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Climate Change Research on Fisheries and Aquaculture:
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Abstract: Sri Lanka, the southernmost Island of the north Indian Ocean is blessed with a
rich endowment of coastal and marine eco-systems. However, the tropical island
positioned at the centre of monsoonal regime is unkindly proneto ocean disasters and
climate change. The fisheries industry plays an important role in the economy of Sri Lanka
and provides livelihood for more than 2.5 million coastal communities and more than 60%
of animal protein requirement of people in the country. Acidification, changes in sea
temperatures and circulation patterns, frequent and severe extreme events, and sea-level
rise and associated ecological changes resulting in from climate change will affect the
fisheries and aquaculture industry. Sea level rise and warming of the sea are the two
crucial factors that could impart decisive impacts on coastal fisheries and aquaculture. The
coastal stability studies indicate that except for the northern-most coast, the entire coast is
under different degree (moderate to high) of erosion. The cumulative implications of
climate changes possess the potential of inducing adverse effects on the coastal fishery
and aquaculture. The development of the fishery sector should seriously consider the
ramifications of climate changeand take steps to strategically adopt appropriate
adaptation measures to ensure the continued sustainability of the industry.
Keywords: Climate change, fishery sector, coastal belt of Sri Lanka, sea water intrusion

INTRODUCTION
Fisheries industry plays an important role in food and nutrition security. The
sectorcontributes significantly to the economic development of Sri Lanka by
providing livelihoods for more than 2.5 million coastal communities,and more
than 60% of animal protein requirement of people in the country. In 2015, the
share of fisheries to the Gross Domestic Production (GDP) of the country was
1.3%, with a total fish production of 520,190 mt of which the marine fish
production was 452,890 mt and the rest (67,300 mt)from inland fisheries and
aquaculture. In comparison with 2014, the offshore fish production has increased
marginally by 1.9% however, the coastal fish production experienced a 3.5%
decline. The total fishing family population amounts to 610,000 in Sri Lanka and
more than a million people from the coastal community is estimated to be selfemployed traders depending on fisheries for their livelihood. The fisheries sector
also contributes to more than Sri Lanka Rs (LKR) 25,000 million in terms of
foreign exchange through export of marine and aquaculture products (NARA,
2015).
Climate change will affect fisheries and aquaculture via acidification, changes in
sea temperatures and circulation patterns, high frequency and severity of extreme
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events, and sea-level rise and associated ecological changes (FAO, 2016), and Sri
Lanka is not an exception. Sea level rise and warming of the sea are identified as
the two crucial factors imparting decisive impacts on coastal fisheries, which may
further aggravate poverty of the coastal communities in Sri Lanka.The impacts of
climate change on sandy coasts will manifest themselves at various spatiotemporal scales (~ 10 m to ~ 100 km and days to centuries; Ranasinghe 2016).
The forecasted sea level rise for 2050 is expected to cause a general shoreline
retreat of 10 m along all the sandy coasts. Over a 50-year period, this will
correspond to 0.2 m of shoreline retreat per year. Fishing has been a major
economic activity in Sri Lanka from time immemorial and has been the major
livelihood of the coastal communities. The marine resources base of Sri Lanka has
an Exclusive Economic Zone (EEZ) of 517,000 sq. km with rich fish species. In
addition, there are 45 major brackish water lagoons and estuaries covering a
water area of 158,000 ha. Apart from marine and brackish water resources, Sri
Lanka has 520,000 ha of water bodies including irrigation reservoirs, perennial
tanks, and seasonal tank.
Fishery constitutes the major economic activity in the coastal region, which
contains 25% of the island’s population (MoE, 2010). It serves as a livelihood of a
considerable segment of Sri Lanka’s population, and source of protein for its
people. Fishery of Sri Lanka is dominated by coastal fishing and the offshore and
inland fisheries are steadily increasing its contribution to the total fish production,
while the contribution by the coastal fishing showing a tendency to decline. In
general, fishery is heavily dependent on conducive environment conditions for
sustainability and productivity thus, making it critically important to consider
ramifications of climate change in the development of the sector and strategically
adopt appropriate adaptation measures for continued sustainability of the fishery
industry.
Sri Lanka is vulnerable to climate change that can have major impacts on coastal
ecosystems that nourish the marine food fishery. The consequences of climate
change on the fisheries sector have not been assessed or quantified widely,
though the production, availability and breeding patterns of aquatic life would be
affected (Jayatilake, 2008). Any damage to estuaries and lagoons, coral reefs or
coastal wetlands would lead to reduced feeding, breeding and nursery habitats for
commercially important coastal and marine finfish and shellfish used in the food
fishery.Climate change exerts positive and negative impacts on fishery habitat,
fishery stocks, fish stock availability harvesting sector fishing communities

PRESENT STATUS OF RESEARCH AND DEVELOPMENT ACTIVITIES
RELATED TO CLIMATE CHANGE
Climate change is a global phenomenon that is predicted to disproportionately
impact low and middle income nations and the strata of poor communities.
Research and development are aimed at building adaptive capacity to be better
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prepared to withstand the impacts of climate change that in turn has implications
on economic growth and poverty reduction.

Adaptation on fisheries habitat
Coastal Conservation and Coastal Resources Management Department
(CC&CRMD) of Sri Lanka had addressed the climate change related issues in its
latest Coastal Zone Management Plan. The Coastal Zone Management Plan (CZMP;
CCD, 2004)of the country aims for a better coastal environment through the
“protection and stabilization” of erosion prone beaches, establishment of beach
parks, prevention and minimization of coastal pollution (including water
pollution), preparation of shoreline development plans, implementation of special
areas management plans in ecologically-sensitive coastal sites and the
conservation of coastal habitats. Research is being conducted to identify areas for
beach nourishment and bio-shielding on the coast as a counter measure against
sea level rise and erosion of the coast line.

Adaptation on fishery stocks
Ocean warming and acidification are expected to directly and/or indirectly
determine the stock distribution, recruitment levels, and variability and adult
biomass production. Adaptation to these changes can only be achieved by
adjusting fishing effort to levels that are consistent with the yield levels that can
be sustained by the changed populations. In this respect, the National Aquatic
Resources Research and Development Agency (NARA) of Sri Lanka is intended to
conduct fish stock survey using S/V Dr. Fridtjof Nansen in 2017-18.
The research and development activities conducted as adaptive measures to
mitigate the impacts of climate change on fish stock include reef monitoring to
provide early warning alerts of bleaching events and management of the reef
habitats, artificial reefs or fish-aggregating devices, and fish stock assessment.

Adaptation on fish stock availability
Climate change results in relocation and redistribution of fish resources. Thus,
traditional fishing grounds and gears may not be effective in harvesting. Hence,
the fisheries industry need to adapt by adopting vessels and gears that can pursue
the resource in its new habitat. This may require larger vessels for longer trips
and investment in gear development. The Ministry of Fisheries and Aquatic
Resources Development of Sri Lanka is intended to introduce mother vessels,
which may be used as supply vessels to fishing vessels in the high seas and fish
collector from the vessel for storage and transport. Research and development
activities are being conducted to this effect on possible community participation
in the management of coastal habitats, and monitoring health problems (e.g. algal
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blooms, ciguatera, cholera) that could increase under climate change and harm
fish stocks and consumers.

Adaptation on the harvesting sector
Less frequent but high intensity cyclones, increasing extreme ocean weather and
wind are suspected to be the cause of change in climate. The lower fish production
in 2015 than the previous year is attributed to the worse sea conditions for
navigation.The identified as research needs in this discipline include enhanced
seaworthiness and safety aboard fishing vessels, designing and construction of
shore infrastructure, and early warning on potential ocean based extreme events.

Adaptation on costal aquaculture
Aquaculture and mariculture are rapidly growing fisheries sector in Sri Lanka that
have already been affected by the climate change. However, Sri Lanka’s coastal
zone offers high potential for new forms of coastal aquaculture. The extensive
lagoon systems of the eastern and northeastern coasts have considerable
possibilities to introduce new species with more environmental tolerance.
Furthermore, to release the pressure from the coastal fisheries, which is the first
to get affected by climate change, the research activities are currently being
conducted to identify potential sites to expand aquaculture, including
seaweed,clams, spiny lobsters, sea cucumber, oysters, and bivalves to increase
and stabilize seafood supplies, help stabilize employment, and carefully augment
wild stocks, and to select suitable sites for artificial production of marine
ornamental fish.

IDENTIFIED GAPS
Climate prediction remains uncertain mainly because of absence of long term
data, especially on sea surface temperature, ocean acidification, ocean current
pattern, etc. Thus, a network of automatic recording stations had to be established
to measure ocean parameters, essential for climate/weather prediction and
forecasting. Research on assessing the vulnerability and impact of climate change
on estuaries and lagoons, coral reefs or coastal wetlands and quantify the impact
on feeding, breeding and nursery habitats for commercially-important coastal and
marine finfish and shellfish used in the food fishery, ocean warming on the
distribution, growth and reproduction of fish stocks as commercially important
fish stocks may change their spawning areas and distribution patterns and ocean
acidification on shellfish, crabs, lobsters and corals to build calcium carbonate
shells resulting in diminishing stock and destroying the habitat (in the case of
corals) are either absent of scarceIncrease in sea water temperatures will change
the distribution and composition of marine and coastal species thus, affecting fish
stocks. Inland wetlands important for the food fishery may also be adversely
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affected by temperature anomalies with resultant changes in water quality that
for example could cause fish kills.

FUTURE RESEARCH NEEDS
Fishery is heavily dependent on conducive environmental conditions for
sustainability and productivity. Hence, research shall be conducted to assess the
impact due to climate change-induced sea level rise, storm surges and coastal
flooding on (1) loss or changes in coastal habitats and species distribution, (2) net
loss of wetlands and landward migration of coastal wetlands, adverse impacts on
mangroves and coral reefs, (3) changes in salinity of lagoons and estuaries due to
saline intrusion and coastal flooding, (4) damage to coastal habitats such as coral
reefs, mangroves and sea grass beds, (5) impact of ocean warming on the
distribution, growth and reproduction of fish stocks – in both marine and inland
waters, (6) impact of loss of beach due to sea level on beach seine fishery and
beach landing sites, (7) reef monitoring to provide early warning alerts of
bleaching events and management of the reef habitats, (8) identifying sites to
install artificial reefs or fish-aggregating devices, (9) fish stock assessments to
develop fisheries policy, monitor health problems (e.g. algal blooms, ciguatera,
cholera) that could increase under climate change and harm fish stocks and
consumers, (10) ocean status forecasting for potential ocean based extreme
events, (11) designing and construction of shore infrastructure and fishing vessel
to withstand extreme events, zonation for aquaculture, mariculture and fish
farming, artificial production of marine ornamental fish and (12) potential
positive impacts

CONCLUSION
In Sri Lanka, fisheries offers livelihood for one eight of the population and provide
more animal protein requirement about 60% of the population in the country,
while almost 1/3rdof the population inhabit coastal zone. Implications of the
climate change on fisheries and aquatic resources seem to be already underway.
The decline in fish production, both in marine and inland production in 2015 than
the previous year is a great concern. The decline in marine fish production is due
to the reduction in coastal fisheries, though offshore fish production had
marginally increased while the decline inland and aquaculture production is
attributed to the decline in capture production from perennial waters, though
culture-based fisheries and shrimp production had increased. The decline in the
production of coastal and inland capture fisheries is under investigation.
However, the causes for the decline in inland production are attributed to the dry
inland weather, rough ocean weather and/or overexploitation.
Further increase and expansion of capture fishery production is limited due to the
impact of climate change and/or over exploitation. However, it is likely that
aquaculture, in view of its resilience and adaptability and its cultivation of a wide
array of species will be able to respond positively to climate change impacts. The
125

K. Arulananthan

aquaculture industry thus, needs to be supported with related policies,
institutional and socio-economic changes and backed up and supplemented by
relevant technical developments. It is conceded that there is a need to gather
quantitative data/information, policy intervention and setting up of a mechanism
to address issues regarding the role of aquaculture and combat the adverse
impact of climate change on the aquaculture industry.
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Research and Development on Climate Change Mitigation
and Adaptation in Forestry: Present Status and FutureNeeds
R.M.D.Alawathugoda

Forest Research Institute, Forest Department, Battaramulla. Sri Lanka
Abstract: Forestry sector plays a major role in both aspects of climate change: mitigation
and adaptation.Major impacts of climate change in forestry are loss of biodiversity,
impaired forest health, high weed infestation, severe drought, accelerated fire risk, and
spread of invasive species.Forest Department of Sri Lanka has undertaken a number of
research studies within these areas related to climate change mitigation/adaptation.
Restoration of degraded forests, domestication of local tree species, and evaluation of
community managed forest areas are three broad research areas recently conducted,
which are related to climate change mitigation through improved carbon absorptionand
addressing adaptation to drought, weeds, pest and diseases, etc. Bioenergy production,
carbon assessment, weed and invasive species control, and water conservation are among
other related studies. However, there are several research gaps in studies related to
adaptation mechanisms for drought, prediction of forest health and fire risk, carbon and
non-carbon benefits, market-based mechanisms for conservation etc. Therefore, this
paper reviews the current status and future requirements of research in the respective
fields to be considered.
Keywords: Adaptation, climate change, forestry, mitigation, research gaps

INTRODUCTION
Natural change of climate on earth has been accelerated by human activities after
industrial revolution mainly due to increased burning of fossil fuel, land use
changes and agriculture. The earth is now bearing the severe impacts of floods,
drought, sea level rise, etc., as a result of rising temperature due to increased
concentrations of greenhouse gas (GHG) emissions. Global expectations of
combating climate change may not be achieved only by reducing emissions of
GHGs alone, but efforts should be focused on actively removing GHGs from the
atmosphere.
Forestry sector plays four major roles in climate change, by (1) contributing a
large share of global carbon emissions when cleared, overused or degraded, (2)
reacting sensitively to a changing climate, (3) producing woodfuel as an
alternative to fossil fuels, and (4) absorbing a considerable portion of global
carbon emissions into their biomass, soil and products (FAO, 2012a). The world’s
forests and the soil underneath store more than one trillion tons of carbon, which
is twice the amount of free atmospheric carbon. Deforestation in different parts of
the world is found to contribute to 12-17% of global carbon dioxide emissions
each year (FAO, 2012b). Therefore, deforestation and degradation not only
disturb the absorption function of the forests but also release carbon stored in soil
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and plant materials back to the atmosphere further intensifying the climate
change issue.Hence, forests act as a carbon source as well as a carbon sink.
Therefore forest conservation is a key strategy for both reducing emissions and
removing GHG from atmosphere for climate change mitigation.
Government of Sri Lanka has set its targets to increase the present forest cover
from 29.7% of the total land area to 32% by the year 2020 in its efforts to
mitigating climate change impacts through reducing emissions from deforestation
and forest degradation, conservation of forest carbon stocks, sustainable
management of forests, and enhancement of forest carbon stocks. Country’s
comprehensive plan for achieving this includes 13 Policies and Measures (PAM)
under three key strategies- improved sustainable management practices,
increased supply of fuelwood and timber, and improved regulatory policies and
measures, which are proposed to be implemented by involving many stakeholder
institutions (REDD+ Sri Lanka, 2017).Accordingly, Forest Department (FD) is
committed to undertake activities to improve forest law enforcement and
monitoring, forest boundary demarcation and declaration, restore degraded
forests, strengthen sustainable management of natural forests and forest
plantations, strengthen protection of watersheds, and to develop agroforestry
models, for mitigating climate change impacts (REDD+ Sri Lanka, 2017).
The FD is already implementing its plan through various strategies such as
restoration of degraded forest, hill top restoration, reforestation, removal of Alien
Invasive Plants, agroforestry, homegarden development, habitat management, etc.
Challenges and issues faced by the sector while implementing these strategies are
addressed through research. Further, when we live in a changing climate, we are
automatically compelled to address the issues related to climate change, but these
issues are similarly related to other subject areas. Therefore most of the research
related to climate change are concealed in other subject areas without much
recognition as climate change research.
The forestry sector plays a major role in both aspects of climate change, mitigation
and adaptation. Climate change affects biodiversity, forest health, weed
infestation, fire risk, drought etc. and henceaddressing these issues are climate
change adaptation measures.Climate-driven effects of drought, forest dieback,
insect and disease mortality and fire could transform the world’s forests from a
net carbon sink (sequestering CO2) into a net carbon source (emitting CO2)
(Kurz et al., 2008, Lewis, 2005).Attempts to increase tree cover and reduce
emissions through deforestation and degradation helps mitigating climate change
impacts through increased CO2 absorption from the atmosphere. Therefore,
climate change related issues in forestry can be broadly categorized as climate
change mitigation and adaptation.
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MAJOR IMPACTS OF CLIMATE CHANGE IN FORESTRY
Drought
Drought is becoming more intense and happening more frequently. Drought has
caused growth retardation in the dry zone forest and forest plantations and
reduces the productivity. Tree plantation establishments usually depend on rain
water, and this has been adversely affected by prolonged drought periods and
unpredictable changes in rainfall pattern in recent times. Therefore screening for
drought tolerant tree species, improved technologies and water conservation
methods along with irrigation options have to be adopted in tree planting for
climate change adaptation.

Fire risk
As a result of prolonged drought, risk of fire damage is accelerating, and it poses
severe threats to the protection of forest, and therefore fire control measures as
well as early warning systems have to be adopted as a climate change adaptation
strategy.

Forest health
Due to changes in temperature and local climatic conditions both pest and
pathogens, and the host tree composition vary and outbreaks may occur due to
changes in ecological balance. Further, spreading problem of dieback of forests is
suspected to be a result of climate change due to prolonged drought among other
factors.

Aggressive weeds and invasive species
Due to changes in climatic conditions different plant species are affected
differently. Certain aggressive and invasive species can dominate suppressing
other species. This results in loss of biodiversity in natural environments.
Aggressive weed growth adversely affects the performance of young plantations
which reduces the productivity and makes maintenance extremely difficult.

CLIMATE CHANGE MITIGATION/ADAPTATIONRESEARCH IN
FORESTRY SECTOR:
PRESENT STATUS
Although not specifically addressedas climate change issues, following research
areas under FD can be identified as focused on climate change
mitigation/adaptation.

129

R.M.D. Alawathugoda

Restoration of degraded forest areas
Rehabilitation of degraded forests through various means is a major
implementing program of the FD in its mitigation efforts, and research findings
support the efforts to restore different forest ecosystems through testing various
methods such as reforestation, assisted natural regeneration, enrichment
planting, conversion of monoculture exotic plantations into mixed plantations etc.
(Bandumala and Karunarathna, 2008).

Domestication of local tree species
Reduced adverse impacts of exotic monoculture plantations, and increased
biodiversity is a main approach of FD reforestation programs and therefore
introducing suitable local tree species for various climatic conditions is a major
research area continuing in multiple locations in the dry, wet and intermediate
zones. This also helps in conservation of local flora as rare species are particularly
vulnerable to changes in climate.

Community participation for forest protection and management
Reduced productivity of forests and lowered food security as a result of climate
change may increase the threat to natural forests for livelihoods, and sustainable
management and protection of forests through community participation as a key
strategy of the FD may improve the forest condition while improving the living
standards of forest dwellers.A comprehensive research continues to study the
effect of community participation in forest management on the change in forest
structure towards conservation (Alawathugoda and Balharrie, 2016).

Bioenergy production
Increased use of bioenergy helps in both reducing GHG emissions from fossil fuel
burns, while removing emissions from atmosphere during its growing phase.A
research is continuing to study the efficient utilization of available resources for
industrial bioenergy production. A study is initiated to assess the production and
fuel value of local and underutilized tree species for bioenergy production.

Carbon sequestration
Carbon sequestration helps in valuing ecosystems for making policy decisions in
conservation and land-use change options.Further, Forest Reference Levels have
to be established for Carbon Trading options. A comprehensive study has been
done on Carbon estimation of mangrove ecosystems (Alawathugoda and
Premakantha, in preparation) and some case studies have also been done in
individual forests by various scientists, for example, inBadagamuwaConservation
Forest (Alawathugodaet al., in preparation).
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Tree volume and biomass estimation
Species specific and general allometric equationsof tree volume and biomass help
in estimating Carbon stocks and sequestration rates by various ecosystems as well
as forest plantations. Species-specific volume equations have been produced for
some exotic and local tree species, for example, Tectonagrandis (Subasingha and
Guneratna,
2008),
Eucalyptus
grandis
(Sivananthawerl,
2008),
Toonaciliata,Micheliachampaca
(Sivananthawerl
and
Premakantha,
2011),Gmelinaarborea
(Sivananthawerl
and
Pushpakumara,
2011),Azadirachtaindica, Berryacordifolia, Chloroxylonswietenia (Sivananthawerl
and Premakantha, 2012) and Trees Outside Forests (Premakanthaet al. 2012).

Control of aggressive weeds in forest plantations
Severe weed growth is a main cause of low survival and growth of forest
plantations particularly guinea grass (Panicum maximum)predominantly in the
dry zone. Therefore various mechanical methodssuch as uprooting, cutting,
pressing of grasses etc. have been tested for weed control in commercial forest
plantations as well as in degraded forest areas with limited success (personal
observations).Spread of Ochlandrastridula (bata) in the undergrowth is a severe
problem in forest plantation establishment in the wet zone, and it is considered as
a main reason for failure of plantations with current forest management practices.
A research finding shows that with high input intensive management system
including removal of bata clumps repeatedly for about 3 years or covering of cut
stumps with black polythene sheets for several months will reduce the growth of
bata significantly (Bandumala, personal communication).

Water conservation methods in plantation establishment
Another main factor of failure of forest tree planting in the dry zone is water
scarcity in young stage of plantations due to changes in rainfall pattern. Therefore
various water conservation techniques in plantation establishment such as
trenching, burying coconut husk, mulching, use of salvinia along with irrigation
are being tested.

Invasive plant species management and utilization
Spread of invasive species is regarded as a result of climate change, and it affects
floral diversity and leads to the habitat destruction of wildlife and loss of their
feeding grounds. Research continues to identify and control invasive species
through management and utilization. For example,Acacia mangium is a highly
invaded exotic tree species in the wet zone forest plantations disturbing the
growth of local tree species, but A. mangium is a good source of fuelwood on the
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other hand. Therefore a research study continues to assess the existing resource
and its sustainability as a source of bioenergy and wood chips for furniture
manufacturing.

GAP ANALYSIS OF CLIMATE CHANGE RELATED FORESTRY RESEARCH
Although forestry research has addressed most pressing problems related to
climate change, there are many areas yet to study in detail.

Productivity Improvement through adaptation
Forest plantations and restoration efforts in degraded forests are often
unsuccessful due to various reasons, mainly fire risk, animal damage, drought,
heavy weed growth etc. Further, restoration efforts are very challenging in harsh
site conditions. Therefore, further studies in alternative planting techniques will
be needed to successfully establish the plants particularly slow growing local tree
species,along withimproved practices for production of seedlings with
appropriatestandards.Restoration and domestication of local tree species in the
upcountry areas has not been adequately addressed and therefore needs
attention. Integrated management of aggressive weeds is essential to improve the
status of plantations.Novel concepts for water conservation in the dry zone
planting have to be introduced.

Efficient utilization of resources to maximize mitigation
Alternative tree species are to be identified to produce bioenergy with multiple
benefits, and use of invasive species for productive purposes has to be
explored.Integration of forest plantations and degraded forests with commercial
crops have not been studied.

Forest health
Sensitivity of different species to climate change impacts are not adequately
studied. Forest die back incidences are mounting in various forest ecosystems.
Reason for forest dieback in different areas are not completely understood.

Fire control
Although recent severe fire incidences damaged large areas of important forests
and plantations, studies on assessment of fire risk and in minimizing fire damage
have not been conducted.General operations implemented for fire control are
establishing fire lines by clean weeding a strip of land around the young
plantations. This technique is very time consuming and costly, and not feasible in
protecting large areas of forests. Research on fire control methods either in
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plantations or natural forest are minimal. Information is lacking on the
interactions between fire and other climate related factors.

Carbon and non-carbon benefits
Market-based mechanisms are lackingto encourage service providersfor forest
conservation.Carbon estimations of different ecosystems are not available and
technical tools in estimating Carbon stocks have to be developed.

FUTURE RESEARCH NEEDS RELATED TO CLIMATE CHANGE IN
FORESTRY
Following studyareas are proposed for further research related to climate change
in forestry sector.

Predictions of climate change impacts
Projections on climate effects on disturbances in different ecosystems will help
understanding and planning of future adaptation measures. Risk assessments of
fire incidence related to climate change predictions are needed to manage fire
damage.The fundamental mechanisms underlying tree survival and mortality
during drought should be studied.Research should identify herbivores and
pathogens that are likely to be key agents of forest disturbance in the future.

Establishment technologies of forest plantations and restoration
With severe dry and infertile soil conditions in planting sites, innovative
technologies for tree planting have to be studied involvingsimple and effective
techniques for hilly areas. Research on suitable light-weight, water-retaining
potting medium in biodegradable containers for seedling establishment helps in
minimizing environmental impacts.Vulnerability of local tree species to severe
drought and pest and diseases need to be analyzed.Suitability of commercial
crops,for example spices, for inter-planting with forest plantations has to be
tested.

Ecosystem conservation
Species specific allometric equations and general equations at ecosystem level for
carbon estimation should be made available. Total carbon stocks have to be
assessed in all important ecosystems for policy decisions on land use changes.
Systems for Payment for Ecosystem Services (PES) should be developed to
encourage community groups to secure conservation of ecosystems.Forest
plantation management should be based on ecosystem approach with multiple
benefits.
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Weed control
Innovative approaches in utilizing grass weeds for productive purposes such as
compost making, mushroom production, biodegradable materials, etc. are to be
tested as a measure of control. Possibilities of using mulching material to control
weed can be explored. Present legislations must be reassessed for allowing
controlled grazing in forest plantations. Combined research on efficient use of
grass with the animal production sector will improve mutual benefits for both
sectors.

Water conservation
New technologies for soil amalgamation with water absorbing and slow releasing
materials should be studied for tree planting.Use of efficient irrigation
technologies for forest plantations have to be explored.

Fire control
Interactions among fire, and biological disturbances (such as insects, pathogens,
and introduced species) should be studied to improve long-term predictions
about forest succession and ecosystem dynamics that would lead to better
prediction of affecting conditions.Effective methods to minimize fire risk should
be studied:for example, controlled burning, close spacing planting, species mixing
etc.Testing of fast growing, fire resistant tree species suitable for green fire belt
establishment should be continued.

Forest health
Research is needed to determine the status and trends of forest stress and
mortality in relation to climate change, as well as to understand ecosystem
responses after dieback events.Studying the sensitivity of different types of pests
and diseases to environmental change and the potential for increased outbreaks
of insects and pathogens at the margins of their existing ranges would be
important to manage forest health.

Bioenergy production
Research should focus on utilization of invasive and less-utilized tree species for
bioenergy production, and search for desirable wild tree species for liquid biofuel
production. Studies on use of wood waste from forestry operations such as
harvesting, logging, sawing in bio energy production can protect the existing
forests.
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CONCLUSION
Although climate change wasnot mentioned among the priority research areas
within the FD in the past, forestry sector itself primarily address the issues related
to climate change mitigation and adaptation in its usual programs.Any measures
to improve forest conservation are climate change mitigation practices and most
activities to tackle the issues in improving forest resources are related to climate
change adaptation, as most of the difficulties are created by climate change
impacts such as drought, fire, weeds, pest and diseases. However, climate effects
on forest disturbances and the interactions among different disturbances are not
adequately understood. Therefore, projections on climate effects, risk
assessments, and underlying fundamental mechanisms of disturbances are crucial
factors for further research in planning future adaptation measures.
Adaptation measures related to drought, weeds and invasive species have been
addressed to some extent in the present FD research agenda, but forest health and
fire issues are not adequately studied.Assessment of potential and effects of
extensive climate-induced forest dieback is highly important.
Utilization of alternative tree species for bioenergy production and other
purposes, and incorporation of commercial crops and non-timber forest products
will ensure efficient resource utilization and maximize mitigation
efforts.Estimating climate change mitigation values (air regulation) and
approaches in market-based mechanisms for environmental services would
ensure policy decisions on land use changes towards forest conservation.
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