit to long-term
stimulation of plant production.

All the available data warns against overstating beneficial effects of a CO,-rich world for
plant growth. It should be also cautioned that any growth stimulation would enhance
forest dynamics and would translate into greater abundance of fast-growing taxa, with
likely negative effects on overall carbon storage. It is concluded from all the studies that a
global upper limit of net ecosystem carbon fixation resulting from elevated CO, was
considered to be 10 per cent of the projected anthropogenic CO, release by 2050. It may
be also pointed out that hardly any tropical species has been studied for its response to
elevated CO; on a long-term basis.

14
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Forestry — “A Magic Answer” on Global Warming ?

T P Sasikumar
Scientist, Department of Space, Secunderabad
(on deputation at Cabinet Secretariat, Delhi)
09911484007 / 09447437948 / drtpsasikumar@gmail.com / dr_tps@yahoo.com

Although climate is naturally dynamic and has been altered by natural causes; in the
recent past, the magnitude and rate of current climatic changes is unprecedented.
Computer models are long proven to be inherently incapable of providing projections of
the future state of the climate that are sound enough for policymaking. Even if the models
could ever become reliable, there are studies that demonstrate that it is not at all likely
that the world will warm as much as the IPCC imagines. Global warming, many scientists
and social workers argue, is more a political drama than the real issue.

The extra materialistic comforts and the decorative non-eco-friendly living that people
have in cities are the real problem. This creates a psychological intolerance. And the
cities are warming. Temperature measurements are records in the cities for the past few
years (for the earth of hundreds of crores of years, this is a small sample) with concrete
structures and local pollution around. Thus the so-called Global Warming is only the
projection of the Local City Warming. Even if mitigation might do more good than harm,
adaptation as (and if) necessary would be far more cost-effective and less likely to be
harmful.

Forests are centres of biodiversity, play a key role in water distribution, and are essential
for carbon storage - key aspects of effort to address climate change. To investigate forest
management as a method for controlling global warming, researchers are continuing
study of carbon exchange between the atmosphere and forest. Climate change threatens
forests. The forest may not cool climate and the present booming discussion. We can’t
solve the climate problem by just saving forests. However, it helps in aggressively
protecting and restoring wild lands, wildlife, and water as an enduring legacy. It is nice to
see that the forest is protected as permanently road-less areas and old-growth forest
ecosystems. More studies understanding forest carbon flows and forest management is
essential. The Indian heritage knowledge and the modern research must work in tandem
towards better forest management.
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Strategies for increasing tree cover in the state of Kerala

K.K. Srivastava
Addl. Principal Chief Conservator of Forests (Social Forestry), Kerala
K.J. Varughese
Conservator of Forests, Agasthyavanam Biological Park, Kerala

To achieve the ideal target of 1/3 of land under forest & tree cover, the only
alternative for the State is to increase its tree cover outside the forest areas. With this
objective, the Social Forestry wing of the Kerala Forest Dept has embarked upon massive
afforestation programmes outside the forest areas with maximum participation and
involvement of the people. Such massive afforestation programmes have been launched
by Social Forestry wing of the Forest Dept. since the year 2006.

The Ente Maram Padhathi (My Tree Programme) is a tree planting programme
with the involvement and participation of school children from Standard V to IX.
Around 29.40 lakhs seedlings have been planted by school children during the year 2007-
08 and 2008-09 under this scheme. The success of survival is above 80%. This scheme is
to be continued. The Nammude Maram Padhathi (Our Tree Programme) is for
afforestation by the Plus Two and college students in the College/School campuses.
During the year 2008-09 a total of 555613 number of seedlings have been supplied to the
2323 educational institutions under this scheme. This scheme is to be continued. Under
the Vazhiyora Thanal Padhathi (Programme For Shade on Roadsides), the avenue
tree planting is being done with the participation of head load workers belonging to
various trade unions. About 90000 seedlings were planted during the year 2007-08 and
14000 bigger size seedlings have been planted during 2008-09. The trees planted during
the year 2008-09 has shown very high success. Under Haritha Theeram Padhathi
(Greening the Coast), afforestation of coastal areas are done with the view to establish a
bio-shield for the protection of State’s coastal line from natural calamities like Tsunami,
sea erosion etc. A total extent of 152.15 ha in 132 coastal wards of all nine coastal
districts has been afforested through 132 TSVS. A total number of 22.4 lakhs seedling
have been planted in 132 coastal wards for creation of bio-shield in the coastal areas
under this scheme during the year 2007-08 and 2008-09. The Haritha Keralam
Padhathi (Greening Kerala Scheme) is a for afforestation of non forest areas through
Panchayaths. This schemes aims at creating woodlots in each and every Panchayaths
wherever suitable non forest lands for afforestation are available. The unutilized lands in
the villages, community lands, institutional lands, roadsides, railway sides, river banks,
areas surrounding ponds and lakes and other unutilized lands are proposed to be brought
under the tree cover. The scheme is proposed to be launched during June 2009. The
Forest Dept. has to play a major role in the implementation of this scheme. The Social
Forestry wing has already taken up steps for raising around 22 lakhs seedlings to be
planted by the Panchayaths during the month of June 2009. The bamboo seedlings
required by the Panchayaths is proposed to be provided by the State Bamboo Mission.
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Forest Management in a changing climate

R.P. Sharma
Principal Chief Conservator of Forests, Kerala
Bransdon Corrie
Chief Conservator of Forests, Thiruvanathapuram.
Email: bscorrie@yahoo.com

As the world grapples for a consensus to address the concerns of global warming there is
a deep conviction amongst professional foresters of the need to bring about a paradigm
change in forest management. This paper presents a model developed during a Fulbright
Program that brings together science, technology and managerial principles to best
manage forests in a changing climate.

The rapidly rising population, the growing economy and the dwindling resource base has
put tremendous pressures on forests and add fuel to the fire of global warming. Declining
tiger numbers are a manifestation of the pressures exerted and point to required changes
in policy and practices. The enactment of The Scheduled Tribes and other traditional
forest dwellers (Recognition of Forest Rights) Act 2006 makes it imperative to have
sound systems and plans for harvesting non timber forest produce if we are to have
sustainable ecosystems. A good strategy to address the concerns of global warming is to
upgrade forest management practices and have better managed forests.

Historically forest management has focused on management for timber. This focus has
not significantly shifted even today. Hitherto forest management has focused more on the
science of forestry rather than the science of management. There are basic management
principles that can be used to improve procedures, performance and delivery systems.
Principles of management that have been used with commendable results in the various
agencies managing forests in the US forms the core of the model presented. Systems and
procedures need to be built up in line with advances of the times.

The science of managing forests for the entire range of ecosystem services has to be
mainstreamed in forest management practice. A system of audit of practices, institutions
and individuals will help raise performance standards and address matters relating to
climate change concerns. To effectively monitor habitat and species often in remote
forest locations and to enable sound decisions facts must be readily available to the
decision-maker. This can be possible through use of technological advances.
Management must be adaptive as well as inclusive. This will ensure that management is
dynamic, incorporating changes based on observations. The local community who are
dependant on their livelihood must be meaningfully engaged in protection efforts and in
the decision-making. Stakeholders must be sensitized to sustainable principles and
carrying capacity limits and the synergy of partnerships can be gainfully explored.

The required changes in forest management are presented in an integrated model that will
take forest management to a new level and effectively address climate change concerns.
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NABARD'’s initiatives in promoting Forestry projects for mitigating
climate change

M.S.Haque
General Manager-Forestry,National Bank for Agriculture and Rural Development
(NABARD ), Bandra Kurla Complex, Bandra East, Mumbai-400051
Email: haque.ms@rediffmail.com

NABARD is a developmental bank with a mandate to promote sustainable agriculture.
Besides, it funds forestry projects through Forest Development Corporations and wood
based industries. India possesses nearly 60 million hectare degraded lands suitable for
forestry plantations, which can be a potent tool for mitigating climate change. In spite of
this, hardly any projects are forthcoming due to strict land eligibility criteria, forest
definition, additionality, leakage, long term nature, high risks, low cost of CER (Carbon
Emission Reduction ) and complex methodologies involved for claiming carbon credits
under Kyoto Protocol . For the first time in India, an agroforestry project is being
implemented by J.K.Paper Mills.The World Bank has agreed to purchase the VCER (
Verified CER ) @US $ 4.05. The area is 3500 hectare degraded lands of small farmers
and the tree is Eucalyptus camaldulensis clones. NABARD had visited the project sites
twice in Orissa and observed that the farmers needed credit for raising and maintaining
the plantations properly. Hence it is trying to provide subsidized credit under its
Umbrella Project for Natural Resource Management ( UPNRM). ITC had also submitted
a forestry project to United Nations, which is likely to be registered. Earlier NABARD
sanctioned two forestry projects of Rs. 70 crores to Andhra Pradesh Forest Department
for raising Pongamia pinnata plantations on 31,6000 ha degraded forest lands for
biodiesel production. Efforts are being made to bring the project under Clean
Development Mechanism of Kyoto Protocol for obtaining carbon credits. Our studies
indicated that huge opportunities exist in promoting forestry projects for mitigating
climate change, but there is an urgent need to evolve simple systems for claiming
forestry carbon credits.
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Adaptation & Mitigation Initiative to the Challenges of Global
Warming — Uttarakhand Perspective

R.B.S. Rawat
Principal Chief Conservator of Forests, Uttarakhand, 85 Rajpur Road, Dehradun, INDIA,
raghubir22@hotmail.com
Vijay Kumar
Regional Manager, Uttarakhand Forest Development Corporation, Dehradun, INDIA,
vijay459@gmail.com

R.N. Jha
Conservator of Forests, Uttarkhand

In the background of IPCC reports and the relevance of National Missions on Climate
Change to Uttarakhand, the key vulnerabilities for the state have been identified in the
paper. The adaptation and mitigation initiatives to the challenges of Global Warming
from Uttarakhand perspective have been included sector wise. Important sectors include
Forestry, Water Resources, Eco-systems and Biodiversity, Non Timber Forest Produce,
Eco-tourism, Energy and Housing sectors. The paper further focuses on sector wise
initiatives towards meeting the global warming challenges for Uttarakhand on one hand
and ensuring sustainable development on the other end. The important and critical
interventions include generation of livelihood options through community involvement
by way of sustainable management of forests & natural resources with the active delivery
based networking of Van Panchayats. The initiatives in the paper provide an opportunity
to strategically manage the challenges of global warming. Key initiatives discussed in the
paper are rehabilitation of degraded forests with focus on mixed species, community
involvement in rejuvenation of broad leave oak forests, pragmatic use of pine needles &
lantana for forest fire management and meeting energy needs, developing bio-fuel
plantations on degraded land, bringing industrial and urban areas under green cover along
with waste management, soil conservation and water harvesting through revival of
traditional & scientific knowledge, generation of additional income for community, and
Appropriate Rangeland management in alpine areas with emphasis on shrubs of high
medicinal value. Other mitigation interventions suggested in the paper are support to
private tree-shrub growers, maintaining habitat integrity by rationalizing protected area
boundaries, improving energy efficiency performance, extending wood product life cycle,
and multi-stakeholder partnerships for eco-friendly tourism.
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Bamboo plantations: an approach to Carbon sequestration

Seethalakshmi, K.K., Jijeesh, C.M. and Balagopalan, M.
SNPFM Division, Kerala Forest Research Institute, Peechi 680653, Kerala

Global warming is one among the most devastating problems of the new millennium and
Kyoto Protocol expresses the deep concern of scientific community on increasing carbon
emission due to developmental activities. Carbon sequestration is one of the approaches
in climate change mitigation policy that had received significant attention over the past
several years. Being one of the most productive and fastest growing plants on the planet
with its decay resistant litter, bamboo potentially acts as a valuable sink for carbon
storage. On an average, one hectare of bamboo stand absorbs about 17 tonnes of carbon
per year. Bamboo stands occupy an area of 36 million hectares worldwide which is
equivalent to 3.2 percent of the total forest area in the world. In Asia, India is the major
bamboo producing country (almost 11.4 million hectares) which accounts for roughly
half the total area of bamboo reported for Asia. The dry matter accumulation by
Chusquea culeou (Chile) is in the tune of 156-162 t ha™ , while that of Phyllostachys
pubescence (Japan), and Gigantochloa alter (Indonesia) is 138 ton ha™ and 45 t ha™,
respectively. The lowest dry matter accumulation (0.35 ton ha™ ) has been reported by
Bashania fangiana (China). In our common thorny bamboo, Bambusa bamboos the dry
matter accumulation at the age of 4, 6 and 8 has been reported to be 122, 225 and 286 t
ha™, respectively and it is on par with the 10 year old fast growing Causarina
equisetifolia (292.68 ton ha™) or Eucalyptus tereticornis plantation (254.97 ton ha™).
The biomass production and thereby the carbon sequestration potential of many of the
Indian bamboos are yet to be unravelled. If scientifically and intelligently managed,
bamboo which owes an inherent fast growth and thereby producing high biomass on a
sustained basis can potentially act as the carbon sink and contribute to the global climate
change mitigation initiatives.

23



Global Warming — Kerala (Abstracts) —January 2009

Bamboo Resources, People and the Environment

V. Sivaram and Anita, M.
Department of Botany, Bangalore University, Bangalore — 560056
E.mail:sivaram900@gmail.com

Bamboo is considered as one of the world’s best sustainable natural resources. With a
growth rate of up to a meter or more per day, bamboo holds the world record as the
fastest growing plant. In Asia, the major bamboo producing countries are India (almost
11.4 million hectares) and China (over 5.4 million hectares), followed by Indonesia (2
million hectares) and the Lao People’s Democratic Republic (1.6 million hectares).
India accounts for roughly half the total area of bamboo reported for Asia and, together
with China, approximately 70 percent. There are over 111 genera of bamboo with about
1575 species globally and distributed in many countries. About 134 species belonging to
18 genera have been described from Indian sub-continent. Bamboo is able to adapt to a
wide variety of ecosystems and climatic conditions. China has the highest bamboo
biodiversity in Asia, with over 500 species.

Bamboo has so many amazing qualities and greater interest which will lead to more
bamboo forests and plantations which is a bonus for the environment and the health of
our planet. Bamboo takes in nearly 5 times the amount of greenhouse gasses, and
produces 35% more oxygen, making it an efficient replenisher of fresh air. Some bamboo
even sequester up to 12 tons of carbon dioxide from the air per hectare. Bamboo can also
lower light intensity and protects against ultraviolet rays. Bamboos play an important
role in local economies throughout the world and are of major national and international
commercial importance in the Asia-Pacific region. The commercial consumption of
bamboo globally is worth around $10 billion, which is expected to reach $20 billion by
2015. India's share in the global market is estimated to be $1 billion and is expected to
increase to $5.7 billion by 2015. Worldwide, more than 2.5 billion people trade in or use
bamboo. The international market in bamboo products is worth more than US$2 billion
per year, as much as American beef. Bamboo related industries already provide income,
food, and housing to over 2.2 billion people worldwide.

Bamboos are traditionally important raw material for housing, tools and other
implements, musical instruments and other handicrafts. Due to modern technological
advances bamboos have become important in world markets in the form of pulp for
paper, parquet, ply bamboo and as a canned vegetable. They are also of great
conservation significance because of their own diversity and because of the animal
species that depend on them, the best known being the Giant Panda. Despite the
economic, social and conservation significance of bamboos, data on bamboo distribution
and resources, especially in natural forests, are very limited.
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Bamboo Processing machineries and new generation products with
Bamboo

M.R. Anilkumar
Managing Director, Kerala State Bamboo Corporation, Angamaly, Kerala

Bamboo is ubiquitous. For centuries communities have put the material to functional yet
aesthetic use: their skills having evolved over centuries. Even today, by far the most
important uses of bamboo are in the every day lives of people.

Mechanization of the sector will be one of the catalysts for enlarging economic
opportunities, employment and livelihoods by innovative technology development and
commercialization focusing on applications and markets, sourcing knowledge and
technology from diverse sources. Critical to the enlargement of the bamboo sector is the
development of machinery and equipment suited to Indian Bamboos, and of process
technologies for the growing range of products and applications.

Through the technical and financial support of NMBA Kerala state Bamboo Corporation
have successfully propagated ranges of efficient, sturdy and low cost tooling and process
machinery, suited to Kerala conditions and species, to reduce drudgery, improve
productivity and minimize wastage. These process technologies are being validated and
converted to techno economic packages through KSBC community bamboo mat weaving
centers and feeder units. Reed slivering machines, bamboo flattening machines, bamboo
cross cutting, bamboo strips making machines are few examples.

This hollow —stemmed grass isn’t just for flimsy tropical huts any more - it’s getting
outsized attention in the world of serious architecture. From Hawaii to Vietnam, it’s used
to build everything from luxury homes and holiday resorts to churches and bridges.
Boosters call it “vegetal steel “, with clear environmental appeal. Lighter than steel but
stronger than concrete, bamboo is native to every continent except Europe and
Antarctica. And unlike slow —to —harvest timber, bamboos woody stalks can shoot up
several feet a day, absorbing four times as much world —warming carbon dioxide.

In the interior of buildings, strips of bamboo laminated together into solid material have
been used for cabinetry, paneling, counter tops and furniture. In fact, bamboo advocates
claim the plant can replace the use of wood for nearly every application. This is related to
the composition of bamboo, which consists of about 50-70 percent cellulose, 30 percent
pentosans (polymer sugars) and 20-25 percent lignin.Although individual producers vary
in their methods for the harvest, treatment and delivery of bamboo, the advantage of
bamboo are being recognized by the consumers. For example National Mission on
Bamboo applications estimated its bamboo market to reach USD 5.5 billion by 2015.
This could mean that market pressure would force largely unorganized suppliers to
respond quickly to systematic improvement in production standards — and promote
sustainability in the near future.
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Properties of Bamboo and Opportunities for Value Addition

T. K. Dhamodaran
Scientist (Wood Science and Technology), Kerala Forest Research Institute,
Peechi — 680 653, Kerala, tkd@kfri.org

Bamboo, an ideal short rotation forestry (SRF) species with high carbon sequestration
potential (in the tune of greater than 12 tonnes per hectare per year which is about 35 per
cent more than the conventional wood species), worth special attention for exploiting its
scope for value addition.

Basic density and shrinkage, are widely varying with species and age and are in
comparable range with traditional timber species. Mechanical properties like bending,
compression and tensile strengths are also varying with species and age; and in no way
inferior to wood. The physical and mechanical properties of bamboo make it an excellent
raw material for non-structural applications like weaved mat products, handicrafts,
furniture, etc. and for load bearing structural applications in building, scaffoldings, etc.
Major chemical properties like cellulose, hemicellulose and lignin content of bamboo are
also varying with species and age and are in the desirable range to make it suitable for its
major industrial use for pulp and paper. Review of the stem wood properties of bamboo
reveal that in no way it is inferior to timber.

Being susceptible to the attack from bio-degradating organisms bamboo falls in the
category of “perishable” timbers or it is non-durable. Bamboo is susceptible to fungal,
insect borer and termite attacks and the service life of untreated bamboo products are
limited to less than a year. Value-addition for enhancing the durability of bamboo calls
for preservative treatments. The Kerala Forest Research Institute (KFRI) has standardized
the methods for preservative treatment of bamboo in round, split and sliver forms and
prepared value-added (durable) mat products and non-traditional furniture items for
demonstration. Regular training programmes are also offered in the KFRI on bamboo
treatment and utilization.

A review of preservative treatment techniques for bamboo revealed the potential of
treated bamboo as an eco-friendly low-energy embodied substitute material for structural
applications such as for housing and buildings. KFRI has already demonstrated bamboo
housing techniques by constructing a three-storied house. KFRI has also demonstrated the
potential of portable bamboo house for disaster management and eco-tourism by
employing re-constituted bamboo board products. Mechanical processing of bamboo,
though not very familiar to Kerala, can produce speciality products from bamboo such as
parquet flooring and panelling and roofing materials, re-constituted bamboo products for
door and window frames, shutters, furniture, etc. In general, the properties of bamboo
offers opportunities for value-addition for the production of high quality products which
eventually lead to better profitability and income generation for both the marginalized
bamboo dependants and the industry.
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Achievements & challenges in micropropagation of bamboo

E. M. Muralidharan
SNPFM Divn., Kerala Forest Research Institute, Peechi 680653, Kerala

There has been an increased demand for quality bamboo planting material in the wake of
the recent interest in bamboo as a crop with diverse utilization potential. Traditional
methods of seed and vegetative propagation has its limitations when the huge demand
across the country has to be met since they are undependable and slow due to the
peculiar flowering behavior of bamboo. There has been a renewed interest in the
micropropagation of bamboo in recent years. Over the years, micropropagation of
bamboo has matured from the techniques standardized using explants of seed and
juvenile origin with limited practical applications to the feasibility of propagating
selected superior mature clumps growing in the field. In spite of the long list of species
that can be propagated through in vitro culture, there is scope of improving our
knowledge in several areas. Problems of endogenous contamination, poor rooting of
shoots, control over in vitro flowering etc still need attention of researchers. There is also
a dearth of genetically superior and tested germplasm in most of the bamboo species. A
description of the bamboo micropropagation technique is given along with a review of the
progress made so for in bamboo around the world and the prospects for research in the
area.
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Status of Bamboo Plantations and Constraints in Commercial
Cultivation

R. C. Pandalai
SNPFM Divn., Kerala Forest Research Institute, Peechi 680653, Kerala

An estimated 8.96 million ha forest area of our country contains bamboo. Bamboo
generally forms as an under-storey in the natural forests. It is found to grow practically all
over the country, particularly in the tropical, sub-tropical and temperate regions where the
annual rainfall ranges between 1,200mm to 4,000mm and the temperature varies between
16° C and 38° C. The most suitable conditions for the occurrence of bamboo are found in
between 770-1,080 meter above sea level. However, two-thirds of the growing stock of
bamboo in the country is available in the northeastern states.

India is very rich in bamboo diversity. There are 124 indigenous and exotic species,
fewer than 23 genera, found naturally and/or under cultivation (Naithani, 1993). Clump
forming bamboo constitute over 67% of the total growing stock, of which Dentrocalamus
strictus is 45%, Bambusa bambos 13%, D.hamiltonii 7%, B.pallida 4%. All other species
put together are just 6%. Melocanna baccifera, a non-clump forming bamboo, accounts
for 20% of the growing stock and is found in the northeastern states. Bamboo falls into
two main categories according to growth pattern, (i) sympodial or clump forming, and (ii)
monopodial or non-clump forming, runner bamboo.

Bamboo is a very promising renewable natural resource that will provide income and
generate employment especially for women and rural poor. It is well known for its faster
growth, multiple uses, and aesthetic beauty. The species diversity and adaptability to
different site conditions make Bamboo the most suitable plant for a variety of soil and
climatic condition. Kerala has 22 species of Bamboos including two varieties, belonging
to six genera viz; Bambusa, Dendrocalamus, Ochlandra, Pseudoxytenanthera,
Schizostachyum and Sinarundinaria, and are native to the state. More than 10 species
Viz; Bambusa vulgaris, B.vulgaris var.wamin, B.multiplex, B. polymorpha, B.balcooa,
Dendrocalamus  brandisii, D.giganteus, D.longispathus, D.hamiltonii, Thyrsostachys
oliveri and T.regia are being cultivated in the home gardens and forest plantations in
Kerala. The extent of Bamboo plantation under the forest department is only around
2475.474 ha, while extensive private plantations are all most negligible in the state.

A major hurdle in cultivation of bamboo from seeds is the very poor availability of
planting material. Most of the economically important bamboo species bear seeds only
two to three times in a century or some of them just do not produce viable seeds at all.
Moreover the viability of seed is problematic as it is very short. Vegetative propagation
techniques standardized are costly, cumbersome and labor intensive.

A stringent forest law, which is yet another hurdles, discourages transport of Forest trees

and bamboos from even private lands. Farmers project this as a major impediment for
commercial cultivation of bamboo in homesteads.
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Cluster development of bamboo artisans and farmers — a promise for
livelihood improvement

S. Sankar
Human Dimensions Divn., KFRI, Peechi 680653, Kerala

Bamboo offers immense potential for livelihood improvement of farmers and artisans in
India. The farming community has not adopted bamboo as a crop due to absence of
suitable species, scientific cultivation, post harvest technology and marketing. Traditional
bamboo workers are jeopardized by the entry of plastic, rubber and metal which have
replaced bamboo and are forced to leave the field. An attempt was made to develop these
two communities on a cluster basis using bamboo. The farmers were provided with
plantlets of suitable species, trained in cultivation, harvesting and post harvest treatment,
while the artisans were exposed to new deigns, weaving, craft, tools and trained in
enterprise management. The success story of livelihood improvement is narrated in the

paper.
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