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Abstract: Forest-dependent indigenous communities rely on natural resources for their livelihoods,
but those are currently under threat due to many factors, including the adverse impact of climate
change. The present study looks into climate change-related perception and adaptation strategies of
three forest-dependent indigenous communities, namely, Khasia, Tripura and Garo in the Lawachara
National Park of Northeastern Bangladesh. Household surveys, focus group discussions, key
informant interviews, and observation methods were used to unveil the climatic events, impacts and
related adaptations. The events include the change in temperature and rainfall patterns, landslide,
soil erosion and flash flood, heavy cold and fog, and natural calamities. Moreover, livelihood
problems emanating from these events are the drying up of streams and wells, irregular rainfall,
increased dieback and mortality of seedlings, pests, diseases, and the attack of crops by wild animals.
Likewise, the reduction of soil moisture content, growing season and crop productivity, landslides,
damage of roads and culverts, and increased human diseases are common. This study recognized
29 adaptation strategies and divided them into six management categories, drawing on their local
knowledge of the natural resources and other technologies. The study reveals that, although
adaptation strategies through land use and land cover changes are not enough to sustain their
livelihoods, the tactics help them to reduce the risk of, and increase food security and community
resilience against, climate change.

Keywords: agroforestry; climate change perception; climatic risk; management category; Khasia;
Tripura and Garo; Lawachara National Park

1. Introduction

Climate change has become a much-talked-about issue nowadays throughout the world, as it is
believed to be one of the biggest threats to the planet Earth. Bangladesh is no exception in the broader
context of climate change, which casts an ominous shadow on the country because of its lowly elevated
coastal zone, high level of population density, widespread poverty, and an overwhelming dependence
on nature. Against this backdrop, local practices and local knowledge need to be given highest priority
to deal with the adverse effects of climate change. At the outset, a fresh look into the possible impacts
of climate change on human livelihoods needs to be recapitulated. Threats associated with climate
change have already affected many arenas pertaining to human livelihood like agriculture, forest,
fisheries, biodiversity, food security and health [1]. Least developed countries (LDCs) are reported to
suffer more from the negative impacts of climate change due to their heavy dependence on natural
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resources and agriculture [2]. The most possible impacts of climate change in these countries are rising
temperature, high or low rainfall, continuous natural disasters and flooding, frequent and prolonged
droughts, and sea level rise [3].

Following that trend, these days, extreme climate events such as drought, change in rainfall patterns,
tropical cyclones and storm surges are affecting Bangladesh to a considerable extent [4]. If the trend
continues, it will be instrumental to assume multiple detrimental effects on all of the development
sectors, making it imperative to adapt the local and/or indigenous knowledge-based policies to
resolve the problem to a considerable extent. A few studies on local and indigenous knowledge-based
adaptation to climate change have been pursued in Bangladesh, such as Ahmed [5], Islam and
Atkins [6], Mahmood et al. [7], Alam [8], and Anik and Khan [9]. Those studies have found that such
knowledge is practiced from generation to generation, and assists community in making informed
decisions about how to respond to environmental changes and about how to adapt and improve the
situation. Although the local knowledge is time-, place- and culture-specific it makes individual and
community adaptive as well as increases resilience capacity towards climate variability and change.

With all these alarming trends, recently there has been a growing concern over forest resources,
as it has taken centre stage for global mitigation and adaptation measures in addressing the
climate change issue [10]. Over the past half-century, climate changes have affected many aspects of
forest ecosystems, including tree growth and dieback, invasion of invasive species, species distributions
and migrations, changes in seasonal patterns in ecosystem processes, demographics, and even species
extinctions [1,11,12]. Out of more than 1.6 billion people depending on forest resources (about 350 million
people are considered highly forest-dependent), 60 million indigenous people are totally dependent
on forests, and 1200 million are dependent on agroforestry practices [13]. Climate change is causing
a negative impact on their farming systems—visibly or invisibly—that are likely to deteriorate
further in the near future. Therefore, the assessment of the likely impacts of climate change on forests
and forest-dependent people and their vulnerabilities are thus important for enhancing climate
change adaptation.

Globally, indigenous people occupy only 4% of the world’s population, but they manage 11% of
the total forestlands. They maintain 80% of the world’s biodiversity and are located in or adjacent to
85% of the world’s protected areas [14]. In doing so, indigenous community lands sequestrate hundreds
of gigatons of carbon, which is an effort to mitigate climate change. However, indigenous communities
have scanty resources and few options to adapt (financially, technically and socially) by themselves
where most adaptive strategies constitute local knowledge. Such local knowledge, as highlighted in
this paper, have a significant role to play in addressing climate change challenges and may prove
critical to grasp the potential of certain adaptation strategies that are cost-effective, participatory and
sustainable. However, research related to adaptation strategies with local/indigenous knowledge
use is still lacking. Studies conducted by Spittlehouse and Stewart [15], Chaudhary and Bawa [16],
Chaudhary et al. [17], Fardous [18], Kebebew and Urgessa [19], Boon and Ahenkan [20], Parrotta and
Agnoletti [21], Couzin [22] and Vedwan and Rhoades [23] are among the noteworthy that deal with the
application of local and/or traditional knowledge in adapting to climate change in the forestry sector.
In addition, the United Nations University’s Traditional Knowledge Initiative (UNU-TKI) and the
Intergovernmental Panel on Climate Change (IPCC) have been partnered and are working to address
gaps in local knowledge and climate change adaptation and mitigation, and to promote respect for
local knowledge and the role of indigenous peoples in policy development [24].

Bangladesh, a tropical climate country, has 2.53 million ha of forest lands representing about
17.5% of the country's area. Almost all of the indigenous communities in the country are living
within the forest boundary and are heavily dependent on the forest resources for their subsistence
and livelihoods [25,26]. These communities used to manage different types of agroforestry systems,
namely, agrosilvipastoral systems, agrisilvicultural systems and woodlot plantations for decades [27].
They also have developed indigenous knowledge systems of their own by practicing the special
type of utilization pattern of forest produces. However, since the last decade, these communities
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have been facing challenges of intensified management over its traditional agroforestry management
systems [27–29] due to climate variability and change, their dependence on agroforestry products and
forest resources, as well as overpopulation in a limited forestland.

Four indigenous communities, namely, Khasia, Tripura, Garo and Manipuri are living in and
around Lawachara National Park (LNP) located in Northeastern Bangladesh, each having a different
culture, ecosystem and livelihood patterns. Each community has been engaged in different
types of agroforestry systems for generations, such as betel leaf (Piper betle)-based agroforestry,
lemon (Citrus limon)-based agroforestry, pineapple (Ananas comosus)-based agroforestry, mixed culture
agroforestry, and agriculture farming. They depend on forest resources for their livelihood, and their
farming systems are severely affected by climate change. Betel leaf-based agroforestry by the Khasia
community has been practiced in the forested land since 1914, which was leased out to the community
by the Forest Department (FD) on a renewable basis for 99 years to ensure better management of the
forest resources and to reduce illegal encroachment [30]. In exchange, they supply labor when and
where needed for the FD plantations work. However, the condition of the forests did not improve
due to illegal forest product extraction and the continuation of shifting cultivation [31]. On the other
hand, the FD leased the forestland to the chief of the Khasia community called “Montri” or “Headman”
who deals with the FD, and leases the forestland to his community members; in return, they collect
revenue at the end of the year. Each household gets 1.5–2.0 acres of land. Contrary to that, land that
belongs to the Tripura community has been owned by them for the last 300 years by what might be
called customary rights in land that they enjoy. Since the nature and control over land are not the focus
of this study, a detailed investigation has not been made here.

The Khasia hills and the Shillong of the Meghalaya State (India) are the area where the Khasia
indigenous community mainly settled [32]. The Tripura hilly people in Bangladesh migrated from
the Tripura State of India, but both countries have a common history, culture, tradition and life
style. On the other hand, the Garos are one of the well-known indigenous communities of the Indian
subcontinent. Most of them are living in Northeastern India, mainly in the Garo hills [33]. Nowadays,
about one-fifth of the total population of the Garos lives in Bangladesh [33]. They have their own local
knowledge to manage natural resources for their livelihoods [27]. The main income of Khasia comes
from betel leaf-based agroforestry, followed by paddy cultivation and firewood collection. About 70%
of Tripura households depend on the agroforestry, and the remaining 30% are day laborers. The Khasia
women mainly sort betel leaves, while Tripura women weave cloths and do household work and
sometimes they work in the agroforestry farms. Garo community is involved in agriculture, but they
are mainly serving as tea laborer for several generations [34]. Other studies found that the agroforestry
system provides sustainable livelihood support to the forest-dependent indigenous communities in
LNP [30,35].

Agroforestry can be seen as a form of sustainable intensification of agro-ecosystems, where
yields get increased without adverse environmental impact and without the cultivation of more
land [36,37]. Though agroforestry shows promise for co-delivery of adaptation (high biodiversity
and resulting ecosystem services by diversified farming) to, and mitigation (carbon sequestration) of,
climate change [38–40], there is a lack of hard evidence justifying this, particularly in the context of
a developing country like Bangladesh. It has therefore become imperative to carry out an in-depth
study on this. In the present study, the following questions are addressed: Which impacts of climate
change are significant in the study area? Which ways are the indigenous communities changing their
behavior to adapt these impacts? This article therefore aims to: (i) identify the impacts of climate
change on forest and indigenous communities’ livelihoods in and around the LNP; (ii) explore the
perception and knowledge of indigenous communities towards climate change; and (iii) investigate
and identify the adaptation measures that are practiced meaningfully by the indigenous communities
to strengthen community resilience. The outcomes of this study might be helpful for the forest
managers, policymakers, researchers, non-governmental organizations (NGOs) and development
partners dealing with climate change impacts and community-based adaptation related to forest areas.
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2. Materials and Methods

2.1. Profile of the Study Area

The Lawachara National Park, with a total area of 1250 ha, is located at Kamalganj Upazila
(sub-district) in Moulavibazar District and a part of the West Bhanugach Reserved Forest.
Geographically, it lies between 24˝30’–24˝32’ N and 91˝37’–91˝47’ E (Figure 1). The area is undulated
with slopes and hillocks, locally called tilla, ranging from 10-50 m scattered in the forest. Numerous
streams flow through the forest. Soil organic matter and fertility levels are generally low, and texture
is generally sandy loam or silty loam. The vegetation of the area consists of mixed semi-evergreen
old secondary forest with a 528.5 ha tree density. The canopy height varies from 10 m to 30 m.
Almost all original forest cover has been removed or substantially altered and thus has turned into
a secondary forest, which has developed a multistoried structure and dense forest, looking like virgin
natural forest. Tea gardens, rubber gardens, short and long rotation plantations, agroforestry and
paddy fields, etc. surround the park [41].
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LNP consists of 460 species, of which 167 are floral and 293 are faunal (246 bird species, 20 mammal
species, 17 insect species, 6 reptile species and 4 amphibian species) [41,42]. The LNP is also one of the
last habitats of an endangered, non-human primate Hollock Gibbon (Hoolock hoolock) [43].

The average temperature of the park is 26.8 ºC; May and October are the hottest months (36.1 ºC)
and February is the coldest (10 ºC). This area is one of the wettest in the country with an annual average
rainfall of 4200 mm, with maximum fall occurring from June to September from southwest monsoon.
The humidity is high in the park (70%–85%) throughout the year, with the monthly average ranging
from 74% in March to 89% in July. Pre-monsoon nor westerly and cyclonic storms are accompanied by
high-speed winds and rains, which do considerable damage to property and trees [41]. Furthermore,
the LNP is the most attractive ecotourism destination to country and abroad due to its aesthetic beauty,
dense mixed forests, undulated natural slopes and hillock-based landscape, indigenous community
diversity and their historical and cultural values, tea gardens and coffee plantations.

Presently, the LNP forest management has undergone collaborative forest management with
active involvement with the local stakeholders. Since 2013, Winrock International through USAID is
implementing a project entitled “Climate Resilient Ecosystem and Livelihood (CREL, 2013–2017)” in
partnership with Bangladesh FD. The aim of this project is to better manage and conserve Bangladesh’s
natural resources and biodiversity by keeping pace with climate change through the involvement of
local stakeholders. Before that, Nishorgo Support Project (NSP, 2004–2009) and Integrated Protected
Area Co-management Project (IPAC, 2009–2013) were implemented with the technical assistance of
International Resources Group (USA) and East-West Center of University of Hawaii, aiming to protect
and conserve the forest biodiversity and sustainable use of forest resources. End results of these
two projects include reduction of forest dependency by undertaking alternative income-generating
(AIG) activities; decreased illicit felling; decreased mature timber tree but increased species richness
and abundance inside the core zone; improved quality of forest resources; increased tourists, and
an increased amount of participation in decision-making from the community and the poor. A few
representatives from the indigenous communities are there in the Co-Management Committee (CMC)
and help to take into account their indigenous or traditional knowledge during decision-making for
forest management.

About 30 villages (approximately 4000 households) are situated in and around the LNP, where
villagers are involved in different forest practices, labor intensive works, small businesses, eco-tour
guide and other services. Of the forest practices, the Khasia (100%) and Garo (few households)
indigenous communities practice betel leaf-based agroforestry system (totalling 130 ha of natural forest
used for betel leaf cultivation, rotation is >8 years). Pineapple-based agroforestry system (rotation
4–5 years), lemon-based agroforestry system (>15 years rotation) and mixed culture agroforestry
systems have been managed by the Tripura community.

Six tea gardens are located at the border of southeast, on the south and east sides, and at one coffee
plantation on the west side of the forest, which provides shelter to a large number of their laborers.
These communities illegally enjoy different levels (from high to low) of access to forest outputs through
cutting the forest plants in addition to hunting wildlife. Studies have found that the Garo community
has a tendency to collect more tree branches, saplings and leaves, as their homestead garden is not rich
in tree species. The Khasia community collects more non-timber forest products (NTFPs) and house
building materials. Although they have rich homestead gardens, their tendency is to keep their garden
untouched to protect it from wind and landslide. The Tripura community collects mainly bamboo
and house building materials to make bamboo-made handicrafts for their own use and for selling
for subsistence.

2.2. Survey Methods

At the outset, a reconnaissance survey was carried out to get a rudimentary idea about the
indigenous communities’ locality, their livelihood, and their farming system. Necessary permission
for interviews was obtained from the FD, and the Montrias community, without the Montri’s consent,
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did not want to talk to outsiders. A list of all household heads was collected from the FD as well as
from the Montri. Household surveys (HHs), key informant interviews (KIIs), focus group discussions
(FGDs), and field observations were made to identify the climate-related risks faced by the communities,
and their corresponding adaptation strategies. Some other tools, such as problem matrix and problem
scoring, were also used to prioritize the risks after identification.

2.2.1. Selection of the Study Villages

Out of the four indigenous communities, three communities (i.e., Khasia, Tripura and Garo) spread
out over four villages were selected purposively to conduct the survey, keeping conformity with
the objectives of the study (Table 1). Two villages, namely, Lawachara Punji and Magurchara Punji
(major forest-dependence and completely inscribed in the park) are allotted to the Khasia community;
the Tripura community lives in the Dolubarivillage (major forest-dependence), and the Garo community
in the Gilachara village (medium forest-dependence). However, the Monipuri community was kept out
of this study due to their no or lesser dependence on the forest.

Table 1. Sample distribution over the surveyed villages.

Village Community Population
Size (HHs)

Location and
Distance

Forest
Dependency Forest Practices

Lawachara Punji Khasia 23 (n = 13) Inside (0 km) Major
Practice betel leaf-based agroforestry,
collect NTFPs, house building materials,
fruit and other NTFPs

MagurcharaPunji Khasia 41 (n = 20) Inside (0 km) Major
Practice betel leaf-based agroforestry,
collect NTFPs, house building materials,
fruit and other NTFPs

Dolubari Tripura 75 (n = 40) Adjacent
(0.5 km) Major

Practice lemon and pineapple-based
agroforestry, mixed culture agroforestry,
collect NTFPs, house building materials,
fruit and other NTFPs

Gilachara Garo 40 (n = 20) Northwest
corner (1.5 km) Medium Practice betel leaf-based agroforestry,

collect NTFPs

2.2.2. Field Techniques and Data Collection

Primary information was collected using a semi-structured questionnaire and checklists after
pre-testing for intelligibility and appropriateness. FGDs and KIIs were carried out with the local
elites, management representatives, and the representatives of the local NGOs to gather insightful
information about the locality regarding climatic variability and their adaptation measures. Several
informal discussions were also pursued at the local tea stalls, where locals gather spontaneously in
the afternoon after their daily works. No formal invitation to the locals was made for participating at
the discussions.

In the case of the HH survey, the study purposively aimed to interview the head (either male or
female) of targeted households at daytime, where old-age members of the HH were also interviewed
by following “the Age-Order Procedure” in case the head was absence. Initially, the study aimed to
cover half of the total community HHs and finally achieved the targeted HHs (Khasia 51.6%, Tripura
53.3% and Garo 50%) for interview (Table 1). As the total population is small, we purposively selected
and interviewed the odd HH numbers from the HH lists (for example 1, 3, 5, etc.) as a sample HH for
the study instead of simple random sampling. Finally, among the surveyed respondents, 71% were
found male and the remaining 29% were female.

HHs survey and KIIs’ findings were validated through the FGDs. A total of 93 randomly selected
HHs were surveyed (Lawachara Punji 23 (n = 13), Magurchara Punji 41 (n = 20), Dolubari 75 (n = 40)
and Gilachara 40 (n = 20)) (see Table 1). In addition, four other KIIs and FGDs (one from each village)
were conducted from April to August 2012. Available weather data, i.e., air temperature data of the
last 31 years (1980 to 2011), and rainfall data of 29 years (1982 to 2011) had been collected from the
local Sreemangal Meteorological Station and Bangladesh Bureau of Statistics.
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The following questions were asked to the community people during household surveys, KIIs and
FGDs but not limited to: forest dependency, knowledge and perception about climate change,
understanding the changing patterns of temperature, rainfall and natural calamities during the last
20 years, observed climatic risks including frequency and intensity, effect on production of agriculture
and agroforestry crops, indigenous adaptation strategies with the changing environment, effect on
community livelihoods and forest ecosystem, and attitudes toward forest conservation, support
received from external agencies regarding climate change, etc. (see detail in Appendix).

2.2.3. Data Analysis

For simplicity, the study considers four adaptation strategies followed by the indigenous
communities: (i) individual adaptation driven by local knowledge; (ii) individual adaptation facilitated
by government and non-government organizations; (iii) community-based adaptation driven by local
knowledge; and (iv) community-based adaptation facilitated by government and non-government
organizations. Moreover, listed adaptation strategies were classified into three: material adaptation,
methodical adaptation and mixed adaptation. Furthermore, adaptation strategies were categorized
into different management categories such as water management, soil management, crop management,
energy management, income management and production management.

Responses on observed climatic risks were collected through individual survey. Three options
were provided to respondents which include: “Yes, have experienced,” “No, haven’t experienced,”
and “No comment.” Then, a five-point scale of problem matrix was developed during the FGDs, and
points were assigned against each category of problem (i.e., 5-very high, 4-high, 3-moderate, 2-low,
and 1-very low). Problem frequency was also listed from the FGDs, and the score was then calculated
by multiplying the problem values with problem frequency.

Data were analyzed using SPSS (version 17.0) and presented in cross-tab format using descriptive
statistics according to climatic risks. The temperature and rainfall data of the study area have been
analyzed to assess the trends of climatic parameters. We analyzed household data by calculating
frequencies and percentages of responses for each indicator included in the survey. Chi-squared
tests (χ2) with a 5% level of significance were used to examine whether the respondents’ responses
were uniformly distributed or more oriented towards particular categories of answers. Cramer’s
phi (ϕc) statistic [44] was used as a measure of strength of association between rows and columns in
contingency tables. The ϕc statistic is defined as:

ϕc “

d

χ2

N pk´ 1q
(1)

Where n is the number of observations, and k is the number of rows or columns—the smaller one.

3. Results

3.1. Climate Change Perception of Indigenous Communities

The indigenous communities were not familiar with the term “climate change.” Nevertheless,
they noticed the changes in the weather pattern and its consequential impacts. About climate change,
respondents gave their views and opinions based on their own understanding. Survey revealed that
14% respondents were well knowledgeable (Khasia = 61.5%, Tripura = 38.5%), 16.1% had no knowledge
(Khasia = 20%, Garo = 46.7%, Tripura = 33.3%), and 38.7% were not clear (Khasia = 22.2%, Garo = 25%,
Tripura = 52.8%) about the issue of climate change and its consequences (Table 2). The chi-squared
statistic is significant (χ2 = 20.9, p < 0.00) in association with Cramer’s phi statistic (ϕc = 0.33), indicating
a strong relationship. Here, “well knowledgeable” means experienced and well informed about the
issues of extreme weather events and changing climate; “knowledgeable” means informed and aware
of the issue; ”no knowledge” means no perception; “not clear” means confused about the issue.
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Table 2. Indigenous community perception regarding climate change.

Perception Categories Indigenous Community Response (%)
Total Respondents Khasia Garo Tripura

Well knowledgeable 14.0 61.5 - 38.5
Knowledgeable 25.8 50.0 8.3 41.7
Don’t have knowledge 16.1 20.0 46.7 33.3
Not clear 38.7 22.2 25.0 52.8
No comments 5.4 40.0 40.0 20.0

Survey revealed that climate change and its impacts pose a series of risks to the forest-dependent
indigenous marginal communities. We analyzed the climate risk by the most reliable data sets available
on the impacts of extreme weather events (temperature and rainfall) and associated physical and
production, i.e., health, forestry, agroforestry and agriculture farming data. To find out the climate risks
in LNP, increasing temperature, high rainfall, low rainfall, irregular rainfall (erratic and unpredictable
pattern), flash flood, drying up of stream and well, natural calamities such as flash flood, hailstorm,
lightning, storm, heavy fog and cold, etc. were considered. We recorded the community response
about current and past climatic variability and to the extent that climate change has already left its
footprint in the last two decades.

Respondents altogether ranked increasing temperature (75.3%, χ2 = 10.5, p < 0.03, ϕc = 0.24) and
drying up of streams and wells (72%, χ2 = 12.3, p < 0.02, ϕc = 0.26) as the number one among all the
climatic risks. Some 67.7% (χ2 = 11.9, p < 0.02, ϕc = 0.25) respondents reported that the rainfall was
lowering down as the second most climatic risk for LNP. Irregular rainfall (76.3%, χ2 = 6.8, p < 0.03,
ϕc = 0.27) patterns, natural calamities (61.3%, χ2 = 1.6, p < 0.82, ϕc = 0.09), and landslide, soil erosion
and flash flood (63.4%, χ2 = 5.7, p < 0.23, ϕc = 0.17) were altogether ranked as the third most climatic
risks for the study area. Maximum intensity score (5) among these risks were increasing temperature,
high rainfall and drying up of streams and wells (Table 3). Yearly weather data shows that the
temperature is showing erratic pattern and was fluctuating from year 1984 to 2011. The figure also
shows an increasing linear trend from the last couple of years (Figure 2). Simultaneously, rainfall data
also showed irregular pattern and higher fluctuations from the year of 1982 to 2011 as well as showing
a linear trend of lower annual rainfall (Figure 3).

3.2. Observed Climate Change Impacts and Adaptation Strategies

The present study identified a total of 29 climate change adaptation strategies practiced by three
indigenous communities in different seasons. Among two (6.9%) were IPA (individual planned
adaptation supported by GOs and NGOs), seven (24.1%) were IALK (individual adaptation through
local knowledge), 11 (37.9%) were CBALK (community-based adaptation through local knowledge),
and nine (31%) were CBPA (community-based planned adaptation supported by GOs and NGOs).
Of the adaptation strategies, 20.7% strategies were practiced by three communities, 51.7% were
practiced by more than one community (66.7% by Khasia and Tripura, 20% by Tripura and Garo, 13.3%
by Khasia and Garo), and the remaining 27.6% by a single community (50% by Khasia, 37.5% by Tripura,
12.5% by Garo) (Table 4).

3.3. Classification of Adaptation Strategies

Reported adaptation strategies were classified into three broad categories, namely, materials
adaptations (11.1%), methodical adaptations (37%) and mixed adaptations (51.9%). Likewise,
the popular adaptation strategies were classified into six categories based on management,
namely, crop management (37%), water management (11.1%), soil management (18.5%), production
management (14.8%), energy management (7.4%) and income management (11.1%) (Table 5).
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Table 3. Climatic risks observed by three indigenous communities and their ranking matrix.

Parameters Response Indigenous Community (%)
Total (%) Chi-Square (χ2) p Cramer’s Phi (ϕc) Frequency/Year Intensity a Score b Rank

Khasia Garo Tripura

Increasing temperature
Yes 87.88 80 62.5 75.27 10.47 0.03 0.24 3 5 15 1
No 9.09 15 37.5 22.58
No comments 3.03 5 0 2.15

High rainfall
Yes 33.33 55 17.5 31.18 10.52 0.33 0.24
No 57.58 45 77.5 63.44 1 5 5 4
No comments 9.09 0 5 5.38

Low rainfall
Yes 63.64 95 57.5 67.74 11.95 0.02 0.25 2 4 8 2
No 36.36 5 37.5 30.11
No comments 0 0 5 2.15

Irregular rainfall
Yes 78.79 95 65 76.34 6.81 0.03 0.27 2 3 6 3
No 21.21 5 35 23.66
No comments 0 0 0 0

Landslide, soil erosion
and flash flood

Yes 54.55 55 75 63.44 5.66 0.23 0.17 2 3 6 3
No 42.42 35 20 31.18
No comments 3.03 10 5 5.38

Drying up of stream
and well

Yes 87.88 80 55 72.04 12.34 0.02 0.26 3 5 15 1
No 9.09 15 42.5 24.73
No comments 3.03 5 2.5 3.23

Natural calamities
Yes 60.61 60 62.5 61.29 1.56 0.82 0.09 2 3 6 3
No 33.33 30 35 33.33
No comments 6.06 10 2.5 5.38

Heavy fog and cold
Yes 72.73 60 75 70.97 3.65 0.46 0.14 1 3 3 5
No 24.24 25 20 22.58
No comments 3.03 15 5 6.45

a Intensity code: 1-very low or no risk, 2-low risk, 3-medium risk, 4-high risk, 5-very high risk; b Score: value of intensity ˆ frequency.
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Figure 2. Annual average temperature changing scenario in Lawachara National Park (1980 to 2011).
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Table 4. Observed climate change impacts and community-based adaptation strategies followed by the three indigenouscommunities in LNP.

Climatic Event Observed Climate Change Impact Community-Based Adaptation Strategy Community 1
Remark 2

K T G

Rising
temperature
and low rainfall

1. Drying up of forest stream and well 1. Rainwater harvesting through digging pond and deeper well
‘ ‘ ‘

CBPA
2. Scarcity of daily working, drinking and
irrigation water 2. Setting water pump and storing water in reservoir

‘ ‘

CBPA

3. Reducing soil moisture content and fertility 3. Mulching/covering soil with litter
‘ ‘

IALK
4. Using compost and organic fertilizers, lime and oil cake

‘ ‘

CBALK

4. Dieback and mortality of seedlings 5. Planting seedlings with covering and gap filling as well as
regular watering

‘ ‘

IALK

5. Extreme heat 6. Building resting places alongside road in the Tea Estate
‘

CBPA

6. Drought 7. Made water channel surrounding roots and increasing
watering frequency

‘

IALK

7. Pineapple and betel leaf root rotten, stem dying of
lemon tree, and lemon becomes discolored Using organic and compost fertilizers, lime and oil cake

‘ ‘

CBALK

8. Spread of invasive plant species 8. Eradicate the plants through regular slash and clean-up
‘ ‘ ‘

IALK
9. Increased human diseases (malaria, allergies, skin
and itching)

9. Uses of medicinal plants and mosquito nets as well as go to
physician for treatment

‘ ‘ ‘

CBALK

10. Decreasing growing season and crop productivity 10. Changing planting time
‘ ‘

CBALK
11. Crop diversification and planting short rotational crops

‘ ‘

IPA
12. Homestead gardening

‘ ‘

IPA
11. Pest and disease incidences in crops Using extra pesticide, lime and oil cake

‘ ‘

CBALK
13. Planting hybrid crop varieties

‘ ‘

CBPA
12. Loss of medicinal plants species 14. Planting medicinal plant species in homestead

‘

IALK

High rainfall

13. Increased water-borne diseases (diarrhea, dysentery
and skin diseases) Uses of medicinal plants and go to physician for treatment

‘ ‘ ‘

CBALK

14. Landslide 15. Construction of protection wall surrounding the locality
‘ ‘ ‘

CBPA
16. Changing housing and staircases patterns

‘ ‘

CBPA
17. Planting more tree species surrounding the locality

‘ ‘

CBALK
15. Soil erosion and leaching of soil nutrients Rotational practices and mulching/covering soil with litter

‘ ‘

IALK
18. Terracing

‘ ‘

CBPA

16. Water logging and flash flood 19. Planting crops in heap and made water channel
surrounding roots

‘ ‘

IALK

17. Loss of NTFPs in the most of the year 20. Using improved cooking stove
‘ ‘ ‘

CBPA
21. Storing extra firewood and planting selected NTFPs plants

‘ ‘ ‘

CBALK
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Table 4. Cont.

Climatic Event Observed Climate Change Impact Community-Based Adaptation Strategy Community 1
Remark 2

K T G

Heavy fog
and cold

18. Decreasing growing season Changing planting time
‘ ‘

CBALK
Planting short rotational crops

‘ ‘

IALK
19. Betel leaf becomes red cultured and leaf spot 22. Early harvesting of crops

‘ ‘

CBALK
20. Lemon tree leaf becomes squeezed and
lemon discolored Using organic and compost fertilizers

‘

CBALK

Early harvesting of crops
‘

CBALK

Natural
calamities

21. Betel leaf and lemon becomes discolored due
to hailstorm Early harvesting of crop

‘ ‘ ‘

CBALK

22. Crop failure and economic loss 23. Handicrafts business
‘ ‘

CBALK
24. Livestock rearing

‘ ‘

CBALK
25. Fish farming

‘

CBPA
23. Behavioral change of wildlife (sightings of wild
animals in search of food and shelter)

26. Growing protection of crops through guard, build artificial
human-like doll and produce loud noises

‘

CBALK

27. Keep dry fish on betel leaf farm and garlic in houses to get
rid of monkey and snake respectively

‘

CBALK

24. Changing natural wind pattern Created shelterbelt by planting tree species surrounding the
locality

‘

CBALK

Changing housing patterns
‘

CBPA

25. Break down of seedlings and saplings 28. Used bamboo stick to protect seedlings and saplings from
wind breaks

‘

IALK

26. Breakdown of roads and culverts 29. Construction and re-construction of roads and culverts
‘

CBPA
1 Community: K-Khasia, T-Tripura, G-Garo; 2 IALK-Individual adaptation through local knowledge; IPA-Individual planned adaptation supported by government and NGOs;
CBALK-Community-based adaptation through local knowledge; CBPA-Community-based planned adaptation supported by government and NGOs.
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Table 5. Management categories and classification of adaptation strategies.

Adaptation Strategy Management Category 1 Classification 2

Ma Me Mi

‚ Rainwater harvesting through digging pond and deeper well WM
‘

‚ Setting water pump and storing water for household works WM
‘

‚ Increased drainage facilities for the crops WM
‘

‚ Terracing SM
‘

‚ Mulching/increased soil cover through litter SM
‘

‚ Construction of protection wall surrounding the locality SM
‘

‚ Created shelterbelt by planting tree in the locality SM
‘

‚ Changing patterns of housing and staircases SM
‘

‚ Make water channel surrounding root, increasing watering frequency CM
‘

‚ Using compost and organic fertilizers, lime and oil cake, planting hybrid variety of species CM
‘

‚ Planting crops in heap CM
‘

‚ Eradicate invasive species through regular slash and clean-up CM
‘

‚ Rotational practices CM
‘

‚ Changing planting time CM
‘

‚ Early harvesting of crops CM
‘

‚ Planting seedlings with covering and gap filling CM
‘

‚ Crop diversification/multiple production CM
‘

‚ Used bamboo stick to protect seedlings and saplings from wind breaks CM
‘

‚ Using improved cooking stove EM
‘

‚ Storing extra firewood and planting selected NTFPs plants in homestead EM
‘

‚ Increased tree species in homestead and farms IM
‘

‚ Planting and uses of medicinal plants for curing diseases IM
‘

‚ Handicrafts, livestock rearing and fish farming IM
‘

‚ Construction and re-construction of roads and culverts PM
‘

‚ Increasing protection of crops from wildlife PM
‘

‚ Building resting places alongside road in the Tea Estate PM
‘

‚ Keep dry fish on betel leaf farm and garlic in houses to get rid of monkey and snake respectively PM
‘

1 Management category: WM-Water Management, SM-Soil Management, CM-Crop Management, EM-Energy Management, IM-Income Management, PM-Production Management;
2 Classification: Ma-Materials adaptation, Me-Methodical adaptation, Mi-Mixed adaptation.
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3.4. Water Management Strategies

3.4.1. Setting Water pump for Daily Work and Irrigation Water

The scarcity of drinking and irrigation water was found to be the most frequent impact of climate
change in the LNP. To cope with this adverse effect, the indigenous communities set up diesel or
kerosene-run water pumps near their houses (Figure 4a). They usually penetrate a 50–60-foot-long iron
pipe into the ground to lift underground water. Later, they supply the water via plastic pipes to the
whole locality for household use, and for watering and irrigating the agroforesty farms. Sometimes,
the farmers also use buckets or different plastic containers to carry water from the pump site.
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3.4.2. Storing Water in Reservoir

Communities used big plastic drums (Figure 4b) and cemented rings (Figure 4c) as reservoirs
for storing water contrary to their past practices. The women for their household works and bathing
only use these reservoirs, located inside or just at the door of the house. In the past, they used water
from natural streams and wells for their domestic works; however, nowadays, they depend on water
collected from water pumps, ponds or deep wells.

3.4.3. Rainwater Harvesting through Digging Pond and Well

During the summer or even in the monsoon, the indigenous communities follow different
rainwater harvesting techniques, such as storing water mainly for irrigation purposes, as well as
domestic uses where the most common technique is to store water in square and circular-structured
mini ponds and wells. Some farmers excavate larger ponds as needed—located almost at the
centre—near or corner of the farms and houses, so that the community people can easily use it
(Figure 5). Some farmers use plastic buckets or containers to carry water from the ponds or wells to
irrigate their agroforestry farms, which are far from the water sources. The Khasia community have
also dug small ponds at the top of the hills to store water for irrigating their betel leaf farms during the
summer and drought.
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3.4.4. Increasing Drainage Facilities for the Crops

The Tripura and Garo communities have dug small drains beside their farms to remove excess
water during rainy season, thereby avoiding water-logging conditions after rain and flash floods.
Drains are also used for irrigation purposes in summer as well as during periods of less rainfall or
drought. Depending on the conditions, those drains are usually renovated seasonally or annually
before rain season starts.

3.5. Crop Management Strategies

3.5.1. Crop Diversification/Multiple Production

Indigenous communities have cultivated multiple crops (horticultural crops, fruit species,
maize and paddy) following a systematic spatial arrangement that maintains a harmonic production
of all the species at a time. In addition, they cultivated seasonal short rotational crops (maize, paddy,
papaya, zinger, turmeric, chillies and vegetables), banana cultivation in betel leaf, lemon and pineapple
agroforestry farms, and jackfruit cultivation in lemon and pineapple agroforestry farms throughout the
year. Multiple crops serve as insurance to the farmers as when one crop gets damaged due to adverse
climatic events, another crop provides the farmers with income, thus helping them to minimize the
total loss. This kind of practice gives a good turnover in terms of yield, reduces the soil erosion, loss of
soil nutrients and fertility.

3.5.2. Change in Planting and Harvesting Time

Monsoon usually appears in Bangladesh in June, but now it appears in late April or early May.
Winter used to appear in November, but now it appears in late December where irregular rainfall
occurs more than two times in a year. The overall growing season has also decreased to about
2–4 months in a year due to abnormality in the weather. As a result, sowing, planting and harvesting
time continues to change, which hampers the productivity of crops as their cultivation practices rely
on seasonal rainwater.

3.5.3. Using Pesticide, Fertilizers and Hybrid Variety

In the last few years, agroforestry crops have been severely attacked by new types of pests,
diseases and insects such as leaf and root rot, leaf spot, stem dying, discoloration of fruit and leaf
as well as by the quick spread of invasive species. To ensure protection against pest and diseases,
farmers need to spray an extra amount of pesticide and insecticide despite its being harmful to the
environment. Farmers were found using organic (cow dung, oil cake and compost) and inorganic
fertilizers (NPK), and cultivating hybrid varieties to ensure a better yield.

3.5.4. Protection of Seedlings and Saplings

To protect the newly planted seedlings and saplings from extreme heat and drought condition,
Tripura and Garo communities were planting seedlings with a circular or square cover made by plastic
and bamboo. Communities also filled the seedling gaps with a new and physically strong seedling
soon after a seedling dies. Moreover, the Tripura community also uses bamboo sticks to protect the
lemon trees from windbreaks. More than one bamboo stick was used in a circular way to keep the
seedlings and saplings upright.

3.5.5. Planting Crops in Heap and Make Drain Surrounding the Root

To minimize the effect of heavy rainfall and water logging condition during the monsoon, farmers
tend to grow their crops in heaps. With this practice, the crop always remains in a high platform where
rainwater cannot accumulate around the root. Communities also prepare channels surrounding the
lemon root, which helps to hold water for a few days during the summer or the drought period.
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3.6. Soil Management Strategies

3.6.1. Mulching/Covering Soil with Litter and Leaves

The Khasia and Tripura communities use mulching/covering soil of crops with the help of
fallen litter, leaves and slash wastes. Such a strategy reduces soil erosion and leaching of soil
nutrients, increases soil moisture content and fertility (organic fertilizer), and keeps soil temperature
relatively low. In the past, they used to utilize these fallen materials as fuel.

3.6.2. Terracing

Tripura farmers were found making terraces within the slopes of the denuded hills to grow
lemon-based agroforestry with different crops such as various spices, banana, and pineapple. Although
it has a negative impact, it is widely used as a soil conservation method because it prevents the soil
nutrients of the upper soil from being washed away.

3.6.3. Construction of Protection Wall

The Khasia and Garo communities live at the top of the hills, whereas the Tripura community
lives in a relatively flat area. All groups face landslide and soil erosion problems. To cope with this,
they construct protection walls with bricks, cement and iron rod, and plant more trees around their
houses and locality to provide effective protection for houses and farms (Figure 6a,b). Concerning this,
they have received financial and technical support from local NGOs working in the area.
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3.6.4. Changing Patterns of Houses and Staircases

The Khasia community changed the patterns of their houses by converting them into tin-shed and
semi-pucca buildings (partially brick-built) supported by long pillars (Figure 6c). Both Khasia and Garo
communities changed the patterns of their homestead staircases (the only way of entering the villages
at the top of the hills) with cemented bricks, bamboo and tree poles. A shift in their house-making
style has been reported, whereas in the past they were made of mud only. They also brought about
changes in the design of the staircases by making them curved instead of straight (Figure 6d).
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3.7. Production Management Strategies

Roads and culverts of this area have been damaged by landslide, soil erosion and flash floods,
which have hampered the communication system and transportation of agroforestry crops to the
market. Government and NGOs construct and re-construct roads and culverts with community
participation. One study found that, without the improved communication system, buyers do not
show interest in procuring agroforestry produces that are likely to cause pecuniary losses. Additionally,
to protect the tea garden laborers (Garo) and passers-by from extreme heat, the Jerin Tea Estate
Company built several permanent shades alongside the road. These shades are being used temporarily
for gathering tea leaves after plucking to protect them from being squeezed and discolored.

3.8. Energy Management Strategies

Indigenous communities that have been studied are heavily dependent on forests for their
daily household fuel needs. To minimize the use of forest fuels, NSP developed a program for the
introduction of improved cooking stoves (ICS) in 2004 with the technical assistance from the German
Society for International Cooperation (GIZ). The NSP along with Grameen Shakti, a national NGO,
have collaborated to launch a program to promote the ICS among the indigenous communities in the
LNP. The ICSs were distributed to the communities intending to make them less dependent on forest
woods, which resulting in their saving 50%–70% of their fuel, as they claim. This environment-friendly
stove emits less carbon into the air and thereby helps mitigate climate change at a micro-site level.
Moreover, communities have a tendency to storing more firewood to address the situation of irregular
rainfall and other natural calamities that can strike at any time of the year. Generally, the Khasia and
Tripura communities collect firewood from agroforestry farms, and Garo from Tea gardens and forests.

3.9. Income Management Strategies

Negative impacts of climate change reduce the scope of traditional livelihoods, leading the
community people to look for different IGAs. Since 2004, microcredit-led NGOs, banks and donor
supported projects promoted the IGAs for the forest-dependent indigenous communities. The IGAs
vary as per communities’ needs, such as poultry and livestock rearing, fish farming (only Khasia),
nursery production, ICS manufacture and selling, eco-tourism, eco-lodge and eco-guiding, tribal
cloths, bamboo and rattan-based handicrafts manufacture, firewood and medicinal plants cultivation,
sewing machine to the woman, setting-up grocery and tourist shops. Moreover, the Khasia and Tripura
communities’ increasing number of tree species in homestead and agroforestry farms. Short rotational
(5–10 years) plants, medicinal and woodlots were preferred under this adaptation. Trees also saved the
community houses and crops from wind, storm, raindrop, lightning and hailstorm.

4. Discussion

Indigenous communities have long been recognized as vulnerable to the impacts of climate change
due to the close connection between forest, their livelihoods, culture, spirituality and socio-ecological
systems and their environment. In contrast to that, their local knowledge, resource management
practices, and adaptation strategies are all considered important for both mitigating and adapting
to climate change. The present study sought the level of awareness about climate change and its
impact among the respondents, where less than half of the respondents (39.8%) had knowledge about
the issue. The study also reveals that, although about 60.2% respondents do not understand the
scientific causes and consequences of climate change, their long-term observations on the changing
weather patterns (temperature, rainfall, etc.) is very impressive as they interact directly with the nature.
Similar observations have also been found by Mahmood et al. [7], Anik and Khan [9], Chaudhary
and Bawa [16], Byg and Salick [45], Mertz et al. [46] and Apata [47], all of which indicate that climate
is changing, while some other studies, such as Chaudhary and Bawa [16], Chaudhary et al. [17],
Hageback et al. [48], Cabrera et al. [49], Thomas et al. [50] and Shrestha et al. [51] have validated
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community perception with scientific evidence. Interestingly, indigenous people from tropical forest
areas have reported that natural signals that were used to trigger activities in the past are now less
reliable as the weather becomes hotter and the rainy season comes earlier or later than usual, which can
lead to a disorientation of people in their daily lives [52].

Another survey revealed that in recent years indigenous communities received some climate
change-related information from the CREL project and through media (mainly radio, television, etc.)
In line with this research, other studies, e.g., Byg and Salick [45] and Boykoff [53], have stated that
media could play a decisive role in shaping people’s perceptions about climate change. However,
media has less interest in covering this issue on a daily basis. Some 78% respondents reported
environmental change in the LNP due to illegal logging, over-exploitation of resources, plantation of
exotic tree species, farmland expansion by both Bengali and indigenous communities inside the forest,
wildlife hunting, destruction of natural regeneration, and wildlife habitat for farming and plantation.

On the other hand, about the issue of climate change awareness in the future, approximately 69.9%
respondents reported that the awareness raising program and capacity-building training on adaptation
are needed immediately because this is a critical issue and barrier towards achieving their sustainable
livelihoods and environmental management (82.8%). Among the respondents, those below 40 years
old (63.4%) have better knowledge about the climate change issue than those above 40 years (36.6%).
At the same time, the Khasia (61.5%) community had more knowledge about climate change than
the Tripura (38.5%) and Garo (8.3%) communities. The reasons behind that include age, gender,
access to information, economic status, and the literacy rate. The Khasia community is literate 66.7%
literate and can only sign 21.2%, whereas Tripura is 57.5% literate and can only sign 25%, and Garo
is 25% literate and can only sign 30%. Patt and Schröter [54] stated that climate change perception is
highly contingent on the social, cultural, and economic conditions of the communities that lead to their
behavioral change. In addition, some studies such as those by Byg and Salick [45], van Aalst et al. [55],
Alessa et al. [56], Laidler [57] and Danielsen et al. [58] have pointed out that documenting local
knowledge and community perceptions of climate change is important in decision-making whether
they can act or not, since local perceptions reflect local concerns and focus on the actual impacts on
people’s lives.

The present study reveals that, due to rising temperature and change in rainfall patterns,
agroforestry crops are damaged, and growth and yield decrease. Persistent cold wave accompanied
by dense fog badly affects the crops during winter. Severe cold and excessive fog cause dropping
of betel leaves and the leaves become red, lemon leaves become squeezed, and spot/discoloration
of betel leaves and lemon and root rot of pineapple occur. Moreover, stems of betel leaves and
lemon trees die, and disease spreads commonly throughout the farm in the LNP area, which has been
supported by the findings of Vedwan and Rhoades [23], Saha and Azam [30], Rosenzweig et al. [59] and
Pautasso et al. [60]. As a response to climate change, crop management strategies such as introduction
of new crop varieties, crop diversification, and change in planting and harvesting time are common,
which shows better adaptability by enhancing crop diversity, increasing overall crop yield, and
diversify local diets [16,17,60–63]. In Philippines, forest-dependent smallholder farmers have been
suffering from delayed fruiting of fruit trees, higher incidence of pests and diseases, etc. in agriculture
and agroforestry farms due to changes in rainfall and temperature patterns. To coping with these, they
cultivated multiple cropping or intercropping, increased use of fertilizers and pesticides, adjusting
their planting calendars, and diversifying livelihoods [64].

Unlike the present research, the Himalayan people have been finding mosquitoes, have
experienced malaria and skin diseases, and have seen wild boar, deer and new species of wasps and
bees in higher altitudes that were non-existent 5–10 years ago [17,64–66]. Forest-dependent indigenous
people in Chittagong Hill Tracts of Bangladesh are highly vulnerable to climate change-induced
diseases such as increasing mosquitoes and mosquito-borne diseases [18,67]. Similarly, people in
other climate-sensitive areas of Bangladesh are suffering from water-borne diseases (e.g., diarrhoea,
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dysentery and skin diseases), vector-borne diseases (e.g., malaria, vomiting, dengue fever, etc.) as well
as mental disorders [68,69].

For conservation adaptive management and idea of climate resilience related to local knowledge
are important among the indigenous communities and other local resource-dependent groups [70].
International Centre for Integrated Mountain Development (ICIMOD) [71] explained that the prospect
of short- and medium-term climate resilient development in mountain areas of Nepal is limited due
to persistent climate uncertainty, and “no-regret” strategies are needed regardless of the direction
or magnitude of change. Some other studies indicate that communities do perceive that the climate
is changing and need to adapt to reduce the negative impacts [46,72], and adaptive measures are
largely contingent upon the socio-economic and environmental factors [73,74]. In this lieu, Platform
for Agrobiodiversity Research (PAR) [75] developed a model of adaptation dynamics at different levels
contributing to the resilience of the whole system through (i) the links between natural and cultivated
ecosystem/landscapes (to mitigate and buffer the effects of climate change through ecosystem
protection and restoration, landscape rehabilitation and the sustainable use of natural resources);
(ii) the supportive role of agriculture/crop production in the protection and restoration of ecosystems
(local food systems is enhanced through the diversification and sustainable management of water and
soil); and (iii) the maintenance of species and genetic diversity (strengthen the resilience of agricultural
systems and maintain production in stress-prone environments). The model also puts a special focus
on the social and community dimensions of adaptation. Based on the present study, the model also
reveals that affected community should be involved in the decision-making process when developing
community-based climate change awareness and capacity building programs on conservation linked
to alternative livelihood and forest protection.

However, Spittlehouse and Stewart [15] presented an extensive list of adaptive strategies proposed
for forest protection and resources management. In semi-arid and arid regions, several technologies
based on local knowledge have been developed to conserve and harvest scarce water resources in
traditional silvopastoral and agroforestry systems [76]. In Africa, for example, indigenous people
cultivate different varieties of crops that are tolerant to climate change, using organic or inorganic
fertilizers and shortening of growing season [46,72,77]. Notably, many people say prayers and
observe rituals for protecting their crops in Africa [54]. In Northeastern India, the soil and vegetation
management practices have been developed over generations by local communities to enhance soil
fertility and minimize soil erosion [78]. Boon and Ahenkan [20] reported that Sui River Forest Reserve
communities adopted different strategies, such as tree planting and NTFPS farming, high yielding
and drought resistance varieties of species, practice of the “Taungya System,” a form of agrisilviculture,
or farm forestry, whereby cultivate agricultural crops during the early stages of forest plantation
establishment, and rainwater harvesting, that minimize the impacts of climate change. Adger et al. [79]
conducted a study in the Hindu Kush-Himalayan region and recommend that they need to have
a much better understanding about the mountain communities’ traditional knowledge of strategies to
respond to climate variability in order to identify key determinants for future adaptation.

5. Conclusions

Climate change has multiple effects on indigenous communities’ livelihoods, mostly on their
farming systems, forest ecosystem and biodiversity. The local knowledge can be a good point of
departure for the scientists testing specific hypotheses, and to policy makers for designing apposite
adaptation and mitigation strategies to address the challenges of climate change. Studied indigenous
communities have undertaken the number of adaptation strategies drawing on their local knowledge
combined with using modern tools and techniques. The purpose is to make the adaptation more
robust, reliable, replicable, relevant, remedial, and resilient and resource-conserving in nature against
the negative impacts of climate change. However, those strategies are inadequate for their sustainable
livelihood for which urgent technical support and awareness-raising programs are to be launched
where the programs must be more sector-specific, considering gender, ethnicity and economic
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conditions of the communities. Unabated research and long-term investment in forest sector are
indispensable for augmenting the well-being of the affected people. Government and NGOs need
to support the smallholder indigenous farmers in terms of resource accumulation; research on how
to enhance the adaptive capacity and mitigation competence of communities for coping with the
additional stress created by climate change and increasing climate variability needs to be carried out.
Finally, the future REDD+ (reducing emissions from deforestation and forest degradation in developing
countries, and the role of conservation, sustainable management of forests and enhancement of
forest carbon stocks) mechanism should carefully weigh up the concerns and interests of indigenous
communities, as well as their current and potential contributions to the conservation and sustainable
management of Bangladesh forests in general and LNP in particular.
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Appendix

Key Components of the Survey Questionnaire and Checklists

(1) What types of climate-related natural hazards are common in Lawachara National Park?

Serial Number Climatic Hazard Response Frequency/Year Intensity

01 Increasing temperature
02 High rainfall
03 Low rainfall
04 Irregular rainfall
05 Landslide, soil erosion and flash flood
06 Drying up of stream and well
07 Natural calamities
08 Heavy fog and cold
09 Others (specify)

Code: Response: 1 = Yes, 2 = No, 3 = No comments; Frequency/year: 1,2,3, . . . ; Intensity: 1 = Very low or no
risk, 2 = Low risk, 3 = Medium risk, 4 = High risk, 5 = Very high risk.

(2) Observed climate change impacts on production of agroforestry crops (put
‘

).

Serial
Number

Farming Betel Leaf
Agroforestry

Pineapple
Agroforestry Lemon Agroforestry

Hazard Khasia Tripura Garo Khasia Tripura Garo Khasia Tripura Garo

01 Increasing temperature
02 High rainfall
03 Low rainfall
04 Irregular rainfall
05 Landslide, soil erosion and flash flood
06 Drying up of stream and well
07 Natural calamities
08 Heavy fog and cold
09 Others (specify)
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(3) Agroforestry wise climate change impacts and adaptation by the indigenous communities.

Agroforestry Climatic Hazard Observed
Impacts

Adaptation
Measures Initiated by Community

Involve

Increasing temperature
High rainfall
Low rainfall

Irregular rainfall
Landslide, soil erosion and flash flood

Drying up of stream and well
Natural calamities

Heavy fog and cold
Others (specify)

Code: Agroforestry: 1 = Betel leaf, 2 = Pineapple, 3 = Lemon; Initiated by: 1 = Applying own local knowledge,
2 = Individually planned supported by government/NGO, 3 = Applying local knowledge by the whole
community, 4 = Community-based planned adaptation supported by government/NGO; Community involve:
1 = Khasia, 2 = Tripura, 3 = Garo.

(4) Climate change impacts on indigenous community livelihoods.

Area of Impact Climatic Hazard Observed Impacts Community Involve

Increasing temperature
High rainfall
Low rainfall

Irregular rainfall
Landslide, soil erosion and flash flood

Drying up of stream and well
Natural calamities

Heavy fog and cold
Others (specify)

Code: Area of impact: 1 = Agriculture and food security, 2 = Scarcity of water, 3 = Human health, 4 = Income,
5 = Spiritual belief; Community involve: 1 = Khasia, 2 = Tripura, 3 = Garo.

(5) Climate change impacts on forest ecosystem.

Area of Impact Climatic Hazard Observed Impacts Community Involve

Increasing temperature
High rainfall
Low rainfall

Irregular rainfall
Landslide, soil erosion and flash flood

Drying up of stream and well
Natural calamities

Heavy fog and cold
Others (specify)

Code: Area of impact: 1 = Forest resources, 2 = Wildlife, 3 = Soil characteristics, 4 = Water availability;
Community involve: 1 = Khasia, 2 = Tripura, 3 = Garo.

(6) Community attitudes towards forest conservation: value the forest for your future needs,
importance of forest protection, community role to protect forest, scope of community
participation in forest management, etc.

(7) Awareness and benefits of technical aspect of adaptation measures supported by
external agencies.

(8) Willingness of community to continuation of the adaptation measures after withdrawal of
the support.
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(9) Now, what is your knowledge and understanding about the changing climate and weather
patterns in Lawachara forest?

Serial Number Knowledge and Understanding Code

01 I have very good knowledge 5
02 I have good knowledge 4
03 I have no knowledge 3
04 I am not clear 2
05 No comments 1
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