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ABSTRACT
Lessons of local-scale climate change adaptations through indigenous
techniques and knowledge practices (ITKPs) are imperative for climate
adaptation policies. This study focused on the benefits of ITKPs and the
potential of integrating them into climate adaptation and development
activities through focus group discussions (FGDs) (n = 4) (involving
persons over 18 years old, had recent disaster experience, and had lived
at least 12 years in the area) and household surveys (n = 130) in the
southern coastal areas of Bangladesh. We used household surveys to
examine the importance of the ITKPs in terms of livelihood
development and climate change adaptations, and qualitative syntheses
of the FGDs information to reveal the causality of the ITKPs and
development activities. Our study revealed that households perceived
ITKPs to have higher economic security (64%), livelihood risk reduction
(75%) and food security (62%). The majority of households (70%) in the
agriculture profession perceived the higher economic potential of ITKPs,
depending on the climate-adaptive co-benefits and taking into account
their dependencies on climatic events. Agriculture dependent
households who perceived the higher benefits of ITKPs were willing to
pay 300 BDT/person/year for the improvement and restoration of those
in the study areas. Our proposed DPSIR (driver, pressure, state, impact
and response) framework implies the potentials of the incorporation of
ITKPs into the national climate change adaptation policy in order to
ensure sustainable climate change adaption for the coastal community
of Bangladesh.
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1. Introduction

Adaptation to climate change has received increasing attention in policy and research in recent
decades, considering its impacts across the world (Arezki et al. 2018; Klein et al. 2005). Considering
the heterogeneity of climate change impacts and their social and ecological characteristics, commu-
nities, researchers, and policymakers have developed and adopted various adaptation practices in
response to the impacts of climate change (Kihila 2018; Leal Filho et al. 2019). Climate change adap-
tations are the activities that reduce the adverse effect of climatic events (e.g. floods, drought) or
extend the beneficial opportunities to offset the negative impact of climate change (Sloat et al.
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2020). Among these adaptation practices, indigenous adaptation techniques and knowledge prac-
tices (ITKPs) are key components for climate change adaptation in the world’s developing countries.
ITKPs have mainly evolved from years of collective learning experience through a practice of experi-
ential observation and the consequences of practical engagement of everyday life (Makondo and
Thomas 2018; Reid et al. 2014; Shaw, Sharma, and Takeuchi 2009). They are handed down from
one generation to the next. In this study, indigenous climate change adaptation techniques are
the structural measures (e.g. intercropping, rainwater harvesting) and knowledge practices are the
non-structural measures (e.g. appropriate fishing scheduling by fishermen, changes in farming prac-
tices, and diversifying alternative livelihoods) of climate change adaptation (Barua and Rahman 2017;
Kihila 2018) adopted by the local community irrespective of ethnicity (Box 1). The main difference
between indigenous and modern adaptation and knowledge practices is the nature of the tech-
niques used. Indigenous adaptation techniques and knowledge practices are highly practical, experi-
ence-based, and adjusted within the community (e.g. duck rearing) (Kihila 2018), whereas scientific
knowledge of adaptation (e.g. resilience of species to climate change) is experimentally proven and
highly technical in nature (Fuentes et al. 2013). ITKPs are used by community for weather forecasting,
monitoring, alternative livelihood development, resource protection, ensuring nutritional facilities
during adverse climatic events, and securing food production potential (Altieri and Nicholls 2017).

In addition to modern scientific knowledge, incorporation of indigenous climate change adap-
tation knowledge into development policies ensures participatory and cost-effective measures for
climate adaptation and offers sustainability for the procedure in many cases (Nyong, Adesina, and
Osman Elasha 2007). According to the Working Group II (WGII) of the 5th Assessment Report
(AR5), indigenous knowledge systems were marked as very important for climate change adaptation,
monitoring impacts, and vulnerability (Ebi 2012). Many disaster risk reduction specialists have high-
lighted ITKPs as an important component for creating robust adaptation techniques for the coastal
vulnerable community (Nyong, Adesina, and Osman Elasha 2007; Reid et al. 2014). Similar to other
coastal areas, ITKPs are the most commonly practiced mechanism for adapting to the climate change
induced hazards in the Bangladesh delta (Al Masud et al. 2018; Alam et al. 2017; Ur-Rahman et al.
2011). Considering these facts, ITKPs need to be part of the nation’s broader policy perspective, in
order to ensure more effective adaptation and the social-ecological resilience of the vulnerable
coastal community in Bangladesh (Haque, Rahman, and Rahman 2016).

At present, the sustainable development agenda is addressing different challenges, and many of
these challenges could be efficiently managed by ITKPs (Magni 2017). However, undermining the
incorporation of ITKPs into the sustainable development initiative will mean that the specified
targets are not reached as quickly as targeted. The Intergovernmental Panel on Climate Change
(IPCC) is the prominent international body for assessing climate change and creating a good
science policy interface. Unfortunately, the 5th Assessment Report of the IPCC underrepresented
the indigenous knowledge issue. While it was discussed in Working Group II, it was less focused
in scope and had little critical engagement with the indigenous knowledge system (Ford et al.
2016). Bangladesh was one of the first countries to develop a community-adaptation project in

Box 1. Definition of some key terminologies

Adaptation
Climate change adaptations are the activities that reduce the adverse effect of climatic events (e.g. floods, drought) or extend
the beneficial opportunities to offset the negative impact of climate change.
Local indigenous climate adaptations
Local indigenous climate adaptations are structural or non- structural measures adopted by the local community irrespective
of ethnicity as a long term practices perceived to be effective for adaptation processes.
Indigenous adaptation techniques and knowledge practices (ITKPs)
Indigenous adaptation techniques are the structural measures e.g. intercropping, rainwater harvesting and knowledge
practices are the non-structural measures e.g. appropriate fishing scheduling by fishermen, changes in farming practices,
diversifying alternative livelihoods.
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the coastal area to cope with the effect of climate change. However, the National Adaptation
Program of Action (NAPA) and the Climate Change Strategy and Action Plan (BCCSAP) of Bangladesh
did not focus indigenous adaptation practices, as NAPA 2005 and 2009 and BCCSAP 2009 only con-
cerned about indigenous species of agriculture and fishery while planning for adaptation to climate
change (Haque, Rahman, and Rahman 2016; BCCSAP 2009; NAPA 2005, 2009). NAPA documented 15
climate change adaptation initiatives, some of which indicated community (e.g. community involved
coastal afforestation) involvement (Anik and Sayed Arfin Khan 2012), but only one was broadly
indicative of ITKPs (i.e. development of eco-specific adaptive knowledge including indigenous
knowledge (BCCSAP 2009; NAPA 2005).

Many studies have identified ITKPs as a prerequisite for developing effective climate change
adaptation and social-ecological resilience (Ford et al. 2016; Hiwasaki, Luna, and Shaw 2014;
Magni 2017; Nyong, Adesina, and Osman Elasha 2007). Several studies around the world showed
the success of the integration of ITKPs at different context e.g. the integration of local and indigen-
ous knowledge practices with science for hydro-meteorological disaster risk reduction (Hiwasaki,
Luna, and Shaw 2014), the influence of indigenous approach to climate change adaptation and
poverty reduction (Leal Filho et al. 2019), the value of indigenous strategies for climate change miti-
gation and adaptation (Nyong, Adesina, and Osman Elasha 2007), and the profitability of indigenous
adaptation to climate change (Enete, Madu, and Onwubuya 2012). However, the extent of benefits of
ITKPs at a local scale has been investigated on a limited scale to ascertain the influence of climate
change adaptation and livelihood development. A study on indigenous climate change adaptation
examined the implication of indigenous knowledge practices for different aspects such as policy and
livelihood but did not measure the level of its contribution (Alam et al. 2017). In addition, a very
recent study has proposed a conceptual framework for measuring the sustainability impact of
regional indigenous climate adaptation knowledge such as “Tidal River Management” (Al Masud
et al. 2018). This framework implied to reveal the main temporal and spatial scale impacts for
each indicators of ecosystem services of the tidal river management. The conceptual framework
would explain the scientific prerequisite and pathway for overcoming barriers to climate change
adaptations and ensuring sustainable solutions for vulnerability and risk exerted due to climate
change-induced disasters (Moser and Ekstrom 2010). Thus, a comprehensive framework for concep-
tualizing local-level indigenous practices and development activities is a prerequisite for ensuring a
sustainable solution to climate change adaptation for a vulnerable and affected region like Bangla-
desh (Ayers et al. 2014; Moniruzzaman 2019).

However, previous studies on climate change adaptation in Bangladesh have not conceptualized
the integration of ITKPs-based climate change adaptations into development activities using a com-
prehensive framework. In addition, previous studies on ITKPs and climate adaptation practices in
Bangladesh have focused on vulnerability and natural hazards at local scale (Makondo and
Thomas 2018) and agricultural sustainability in the coastal areas (Islam and Shigeru 2019) and wet-
lands (Monwar et al. 2018) of Bangladesh. Therefore, taking into consideration the future impli-
cations of studying the contribution of indigenous climate adaptation practices to livelihood
development and adaptation to climate change at local scale (Alam et al. 2017), this study makes
a first attempt to develop a comprehensive conceptual framework for integrating ITKPs into
climate change adaptation practices. In addition, the study also provides policy implication for indi-
genous climate change adaptation knowledge based on the lessons from the local indigenous
climate adaptation practices in coastal (Alimabad Union in Barishal) Bangladesh. In order to
achieve the overall objective of this study, we aimed to answer the following questions:

(1) What are the current indigenous knowledge and technology practices at the local scale?
(2) How are they contributing to livelihood development and adapting to climate change at the

local scale?
(3) Can we develop a conceptual framework for integrating ITKPs and development activities?
(4) What can we learn in terms of policy implications from the local evidence of ITKPs?
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2. Materials and methods

2.1. Study area

Our study focused on four randomly selected coastal villages (char lands): “Char Penua”; Char
Mahisha”; “Elisha Koralia”; and “Sreepur”, in the Alimadad Union of Mehendigonj sub-district of
Barisal district, Bangladesh (Figure 1). Char lands are formed through the accumulation of lands/sedi-
ments in a river course or estuary. The studied villages are located between 900 31’50” east to 900

34’10” east and 220 40’50” north to 220 44’20” north (Figure 1). The socio-economic context and bio-
physical characteristics of the study areas mostly similar as those all are Char lands located near to
the estuarine coast in the identical geographical location (Fakhruddin and Rahman 2015; Azam et al.
2019). However, inhabitants of those locations typically use various indigenous or locally adopted
techniques in order to minimize the loss of resources due to climate-induced disasters (Azam
et al. 2019). Considering the above facts, the main criterion for selecting these villages were the geo-
graphical location in the southern coastal floodplain of Bangladesh, which is possibly one of the
most climate-vulnerable areas in the world (Hossain et al. 2010; Hossain et al. 2015), and the potential
use of indigenous techniques by the local community of these types of char lands (Alam et al. 2017;
Amin et al. 2018). In these villages, the coastal community and natural resources are highly affected
by climate change-induced hazardous events in most years (Hossain and Roy 2012). The natural
ecosystem and inhabitants of these villages have been greatly affected by climate change-
induced disasters at different times (Amin et al. 2018). Unlike in other coastal parts of Bangladesh,
the most common climate change-induced disasters in this area are cyclones (e.g. SIDR and AILA),
tidal floods, river bank erosion, and droughts.

2.2. Outline of the methodologies

Both qualitative (i.e. focus group discussions) and quantitative (i.e. household surveys) methods
(Figure 2) have been used in this study in order to examine the contribution of ITKPs to livelihood
development, adaptation processes, and to develop a conceptual framework for understanding
the role of integrating ITKPs into adaptation and development activities.

The general approach of this research has comprised six steps: (1) identification of existing ITKPs
through a reconnaissance survey, literature review, and verification through focus group discussions
(FGDs); (2) categorization (very high, high, moderate, low, or very low) of the monetary benefits of
ITKPs to livelihood development and adaptation processes at the local scale using FGDs; (3) esti-
mation of the willingness to pay (WTP) for livelihood development and climate adaptive co-
benefits using FGDs; (4) examination of the perceived benefit and WTP of ITKPs for livelihood devel-
opment and adaptation processes through household surveys; (5) conceptualizing a DPSIR (driver,
pressure, state, impact and response) framework through FGDs and synthesized information
based on steps 2, 3, and 4 in order to understand the role of ITKPs in livelihood development and
adaptation processes.

2.3. Interpretations of the data collection methodologies and data analysis

2.3.1. Focus group discussions (FGDs)
At the initial stage, a list of available ITKPs were identified using a reconnaissance survey and litera-
ture review. The literature review was conducted in August and September 2017 using the Web of
Science and Scopus databases. This narrative literature review considered scientific studies that
focused on indigenous knowledge and technology for climate change adaptation in coastal Bangla-
desh. The literature review resulted a comprehensive list of potential ITKPs in the coastal areas of
Bangladesh. The characteristic (e.g. long collective learning experience from observation, practical
engagement of daily life, and transferred from one generation to another) of the ITKP was explained
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to the FGD participants. Then the list of ITKPs from the review were verified through FGDs to select
the indigenous knowledge practices that were in continuous local practices irrespective of ethnicity
in these areas (Box 1). Four FGDs were conducted in four villages in order to finalize the list of prac-
ticed ITKPs for climate change adaptation and the estimation of the categorized (very high, high,
moderate, low, or very low) monetary benefits of ITKPs to livelihood development and climate
change adaptation on the local scale. The monetary benefits for each category were also calculated
(Table 1). The perceived monetary benefits of the climate change adaptations were estimated on the
basis of four selected climate adaptation co-benefits parameters (economic security, restored soil

Figure 1. Alimabad Union within Mehendigonj sub-district of Barisal district in Bangladesh. The four surveyed villages are located
in Alimabad Union.
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health, food security, and livelihood risk reduction). These parameters of climate adaptation co-
benefits were purposively selected from FGDs to answer research question 3. According to the
Pachauri et al. (2014), co-benefits are the positive effect of a policy or measures irrespective of the
net effect on total social wellbeing. In this study, we assumed climate adaptive co-benefits to be
a simple understanding of the benefits of practices for adapting with climate induced disasters in
the coastal areas of Bangladesh. Eventually, to calculate the perceived adaptive monetary
benefits, each of the four identified co-benefits were calculated using the same category as the
climate adaptive co-benefits in Table 1. The perceived WTP ranges were estimated on the basis of
the two categories (livelihood development and climate adaptive co-benefits) from the FGDs
(Table 1). On average, there were six to eight participants in each FGD. The participants were
heads of their families (over 18 years old, had lived in the area for at least 12 years, and had experi-
enced disasters (e.g. cyclones or tidal floods). The FGD participants were selected based on practical
disaster experience (i.e. before, after, and during) and taking into account the fact that a couple of
recent cyclones (SIDR and AILA) had hit the coastal part of Bangladesh within the last 12 years. The
participants were selected with the help of the Union Council Office. In this study, FGDs were con-
ducted in order to rationalize information on the unique characteristics of the existing ITKPs and
their pre-categorized perceived monetary benefits in different contexts (i.e. livelihood benefits

Figure 2. Flowchart showing the complete process of this research. The link between the information collected from the focus
group discussions, household surveys, and literature review is shown in this diagram.

Table 1. Categorized perceived monetary benefits, willingness to pay for livelihood development, and climate adaptation co-
benefits.

Category Level of Benefits Amount (BDT/Person/Year)

Livelihood benefits Very high 25,000
High 16,000
Moderate 10,000
Low 8,000
Very low 5,000

Climate adaptation co-benefits Very high 6,000
High 4,000
Moderate 2,000
Low 1,200
Very low 600

Willingness to pay (WTP) Livelihood development 100–400
Climate adaptive co-benefits 50–300
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and climate adaptation benefits). Another major use of FGDs in this study was in the attempt to
create a DPSIR-based framework in order to understand the role of ITKPs and the development
activities of climate change adaptation in these areas (Section 2.3.3).

2.3.2. Household surveys
We conducted household surveys in order to collect information on the available ITKPs, the contri-
bution of ITKPs to livelihood development and climate adaptation, and the household WTP for the
contribution of ITKPs between October and December 2017 in the study area. For the household
survey, 130 households were randomly selected from the four villages (Figure 1). The household
survey included 12% of the total of 1121 household (n=130) in the selected four villages. The
survey mostly targeted household heads, using a structured questionnaire to collect information
on ITKPs. If the household head was unavailable, an active member (not less than 18 years old) of
the family was selected for the survey. In most of the case household heads were mainly the
active elderly person in the family, and in few cases main earning person of the family. Verbal
consent was requested before the aim and objective of the research were explained. On average,
each survey lasted for approximately an hour.

A percentile representation of the socio-economic profile of the respondents is presented in
Table 2. In this study, around half (52%) of the respondents were young people (18–39 years old),
and the other half (48%) were middle-aged and elderly people (40+ years old). A large number
(40%) of the respondents were both household workers and landowners, and also leased their
lands to other farmers (15%). Around 18% of the respondents were engaged in fishing activities.
Most of the fishermen leased their fishing gear from the household workers. Among our respon-
dents, almost 28% were employees and small business holders. In this study, we considered
farmers, fishermen fishing in coastal water, and household workers to be members of the agricultural
profession, and the rest of the respondents to be in non-agricultural professions. About half (48%) of
the respondents had no schooling experience (although some of them could sign their names), and
45% had school education, while only 6% had higher education (Table 2). More than 75% of the
respondents’ income level was below 10,000 BDT/month; less than a quarter of them had an
income level of above 10,000 BDT/month (Table 2).

The questionnaire included questions about available local ITKPs at home and workplaces and
the benefits of ITKPs for livelihood development and climate change adaptation. In this study,
benefits refer to the avoided cost (i.e. value of damage avoided by using ITKPs) and additional econ-
omic outputs (i.e. extra monetary gain in addition to usual business) of ITKPs. In addition,

Table 2. The socio-economic profile of the respondents.

ITEM GROUP PERCENTAGE (%)

AGE Young (18–39)
Middle-aged (40–59)
Elderly (60+)

52
34
15

GENDER Male
Female

58
42

PROFESSION Farmers
Fishermen
Household workers
Employees
Small business owners

15
18
40
15
13

EDUCATION No schooling
1–5 years of schooling
6–10 years of schooling
More than 10 years of schooling

48
27
18
6

INCOME/MONTH Less than 5000 BDT
5000–8000 BDT
8000–10,000 BDT
More than 10,000 BDT

17
35
25
23
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respondents were asked to rank the ITKPs that were beneficial for their livelihood development and
for adapting to climate change induced disasters. In addition to the ranking of ITKPs, questions were
also asked about the categorically perceived (i.e. very high, high, moderate, low, or very low) mon-
etary benefits of ITKPs. These categorically perceived monetary contexts of ITKPs were estimated in
terms of profession and classified into two categories (agriculture and non-agriculture) to examine
the effect on prominent agricultural-related professions (Table 2) in the coastal study areas. The pro-
fessional categorization of the respondents is discussed in section 3.1. In all cases, the perceived
monetary contribution of the livelihood development of ITKPs was within the five categories (very
high, high, moderate, low, and very low) defined during the FGDs. A similar approach was used
for estimating the perceived climate adaptation co-benefits of the ITKPs (i.e. economic security,
restored soil health, food security, and livelihood risk reduction). Finally, questions were asked
about the willingness to pay (WTP) for livelihood development and climate adaptation co-benefits
in the area. In all of the cases, the categories were then translated to real monetary values (Bangla-
deshi Taka – BDT) estimated during the FGDs (Table 1). The monetary value estimates of the liveli-
hood benefits, climate adaptation co-benefits, and WTP were calculated by multiplying the mean
value for each of the components (livelihood benefits, climate adaptation co-benefits, and WTP)
by the total number of respondents. Negative responses (i.e. people who responded “NO” to the
questions about livelihood benefits, climate adaptation co-benefits and WTP) were excluded from
the calculations. For instance, the total proportion of non-responses to the question about livelihood
benefits of ITKPs was 8%, therefore the data on total livelihood benefits were taken from the average
responses of 92% of the respondents. An explorative percentage analysis of the household survey
data was conducted to answer the research questions 1 and 2, and visualization of the data was per-
formed using the package ggplot2 of Rstudio version 1.1.456. We synthesized and documented
(where relevant) the key dimensions of ITKPs described during the FGDs e.g. farmers used the
mulch of water hyacinths to retain moisture in soil and provide organic nutrients to the crops.

2.3.3. Conceptual framework. We developed a conceptual framework based on the DPSIR frame-
work and FGDs in order to understand the role of ITKPs and the development activities of climate
change adaptation in these areas. DPSIR is a causal framework for delineating the interrelationship
between the societal act and nature (Kristensen 2004; Tscherning et al. 2012). We chose the DPSIR
framework for its wider use in different contexts (e.g. coastal wetlands developments, fisheries man-
agement) and its effectiveness for detailed analysis of interdisciplinary issues e.g. developing man-
agement responses, environmental changes, and policy responses (Hossain et al. 2015). The DPSIR
framework of this study depicts the potential cause–effect relationships of the ITKPs and develop-
ment activities in the study area created during the FGDs. In our framework: “drivers” indicate the
needs that lead to changes in societal actions; “pressures” are human involvement that minimize
the social effects; “states” are indicative of changes in the environmental context due to human
actions; “impacts” are the result of human actions; and “responses” are the feedback from human
actions (Kristensen 2004).

After collecting the targeted information based on the different components of DPSIR, a compre-
hensive framework for ITKPs and its subsequent phases in influencing climate-adaptive develop-
ment activities were developed. During the FGDs, the DPSIR framework was briefly described to
the participants before collecting information related to ITKPs for climate change adaptation,
taking into consideration each of the components of the DPSIR framework. For example, discussion
was initiated by explaining the “drivers” (i.e. the need for ITKPs to enable the reduction of disaster-
induced loss) of climate change adaptation. This was followed by listing and discussing the main
drivers of indigenous knowledge and technology practices for climate change adaptation in the
study area. Similarly, each of the other components of the DPSIR framework (pressure, state,
impact and response) were collected in order to conceptualize the role of ITKPs and other develop-
ment activities in climate change adaptation. After listing all the information under each of the com-
ponents of the DPSIR framework, the causal relationship among the DPSIR components was mapped
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based on the discussion with the participants of the FGDs. Our study synthesized all of the infor-
mation collected from the four FGDs to finalize DPSIR components and combined all of the per-
ceived connections proposed in the FGDs. We used Microsoft Visio2016 to visualize the final
output of DPSIR framework.

3. Results

3.1. Summary of local indigenous techniques and knowledge practices (ITKPs)

The list of ITKPs and percentages of respondents adopting these ITKPs is provided in Table 3. The
survey results revealed that 82.05% were practicing homestead gardening to add to their daily
supply of food and as alternative sources during flooding seasons. They practiced this gardening
in relatively high land areas, or by using “Macha” (an elevated structure above land, mainly made
of bamboo or wood). In general, local people had traditional ways of ascertaining suitable practice
times and structures for gardening, depending on their experience. For example, the vegetables
were cultivated mainly during the dry winter, while some crops (e.g. gourd) were cultivated
during summer.

Around 82% of household members were highly involved in free-range duck rearing, which pro-
vides a very good source of nutrition. These local varieties of ducks are more susceptible to various
types of disasters (e.g. survive without shelters during frequent tidal floods) and need less food
supply as they collect foods from the local natural wetlands. The ducks can survive tidal floods in
the rainy season, but droughts or cyclones can cause severe damage to their numbers. The planta-
tion of trees on high land is called “Aat” locally. “Aat” is usually a relatively higher lands prepared with
low (e.g. wetlands) and plain land soil. Soils from low and plain lands in the “Aat” provide nutrients to
plants, protect root damage from decay, and provide proper drainage from floodwater. Using this
technique, local people (98%) planted different kinds of trees (e.g. fruit trees, trees used for fuel-
wood, and trees for medicinal purposes) to fulfill their various household needs during disaster
and non-disaster prone months. Pigeon rearing was another popular technique, with most house-
holds (97%) engaged in the practice. Pigeons are safe from climatic events (e.g. floods, heavy rain,
storm surges) as they are usually reared just under the rooftop. The use of “Macha” (relatively
high places) for storing fuelwood was another technique commonly used by households (98.7%)
to protect the wood from rain and floods.

Most of the households (84.3%) in the study areas had elevated their homestead areas after
recent cyclones (SIDR and AILA) and tidal floods which was one of the prominent practices identified
by the participants during FGDs. Community members also highlighted that two-layer homestead
platforms and four-sided verandas were more effective at protecting against the force of the
water. The household survey and FGDs revealed that around 14% of households tied the four

Table 3. Percentile distribution of livelihood-based (agriculture and non-agriculture) indigenous technology and knowledge
practices for climate change adaptation in the coastal area of Bangladesh.

Sl. No Livelihood-Based Adaptive Strategies Used (%) Not Used (%)

Agricultural-based adaptation strategies
1 Mulching 70.83 29.17
2 Integrated cropping 40.00 60.00
3 Vegetable bag cultivation technique 52.00 48.00
Adaptation strategies for both agriculture and non-agriculture
4 Homestead gardening 82.05 17.95
5 Free-range duck rearing 82.20 17.80
6 Plantation of trees on high land (“Aat”) 98.00 02.00
7 Pigeon rearing 97.30 02.70
8 Fuelwood storage in “Macha” 98.70 01.30
9 Elevated homestead area 84.30 15.70
10 Houses tied to trees 98.00 02.00
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corners of their houses to the nearest trees in order to protect the houses from strong cyclonic winds.
This precautionary practice can save the main structure of a house, although roofs are often blown
away by a heavy storm.

The practice of mulching was very common (used by 70% of households) in the crop fields of the
study area. Farmers used the mulch of water hyacinths to retain moisture in soil and provide organic
nutrients to the crops. In the study area, 40% of respondents practiced integrated cropping tech-
niques. Since this area is affected by various natural calamities, people usually cultivate different var-
ieties of crops in the same field in the same season. Integrated cropping was practiced on the
elevated land by digging canals around the land. Another technique was cultivating vegetables in
bags; 52% of households cultivated vegetables in bags full of soil, hanging them on trees to
protect the vegetables from inundation by high tide.

Our results revealed that ITKPs have been considered the most prevalent adaptive measurers
used for adapting to adverse climate change induced events in coastal areas of Bangladesh.
During this study, we examined this important discourse around the essence of ITKPs by investi-
gating their priority in terms of livelihood development and climate adaptations. Figure 3 summar-
izes the priority of the essences of ITKPs on a five-point scale (i.e. extremely high, very high, high, low,
and very low) within livelihood categories (agriculture and non-agriculture ITKPs) and climate adap-
tation. Here, agricultural ITKPs were directly related to agricultural crop production (Figure 3(A)), and
according to the household survey, homestead gardening, free-range duck rearing, pigeon rearing,
mulching, integrated cropping, vegetable bag cultivation techniques and wood storage in the
“Macha” all effectively influenced the livelihood development of the local people. The importance

Figure 3. Level of importance of indigenous technology and knowledge practices (ITKPs) considering (A) agricultural livelihood
benefits; (B) all other livelihood benefits; and (C) climate change adaptation in the coastal areas of Bangladesh.
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of ITKPs to agricultural livelihood development was perceived to be extremely high (61%) for veg-
etable bag cultivation, mainly due to its importance in helping to adapt with climate change
induced flooding in the studied areas (Figure 3(A)). According to the FGD results, vegetable bag cul-
tivation was perceived to have greater potential for food security as it restored vegetable production
during inundation by floods and supplementary income during disaster-prone seasons. Mulching
(34%) and integrated cropping (30%) were also perceived as extremely high-essence ITKPs for agri-
cultural livelihood development in terms of moisture retention during the frequent summer
droughts and sustainable agricultural production (Figure 3(A)).

According to the household survey, homestead gardening (77%) was perceived as an extremely
high priority technique for livelihood improvement (Figure 3(B)). Homestead gardening in the high
land homestead area potentially supplies food during flood-prone seasons and provides income
support for women. The highest-essence ITKP, according to the survey, was fuelwood storage
(50%) in the “Macha” (Figure 3(B)). Fuelwood storage provides secure and low-cost cooking facilities
during disaster periods, especially in the case of floods and heavy rain. About 34% and 39% of
respondents, respectively, perceived homestead elevation and duck rearing to be extremely impor-
tant for livelihood development. Planting trees on high lands using “Aat” (42%) and securing houses
using trees (41%) were also perceived as highly important ITKPs in relation to livelihood security
(Figure 3(B)).

According to the household survey, the plantation of trees on high lands, fuelwood storage in the
“Macha”, elevation of the homestead area, mulching, integrated cropping, and vegetable bag culti-
vation techniques were the most important ITKPs for adapting to climate change induced disasters
(e.g. cyclones, floods, droughts) and untimely climatic events (e.g. prolonged summers, high rainfall).
The survey revealed that vegetable bag cultivation (46%), fuelwood storage in the “Macha” (65%),
elevation of the homestead area (57%), and mulching (42%) were perceived as extremely high pri-
orities when adapting to climate change induced disasters and untimely climatic events (Figure 3(C)).
The next highest-essence disaster adaptation (Figure 3(C)) techniques were homestead gardening
(38%), duck rearing (31%) and integrated cropping practices (30%) (Figure 3(C)).

3.2. Contribution of ITKPs to livelihood development and climate adaptation

This part of the study explored the contribution of ITKPs to livelihood development and climate
change adaptation in terms of perceived monetary benefits. The monetary benefits of ITKPs were
estimated on the basis of the summary values extracted from the FGDs (Table 1). Our household
survey found that around 85% of respondents used ITKPs and more than 80% of households per-
ceived ITKPs to have higher potential for climate change adaptation and livelihood development.
The respondents not keen on ITKPs were mostly the high-income group (Table 2) and those
whose professions were less dependent on avoiding climatic events (e.g. employees). Most high-
income people were non-agriculture dependent and lived in brick houses with good protection
from disasters. Respondents who were not keen on ITKPs also perceived them to have less economic
potential for livelihood development and climate adaptation. Our survey results revealed that a
remarkable proportion of households (more than 80%) were willing to pay for the improvement
and restoration of indigenous technology.

3.2.1. Contribution to livelihood development
The households were asked about currently practiced ITKPs in order to categorize such techniques
on the basis of their influence on livelihood development. It was found that most respondents in the
agriculture profession (farmers, fishermen, and household workers) perceived ITKPs to have high
(32%) to very high (38%) livelihood benefits (Figure 4(A)). However, around 15% of respondents
in this profession perceived ITKPs to be less economically beneficial (Figure 4(A)) which might be
because of their multiple livelihood activities and challenges in the scale of production possibly
due to lack of technical skill. In the non-agriculture profession, around 70% of respondents perceived
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ITKPs to have moderate to very high livelihood benefits (Figure 4(A)). From the household survey, we
estimated that ITKPs had high to very high monetary benefits for the livelihood development of the
70% of respondents who worked in the agriculture profession, ranging from 16,000–25,000 BDT/
year/person (Figure 4(A), Table 1). However, 30% of the households working in the agriculture pro-
fession were estimated to have the lowest to moderate monetary benefits, i.e. 5000–10,000 BDT/
year/person (Figure 4(A), Table 1). Interestingly, perceptions of monetary benefits for livelihood
development were considerably lower in the non-agriculture profession than in the agriculture pro-
fession. The survey responses revealed that this lower monetary perception in the non-agriculture
profession was mainly due to their lower dependence on climatic factors (e.g. rainfall, temperature).
The perceived livelihood benefits of ITKPs for the non-agriculture profession were estimated
between 16,000 BDT/year/person (13%) and 5000 BDT/year/person (7%) (Figure 4(A), Table 1). We
have estimated that the majority of households in the non-agriculture profession (70%) perceived
their livelihood benefits from ITKPs to be very low (5000 BDT/year/person) to moderate (10,000
BDT/year/person) (Figure 4(A), Table 1).

3.2.2. Contribution to climate adaptation
The households were asked about currently practiced indigenous technologies in order to cat-
egorize them on the basis of climate change adaptation. More than 80% of households
assumed that most current ITKPs are climate-adaptive in terms of livelihood security and adap-
tation to climate change induced adverse climatic events. It was found that economic security
and livelihood risk reductions were the most prioritized options for ITKP adaptations, while res-
toration of soil health and food security were considered co-benefits of ITKPs. According to the
household survey, more than 60% (Figure 4(B)) of households perceived the use of ITKPs during
adverse climatic events to provide high to very high economic security. This perceived monetary
value ranged from 4000 BDT/year/person (32%) to 6000 BDT/year/person (33%) (Figure 4(B), Table
1). Again, about 75% of households perceived ITKPs to have the potential for (Figure 4(B)) high
(4000 BDT/year/person) to very high (6000 BDT/year/person) livelihood risk reduction (Table 1).
The resource protection potential of the ITKPs in terms of monetary value was perceived as
high to very high by 65% of households (Figure 4(B)). It was also found that 62% of households
perceived high to very high monetary potential for food security assurance (Figure 4(B)). Further-
more, almost 50% of respondents perceived ITKPs to provide a higher economic potential for soil
health restoration (Figure 4(B)).

Figure 4. Categorical perception of (A) the livelihood monetary benefits of ITKPs and (B) the monetary benefits of the climate
adaptive co-benefits of ITKPs in coastal areas of Bangladesh.
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3.2.3. Perceived monetary benefits of ITKPs and willingness to pay
Our study also estimated the perceived monetary co-benefits of climatic disaster damage reduction
from the use of ITKPs, which might be considered as the avoided cost in this case. In this study, the
perceived avoided cost, i.e. the climate adaptation co-benefits of ITKPs, was estimated at 19,600 BDT/
person/year. We also calculated the perceived livelihood benefit of ITKPs according to the household
survey, with the estimated value of livelihood benefits being 20,500 BDT/person/year.

The study found that 75% of households were willing to pay for the protection and improvement
of ITKPs considering the context of their contribution to livelihood development and climate adap-
tations. Furthermore, our study also estimated perceived willingness to pay on the part of different
professions (agriculture and non-agriculture). We calculated a higher WTP in the agriculture pro-
fession (307 BDT/person/year) than in the non-agriculture profession (136 BDT/person/year)
(Figure 5(A)). In this study, WTP was also estimated in terms of climate adaptation benefits and liveli-
hood benefits, and according to the survey, WTP for livelihood developments (290 BDT/person/year)
was higher (Figure 5(B)) than for climate adaptation benefits (205 BDT/person/year).

3.3. Components of the conceptual framework (Driver-pressure-state-impact-response,
DPSIR)

The DPSIR framework was used in this study to explore the benefits of local ITKPs (Figure 6). In
general, DPSIR framework provides an idea about potential cause–effect relationships of the ITKPs
and development activities in the study area. In particular, implies the drivers of changes, pressure
and state due to changes in the drivers and possible impacts and response to mitigate and adapt
with impacts in the community. In order to do that, FGDs were used to examine the drivers, press-
ures, states, impacts, and responses for ITKPs. The main driving forces for local ITKPs were frequent
disasters (e.g. SIDR in 2007, AILA in 2009, Mahasen in 2013, and frequent tidal floods in the monsoon)
that induced losses in the coastal areas. Poor socio-economic conditions and poverty (Table 2) lead
to the adoption of low-cost, socially and culturally acceptable ITKPs to ensure food and livelihood
security for better climate change adaptation. The leading pressure to use local ITKPs were disaster
risk reduction, and cost-effective techniques used for the climate adaptation processes. Other press-
ures included alternative livelihood generation and nutritional arrangements during and after disas-
ters. According to participants, local indigenous techniques and knowledge practices change the
state of the environment by restoring soil health, thus ensuring water and nutrient retention in
soil (e.g. mulching) and facilitating plant production in adverse situations (e.g. the plantation of
trees on high land (“Aat”). Moreover, ITKPs interpolate easily repeatable ecosystem-based alterna-
tives and simple technical know-how (e.g. integrated cropping) to ensure better production and

Figure 5.Willingness to pay on the part of (A) agriculture and non-agriculture profession for (B) the climate adaptive co-benefits
and livelihood benefits of ITKPs in coastal areas of Bangladesh.
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environmentally friendly use of natural resources (for instance, integrated cropping minimizes the
use of chemical fertilizer and pesticides). This environmental state, resulting from ITKPs, ensures
alternative food production facilities (e.g. vegetable bag cultivation techniques, homestead garden-
ing), livelihood opportunities (e.g. free-range duck rearing, pigeon rearing), and low-cost housing
and other resource protection facilities (e.g. fuelwood storage in the “Macha”, securing houses to
trees) in disaster situations. According to the FGD participants, documenting these structural (e.g.
elevation of the homestead area) and non-structural (e.g. integrated cropping) ITKPs benefits in
the national climate adaptation policy is essential for ensuring the protection and potential use of
these techniques. In their view, elderly indigenous people are the main facilitators and users of
ITKPs in their areas, thus sharing the benefits of these ITKPs with the younger generation and incor-
porating it into scientific examination will ensure future protection and greater benefits in terms of
livelihood development and climate adaptation (Figure 6).

4. Discussion

The study results suggested that people use ITKPs for economic security and livelihood risk reduction
in the study area. This study presented substantial perceived economic securities of ITKPs in terms of
climate change adaptations and livelihood risk reduction. People in study areas use many local indi-
genous techniques and forms of knowledge for resource protection and livelihood security during
disasters. Our study showed that ITKPs are very important for cost-effective and location-specific
climate adaptation processes in the coastal areas of Bangladesh. In relation to the socio-economic
and livelihood status of these areas, ITKPs are the most easily accessible mechanisms to adapt
with the changing climate. The perceived co-benefits of ITKPs are restoration of soil health, ensuring
food security, and protecting resources from disasters (Figure 4(B)). This study revealed the priorities
of ITKPs in terms of livelihood activities and extents of benefits, thus provide the prevalent under-
standing of the importance in agriculture and non-agriculture sector (Figure 4(A)), and relative
importance in terms of co-benefits (Figure 4(B)) for effective adaptation processes. This outcome
could be useful for similar coastal areas when considering crucial decisions (e.g. agricultural exten-
sion department decision on crop rotation program) on coastal adaptations process to make it

Figure 6. Driver-pressure-state-impact-response (DPSIR) framework, based on ITKPs use, for integrating climate change adap-
tations and development activities.
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effective in terms of the existing livelihoods and acceptance to the local inhabitants. The study
suggests that documenting ITKPs and integrating their scientific techniques through the partici-
pation of local people may enhance the effectiveness of these ITKPs in coastal Bangladesh. The
process of integration of the science and ITKPs requires a comprehensive understanding of the
causal links among the factors in ITKPs use, impacts and responses. A comprehensive DPSIR frame-
work helped to develop a systematic approach for detecting the role of indigenous climate change
adaptation techniques, and ascertaining the context and concerns in order to overcome the barriers
to using existing techniques in policy and practice.

4.1. Conceptual framework (DPSIR) for climate-adaptive development activities

This study explored different components of the DPSIR framework based on ITKPs in order to examine
its potential to integrate climate change adaptations anddevelopment. The interrelations of theDPSIR
components extracted from the FGDs showed that ITKPs regulated driving forces such as disaster-
induced property and economic losses. Other drivers regulating the use of ITKPs were the socio-econ-
omic conditions of the coastal areas and the issue of ensuring food and livelihood security using low-
cost techniques. According to the FGDs, these driving forces initiate the pressure of climate-induced
disaster risk reduction using ITKPs (Figure 6). Moreover, they initiate responses such as documenting
ITKPs, incorporation of ITKPs into national climate adaptation policies, improvement of ITKPs by com-
bining themwith scientificmethods, andestimating thebenefits of ITKPs in SDGs (Figure 6). According
to the participants, use of ITKPs contributed to disaster risk reduction, which ultimately determined
soil health and thus facilitated food production in adverse climatic situations. Moreover, ITKPs
ensured alternative livelihood possibilities and ecosystem-based adaptive management systems
(i.e. those thatwere easily repeatablewith simple technical know-how). Eventually, a positive response
towards the improvement and protection of ITKPs could help tomitigate the state of the environment
during and after climate induced disaster events, which may ultimately decrease the pressure of dis-
aster risks. Enhanced responses using communication andunderstanding the benefits of ITKPs, aswell
as incorporating them into national policy and SDGs, would boost climate-adaptive development
activities in the coastal areas of Bangladesh. In recent decades, there has been growing evidence
that ITKPs are positively related to livelihood development and climate change adaptation in these
coastal areas (Das et al. 2016). The household perceptions of substantial economic potential of
ITKPs of this study validated this statement (section 3.2). In addition, climate adaptive development
could balance the positive impact of ITKPs, helping to ensure climate change adaptations. Enhanced
responses to ITKP development will improve this positive impact and help to adapt to climate change
events, which will improve timely action for responses and thus provide a positive feedback loop
between responses and impacts (Figure 6).

4.2. Lessons for national and Global climate adaptation practices

Most coastal areas of Bangladesh are vulnerable to climate change-induced disasters andmany ITKPs
are practiced in these areas for climate change adaptation (Ahmed and Atiqul Haq 2019). The uncer-
tainties related to rainfall (e.g. untimely rain, erratic rainfall), incidence of pest and degradation of
farming lands have shown the need for ITKPs in order to adapt with climatic events (Enete, Madu,
and Onwubuya 2012). Like other parts of the world, the full sets of location-based ITKPs are not
listed for Bangladesh by date, although within the NAPA projects “Livelihood Adaptation to
Climate Variability and Change in Drought-prone Areas of Bangladesh” and “The Reducing Vulner-
ability to Climate Change (RVCC) Project”, some general ITKPs were documented in Bangladesh
for adapting to climate change (NAPA 2005). The contribution of ITKPs to climate change adaptation
is still playing a vital role in Bangladesh (Ahmed and Atiqul Haq 2019). Despite the growing demand
for ITKP-focused climatic change adaptations to cope with the frequent adverse climatic events in
the global context, the requirements of estimating the local-scale perceptions of the livelihood
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and climate adaptation benefits of ITKPs have been ignored in policy documents (BCCSAP 2009; MoP
2018). The main initiative for NAPA was building capacity and awareness in order to develop eco-
specific adaptive knowledge including indigenous knowledge on future climatic variability adap-
tations; however, it was highly focused on nation-specific adaptation techniques rather than local
scale adaptations (NAPA 2005).

NAPA 2005 and 2009; and BCCSAP 2009 only concerned about indigenous species of agriculture
and fishery while planning for adaptation to climate change (BCCSAP 2009; NAPA 2005, 2009). This
study has shown that ITKPs are very important to the coastal agricultural community as they reduce
agricultural production loss. Moreover, the non-agricultural community are also potentially depen-
dent on ITKPs for their food security and livelihood protection during disaster-prone seasons. This
study revealed that due to the lack of quality infrastructure (e.g. roads, poultry disease treatment
facilities, poultry processing) and disaster probability, maintaining a modern poultry system is chal-
lenging in the study area, thus local people were practicing local verity of duck rearing. Considering
this importance of ITKPs to livelihood development and climate change adaptations, the local
coastal communities were willing to pay for the protection and conservation of ITKPs; this willing-
ness to pay was higher among people in the agricultural profession, who are most vulnerable to
climate change effects in coastal areas (Figure 4(A and B)).

The ITKP-based adaptations also have some limitations, as many of them are specific to the
context and condition of the environment (e.g. floating gardens). In many cases, ITKP-based adap-
tations are not the only solution (local early hazard warnings are another example), and the inte-
gration of scientific techniques is a prerequisite for their effectiveness. There are opportunities
provided through a better understanding of indigenous knowledge, but it is not always all good
or useful or better than modern interventions. Moreover, many of these adaptation techniques
depend on nature (e.g. rainwater harvesting) and are thus not applicable in dry climatic conditions.
This study was limited to examining the importance and benefits of ITKPs for development activities
without focusing on any specific occupational group such as fishermen and without any specific rec-
ommendation to a particular study site of this research. Our local evidence-based DPSIR framework
(Figure 6) implies that integration of ITKPs with scientific improvement into adaptation to climate
change, would enhance the process of low-cost, socially accepted and easily repeatable mechanisms
in order to adapt with the future climate change-induced disaster events.

5. Conclusions

This study has examined the importance of indigenous techniques and knowledge practices in terms
of sustainable livelihood development and adaptation to climate change in southern coastal areas of
Bangladesh. The potential benefits of ITKPs for livelihood risk reduction and resource protection
were perceived as very high, as they ensure food security and soil health improvement during chan-
ging climatic conditions in the coastal areas of Bangladesh. We made the first attempt to propose a
DPSIR framework based on ITKPs for integrating climate change adaptations and development. Our
proposed DPSIR framework implies the potential of incorporating ITKPs into the national climate
change adaptation policy in order to ensure effective and sustainable climate change adaptation
for the coastal community of Bangladesh.
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