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different forest ecosystems for climate change adaptation has become vitally important. Therefore, this paper reviews the literature

and discusses the expansion of carbon stocks by forests and trees, conservation and maintenance of existing forest carbon (C)

stocks, and management of fragile forest ecosystems for climate change adaptation in South Asia. Expansion of C stocks by forests

and trees is facilitated in the region through afforestation, reforestation, and forest restoration; increase of tree cover outside forests;

and enhancement of forest carbon stocks. Fire management and reduction of shifting agriculture, management of forest health and

vitality, management of forest biodiversity, management of protected areas and wildlife provide great contributions to the

conservation and maintenance of existing forest carbon stocks. Management of fragile forest ecosystems, particularly mountain

forests and watersheds; dry-land forests; coastal forests; wetlands and peatlands are also vital for forest adaptation to climate

change. Sustainable forest management strategies promoting adaptation to climate change should be an integral part of rural

development activities with active community participation in the South Asian region.

Keywords: Carbon stocks. Climate change impacts. Community participation. Conservation and maintenance. Forestry adaptation in

South Asia. Fragile forest ecosystems.

1. BACKGROUND

Climate change has reduced ecological resilience, the capacity of an ecosystem to persist in spite disruption in addition to reducing

social resilience and human adaptive capacity. Climate change trends in the South Asian region indicate increasing temperature,

declining days of precipitation and seasonal shifts in rainfall patterns, heat waves, severe floods, droughts, landslides, etc. A

gradually increasing trend in surface temperatures of approximately 0.30°C and 0.57°C per 100 years have been suggested for Sri

Lanka and India, respectively (IPCC, 2001). The increase in surface temperature will raise the snowline, reducing the capacity of the

natural reservoirs and increasing the risk of flood in Nepal, Bangladesh, Pakistan, and North India during the wet season (Singh,

1998). Intense rainstorms and a 10-20% increase in intensity of tropical cyclones are projected as part of an increase in the

occurrence of extreme weather events in South Asia. The total flood-prone area in Bangladesh has become 3.1 M ha, and in India, it

is approximately 40 M ha (Mirza and Ericksen, 1996). Chronically drought-affected areas in India cover Bihar and Orissa States, in

addition to the western parts of Rajasthan and the Kutch region of Gujarat. Approximately 2.7 M ha in Bangladesh are vulnerable to

drought annually. Part of Nepal is affected by drought or near-drought conditions (Mirza, 1998). Bhutan is highly vulnerable to

various climate change impacts and natural hazards due to geological conditions, variations in precipitation and high-elevation

terrain (Lhendup 2012). In the Maldives, the problem of sea level rise is alarming, as a significant portion of the land mass is made

up of low-lying atolls.

Forests provide a number of ecological services such as climate regulation, hazard protection, and water conservation while

increasing social resilience to major disturbances such as floods, heat waves, and intense drought as impacts of climate change.
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Anticipated temperature increases and changes in precipitation are likely to increase the risk of pest and disease outbreaks, species

extinctions, forests fires, erosion and habitat loss, presenting significant threats to forests in South Asia. These impacts on tree

physiology and phenology, forest growth and biodiversity adversely affect the forest-dependent people and wider society. Millar et

al. (2007) suggest that no single solution fits the challenges of changing climates and that the best strategy is to mix different

approaches, possibly using a toolbox approach, for different situations in managing forested ecosystems. Complying with their

commitments, all South Asian Counties have submitted their National Communications (NCs) and National Adaptation Programs of

Action (NAPAs) to the United Nations Framework Convention on Climate Change (UNFCCC). Adapting forests to climate change is a

prerequisite for effective climate change mitigation, improving the permanence of carbon stocks and achieving eligibility for carbon

financing.

The forests in the South Asia region, with high population levels, large numbers of forest-dependent and vulnerable people, and

rich biodiversity, play a central role in efforts to adapt to climate change. Adaptation strategies are not popular with government

systems, as they prefer to focus on shorter time frames and ‘quick fixes’ (Huq et al. 2006). In community-based natural-resource

management, local people have a greater interest in the sustainable use of resources. In the case of specific realities of climate

change occurring, adaptation is most appropriately implemented at the local level, depending on geographic differences,

governance systems, public infrastructure, and resource accessibility, as well as the incorporation of traditional local knowledge in

decision-making (Satterthwaite et al. 2007). The degree of community participation in forest management can range from simple

consultation to consign and joint ventures (Tsegaye, et al. 2007). By reducing the likelihood of unexpected resistance, government

officials can reduce uncertainties in the policy implementation process.

There is abundant literature predicting the impacts of climate change on forest ecosystems in South Asia. However, the

information on successful management strategies for adaptation of forest ecosystems to climate change is rarely incorporated into

the available published literature. Dixon et al. (1994) grouped forest management strategies to adapt climate change as follows:

maintaining existing carbon (C) pools by slowing deforestation and forest degradation, expanding existing C sinks and pools

through forest management, and creating new C sinks and pools by expanding tree and forest cover. Therefore, this paper reviews

the growing information and published literature specifically addressing forest management strategies for adaptation in the face of

climate change in South Asia as well as other parts of the world in general. The process of constructing the conceptual framework

involves extensive review, synthesis and classification of available information of forest management strategies that addresses

expansion of carbon stocks by forests and trees, conservation and maintenance of existing forest carbon stocks, and management of

fragile forest ecosystems for adaptation to climate change in South Asia. The authors expect that this paper will provide vital

information and directions for the initiation of adaptive research programs, development of forest management strategies, and

improvement of the policy environment for further adaptation of forest ecosystems to climate change in the South Asian region.
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2. EXPANSION OF CARBON STOCKS BY FORESTS AND TREES

C accumulates in forested ecosystems through the absorption of atmospheric CO2 and its assimilation into biomass. The removal of

atmospheric CO2 by plants and storage of fixed C is implied in the term of C sequestration. Biomass C and soil C are included as

main C storage in forest ecosystems (Lal 2005). Various pools, such as standing timber, branches, foliage, roots, litter, woody debris,

soil organic matter and forest products in a forest ecosystem, store the carbon (Dixon et al. 1994; Kasahun Kitila Hunde, 2015b).

Climate change affects the productivity and allocation of biomass of forest ecosystems. Manipulating vegetation to favor rapid

growth and long-term site retention removes atmospheric CO2 and stores carbon (Harmon and Marks 2002). Forest conservation,

afforestation, reforestation and sustainable forest management can effectively combat climate change, reducing 25% of the required

emissions (Sing 2008). Environmental and land-use policies in all countries of South Asia have identified a minimum forest cover that

should be maintained to provide ecological stability and reverse the decline of the region’s rich biodiversity as well as ensure the

provision of essential forest goods and services for the society (http://www.iufro.org/science/special/spdc/actpro/keep/sa/).

Participatory forestry strategies provide opportunities for sustainable rural development and poverty alleviation through income

generation and employment opportunities while protecting lands and communities from impacts of climate change in the region.

The coordinated efforts of communities to adapt climate change can help restore natural forest environments, which, in turn, help

sink carbon and provide better-adapted areas, at the local level. Communities support collective action to manage their forest

resources, and institutions tend to be developed in areas with forest degradation (Agarwal 2001).

2.1. Afforestation, Reforestation and Forest Restoration

Forest management strategies promoting afforestation and reforestation are designed to increase carbon sequestration by forests

and trees. Reforestation and afforestation enhance the terrestrial C pool through photosynthesis into biomass and humification of

part of the biomass into the soil organic carbon (SOC) pool (Lal 2005; Kumari and Nema, 2015; Afunmilayo, 2016). Asia is the first

continent to display a transition from net deforestation to net reforestation, and India is one of the major contributors with an

annual net gain averaging just over 1 M ha from 2000 to 2005 (Mather 2007). The increase of total forest area in South Asia in 0.12%

during 2005 - 2010 is largely due to the afforestation and reforestation efforts of Bhutan, which increased forest cover by 0.34%, and

India, which increased forest cover by 0.21% (FAO 2012). Afforestation, reforestation and the selection of species are important to

enhancing SOC stock (Akala and Lal 2001). The trend of expanding planted forest in Sri Lanka includes almost complete cessation of

planting of pines and limiting the planting of eucalypts, along with emphasis given to the planting of indigenous hardwood, such as

teak (Tectona grandis) and margosa (Azadirachta indica). Passive restorations in many situations involving community interventions
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enhance carbon stocks of local forests. Joint Forest Management (JFM) under a community-based forest management (CBFM) policy

in India restores forest cover and density, providing carbon sequestration and creating rural assets while sustaining and

strengthening community livelihoods and providing access to the international carbon market (Sing 2008). Afforestation efforts by

the Indian government have steadily contributed to forest growth, particularly in dense canopy forests estimated to be 3.13 M ha

during the 1997 – 2007 period, mainly due to the country’s protected area policies and Joint Forest Management efforts (FSI 2009).

An estimated 21.4 M ha, equivalent to 31% of India's forest area, has been established by local forest committees under JFM

(Poffenberger and Singh 1992). The Kyoto protocol, under its clean development mechanism (CDM), provides “carbon credits” for

developing countries through carbon trading that are gained from activities related to reforestation and afforestation. Article 3.3 and

Articles 6 and 12 (CDM) of the Kyoto Protocol include afforestation and reforestation. Having multiple species in forest plantations is

an attractive adaptation option, as it results in such forest plantations being more resilient and less vulnerable to climate change

(IPCC 2002). REDD+ initiatives are currently efficient and effective in coping with both climate change as well as dealing with the

economic situation in all South Asian countries. National Adaptation Programs of Action (NAPAs) under climate change adaptation

strategies in most countries in the South Asia region include forestry sector activities. The Climate Change Strategy and Action Plan

(2008) and NAPA (2005) in Bangladesh include afforestation and reforestation projects as the priority areas.

(http://www.fao.org/asiapacific/forestry-adaptation)

2.2. Increase of Tree Cover Outside Forests

The survival conditions for many forest species in landscapes outside of protected forest areas is hostile because of climate change,

human infrastructure, and associated stressors. The in situ genetic adaptation to new climate conditions of populations of most

species is not likely (Jump and Penuelas 2005). The practice of planting trees is no stranger to the people in South Asia. Trees

outside forests in South Asia cover 10% of the total land area, providing wood, fruits, nuts and other non-wood forest products

(NWFPs) as well as performing important social, cultural and environmental functions (FAO 2012). Social forestry programs have

been implemented in almost all South Asian countries in the last three decades. The local population has participated to varying

degrees in the planting of trees on a variety of lands, including village grazing commons, roadsides, along railways, private lands,

homesteads and farmlands. Social forestry programs in India has planted 11.8 million ha, at an average of 1.3 million ha/year from

1980 to 1989 (Krishnaswamy 1995). Social forestry activities in Bangladesh resulted in massive increases in tree cover outside

traditional forest areas. The Bangladesh Climate Change Strategy and Action Plan prioritizes forestry adaptation to climate change,

including expansion of the social forestry programs on state-owned community lands (MOEF 2008). The social forestry activities aim

to increase tree cover on approximately 31% of the total land area in Bangladesh (http://www.iufro.org/science/special/spdc/

actpro/keep/sa/). A mixture of trees, shrubs and herbs forms a typical homestead garden in South Asia. The number and extent of
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homegardens in Sri Lanka is increasing steadily, currently covering 14.3% of the land area and producing more than 42% of wood

requirement, as well as meeting many domestic needs of the country (FAO 2012). Agroforestry is converting spare agricultural land

to forestry use, and afforestation of marginal agricultural soils or degraded soils has large potential for SOC sequestration (Ross et

al. 2002; Kasahun Kitila Hunde, 2015a). Trees can influence micro-climate, resulting in predicted shifts within favorable ranges of

temperature, humidity and evapotranspiration under the impact of climate change that will impact crop production (van Noordwijk

and Minang 2011). Agroforestry practices maintain habitats for threatened species and maintain local biodiversity while producing

food and fiber. Farmers in India cultivate perennial crops intercropped with seasonal and annual crops in high rainfall areas (Magreth

Bushesha, 2015). Trees planted by farmers in arid lands are used for fodder, mulch and even food (Saxena and Ballabh 1995).

Increases in the prices of forest products induce landowners to plant trees instead of crops or pasture grasses. Recent increase in

forest cover in India explains the forest scarcity path to the forest transition (Foster and Rosenzweig 2003). The social forestry

program implemented in India during the 1970s and 1980s increased farm tree resources significantly, growing the stock of trees

outside forests estimated approximately 1.6 billion cubic meters (FAO 2012). Agroforestry systems contribute to farmers’ overall

livelihood systems and timber production, which is also compatible with carbon storage and sequestration under periodic rotational

harvesting. The number of farm trees in Pakistan has increased from 330 to 554 million during 1992 – 2004, covering 781 000

hectares block plantation equivalents (FAO 2012). Accommodating trees in intensive agriculture land uses under high population

density and scarcity of land in Bangladesh serves both the production of various timber and non-timber products and for mitigation

of recurring catastrophic flood events. (http://www.iufro.org/science/special/spdc/ actpro/keep/sa/) Forestry sector policy in Sri

Lanka is focused on empowering people to protect and manage multiple-use forests and expanding and enhancing the productivity

of traditional homegardens, agroforestry and community forestry to meet the basic needs of the people.

(http://www.iufro.org/science/special/spdc/actpro/keep/sa/) Promotion of multiple-use forest in degraded natural forests and forest

plantations are being implemented in Sri Lanka for both local consumption and industrial processing. Declining wood supplies from

forests and escalation of wood price have encouraged industries to establish industry-farmer partnerships supporting farm tree

planting in large tracts (FAO 2012). Green space development reduce runoff and ‘‘heat island’’ effects in urban areas. The rapid

urbanization of South Asia has resulted in substantial efforts to develop and manage green spaces in cities for environmental and

recreational purposes under urban forestry, which has a long history in the region. The Sanjay Gandhi National Park in Mumbai, with

an area of 104 square km, is one of Asia’s most visited national parks, with 2 million annual visitors (FAO 2012).

2.3. Enhancement of Forest Carbon Stocks

Carbon sequestration implies transferring atmospheric CO2 into soil organic carbon (SOC) and soil inorganic carbon (SIC) stocks

through judicious land use and recommended management practices. SIC sequestration is attributed to biogenic processes and
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leaching of carbonates into the groundwater as a secondary carbonates (Lal 2004). Forests and trees are important components of

the global C cycle as both sources and sinks of atmospheric, especially as they store large quantities of carbon in vegetation and

soils (Zomera et. al. 2008). Successful tree planting programs and the protection and management of natural forests have reversed

the trend of significant forest loss in South Asia in the last 20 years. Regeneration and avoided deforestation activities in Tropical

Asia have the potential to sequester 3.8–7.7 and 3.3–5.8 Pg C, respectively, between 1995 and 2050 (Brown et al. 1996). C stabilizes

soil against microbial attack. C forms structural aggregates, converts simple organic compounds into complex humic substances,

and transfers C into subsoil, resulting in conversion into substances that are resistant to decomposition (Friedlingstein 2008). The

management systems add high amounts of biomass to the soil, causing minimal soil disturbance, conserving soil and water,

improving soil structure, enhancing activity and species diversity of soil fauna, and strengthening the mechanisms of elemental

cycling causing the SOC sequestration (Lal, 2004; Suryanarayana et al. 2015).

Forest management in South Asia is a long tradition, and presently, the forest area in the region is covered by formal and

nationally approved forest management plans of each country for the enhancement of forest resources. In Bhutan, a volume of 163

m3 per ha and 178 tons of biomass per ha of forests are more than one and a half times the world average of 100 m3 and 109 tons,

respectively. (http://www.fao.org/DOCREP/004/Y1997E/Y1997E00.HTM) The choice of fast-growing species that accumulate more

biomass and C than slow-growing species has a high potential to sequester C (Lasco et al. 2008). Because of growing concerns over

higher fossil fuel prices, environmental degradation, and climate change, the planting of fast-growing fuelwood and multipurpose

tree species has been given priority in Sri Lanka (De Zoysa and Inoue 2014). Biomass increases if forest growth exceeds degradation.

Multifunctional homegardens in South Asia promote woody perennial-based agroforestry systems that sustain agro-biodiversity and

favor resource conservation with tree-dominated habitats. Biological nitrogen fixation, recycling from subsoil, aerial deposition, use

of bio-solids, and crop residues are considered several sources of nutrients for C sequestration (Nordt et al. 2000). Prominent

agroforestry in South Asia includes multifunctional home-gardens consisting of fertilizer trees and integrated tree-grass/crop

production systems favoring resource conservation. Stand-scale management and landscape-scale strategies, such as longer

harvesting cycles or reduced disturbances, can increase forest carbon density and achieve net carbon sequestration (Canadell and

Raupach 2008). The establishment of forest plantations in South Asia in particular is a major strategy to combat the deforestation

caused by household fuel collection. The forest plantations have reduced pressure on the natural forests in India. The Orissa Social

Forestry Project in India has significant implications concerning the collection decision by local communities in the community

forests, where the forest stock has recovered and collection has been increased (Köhlin, and Amacher 2005). Overall, fuelwood

consumption in South Asia also slightly decreased during 1990–2002 (FAO 2010b). Well-managed carbon sequestration projects can

produce timber, fiber, and energy, providing additional income for rural development, ensuring prospects for conservation and

other environmental services and supporting local communities. Community-Based Forest Management (CBFM) activities in India
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have improved the productivity and biomass status of degraded forests as well as increased the commercial value of timber in teak

forests by 60% in Gujarat and 35% in Sal forests in West Bengal (Hill and Shields 1998). Community-protected forests in Orissa have

increased the carbon sequestration rate from 1.53 to 3.01 t C/ha/yr by forest regeneration (Gera et al. 2003). The community-

managed teak forests of Harda Forest Division, Madhya Pradesh, have increased the sequestration from 0.5 to 3.4 t C ha/yr

(Proffenberger et al. 2001). Market-driven climate change adaptation mechanisms such as carbon funds have the potential to fetch

high premiums for community-managed forests in carbon markets. South Asia has more than 65% of identified areas for the clean

development mechanism (CDM) funding with population levels more than 100 persons km2 and includes marginal and subsistence

cropping areas and lower productivity grassland (Zomera, et al. 2008). The CDM allows for emission reduction credits to come from

afforestation and reforestation projects while assisting developing countries in achieving sustainable development, poverty

reduction, environmental benefits and cost-effective emission reductions (UNFCCC 2002).
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Climate change impacts on forest ecosystems in South Asia are complex and are expected to increased incidence of fire, dieback,

pests and pathogens, invasive species and landslides. Drought suppresses gross primary production of forests and increases tree

mortality, fires, and insect damage, reducing the forest carbon sink. The efflux of CO2 from soils is related to the temperature, scalar

of the soil water content and precipitation (Davidson and Janssens 2006). The carbon stocks in forests may change due to biomass

losses. Pressure on forests in India is due to overextraction of 86 million tons of fuel-wood and very high over-grazing to feed 467

million grazes indicate the need to support sustainable forest management (Singh 2008). Declines in forest cover have been

reversed in some countries, whereas deforestation and resource degradation are being controlled in other countries in South Asia.

Climate change adaptation requires implementation of a range of measures and conservation practices to respond to both the rapid

directional change and tremendous uncertainty of challenges (Heller and Zavaleta 2009). Maintaining healthy vigorous trees,

keeping sites fully occupied with minimal spatial or temporal gaps, and minimizing severe disturbances by fire, insects, and disease

are important goals of best forest-management practices (Stephens and Moghaddas 2005). Silvicultural practices such as soil

erosion control measures, improving soil fertility, reducing shifting agriculture, and retaining forest litter and debris after logging

help to maintain soil organic C. The approach toward climate change adaptation of forests focused on the exposure to climatic

hazards is based on the determinants of development of sustainable forest management and the determinants of adaptive capacity

from local communities. Priorities need to be set linking climate change adaptation with sustainable forest development. Policies

and regulations for the sustainable management and utilization of forest resources involving local communities have been

formulated and continuously updated and revised according to changing societal requirements in South Asia.
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(http://www.iufro.org/science/special/spdc/actpro/keep/sa/) Transfer of the management of natural forest resources to forest user

groups in Nepal and Joint Forest Management (JFM) in India are innovations in forest management during the last two decades

(FAO 2012). Joint Forest Management (JFM) has been implemented as a large-scale decentralized forest management program in

India. Plantation forestry under Joint Forest Management (JFM) is contributing to reductions in the net loss in forests under the

public policy goal of reducing deforestation and forest degradation in India (Shyamsundar and RuchaGhatey 2014).

3.1. Fire Management and Reduction of Shifting Agriculture

The variation of carbon sinks in South Asia reflects the effects of climatic variability, both as a direct impact on vegetation and

through the effects of wild fires and other natural disturbances. In South Asia, Nepal and India experienced the biggest forest fires

during the period 1985 – 1987 and 2000, which burnt approximately 2.99 and 3.7 M ha, respectively (FAO 2006). Bhutan experienced

36 incidences of forest fires burning more than 5000 ha of natural forests in the country in 2010.

(http://www.climatechange.panossouthasia.org) Forest fire exacerbated by climate extremes and climate change may return forest

carbon stores to the atmosphere. Fire-prone ecosystems are affected by the climate-driven hydrologic balance (Davidson and

Janssens 2006). The moist and dry deciduous forests and monsoon tropical forest of South Asia adapt to regular fire because of the

most important adaptive traits of grass species, understory plant shrub layer, and over-story tree layer. Over 90% of the forest fires

in South Asian region are set deliberately and are connected with socio-economic conditions of the rural communities (FAO 2006b).

The traditional fire control policy in India concerning the fire adaptations and the possible fire dependence of economically

important trees such as sal (Shorea robusta) and teak (Tectona grandis) is a controversial issue (Goldammer 2007). Most tropical

pines found in dry sites of lower montane rainforests in South Asia tend to occupy burnt sites (Mirov 1967). Increased occurrence of

forest fires as a projected adverse impact of climate change, increased occurrence of pests and diseases put the forests at risk.

However, local communities in Nepal deliberately set forest fires to remove plant species competing with desired timber species and

to control soil-dwelling pathogens and weeds (FAO 2006b). Slash and burn or shifting agriculture practices performed by local

communities are also considered as one of the main causes of forest fires in South Asia. Pines in tropical Asia are strongly adapted

to and favored by fire. Pine forests have frequent man-caused fires under slash and burn cultivations (Goldammer and Peñafiel

1990). Annually, fires are mainly deliberate to facilitate collection of commercially important non-timber forest products (NTFPs).

Many communities set fire to collect NTFPs, such as bidipatta (Diospyros melanoxylon), mahuwa (Madhuca indica), phutki mushroom

(Schleroderma sp.), vegetables, bankas (Eulaliopsis binata), and khajuri (Phoenix humilis), which contribute to rural livelihoods (FAO

2006b). Integrated fire management through strengthening capacities to prevent wildfires and reducing risk of large disastrous

wildfires needs to be intensified and adapted as a part of climate change adaptation strategies (FAO 2010a). Integrated fire

management (IFM) is a holistic approach that considers biological, environmental, cultural, social, economic and political interactions
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in addressing fire issues. Integrated fire management encourage decision makers to focus resources to address underlying causes

and seek long-term sustainable solutions (FAO 2011). Creating “Participatory management working circles” that involve the

community in forest fire management on a voluntary basis is a new management plan in Sri Lanka. The communities benefit from

collecting dead wood in plantations, and they are employed in temporary jobs in forest activities. Villagers assist forest authorities in

fire extinction in India and Sri Lanka. To reduce the fuel load, villagers living in the vicinity of forest areas are permitted to gather

dead wood free of charge (FAO 2006b). Strengthening the capacities of forest communities that suffer most from wildfires is likely to

provide the most motivation to prevent and suppress devastating wildfires and to use fire wisely as a participatory management tool

also contribute to enhancing their livelihoods (FAO 2010a). Community-Based Fire Management (CBFiM) is a participatory approach

involving communities that is becoming popular in Nepal (Kunwar and Khaling 2006). Community-based fire management (CBFiM)

approaches manage beneficial fires for controlling weeds, reducing the impact of pests and diseases, generating income from non-

timber forest products, creating forage and hunting as well as preventing wildfire and aiding in the preparation of the suppression

of wildfires (FAO 2011). This type of approach was able to reduce the number of forest fires from 36 incidents in 2010 to 13 incidents

in 2011 and the area of damage from approximately 5000 to 500 ha while allowing the communities to use fire for their land

management activities (http://www.climatechange.panossouthasia.org). Local people use their traditional or indigenous knowledge

in planning, conducting, and controlling while undertaking fire management. India and Sri Lanka use traditional practices such as

creating fire lines and fire tracks, in addition to making prescribed burnings, during the fire season as forest fire management

strategies (FAO 2006b). Villager-set fires are common in seasonal deciduous monsoon forests in India. Sprout emergence from the

damaged shoots of these forests as clonal species is an adaptation to damage from drought, wind throw, fire, or other causes (Saha

and Howe 2001). The communities often engage in positive fire management to manage their agroforestry landscape. Bhutan has

developed community-based fire prevention projects including the components of education and equipping villages in an attempt

to adapt to increasing fire events caused by a warming climate (Roberts 2008).

3.2. Management of Forest Health and Vitality

Plant health and vitality are the outcomes of the dynamic interactions and provide resistance to a wide spectrum of plant pathogens,

abiotic disturbances and range of stress factors. The disturbances of climate influence the composition, structure and functions of

forests. Climate extremes and climate change-induced insect outbreaks in forest ecosystems may return forest carbon stores to the

atmosphere (Canadell and Raupach 2008). India recorded some 4.4 million hectares of forests as being affected by abiotic

disturbances. The Maldives has reported considerable tsunami-caused destruction of trees and forest vegetation (FAO 2010b).

Climate change has indirect impacts on ecological relationships such as the changing the abundance of competitors, parasites and

predators spreading forest pests. Forest pests and the damage they cause are intensified by climate change, particularly extreme
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weather events directly impacting their development, survival, reproduction, spread-altering host defenses and susceptibility (FAO

2014). The biologically enriched fallow vegetation of shifting cultivation enhances and accelerates the vegetative regeneration of soil

fertility and control of weeds (Long and Nair 1999). The communities in Nepal manage beneficial fires using the Community-based

fire management (CBFiM) approach for controlling weeds and reducing the impact of pests and diseases (FAO 2011). Certain forest

species are used by the farmers in tropics in Asia traditionally to restore forest fertility (Unruh 1990). Diverse biota have a strong

influence on soil physical and biological qualities, especially with regards to soil structure, porosity, aeration, water infiltration,

drainage, nutrient/elemental cycling and organic matter pool and fluxes (Lavelle 1997). The named practice of growing agricultural

crops along with forest species originated from Myanmar (Burmese) as the word “Tungya” from the words “taung” (hill) and “ya”

(cultivation). The practice initially developed in India has been spread to most parts of the tropics (Long and Nair 1999). Social

forestry, a variety of community forest programs that have been initiated in different states in India, have provided equally variable

results in terms of conserving existing quantities of fuel, fodder, timber, and other forest products; conserving existing forests; and

averting ecological disasters (Khosla and Kohli 1987). Alley cropping, where crops are grown between hedgerows of planted shrubs

and trees, preferably leguminous species, has demonstrated the ability to replace or reduce the use of chemical fertilizer and to

maintain soil and crop productivity. “Avenue cropping” using the same alley cropping concept is a popular practice in Sri Lanka

under agroforestry systems (Wijewardene and Waidyanatha 1984). Healthy soil comprises highly diverse soil biota, including

earthworms, termites, ants, some insect larvae and few other soil animals important for the SOC pool and its dynamics. Integrating

pest management with community participation prevents the incidence and spread of pests, ensuring healthy forests, reducing the

risk of forest degradation, and increasing resilience to climate change (FAO 2014). Aggrawal et al. (2006) found positive linkages

between forest health and Join Forest Management in India.

3.3. Management of Forest Biodiversity

Forest biodiversity in South Asia is extremely varied, ranging from high mountain ecosystems of alpine climates to coastal lowlands

in tropical and sub-tropical climates. South Asia contributes approximately 10% of the biodiversity of the world in terms of the total

number of species. Bhutan is recognized as a world biodiversity hotspot where approximately 34% of the land area has been set

aside for full protection. (http://www.iufro.org/science/special/spdc/actpro/keep/sa/) Indian forests are highly diverse, and India is

one of the 12-mega diversity countries of the world, as it contributes approximately 8% of the total number of species to the

biodiversity of the world (Khoshoo 1995). Out of 18 unique biodiversity ‘hotspots’, three are located in the Himalaya, Western Ghats,

and Sri Lanka regions, providing storehouses of nearly 50,000 plant species or approximately 20% of the world’s flora. Because of

the biodiversity, 45% of the forest area in Sri Lanka is considered under protected area management. Bangladesh, India, and Nepal

consider 1.7%, 23%, and 19.7% of forest areas, respectively, as protected areas because of higher biodiversity.
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drainage, nutrient/elemental cycling and organic matter pool and fluxes (Lavelle 1997). The named practice of growing agricultural

crops along with forest species originated from Myanmar (Burmese) as the word “Tungya” from the words “taung” (hill) and “ya”

(cultivation). The practice initially developed in India has been spread to most parts of the tropics (Long and Nair 1999). Social

forestry, a variety of community forest programs that have been initiated in different states in India, have provided equally variable

results in terms of conserving existing quantities of fuel, fodder, timber, and other forest products; conserving existing forests; and

averting ecological disasters (Khosla and Kohli 1987). Alley cropping, where crops are grown between hedgerows of planted shrubs

and trees, preferably leguminous species, has demonstrated the ability to replace or reduce the use of chemical fertilizer and to

maintain soil and crop productivity. “Avenue cropping” using the same alley cropping concept is a popular practice in Sri Lanka

under agroforestry systems (Wijewardene and Waidyanatha 1984). Healthy soil comprises highly diverse soil biota, including

earthworms, termites, ants, some insect larvae and few other soil animals important for the SOC pool and its dynamics. Integrating

pest management with community participation prevents the incidence and spread of pests, ensuring healthy forests, reducing the

risk of forest degradation, and increasing resilience to climate change (FAO 2014). Aggrawal et al. (2006) found positive linkages

between forest health and Join Forest Management in India.

3.3. Management of Forest Biodiversity

Forest biodiversity in South Asia is extremely varied, ranging from high mountain ecosystems of alpine climates to coastal lowlands

in tropical and sub-tropical climates. South Asia contributes approximately 10% of the biodiversity of the world in terms of the total

number of species. Bhutan is recognized as a world biodiversity hotspot where approximately 34% of the land area has been set

aside for full protection. (http://www.iufro.org/science/special/spdc/actpro/keep/sa/) Indian forests are highly diverse, and India is

one of the 12-mega diversity countries of the world, as it contributes approximately 8% of the total number of species to the

biodiversity of the world (Khoshoo 1995). Out of 18 unique biodiversity ‘hotspots’, three are located in the Himalaya, Western Ghats,

and Sri Lanka regions, providing storehouses of nearly 50,000 plant species or approximately 20% of the world’s flora. Because of

the biodiversity, 45% of the forest area in Sri Lanka is considered under protected area management. Bangladesh, India, and Nepal

consider 1.7%, 23%, and 19.7% of forest areas, respectively, as protected areas because of higher biodiversity.
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(http://www.iufro.org/science/special/spdc/actpro/keep/sa/) New climate-change-related biodiversity challenges have been created

as the current reserves will not continue to support species ranges and ecological dynamics (Heller and Zavaleta 2009). Forest fires

inhibit tree growth and reduce coarse woody debris and forest biodiversity. Forest vegetation generally shifts toward more fire-

tolerant species where fire frequency tends to increase with hotter and drier conditions (Veblem et al. 1999). The floral composition

of many parts of the South Asian region has been severely affected by invasive species such as eupatoreum (Eupatorium

perfoliatum) and lantana (Lantana camara), lowering productivity and delaying natural succession.

(http://www.iufro.org/science/special/spdc/actpro/keep/sa/) Invasive alien species have spread at an unprecedented rate and

domination over native and natural species is a severe threat to natural ecosystems and biodiversity in Sri Lanka (Mattsson et al.

2009). Maintaining and restoring native ecosystems, protecting and enhancing ecosystem services, managing habitats of

endangered species, and creating refuges and buffer zones can be taken into account in biodiversity-based climate change adaptive

strategies. Regulating micro-climates, wind and monsoon circulation, the Himalayan mountain system supports river and wetland

ecosystems in South Asia. The Ganges River ecosystem of the Himalayan mountain system alone supports 25,000 or more species,

which support agricultural sustainability and provide livelihoods for millions of people (Rasul 2010). The Center for Bio Diversity

(CBD) (2010) is attempting to enhance biodiversity and carbon stocks by restoring 15% of the degraded ecosystems of the world by

2020. The maintenance of forest biodiversity increases its long-term viability in cases of climate change by responding to some

individual species better than a number of other native species. The re-emergence of secondary forests on uncultivated lands

reduces ecological fragmentation and prevents additional extinctions by extending some species through migration and seed

dispersal, and regrowth (Ferraz et al. 2003). Agroforestry in South Asia evolved over long periods and reflects the accrued wisdom

and adaptation strategies of millions of smallholder farmers to meet their basic needs and sustain agro-biodiversity to climate

change. Forest conservation in existing natural forest is a critical strategy to promote sustainable development because of its

importance to biodiversity conservation and promotion of livelihoods of forest-dependent communities (IPCC 2002). Promoting

traditional community-based resiliency and adaptation, community forestry user groups in Nepal are promoting traditional

knowledge and practices that are effective for dealing with climate change impacts (Kumar 2010). Participatory Forestry

Management (PFM) in South Asia is making an important contribution to the biodiversity conservation of forests degraded by

climate change impacts compared with those managed under the conventional method. Biodiversity conservation under PFM gives

proper attention to improvement of livelihoods of local communities and tackling their rural poverty (Tsegaye et al. 2007). The

community forestry of the Livelihoods and Forestry Program supports the Koshi hills in Nepal by increasing the forest growing stock

and biodiversity, increasing group funding trends, and sustaining the livelihoods of the rural poor. Program officials are preparing a

vulnerability map of people and forest resources, formulating adaptation plans at different levels, establishing an adaptation

mechanism and establishing funding to support the sections most vulnerable to climate change impacts (Kumar 2010). The cost of
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biodiversity conservation is not a sole responsibility of local communities in community forestry programs but shared among all

stakeholders and supported by local communities to ensure long-term conservation strategies (Tsegaye et al, 2007).

3.4. Management of Protected Areas and Wildlife

In South Asia, 44% of the forest area has been set aside or designated as either protection or conservation purposes, and there has

been increased demand for ecosystem services (FAO 2010a). Forest areas in Bhutan (73%), India (45%), and Pakistan (13%) have

been set aside or designated as protected areas (FAO 2010a). Conservation strategies have been designed to safeguard the

remaining habitats and species in protected forest areas in different parts of South Asia. Under the varied types of conservation

management, the global conservation organizations have emphasized distinguishing between protected areas designated as either

more strictly protected primarily wilderness-style management or sustainable utilization designed for sustainable land use

(Zimmerer et al. 2004). There has been a paradigm shift led by the adoption of participatory approaches, enabling poor local

communities to benefit in protected area management. The popular Chipko (meaning “to hug”, began in Uttarakhand in the Central

Himalayan region) movement in India is a powerful agency where local communities and their members, particularly women, have

evolved their own traditional ways of preserving the environment and adapt to climate change (Kinkini Dasgupta Misra, 2016). In the

states of Andhra Pradesh, Arunachal Pradesh, Chhattisgarh, Jharkhand, Meghalaya and Nagaland in India, the management of

community resources and the commons, including forests, is a strategic priority identified by women for adaptation to climate

change (Senz and Dieter 2010). Government authorities need to involve and collaborate with local communities and existing local

institutions in the management of protected areas. Typical forms of forest protection and rehabilitation, including protected area

management, have been implemented in Sri Lanka with different roles assigned to governmental agencies, communities and non-

governmental stakeholders. Adopting participatory approaches in India, Nepal and Sri Lanka of South Asia is making local people

active partners in protecting and managing protected forest areas (FAO 2012). The community forestry user groups of Nepal have,

since 1980, been considered as self-regulated, autonomous institutions that make decisions about forest management and

utilizations (Kumar 2010). They protect and manage 15% of forest lands with greater success in mid-Hills areas. They are entitled to

100% of the benefits flowing from forests under their protection, but the forests are owned by the government. Community-based

management of natural forests in Nepal is delivering conservation benefits, including increased tree species diversity, reduced

poaching of wildlife and a stabilization of some wild species populations (Bajracharya et al. 2005). The community forestry practices

of Nepal promote traditional knowledge and practices developed under changing environmental conditions by indigenous and local

communities over generations in the face of climate-change impacts on forest ecosystems (Kumar, 2010). The rich biological

heritage of the Karakuram, Hindukush and the Western Himalayan Mountain Range in Pakistan is protected by communities

through the community-based conservation approach of the Area Conservancy Project (MACP). (http://www.macp-pk.org) Local,
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mostly tribal, communities in the Midnapore and Purulia districts of West Bengal has been involved in protecting local forests to

encourage natural regeneration of local species diverse forests. They have been especially motivated, empowered and assured of

their share of a wide variety of NTFPs in the production of regenerated forest stocks (Gadgil et al. 1993).

The adverse effects of climate change on wildlife and their habitats is likely to occur regionally in the absence of properly

designed management plans for wildlife. In an attempt to integrate conservation and management objectives, several biosphere

reserves, including the Sargarmatha (Everest) National Park in Nepal and Sinharaja forest in Sri Lanka, have been designated as

World Heritage sites. Under wildlife acts in South Asian countries, a committee of communities cannot be legally registered.

Therefore, new wildlife acts have come into force that allow communities to register and hold rights to participate in the

management of the protected area for wildlife resources after receiving initial training. The Bangladesh Wildlife Preservation Act of

1974 allowed the establishment of local institutions and the local community in decision making, planning and sustainable

management of these resources. (http://www.cbd.int/doc/world/bt/bd-nr-03-en.pdf) The National Parks and Wildlife Conservation

Act of Nepal amended in 1989 legally allows communities to manage multiple use conservation areas with site-specific regulations

developed by local institutions and non-governmental organizations (NGOs). Over 7,000 community forest user groups in Nepal

manage approximately 400,000 ha of national forests. The buffer zone management approach around national parks and wildlife

reserves in Nepal with local communities sharing 30-50% of the park revenue have been very effective at poverty reduction and

environmental rehabilitation (Ram Asheshwar Mandal et al. 2016), (http://www.iufro.org/science/special/spdc/actpro/keep/sa/).

Local communities receive 80% of hunting fees in Community Controlled Hunting Areas (CCHAs) in north-west frontier regions in

Pakistan. It has been reported that the community involvement in protection has led to an increase in wildlife populations at several

sites. (http://www.macp-pk.org) The creation of national parks or other forms of fully protected areas through private company

initiatives have also been recently taking place in South Asia (http://www.iufro.org/science/special/spdc/ actpro/keep/sa/)

4. MANAGEMENT OF FRAGILE FOREST ECOSYSTEMS

Forest ecosystems are likely to be most vulnerable where ecosystems contain species close to the limits of their thermal range, for

forest types at higher elevations and higher latitudes, and forests in areas with poor management. The climate change impacts and

disasters are amplified in ecologically fragile forest areas such as on hillside slopes, as in Nepal, and in low-lying coastal plains, as in

Sri Lanka or Bangladesh. Plant species with small populations restricted to higher altitudes or enclosed valleys are more vulnerable

than those inhabiting larger areas and capable of rapid dispersal. Many of the fragile forests are prone to severe degradation, weed

infestation and increased susceptibility to fire and insect damage, even with slight disturbance (FAO 1993). Intensive management of

fragile and unstable forest ecosystems that are unable to produce large quantities of woody biomass per unit area is incompatible
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infestation and increased susceptibility to fire and insect damage, even with slight disturbance (FAO 1993). Intensive management of

fragile and unstable forest ecosystems that are unable to produce large quantities of woody biomass per unit area is incompatible
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with the other roles of forests, such as soil conservation and landscape improvement (Scarascia-Mugnozza et al. 2000). The Strategy

and Program (1992-1996) of the South Asia Cooperative Environment Program (SACEP), which included Bangladesh, Bhutan, India,

Maldives, Nepal, Pakistan and Sri Lanka, covered regional cooperation in the management of mountain ecosystems, watersheds and

coastal resources, and wildlife habitat conservation in the region as key areas (Jhansi and Mishra 2008).

4.1. Management of Mountain Forests and Watersheds

Climate changes add and magnify risks within watersheds, altering rainfall, temperature, and runoff patterns, resulting in the

disruption of biological communities and the severing of ecological linkages. Mountainous regions are becoming increasingly

susceptible to glacial lake outburst floods, landslides and erosions due to climate-change impacts (Lhendup 2012). Nepal lies in the

Himalaya region. The high seismic zone of the world is experiencing global warming and its severe impacts. Consequently, river

ecosystems and the people who depend on them are under stress due to excessive water withdrawal and land development, which

are also exacerbated by changes in climate, requiring anticipation and the planning of adaptive strategies (Hulme 2005). The

substitution of relatively carbon-rich secondary forests for carbon-poor agricultural land in watersheds through forest transitions

slow the accumulation of greenhouse gases by increasing carbon sequestration (Houghton et al. 2000). Forest rehabilitation

stabilizes the ecosystem in water catchments and overall enhancement of the environment

(http://www.iufro.org/science/special/spdc/actpro/keep/sa/). Management strategies such as maintaining hydrology, reducing

pollution, controlling exotic vegetation, and protecting biological diversity and integrity are important to maintaining and improving

the resiliency of wetland ecosystems as well as providing important services under changed climatic conditions (Ferrati et al. 2005).

Increases in forest cover of watersheds increase transpiration rates, reduce soil erosion and, by reducing sediment loads, improve

water quality. Bangladesh, Bhutan, India, Nepal, Pakistan and Sri Lanka continue to implement different programs to attain

environmental stability and sustainability in mountain ecosystems under the direction of the International Centre for Integrated

Mountain Development (ICIMOD), which was established in Nepal in 1983. Disaster management and landslide restoration have

been emphasized under the immediate and urgent needs to address the adverse impacts of climate change in Bhutan (Islam et al.

2016). The ICIMOD of the South Asian region is continuing different programs in the Hindu Kush-Himalayas to achieve

environmental stability, sustainability of mountain ecosystems and poverty eradication (Jhansi and Mishra 2008).

Watershed management in South Asia has undergone major changes in the last few decades with particular attention to

adopting integrated approaches involving all the stakeholders, especially local communities (FAO 2012). Integrated watershed

management for upland conservation to meet local needs, ensuring sustained participation of communities in upland restoration, is

the most important priority in the South Asian region. Various integrated watershed management projects have been implemented

extensively in many South Asian countries, including Nepal, India, Pakistan, Bangladesh and Bhutan to improve conditions,
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particularly in the degraded high lands, and to avoid future degradation (Jhansi and Mishra 2008). New forest policies in Bhutan and

Nepal emphasize the conservation of mountain ecosystems and protection of forests against natural hazards under the

management responsibilities of local communities. Most of the forest rehabilitation efforts in Bhutan with extensive forest cover and

low population density are an integral component of watershed management programs. (http://www.iufro.org/science/special/

spdc/actpro/keep/sa/) To increase the resilience of ecosystems to flood events caused by heavy rainfall and glacial melt due to

climate change, Bhutan has also developed community-based afforestation programs (Roberts 2008). In Nepal, the middle hills and

the high mountains are considered very fragile ecosystems, and community forestry concepts have been successful to some extent

in these areas. The Forest Department of the Nepalese government has introduced Sloping Agriculture Land Technologies (SALT) to

control soil erosion on the cultivated hill slopes to withstand the effects of climate change, increasing its vulnerability to future

disasters. The District Forest Office has registered forest user-groups; institutionalized their own rules, regulations and norms; and

provided seeds and seedlings to encourage tree planting (Bhandari 2008). Rehabilitation of hill forests and watershed management

with a focus on slope stabilization through tree planting on the basis of community participation are important initiatives in India.

(http://www.iufro.org/science/special/ spdc/actpro/keep/sa/) National and state policies in India have emphasized participatory

natural resource management for practices of watershed development and agroforestry. The Reforestation and Watershed

Management Project in Sri Lanka has conserved and stabilized watershed and mountain forests while providing natural renewable

energy for communities from fuel-wood species and commercial resources from bamboo and rattan species. The Village Watershed

Committee in Maharashtra of India was crucial to reducing the threat to areas that were in the process of being reforested. These

committees ensure that they legally work on state-owned common land and have ownership of the agricultural production from the

land while protecting areas for regeneration (FAO 2012).

4.2. Management of Dry-Land Forests

With respect to Asia, diffuse concentrations and extensive areas of dry forest occur along eastern India and Sri Lanka in South Asia.

North-eastern India and Sri Lanka are also emerging as the most threatened areas of the Asian region in terms of the proportion of

tropical dry forest area affected by threats (Miles et al. 2006). Many of the tropical dry forests of Asia are fragile forests and often

merge into arid or desert margin zones (FAO 1993). The greatest loss of forest cover is within protected areas in dry forests of South

Asia where the protected areas are relatively small (Defries et al. 2005). The patterns of degraded dry-lands in Asia are most likely

remaining the same. Climate-driven hydrologic balance affects the leaf litter hydrophobicity associated with drought-prone

ecosystems (Davidson and Janssens 2006). Increased mortality among many tree species from tropical dry forests in northwest and

southwest India is associated with severe droughts (Khan et al. 1994). In Bangladesh, only approximately 54% percent of the

mountain forests are under forest cover, whereas 46% is remaining as denuded or barren lands mostly due to shifting cultivation.
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Dry land degradation leading to desertification and irreversible loss of productivity is one of the major environmental problems

facing most countries in South Asia (FAO 2012). Desertification has affected 35% of the productive land in Asia, including a

significant extent in Pakistan and India in the South Asian region (Jhansi and Mishra 2008). In South Asia, 50% of the dry-lands face

the threat of desertification. In Pakistan and India, 63 M ha of rain-fed croplands and 16 M ha of irrigated lands land have been lost

due to desertification (Perera and Fernando 2004). The area of dry lands as a percentage of productive agricultural land and the

population on dry lands as a percentage of population on agriculturally productive land, two indicators of desertification, are

extremely high in India and Pakistan and, to some extent, in Nepal. The food insecurity of the populations in dry lands is further

exacerbated by climate change-induced events (FAO 2012). The government of Bangladesh has financed and implemented forest

rehabilitation projects to combat desertification in the Thar Dessert. (http://www.iufro.org/science/special/spdc/actpro/keep/sa/) The

women of Morkhoon in the mountain desert areas of Pakistan have promoted forest plantations on the boundaries of fields,

communal land, private land and other areas where original vegetative cover has disappeared to overcome fuelwood and fodder

shortages. Planting trees on family plots and adopting crop rotation practices, they have somewhat ameliorated the desertification

process as well as earned incomes from selling fruits from the trees, which has empowered them both economically and socially

(UNCCD 2007). The hills and desert areas of India and Nepal provide firewood for their local communities, and they satisfy 65% and

95% of their total domestic energy needs, respectively (Agarwal 1987). There is a substantial need for the expansion of the protected

area network to include dry tropical forests areas that are subjected to multiple pressures, often simultaneously (Miles et al. 2006).

4.3. Management of Coastal Forests, Wetlands and Peat-Lands

Increase heat waves and increases in sea-surface temperature in 2-4 °C are projected due to climate change in the South Asia region

(Knutson and Tuleya 2004). Climatic change increases the risks of flooding and erosion due to storm surges and increased runoff in

coastal areas in addition to the possibility of inundation as a result of sea level rise. In Bangladesh, the consequences of climate

change are a serious threat in low lying deltaic country with high poverty and high-density populations. Bangladesh is subjected to

regular flooding with consequent disruption and economic loss even in the locations protected from flooding by structural

measures such as dikes and flood barriers (Nicholls et al. 1995). The coastal areas of the Asian region are predicted to experience a

sea level rise of 32 cm by 2050, as well as increases in tropical cyclone intensity and storm surge height. Rapid sea-level rise as an

impact of climate change has become a threat to mangroves, which occur along the coasts of south Asian countries (Alongi 2008).

Climate change effects, including sea level increases and storm surges, reduce biodiversity in the coastal wetlands and cause

widespread saline intrusion. Sea level rises have already threatened to drown tropical mangroves in the Asian region. However, small

clusters of mangroves species are reported in the protected sites along the beaches of a number of islands in the Maldives. The

mangrove plant communities found along the shores, lagoons and river deltas in Sri Lanka are highly adapted to the saline habitat.
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Precipitation and flooding of wetlands and peat-lands cause decomposition of large stocks of carbon substrates owing to a lack of

oxygen. The climate-driven drying of wetlands and peat-lands has exposed large stocks of carbon substrates to aerobic

decomposition (Davidson and Janssens 2006). In the South Asia sub-region, most of the large cities are situated, along with the

majority of the population, along the coasts. The restructuring of coastal ecosystem management to adapt to climate change and

reduce anthropogenic influences has brought about thorough local economic changes in South Asian countries. The rehabilitation

of coastal area is also an important component of forest rehabilitation in the South Asia region. Reforestation of coastal areas,

particularly mangrove ecosystems, is mostly financed and implemented by the government of Bangladesh to enhance the

environment. (http://www.iufro.org/science/special/spdc/actpro/ keep/sa/) With the wider goals of coastal zone management in

South Asia, where densely populated low-lying areas are at risk, flood impacts due to the sea-level rise need to be assessed together

with other implications of climate change (Nicholls et al. 1999). Mangrove forests, which provide important ecosystem goods and

services, are distributed in the inter-tidal region between the sea and land in the South Asian region (Giri et al 2008). Compared with

the major forest domains in the world, mangroves have exceptionally high mean C storage among the most C-dense forests in the

tropics (Donato et al. 2011). The conservation of mangrove forests ecosystems is, therefore, vitally important in adapting to climate

change. Compared with the upland tropical forests, the carbon density in mangrove forests is more than four times higher (Donato,

et al. 2011). Mangroves exhibit a high degree of ecological stability in terms of environmental constancy, community persistence,

and community or ecosystem response to disturbance (Alongi 2008). Variably thick, tidally submerged ‘peat’ or ‘muck’ layers of

mangrove soils support anaerobic decomposition pathways with moderate to high C concentrations (Kristensen et al. 2008). As tidal

forests, mangrove ecosystems provide nursery grounds and breeding sites for birds, mammals, fish, crustaceans, shellfish, and

reptiles (Manson 2005). Coastal forests, particularly, mangroves act as a windbreak in reducing the impact of cyclones and coastal

storms on local communities. Mangrove forests serve as breeding and nursing grounds for marine species and are sources of food,

medicine, fuel and building materials for local communities in the region (Giri et al. 2008). Mangrove ecosystems are important

sources of food, timber, fuel, and medicine, especially in developing countries (Alongi 2008). Among the South Asian countries, large

extents of mangrove forests are located in Bangladesh (438,764 ha), India (337,727 ha), and Sri Lanka (10,379 ha) (Giri et al. 2008).

Bangladesh has placed emphasis on coastal afforestation under an immediate and urgent need to address the adverse impacts of

climate change.

After the devastating Indian Ocean tsunami of December 2004, many national governments and international organizations have

begun implementing conservation and rehabilitation programs for mangrove forests covering the coastal areas of Bangladesh, India

and Sri Lanka (Giri et al. 2008). The importance of mangrove forests is highlighted, as they are a ‘bio-shield’ that protects vulnerable

coastal communities from natural disasters. Many studies have confirmed the vital role played by mangroves in protecting and

reducing the effects of the tsunamis on the southern coast in Sri Lanka (Mattsson et al. 2009). Mangroves offered a significant
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defense against the full tsunami impact in southeastern India, the Andaman Islands, and Sri Lanka. A casuarina (Casuarina

equisetifolia) plantation also reduced the effects of the tsunami around coastal areas in Hambatota beach in Sri Lanka (De Zoysa

2008). Mangrove ecosystems create sites for the accumulation of sediment, nutrients, and contaminants and offer protection from

waves, tidal bores, and tsunamis, in addition to being capable of dampening shoreline erosion (Alongi 2008). Sunderbans forests in

southern Bangladesh helped to mitigate the effects of the cyclone in November 2007 (FAO 2008). The south-eastern coast of

Bangladesh and Pichavaram, Devi Mouth, and Godavari in India have been selected as major mangrove reforestation and

afforestation areas. The reforestation and rehabilitation programs of mangrove forests in both India and Bangladesh, which were

initiated by the governments and local communities, have increased the mangrove forest areas. Mangrove forests in Bangladesh

(+0.14%) and India (+0.04%) have been slightly expanded since 1995 after the initiation of the reforestation programs (Giri et al.

2008). The largest tracts of the remaining mangrove forest in the Sundarbans, an example of the coexistence of human, terrestrial

and aquatic plant and animal life, have not been changed significantly in the last 25 to 30 years because of a strong commitment by

the local communities and the governments of India and Bangladesh (Guha et al. 2015). The establishment of forest reserves, wildlife

sanctuaries, national parks and international designations comprise the various protection measures taken by the governments of

India and Bangladesh to keep the Sundarbans mangrove forest relatively intact (Roy and Hossain, 2015). Smaller patches of

mangrove forests found in Sri Lanka and India are under immediate threat from human exploitation, as they are without the

protection of the existing protected areas network. In some cases, local communities manage these small patches of mangrove

forests (Giri et. al 2008).

5. CONCLUSIONS AND POLICY IMPLEMENTATION

The adverse impacts of climate change have significantly affected the quantity and quality of forest ecosystem services in South

Asia. The South Asian region has already adopted a wide range of forest management strategies with community participation that

have made great contributions to global climate change adaption actions. Each country in South Asia has implemented many

different forestry management strategies addressing the expansion of carbon stocks by forests and trees, conservation and

maintenance of existing forest carbon stocks, and management of fragile forest ecosystems for climate change adaptation. Climate

change adaptation measures adopted in the forestry sector vary widely, reflecting the uncertainties associated with potential climate

change scenarios and their likely impacts in each country. Forestry adaptation measures adopted at different locations in each

country are context specific and dependent on the forms and extent of impacts, adaptive capacity and livelihood options for people

vulnerable to a particular impact. Adaptation activities have moderated the adverse impacts of climate change by adjusting forest

ecosystems and community management systems in South Asia. Adaptation to climate change should be considered as an integral
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part of sustainable development of forest resources and rural development strategies that are flexible and resilient to changing

climatic conditions and central to community-based adaptation strategies in the South Asian region. Strengthening the adaptive

capacity of the forestry sector requires mainstreaming climate change adaptation in development planning at the regional level as

well as the implementation of specific programs at the national level for a transition toward a climate-resilient and low-carbon

economy in South Asia.
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