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Abstract:  5 

Lessons of local-scale climate change adaptations through indigenous techniques and knowledge 6 

practices (ITKPs) are imperative for climate adaptation policies. This study focused on the benefits of 7 

ITKPs and the potential of integrating them into climate adaptation and development activities through 8 

focus group discussions (FGDs) (n = 4) (involving persons over 18 years old , had recent disaster 9 

experience, and had lived at least 12 years in the area) and household surveys (n = 130) in the southern 10 

coastal areas of Bangladesh. We used household surveys to examine the importance of the ITKPs in 11 

terms of livelihood development and climate change adaptations, and qualitative syntheses of the FGDs 12 

information to reveal the causality of the ITKPs and development activities. Our study revealed that 13 

households perceived ITKPs to have higher economic security (64%), livelihood risk reduction (75%) 14 

and food security (62%). The majority of households (70%) in the agriculture profession perceived the 15 

higher economic potential of ITKPs, depending on the climate-adaptive co-benefits and taking into 16 

account their dependencies on climatic events. Agriculture dependent households who perceived the 17 

higher benefits of ITKPs were willing to pay 300 BDT/person/year for the improvement and restoration 18 

of those in the study areas. Our proposed DPSIR (driver, pressure, state, impact and response) 19 

framework implies the potentials of the incorporation of ITKPs into the national climate change 20 

adaptation policy in order to ensure sustainable climate change adaption for the coastal community of 21 

Bangladesh.   22 

Keywords: Indigenous knowledge practices; Perceptions; Climate adaptation; DPSIR framework 23 

1. Introduction 24 

Adaptation to climate change has received increasing attention in policy and research in 25 

recent decades, considering its impacts across the world (Arezki et al. 2018; Klein, Schipper, 26 

and Dessai 2005). Considering the heterogeneity of climate change impacts and their social 27 

and ecological characteristics, communities, researchers, and policymakers have developed 28 

and adopted various adaptation practices in response to the impacts of climate change (Kihila 29 

2018; Leal Filho et al. 2019). Climate change adaptations are the activities that reduce the 30 

adverse effect of climatic events (e.g., floods, drought) or extend the beneficial opportunities 31 

to offset the negative impact of climate change (Sloat et al. 2020).  Among these adaptation 32 
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practices, indigenous adaptation techniques and knowledge practices (ITKPs) are key 33 

components for climate change adaptation in the world’s developing countries. ITKPs have 34 

mainly evolved from years of collective learning experience through a practice of experiential 35 

observation and the consequences of practical engagement of everyday life (Makondo and 36 

Thomas 2018; Reid et al. 2014; Shaw, Sharma, and Takeuchi 2009). They are handed down 37 

from one generation to the next. In this study, indigenous climate change adaptation techniques 38 

are the structural measures (e.g., intercropping, rainwater harvesting) and knowledge practices 39 

are the non-structural measures (e.g., appropriate fishing scheduling by fishermen, changes in 40 

farming practices, and diversifying alternative livelihoods) of climate change adaptation 41 

(Barua and Rahman 2017; Kihila 2018) adopted by the local community irrespective of 42 

ethnicity (Box 1). The main difference between indigenous and modern adaptation and 43 

knowledge practices is the nature of the techniques used. Indigenous adaptation techniques and 44 

knowledge practices are highly practical, experience-based, and adjusted within the community 45 

(e.g., duck rearing) (Kihila 2018), whereas scientific knowledge of adaptation (e.g., resilience 46 

of species to climate change) is experimentally proven and highly technical in nature (Fuentes 47 

et al. 2013). ITKPs are used by community for weather forecasting, monitoring, alternative 48 

livelihood development, resource protection, ensuring nutritional facilities during adverse 49 

climatic events, and securing food production potential (Altieri and Nicholls 2017).  50 

In addition to modern scientific knowledge, incorporation of indigenous climate change 51 

adaptation knowledge into development policies ensures participatory and cost-effective 52 

measures for climate adaptation and offers sustainability for the procedure in many cases 53 
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(Nyong, Adesina, and Elasha 2007). According to the Working Group II (WGII) of the 5th 54 

Assessment Report (AR5), indigenous knowledge systems were marked as very important for 55 

climate change adaptation, monitoring impacts, and vulnerability (Ebi 2012). Many disaster 56 

risk reduction specialists have highlighted ITKPs as an important component for creating 57 

robust adaptation techniques for the coastal vulnerable community (Nyong, Adesina, and 58 

Elasha 2007; Reid et al. 2014). Similar to other coastal areas, ITKPs are the most commonly 59 

practiced mechanism for adapting to the climate change induced hazards in the Bangladesh 60 

delta (Al Masud et al. 2018; Alam et al. 2017; Ur-Rahman et al. 2011). Considering these facts, 61 

ITKPs need to be part of the nation’s broader policy perspective, in order to ensure more 62 

effective adaptation and the social-ecological resilience of the vulnerable coastal community 63 

in Bangladesh (Haque, Rahman, and Rahman 2016).  64 

At present, the sustainable development agenda is addressing different challenges, and 65 

many of these challenges could be efficiently managed by ITKPs (Magni 2017). However, 66 

undermining the incorporation of ITKPs into the sustainable development initiative will mean 67 

that the specified targets are not reached as quickly as targeted. The Intergovernmental Panel 68 

on Climate Change (IPCC) is the prominent international body for assessing climate change 69 

and creating a good science policy interface. Unfortunately, the 5th Assessment Report of the 70 

IPCC underrepresented the indigenous knowledge issue. While it was discussed in Working 71 

Group II, it was less focused in scope and had little critical engagement with the indigenous 72 

knowledge system (Ford et al. 2016). Bangladesh was one of the first countries to develop a 73 

community-adaptation project in the coastal area to cope with the effect of climate change. 74 

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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However, the National Adaptation Program of Action (NAPA) and the Climate Change 75 

Strategy and Action Plan (BCCSAP) of Bangladesh did not focus indigenous  adaptation 76 

practices, as NAPA 2005 and 2009 and BCCSAP 2008 only concerned about indigenous 77 

species of agriculture and fishery while planning for adaptation to climate change (Haque, 78 

Rahman, and Rahman 2016; BCCSAP 2009; NAPA 2005, 2009). NAPA documented 15 79 

climate change adaptation initiatives, some of which indicated community (e.g., community 80 

involved coastal afforestation) involvement (Anik and Khan 2012), but only one was broadly 81 

indicative of ITKPs (i.e., development of eco-specific adaptive knowledge including 82 

indigenous knowledge (BCCSAP 2009; NAPA 2005). 83 

Many studies have identified ITKPs as a prerequisite for developing effective climate 84 

change adaptation and social-ecological resilience (Ford et al. 2016; Hiwasaki, Luna, and Shaw 85 

2014; Magni 2017; Nyong, Adesina, and Elasha 2007). Several studies around the world 86 

showed the success of the integration of ITKPs at different context e.g., the integration of local 87 

and indigenous knowledge practices with science for hydro-meteorological disaster risk 88 

reduction (Hiwasaki, Luna, and Shaw 2014), the influence of indigenous approach to climate 89 

change adaptation and poverty reduction (Leal Filho et al. 2019), the value of indigenous 90 

strategies for climate change mitigation and adaptation (Nyong, Adesina, and Elasha 2007), 91 

and the profitability of indigenous adaptation to climate change (Enete, Madu, and Onwubuya 92 

2012).  However, the extent of benefits of ITKPs at a local scale has been investigated on a 93 

limited scale to ascertain the influence of climate change adaptation and livelihood 94 

development. A study on indigenous climate change adaptation examined the implication of 95 

indigenous knowledge practices for different aspects such as policy and livelihood but did not 96 

measure the level of its contribution (Alam et al. 2017). In addition, a very recent study has 97 

proposed a conceptual framework for measuring the sustainability impact of regional 98 

indigenous climate adaptation knowledge such as ‘Tidal River Management’ (Al Masud et al. 99 

2018). This framework implied to reveal the main temporal and spatial scale impacts for each 100 

indicators of ecosystem services of the tidal river management. The conceptual framework 101 

would explain the scientific prerequisite and pathway for overcoming barriers to climate 102 

change adaptations and ensuring sustainable solutions for vulnerability and risk exerted due to 103 

climate change-induced disasters (Moser and Ekstrom 2010). Thus, a comprehensive 104 

framework for conceptualizing local-level indigenous practices and development activities is 105 

a prerequisite for ensuring a sustainable solution to climate change adaptation for a vulnerable 106 

and affected region like Bangladesh (Ayers et al. 2014; Moniruzzaman 2019).  107 



5 
 

However, previous studies on climate change adaptation in Bangladesh have not 108 

conceptualized the integration of ITKPs-based climate change adaptations into development 109 

activities using a comprehensive framework. In addition, previous studies on ITKPs and 110 

climate adaptation practices in Bangladesh have focused on vulnerability and natural hazards 111 

at local scale (Makondo and Thomas 2018) and agricultural sustainability in the coastal areas 112 

(Islam and Hasan 2018) and wetlands (Monwar et al. 2018) of Bangladesh. Therefore, taking 113 

into consideration the future implications of studying the contribution of indigenous climate 114 

adaptation practices to livelihood development and adaptation to climate change at local scale 115 

(Alam et al. 2017), this study makes a first attempt to develop a comprehensive conceptual 116 

framework for integrating ITKPs into climate change adaptation practices. In addition, the 117 

study also provides policy implication for indigenous climate change adaptation knowledge 118 

based on the lessons from the local indigenous climate adaptation practices in coastal 119 

(Alimabad Union in Barishal) Bangladesh. In order to achieve the overall objective of this 120 

study, we aimed to answer the following questions:  121 

(1) What are the current indigenous knowledge and technology practices at the local scale?  122 

(2) How are they contributing to livelihood development and adapting to climate change at the 123 

local scale?  124 

(3) Can we develop a conceptual framework for integrating ITKPs and development activities?  125 

(4) What can we learn in terms of policy implications from the local evidence of ITKPs? 126 

2. Materials and Methods  127 

2.1. Study area  128 

Our study focused on four randomly selected coastal villages (char lands): “Char Penua”; 129 

Char Mahisha”; “Elisha Koralia”; and “Sreepur”, in the Alimadad Union of Mehendigonj sub-130 

district of Barisal district, Bangladesh (Figure 1). Char lands are formed through the 131 

accumulation of lands/sediments in a river course or estuary. The studied villages are located 132 

between 900 31’50” east to 900 34’10” east and 220 40’50” north to 220 44’20” north (Figure 1). 133 

The socio-economic context and biophysical characteristics of the study areas mostly similar 134 

as those all are Char lands located near to the estuarine coast in the identical geographical 135 

location (Fakhruddin and Rahman 2015; Azam et al. 2019). However, inhabitants of those 136 

locations typically use various indigenous or locally adopted techniques in order to minimize 137 

the loss of resources due to climate-induced disasters (Azam et al. 2019). Considering the 138 
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above facts, the main criterion for selecting these villages were the geographical location in the 139 

southern coastal floodplain of Bangladesh, which is possibly one of the most climate-140 

vulnerable areas in the world (Hossain et al. 2010; Hossain et al. 2015), and the potential use 141 

of indigenous techniques by the local community of these types of char lands (Alam et al. 2017; 142 

Amin et al. 2018). In these villages, the coastal community and natural resources are highly 143 

affected by climate change-induced hazardous events in most years (Hossain and Roy 2012). 144 

The natural ecosystem and inhabitants of these villages have been greatly affected by climate 145 

change-induced disasters at different times (Amin et al. 2018). Unlike in other coastal parts of 146 

Bangladesh, the most common climate change-induced disasters in this area are cyclones (e.g., 147 

SIDR and AILA), tidal floods, river bank erosion, and droughts.  148 

2.2. Outline of the methodologies  149 

Both qualitative (i.e., focus group discussions) and quantitative (i.e., household surveys) 150 

methods (Figure 2) have been used in this study in order to examine the contribution of ITKPs 151 

to livelihood development, adaptation processes, and to develop a conceptual framework for 152 

understanding the role of integrating ITKPs into adaptation and development activities.153 

The general approach of this research has comprised six steps: (1) identification of existing 154 

ITKPs through a reconnaissance survey, literature review, and verification through focus group 155 

discussions (FGDs); (2) categorization (very high, high, moderate, low, or very low) of the 156 

monetary benefits of ITKPs to livelihood development and adaptation processes at the local 157 

scale using FGDs; (3) estimation of the willingness to pay (WTP) for livelihood development 158 

and climate adaptive co-benefits using FGDs; (4) examination of the perceived benefit and 159 

WTP of ITKPs for livelihood development and adaptation processes through household 160 

surveys; (5) conceptualizing a DPSIR (driver, pressure, state, impact and response) framework 161 

through FGDs and synthesized information based on steps 2, 3, and 4 in order to understand 162 

the role of ITKPs in livelihood development and adaptation processes. 163 

2.3. Interpretations of the data collection methodologies and data analysis  164 

2.3.1. Focus Group Discussions (FGDs) 165 

At the initial stage, a list of available ITKPs were identified using a reconnaissance survey 166 

and literature review. The literature review was conducted in August and September 2017 using 167 

the Web of Science and Scopus databases. This narrative literature review considered scientific 168 

studies that focused on indigenous knowledge and technology for climate change adaptation in 169 

coastal Bangladesh. The literature review resulted a comprehensive list of potential ITKPs in 170 
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the coastal areas of Bangladesh. The characteristic (e.g., long collective learning experience 171 

from observation, practical engagement of daily life, and transferred from one generation to 172 

another) of the ITKP was explained to the FGD participants. Then the list of ITKPs from the 173 

review were verified through FGDs to select the indigenous knowledge practices that were in 174 

continuous local practices irrespective of ethnicity in these areas (Box 1). Four FGDs were 175 

conducted in four villages in order to finalize the list of practiced ITKPs for climate change 176 

adaptation and the estimation of the categorized (very high, high, moderate, low, or very low) 177 

monetary benefits of ITKPs to livelihood development and climate change adaptation on the 178 

local scale. The monetary benefits for each category were also calculated (Table 1). The 179 

perceived monetary benefits of the climate change adaptations were estimated on the basis of 180 

four selected climate adaptation co-benefits parameters (economic security, restored soil 181 

health, food security, and livelihood risk reduction). These parameters of climate adaptation 182 

co-benefits were purposively selected from FGDs to answer research question 3. According to 183 

the Pachauri et al. (2014), co-benefits are the positive effect of a policy or measures irrespective 184 

of the net effect on total social wellbeing. In this study, we assumed climate adaptive co-185 

benefits to be a simple understanding of the benefits of practices for adapting with climate 186 

induced disasters in the coastal areas of Bangladesh. Eventually, to calculate the perceived 187 

adaptive monetary benefits, each of the four identified co-benefits were calculated using the 188 

same category as the climate adaptive co-benefits in Table 1. The perceived WTP ranges were 189 

estimated on the basis of the two categories (livelihood development and climate adaptive co-190 

benefits) from the FGDs (Table 1). On average, there were six to eight participants in each 191 

FGD. The participants were heads of their families (over 18 years old, had lived in the area for 192 

at least 12 years, and had experienced disasters (e.g., cyclones or tidal floods). The FGD 193 

participants were selected based on practical disaster experience (i.e., before, after, and during) 194 

and taking into account the fact that a couple of recent cyclones (SIDR and AILA) had hit the 195 

coastal part of Bangladesh within the last 12 years. The participants were selected with the help 196 

of the Union Council Office. In this study, FGDs were conducted in order to rationalize 197 

information on the unique characteristics of the existing ITKPs and their pre-categorized 198 

perceived monetary benefits in different contexts (i.e., livelihood benefits and climate 199 

adaptation benefits). Another major use of FGDs in this study was in the attempt to create a 200 

DPSIR-based framework in order to understand the role of ITKPs and the development 201 

activities of climate change adaptation in these areas (Section 2.3.3).  202 

2.3.2. Household Surveys 203 
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        We conducted household surveys in order to collect information on the available ITKPs, 204 

the contribution of ITKPs to livelihood development and climate adaptation, and the household 205 

WTP for the contribution of ITKPs between October and December 2017 in the study area. For 206 

the household survey, 130 households were randomly selected from the four villages (Figure 207 

1). The household survey included 12% of the total of 1121 household (n=130) in the selected 208 

four villages. The survey mostly targeted household heads, using a structured questionnaire to 209 

collect information on ITKPs. If the household head was unavailable, an active member (not 210 

less than 18 years old) of the family was selected for the survey. In most of the case household 211 

heads were mainly the active elderly person in the family, and in few cases main earning person 212 

of the family. Verbal consent was requested before the aim and objective of the research were 213 

explained. On average, each survey lasted for approximately an hour. 214 

A percentile representation of the socio-economic profile of the respondents is presented 215 

in Table 2. In this study, around half (52%) of the respondents were young people (18–39 years 216 

old), and the other half (48%) were middle-aged and elderly people (40+ years old). A large 217 

number (40%) of the respondents were both household workers and landowners, and also 218 

leased their lands to other farmers (15%). Around 18% of the respondents were engaged in 219 

fishing activities. Most of the fishermen leased their fishing gear from the household workers. 220 

Among our respondents, almost 28% were employees and small business holders. In this study, 221 

we considered farmers, fishermen fishing in coastal water, and household workers to be 222 

members of the agricultural profession, and the rest of the respondents to be in non-agricultural 223 

professions. About half (48%) of the respondents had no schooling experience (although some 224 

of them could sign their names), and 45% had school education, while only 6% had higher 225 

education (Table 2). More than 75% of the respondents’ income level was below 10,000 226 

BDT/month; less than a quarter of them had an income level of above 10,000 BDT/month 227 

(Table 2). 228 

    The questionnaire included questions about available local ITKPs at home and workplaces 229 

and the benefits of ITKPs for livelihood development and climate change adaptation. In this 230 

study, benefits refer to the avoided cost (i.e., value of damage avoided by using ITKPs) and 231 

additional economic outputs (i.e., extra monetary gain in addition to usual business) of ITKPs. 232 

In addition, respondents were asked to rank the ITKPs that were beneficial for their livelihood 233 

development and for adapting to climate change induced disasters. In addition to the ranking 234 

of ITKPs, questions were also asked about the categorically perceived (i.e., very high, high, 235 

moderate, low, or very low) monetary benefits of ITKPs. These categorically perceived 236 
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monetary contexts of ITKPs were estimated in terms of profession and classified into two 237 

categories (agriculture and non-agriculture) to examine the effect on prominent agricultural-238 

related professions (Table 2) in the coastal study areas. The professional categorization of the 239 

respondents is discussed in section 3.1. In all cases, the perceived monetary contribution of the 240 

livelihood development of ITKPs was within the five categories (very high, high, moderate, 241 

low, and very low) defined during the FGDs. A similar approach was used for estimating the 242 

perceived climate adaptation co-benefits of the ITKPs (i.e., economic security, restored soil 243 

health, food security, and livelihood risk reduction). Finally, questions were asked about the 244 

willingness to pay (WTP) for livelihood development and climate adaptation co-benefits in the 245 

area. In all of the cases, the categories were then translated to real monetary values 246 

(Bangladeshi Taka – BDT) estimated during the FGDs (Table 1). The monetary value estimates 247 

of the livelihood benefits, climate adaptation co-benefits, and WTP were calculated by 248 

multiplying the mean value for each of the components (livelihood benefits, climate adaptation 249 

co-benefits, and WTP) by the total number of respondents. Negative responses (i.e., people 250 

who responded ‘NO’ to the questions about livelihood benefits, climate adaptation co-benefits 251 

and WTP) were excluded from the calculations. For instance, the total proportion of non-252 

responses to the question about livelihood benefits of ITKPs was 8%, therefore the data on 253 

total livelihood benefits were taken from the average responses of 92% of the respondents. An 254 

explorative percentage analysis of the household survey data was conducted to answer the 255 

research questions 1 and 2, and visualization of the data was performed using the package 256 

ggplot2 of Rstudio version 1.1.456. We synthesized and documented (where relevant) the key 257 

dimensions of ITKPs described during the FGDs e.g. farmers used the mulch of water 258 

hyacinths to retain moisture in soil and provide organic nutrients to the crops.      259 

2.3.3. Conceptual Framework  260 

We developed a conceptual framework based on the DPSIR framework and FGDs in order 261 

to understand the role of ITKPs and the development activities of climate change adaptation in 262 

these areas. DPSIR is a causal framework for delineating the interrelationship between the 263 

societal act and nature (Kristensen 2004; Tscherning et al. 2012). We chose the DPSIR 264 

framework for its wider use in different contexts (e.g., coastal wetlands developments, fisheries 265 

management) and its effectiveness for detailed analysis of interdisciplinary issues e.g., 266 

developing management responses, environmental changes, and policy responses (Hossain et 267 

al. 2015). The DPSIR framework of this study depicts the potential cause–effect relationships 268 

of the ITKPs and development activities in the study area created during the FGDs. In our 269 
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framework: ‘drivers’ indicate the needs that lead to changes in societal actions; ‘pressures’ are 270 

human involvement that minimize the social effects; ‘states’ are indicative of changes in the 271 

environmental context due to human actions; ‘impacts’ are the result of human actions; and 272 

‘responses’ are the feedback from human actions (Kristensen 2004).  273 

After collecting the targeted information based on the different components of DPSIR, a 274 

comprehensive framework for ITKPs and its subsequent phases in influencing climate-adaptive 275 

development activities were developed. During the FGDs, the DPSIR framework was briefly 276 

described to the participants before collecting information related to ITKPs for climate change 277 

adaptation, taking into consideration each of the components of the DPSIR framework. For 278 

example, discussion was initiated by explaining the ‘drivers’ (i.e., the need for ITKPs to enable 279 

the reduction of disaster-induced loss) of climate change adaptation. This was followed by 280 

listing and discussing the main drivers of indigenous knowledge and technology practices for 281 

climate change adaptation in the study area. Similarly, each of the other components of the 282 

DPSIR framework (pressure, state, impact and response) were collected in order to 283 

conceptualize the role of ITKPs and other development activities in climate change adaptation. 284 

After listing all the information under each of the components of the DPSIR framework, the 285 

causal relationship among the DPSIR components was mapped based on the discussion with 286 

the participants of the FGDs. Our study synthesized all of the information collected from the 287 

four FGDs to finalize DPSIR components and combined all of the perceived connections 288 

proposed in the FGDs.  We used Microsoft Visio2016 to visualize the final output of DPSIR 289 

framework.  290 

3. Results 291 

3.1. Summary of Local Indigenous Techniques and Knowledge Practices (ITKPs) 292 

The list of ITKPs and percentages of respondents adopting these ITKPs is provided in 293 

Table 3. The survey results revealed that 82.05% were practicing homestead gardening to add 294 

to their daily supply of food and as alternative sources during flooding seasons. They practiced 295 

this gardening in relatively high land areas, or by using “Macha” (an elevated structure above 296 

land, mainly made of bamboo or wood). In general, local people had traditional ways of 297 

ascertaining suitable practice times and structures for gardening, depending on their 298 

experience. For example, the vegetables were cultivated mainly during the dry winter, while 299 

some crops (e.g., gourd) were cultivated during summer.  300 
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. Around 82% of household members were highly involved in free-range duck rearing, 301 

which provides a very good source of nutrition. These local varieties of ducks are more 302 

susceptible to various types of disasters (e.g. survive without shelters during frequent tidal 303 

floods) and need less food supply as they collect foods from the local natural wetlands. The 304 

ducks can survive tidal floods in the rainy season, but droughts or cyclones can cause severe 305 

damage to their numbers. The plantation of trees on high land is called ‘Aat’ locally. ‘Aat’ is 306 

usually a relatively higher lands prepared with low (e.g., wetlands) and plain land soil. Soils 307 

from low and plain lands in the ‘Aat’ provide nutrients to plants, protect root damage from 308 

decay, and provide proper drainage from floodwater. Using this technique, local people (98%) 309 

planted different kinds of trees (e.g., fruit trees, trees used for fuelwood, and trees for medicinal 310 

purposes) to fulfill their various household needs during disaster and non-disaster prone 311 

months. Pigeon rearing was another popular technique, with most households (97%) engaged 312 

in the practice. Pigeons are safe from climatic events (e.g., floods, heavy rain, storm surges) as 313 

they are usually reared just under the rooftop. The use of ‘Macha’ (relatively high places) for 314 

storing fuelwood was another technique commonly used by households (98.7%) to protect the 315 

wood from rain and floods.  316 

Most of the households (84.3%) in the study areas had elevated their homestead areas after 317 

recent cyclones (SIDR and AILA) and tidal floods which was one of the prominent practices 318 

identified by the participants during FGDs. Community members also highlighted that two-319 

layer homestead platforms and four-sided verandas were more effective at protecting against 320 

the force of the water. The household survey and FGDs revealed that around 14% of households 321 

tied the four corners of their houses to the nearest trees in order to protect the houses from 322 

strong cyclonic winds. This precautionary practice can save the main structure of a house, 323 

although roofs are often blown away by a heavy storm.  324 

The practice of mulching was very common (used by 70% of households) in the crop fields 325 

of the study area. Farmers used the mulch of water hyacinths to retain moisture in soil and 326 

provide organic nutrients to the crops. In the study area, 40% of respondents practiced 327 

integrated cropping techniques. Since this area is affected by various natural calamities, people 328 

usually cultivate different varieties of crops in the same field in the same season. Integrated 329 

cropping was practiced on the elevated land by digging canals around the land. Another 330 

technique was cultivating vegetables in bags; 52% of households cultivated vegetables in bags 331 

full of soil, hanging them on trees to protect the vegetables from inundation by high tide. 332 
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Our results revealed that ITKPs have been considered the most prevalent adaptive 333 

measurers used for adapting to adverse climate change induced events in coastal areas of 334 

Bangladesh. During this study, we examined this important discourse around the essence of 335 

ITKPs by investigating their priority in terms of livelihood development and climate 336 

adaptations. Figure 3 summarizes the priority of the essences of ITKPs on a five-point scale 337 

(i.e., extremely high, very high, high, low, and very low) within livelihood categories 338 

(agriculture and non-agriculture ITKPs) and climate adaptation. Here, agricultural ITKPs were 339 

directly related to agricultural crop production (Figure 3A), and according to the household 340 

survey, homestead gardening, free-range duck rearing, pigeon rearing, mulching, integrated 341 

cropping, vegetable bag cultivation techniques and wood storage in the ‘Macha’ all effectively 342 

influenced the livelihood development of the local people. The importance of ITKPs to 343 

agricultural livelihood development was perceived to be extremely high (61%) for vegetable 344 

bag cultivation, mainly due to its importance in helping to adapt with climate change induced 345 

flooding in the studied areas (Figure 3A). According to the FGD results, vegetable bag 346 

cultivation was perceived to have greater potential for food security as it restored vegetable 347 

production during inundation by floods and supplementary income during disaster-prone 348 

seasons. Mulching (34%) and integrated cropping (30%) were also perceived as extremely 349 

high-essence ITKPs for agricultural livelihood development in terms of moisture retention 350 

during the frequent summer droughts and sustainable agricultural production (Figure 3A).  351 

According to the household survey, homestead gardening (77%) was perceived as an 352 

extremely high priority technique for livelihood improvement (Figure 3B). Homestead 353 

gardening in the high land homestead area potentially supplies food during flood-prone seasons 354 

and provides income support for women. The highest-essence ITKP, according to the survey, 355 

was fuelwood storage (50%) in the ‘Macha’ (Figure 3B). Fuelwood storage provides secure 356 

and low-cost cooking facilities during disaster periods, especially in the case of floods and 357 

heavy rain. About 34% and 39% of respondents, respectively, perceived homestead elevation 358 

and duck rearing to be extremely important for livelihood development. Planting trees on high 359 

lands using ‘Aat’ (42%) and securing houses using trees (41%) were also perceived as highly 360 

important ITKPs in relation to livelihood security (Figure 3B). 361 

According to the household survey, the plantation of trees on high lands, fuelwood storage 362 

in the ‘Macha’, elevation of the homestead area, mulching, integrated cropping, and vegetable 363 

bag cultivation techniques were the most important ITKPs for adapting to climate change 364 

induced disasters (e.g., cyclones, floods, droughts) and untimely climatic events (e.g., 365 
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prolonged summers, high rainfall). The survey revealed that vegetable bag cultivation (46%), 366 

fuelwood storage in the ‘Macha’ (65%), elevation of the homestead area (57%), and mulching 367 

(42%) were perceived as extremely high priorities when adapting to climate change induced 368 

disasters and untimely climatic events (Figure 3C). The next highest-essence disaster 369 

adaptation (Figure 3C) techniques were homestead gardening (38%), duck rearing (31%) and 370 

integrated cropping practices (30%) (Figure 3C). 371 

372 

3.2. Contribution of ITKPs to Livelihood Development and Climate Adaptation  373 

This part of the study explored the contribution of ITKPs to livelihood development and 374 

climate change adaptation in terms of perceived monetary benefits. The monetary benefits of 375 

ITKPs were estimated on the basis of the summary values extracted from the FGDs (Table 1). 376 

Our household survey found that around 85% of respondents used ITKPs  and more than 80% 377 

of households perceived ITKPs to have higher potential for climate change adaptation and 378 

livelihood development. The respondents not keen on ITKPs were mostly the high-income 379 

group (Table 2) and those whose professions were less dependent on avoiding climatic events 380 

(e.g., employees). Most high-income people were non-agriculture dependent and lived in brick 381 

houses with good protection from disasters. Respondents who were not keen on ITKPs also 382 

perceived them to have less economic potential for livelihood development and climate 383 

adaptation. Our survey results revealed that a remarkable proportion of households (more than 384 

80%) were willing to pay for the improvement and restoration of indigenous technology. 385 

3.2.1. Contribution to Livelihood Development  386 

The households were asked about currently practiced ITKPs in order to categorize such 387 

techniques on the basis of their influence on livelihood development. It was found that most 388 

respondents in the agriculture profession (farmers, fishermen, and household workers) 389 

perceived ITKPs to have high (32%) to very high (38%) livelihood benefits (Figure 4A). 390 

However, around 15% of respondents in this profession perceived ITKPs to be less 391 

economically beneficial (Figure 4A) which might be because of their multiple livelihood 392 

activities and challenges in the scale of production possibly due to lack of technical skill. In 393 

the non-agriculture profession, around 70% of respondents perceived ITKPs to have moderate 394 

to very high livelihood benefits (Figure 4A). From the household survey, we estimated that 395 

ITKPs had high to very high monetary benefits for the livelihood development of the 70% of 396 

respondents who worked in the agriculture profession, ranging from 16,000 to 25,000 397 
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BDT/year/person (Figure 4A, Table 1). However, 30% of the households working in the 398 

agriculture profession were estimated to have the lowest to moderate monetary benefits, i.e., 399 

5000 to 10,000 BDT/year/person (Figure 4A, Table 1). Interestingly, perceptions of monetary 400 

benefits for livelihood development were considerably lower in the non-agriculture profession 401 

than in the agriculture profession. The survey responses revealed that this lower monetary 402 

perception in the non-agriculture profession was mainly due to their lower dependence on 403 

climatic factors (e.g., rainfall, temperature). The perceived livelihood benefits of ITKPs for the 404 

non-agriculture profession were estimated between 16,000 BDT/year/person (13%) and 5000 405 

BDT/year/person (7%) (Figure 4A, Table 1). We have estimated that the majority of 406 

households in the non-agriculture profession (70%) perceived their livelihood benefits from 407 

ITKPs to be very low (5000 BDT/year/person) to moderate (10,000 BDT/year/person) (Figure 408 

4A, Table 1). 409 

3.2.2. Contribution to Climate Adaptation  410 

The households were asked about currently practiced indigenous technologies in order to 411 

categorize them on the basis of climate change adaptation. More than 80% of households 412 

assumed that most current ITKPs are climate-adaptive in terms of livelihood security and 413 

adaptation to climate change induced adverse climatic events. It was found that economic 414 

security and livelihood risk reductions were the most prioritized options for ITKP adaptations, 415 

while restoration of soil health and food security were considered co-benefits of ITKPs. 416 

According to the household survey, more than 60% (Figure 4B) of households perceived the 417 

use of ITKPs during adverse climatic events to provide high to very high economic security. 418 

This perceived monetary value ranged from 4000 BDT/year/person (32%) to 6000 419 

BDT/year/person (33%) (Figure 4B, Table 1). Again, about 75% of households perceived 420 

ITKPs to have the potential for (Figure 4B) high (4000 BDT/year/person) to very high (6000 421 

BDT/year/person) livelihood risk reduction (Table 1). The resource protection potential of the 422 

ITKPs in terms of monetary value was perceived as high to very high by 65% of households 423 

(Figure 4B). It was also found that 62% of households perceived high to very high monetary 424 

potential for food security assurance (Figure 4B). Furthermore, almost 50% of respondents 425 

perceived ITKPs to provide a higher economic potential for soil health restoration (Figure 4B).  426 

3.2.3. Perceived Monetary Benefits of ITKPs and Willingness to Pay  427 

Our study also estimated the perceived monetary co-benefits of climatic disaster damage 428 

reduction from the use of ITKPs, which might be considered as the avoided cost in this case. 429 
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In this study, the perceived avoided cost, i.e., the climate adaptation co-benefits of ITKPs, was 430 

estimated at 19,600 BDT/person/year. We also calculated the perceived livelihood benefit of 431 

ITKPs according to the household survey, with the estimated value of livelihood benefits being 432 

20,500 BDT/person/year.  433 

The study found that 75% of households were willing to pay for the protection and 434 

improvement of ITKPs considering the context of their contribution to livelihood development 435 

and climate adaptations. Furthermore, our study also estimated perceived willingness to pay on 436 

the part of different professions (agriculture and non-agriculture). We calculated a higher WTP 437 

in the agriculture profession (307 BDT/person/year) than in the non-agriculture profession (136 438 

BDT/person/year) (Figure 5A). In this study, WTP was also estimated in terms of climate 439 

adaptation benefits and livelihood benefits, and according to the survey, WTP for livelihood 440 

developments (290 BDT/person/year) was higher (Figure 5B) than for climate adaptation 441 

benefits (205 BDT/person/year). 442 

3.3. Components of the Conceptual Framework (Driver-Pressure-State-Impact-Response, 443 

DPSIR) 444 

The DPSIR framework was used in this study to explore the benefits of local ITKPs 445 

(Figure 6). In general, DPSIR framework provides an idea about potential cause–effect 446 

relationships of the ITKPs and development activities in the study area. In particular, implies 447 

the drivers of changes, pressure and state due to changes in the drivers and possible impacts 448 

and response to mitigate and adapt with impacts in the community. In order to do that, FGDs 449 

were used to examine the drivers, pressures, states, impacts, and responses for ITKPs. The 450 

main driving forces for local ITKPs were frequent disasters (e.g., SIDR in 2007, AILA in 2009, 451 

Mahasen in 2013, and frequent tidal floods in the monsoon) that induced losses in the coastal 452 

areas. Poor socio-economic conditions and poverty (Table 2) lead to the adoption of low-cost, 453 

socially and culturally acceptable ITKPs  to ensure food and livelihood security for better 454 

climate change adaptation. The leading pressure to use local ITKPs were disaster risk 455 

reduction, and cost-effective techniques used for the climate adaptation processes. Other 456 

pressures included alternative livelihood generation and nutritional arrangements during and 457 

after disasters. According to participants, local indigenous techniques and knowledge practices 458 

change the state of the environment by restoring soil health, thus ensuring water and nutrient 459 

retention in soil (e.g., mulching) and facilitating plant production in adverse situations (e.g., 460 

the plantation of trees on high land (‘Aat’). Moreover, ITKPs interpolate easily repeatable 461 

ecosystem-based alternatives and simple technical know-how (e.g., integrated cropping) to 462 
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ensure better production and environmentally friendly use of natural resources (for instance, 463 

integrated cropping minimizes the use of chemical fertilizer and pesticides). This 464 

environmental state, resulting from ITKPs, ensures alternative food production facilities (e.g., 465 

vegetable bag cultivation techniques, homestead gardening), livelihood opportunities (e.g., 466 

free-range duck rearing, pigeon rearing), and low-cost housing and other resource protection 467 

facilities (e.g., fuelwood storage in the ‘Macha’, securing houses to trees) in disaster situations. 468 

According to the FGD participants, documenting these structural (e.g., elevation of the 469 

homestead area) and non-structural (e.g., integrated cropping) ITKPs benefits in the national 470 

climate adaptation policy is essential for ensuring the protection and potential use of these 471 

techniques. In their view, elderly indigenous people are the main facilitators and users of ITKPs 472 

in their areas, thus sharing the benefits of these ITKPs with the younger generation and 473 

incorporating it into scientific examination will ensure future protection and greater benefits in 474 

terms of livelihood development and climate adaptation (Figure 6). 475 

4. Discussion 476 

The study results suggested that people use ITKPs for economic security and livelihood risk 477 

reduction in the study area. This study presented substantial perceived economic securities of 478 

ITKPs in terms of climate change adaptations and livelihood risk reduction. People in study 479 

areas use many local indigenous techniques and forms of knowledge for resource protection 480 

and livelihood security during disasters. Our study showed that ITKPs are very important for 481 

cost-effective and location-specific climate adaptation processes in the coastal areas of 482 

Bangladesh. In relation to the socio-economic and livelihood status of these areas, ITKPs are 483 

the most easily accessible mechanisms to adapt with the changing climate. The perceived co-484 

benefits of ITKPs are restoration of soil health, ensuring food security, and protecting resources 485 

from disasters (Figure 4B). This study revealed the priorities of ITKPs in terms of livelihood 486 

activities and extents of benefits, thus provide the prevalent understanding of the importance 487 

in agriculture and non-agriculture sector (Figure 4A), and relative importance in terms of co-488 

benefits (Figure 4B) for effective adaptation processes. This outcome could be useful for 489 

similar coastal areas when considering crucial decisions (e.g. agricultural extension department 490 

decision on crop rotation program) on coastal adaptations process to make it effective in terms 491 

of the existing livelihoods and acceptance to the local inhabitants. The study suggests that 492 

documenting ITKPs and integrating their scientific techniques through the participation of local 493 

people may enhance the effectiveness of these ITKPs in coastal Bangladesh. The process of 494 

integration of the science and ITKPs requires a comprehensive understanding of the causal 495 
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links among the factors in ITKPs use, impacts and responses. A comprehensive DPSIR 496 

framework helped to develop a systematic approach for detecting the role of indigenous climate 497 

change adaptation techniques, and ascertaining the context and concerns in order to overcome 498 

the barriers to using existing techniques in policy and practice.  499 

4.1. Conceptual Framework (DPSIR) for Climate-Adaptive Development Activities 500 

This study explored different components of the DPSIR framework based on ITKPs in 501 

order to examine its potential to integrate climate change adaptations and development. The 502 

interrelations of the DPSIR components extracted from the FGDs showed that ITKPs regulated 503 

driving forces such as disaster-induced property and economic losses. Other drivers regulating 504 

the use of ITKPs were the socio-economic conditions of the coastal areas and the issue of 505 

ensuring food and livelihood security using low-cost techniques. According to the FGDs, these 506 

driving forces initiate the pressure of climate-induced disaster risk reduction using ITKPs 507 

(Figure 6). Moreover, they initiate responses such as documenting ITKPs, incorporation of 508 

ITKPs into national climate adaptation policies, improvement of ITKPs by combining them 509 

with scientific methods, and estimating the benefits of ITKPs in SDGs (Figure 6). According 510 

to the participants, use of ITKPs contributed to disaster risk reduction, which ultimately 511 

determined soil health and thus facilitated food production in adverse climatic situations. 512 

Moreover, ITKPs ensured alternative livelihood possibilities and ecosystem-based adaptive 513 

management systems (i.e., those that were easily repeatable with simple technical know-how). 514 

Eventually, a positive response towards the improvement and protection of ITKPs could help 515 

to mitigate the state of the environment during and after climate induced disaster events, which 516 

may ultimately decrease the pressure of disaster risks. Enhanced responses using 517 

communication and understanding the benefits of ITKPs, as well as incorporating them into 518 

national policy and SDGs, would boost climate-adaptive development activities in the coastal 519 

areas of Bangladesh. In recent decades, there has been growing evidence that ITKPs are 520 

positively related to livelihood development and climate change adaptation in these coastal 521 

areas (Das et al. 2016). The household perceptions of substantial economic potential of ITKPs 522 

of this study validated this statement (section 3.2). In addition, climate adaptive development 523 

could balance the positive impact of ITKPs, helping to ensure climate change adaptations. 524 

Enhanced responses to ITKP development will improve this positive impact and help to adapt 525 

to climate change events, which will improve timely action for responses and thus provide a 526 

positive feedback loop between responses and impacts (Figure 6). 527 



18 
 

4.2. Lessons for National and Global Climate Adaptation Practices  528 

Most coastal areas of Bangladesh are vulnerable to climate change-induced disasters and many 529 

ITKPs are practiced in these areas for climate change adaptation (Ahmed and Atiqul Haq 530 

2019). The uncertainties related to rainfall (e.g., untimely rain, erratic rainfall), incidence of 531 

pest and degradation of farming lands have shown the need for ITKPs in order to adapt with 532 

climatic events (Enete, Madu, and Onwubuya 2012). Like other parts of the world, the full sets 533 

of location-based ITKPs are not listed for Bangladesh by date, although within the NAPA 534 

projects ‘Livelihood Adaptation to Climate Variability and Change in Drought-prone Areas of 535 

Bangladesh’ and ‘The Reducing Vulnerability to Climate Change (RVCC) Project’, some 536 

general ITKPs were documented in Bangladesh for adapting to climate change (NAPA 2005). 537 

The contribution of ITKPs to climate change adaptation is still playing a vital role in 538 

Bangladesh (Ahmed and Atiqul Haq 2019). Despite the growing demand for ITKP-focused 539 

climatic change adaptations to cope with the frequent adverse climatic events in the global 540 

context, the requirements of estimating the local-scale perceptions of the livelihood and climate 541 

adaptation benefits of ITKPs have been ignored in policy documents (BCCSAP 2009; MoP 542 

2018). The main initiative for NAPA was building capacity and awareness in order to develop 543 

eco-specific adaptive knowledge including indigenous knowledge on future climatic variability 544 

adaptations; however, it was highly focused on nation-specific adaptation techniques rather 545 

than local scale adaptations (NAPA 2005).  546 

NAPA 2005 and 2009, and BCCSAP 2008 only concerned about indigenous species of 547 

agriculture and fishery while planning for adaptation to climate change (BCCSAP 2009; NAPA 548 

2005, 2009). This study has shown that ITKPs are very important to the coastal agricultural 549 

community as they reduce agricultural production loss. Moreover, the non-agricultural 550 

community are also potentially dependent on ITKPs for their food security and livelihood 551 

protection during disaster-prone seasons. This study revealed that due to the lack of quality 552 

infrastructure (e.g., roads, poultry disease treatment facilities, poultry processing) and disaster 553 

probability, maintaining a modern poultry system is challenging in the study area, thus local 554 

people were practicing local verity of duck rearing. Considering this importance of ITKPs to 555 

livelihood development and climate change adaptations, the local coastal communities were 556 

willing to pay for the protection and conservation of ITKPs; this willingness to pay was higher 557 

among people in the agricultural profession, who are most vulnerable to climate change effects 558 

in coastal areas (Figures 4A and 4B).  559 
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The ITKP-based adaptations also have some limitations, as many of them are specific to 560 

the context and condition of the environment (e.g., floating gardens). In many cases, ITKP-561 

based adaptations are not the only solution (local early hazard warnings are another example), 562 

and the integration of scientific techniques is a prerequisite for their effectiveness. There are 563 

opportunities provided through a better understanding of indigenous knowledge, but it is not 564 

always all good or useful or better than modern interventions. Moreover, many of these 565 

adaptation techniques depend on nature (e.g., rainwater harvesting) and are thus not applicable 566 

in dry climatic conditions. This study was limited to examining the importance and benefits of 567 

ITKPs for development activities without focusing on any specific occupational group such as 568 

fishermen and without any specific recommendation to a particular study site of this research. 569 

Our local evidence-based DPSIR framework (Figure 6) implies that integration of ITKPs with 570 

scientific improvement into adaptation to climate change, would enhance the process of low-571 

cost, socially accepted and easily repeatable mechanisms in order to adapt with the future 572 

climate change-induced disaster events.  573 

5. Conclusions 574 

This study has examined the importance of indigenous techniques and knowledge 575 

practices in terms of sustainable livelihood development and adaptation to climate change in 576 

southern coastal areas of Bangladesh. The potential benefits of ITKPs for livelihood risk 577 

reduction and resource protection were perceived as very high, as they ensure food security 578 

and soil health improvement during changing climatic conditions in the coastal areas of 579 

Bangladesh. We made the first attempt to propose a DPSIR framework based on ITKPs for 580 

integrating climate change adaptations and development. Our proposed DPSIR framework 581 

implies the potential of incorporating ITKPs into the national climate change adaptation policy 582 

in order to ensure effective and sustainable climate change adaptation for the coastal 583 

community of Bangladesh. 584 
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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.  

 



 

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. 



 

 

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. 



 

 

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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 Tables 2 

Table 1. Categorized perceived monetary benefits, willingness to pay for livelihood 3 

development, and climate adaptation co-benefits. 4 

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 to 400 

Climate adaptive co-

benefits 
50 to 300 
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 8 
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 11 

 12 
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 14 

Table 2. The socio-economic profile of the respondents. 15 

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 

16 



 

 

 

 

 

 

 

 

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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