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Climate vulnerability represents a highly complex public policy challenge for government due to its interaction with diverse social, political, economic, and ecological factors across scale. The policy challenge is further exacerbated when rural livelihood opportunities depend on multiple land use practices within shared social-ecological systems and adaptation actions related to one practice affects the others. In such cases, it becomes likely that national and regional-level adaptation plans will result in maladaptive trajectories if local context and properties are not carefully considered. This review highlights the importance of this issue to public policy using the case of climate change adaptation planning in Bangladesh to highlight how national and regional-level planned adaptation processes could benefit from paying closer attention to the autonomous adaptation processes occurring at local levels. Focussing on the northeastern floodplain region, an area dominated by wetland ecosystems, high climate vulnerability, and diverse and complex land use practices, we examine some of the community-level adaptation actions that are being undertaken in response to climate change and contrast these with national-level adaptation planning strategies and actions. We then analyze how the planned adaptation actions taken by government may actually end up being maladaptive, either by shifting or rebounding vulnerability. We conclude that government adaptation planning would benefit from a greater focus on learning and scrutinizing the autonomous adaptation of communities to climate stress before making significant resource allocation decisions.

Keywords: adaptation mainstreaming, livelihoods, land use, rural landscapes, sustainability, natural resource management, public policy

INTRODUCTION

Bangladesh is often considered to be one of the most climate vulnerable countries in the world. Climate vulnerability represents a highly complex and dynamic public policy challenge for government due to its interaction with diverse social, political, economic, and ecological factors across scale (Adger et al., 2005) that results in context-specific interpretations of what climate vulnerability looks like (Jurgilevich et al., 2017). Despite this complexity, both the government of Bangladesh and affected communities are taking many actions to help support climate adaptation (Rahman et al., 2018a). As noted by Huq and Rabbani (2011), Bangladesh has been one of the few developing countries to show significant progress toward climate change adaptation planning and community-level adaptation practices internationally. This is reflected by a growing recognition and incorporation of climatic uncertainties in national-level policy making processes and local-level development practices (Ayers J. et al., 2014; Ayers J. M. et al., 2014).

Of particular importance in Bangladesh is the vulnerability of rural livelihoods1 to climatic stresses. Agrarian land use practices offer livelihood opportunities to the majority rural population of the country, although per capita arable land availability is only 0.05 ha—one of the lowest in the world. Access to land resources is therefore highly contested, with a range of poverty, socio-economic discrimination and inefficient resource entitlement issues affecting the social-ecological landscapes (Rahman et al., 2014, 2018a). Importantly, there is highly variable knowledge available to government agencies working to address climate vulnerability across the country. For example, Miah et al. (2011) and Rahman et al. (2018a) noted that certain regions of Bangladesh tend to receive higher priority in public policy than others due to vested political interests, highly visible climatic impacts (e.g., extreme loss of life and property), significant scientific research attention, and media coverage. Since it has been argued that climate change and its impacts will likely reduce a state's capacity to provide opportunities and services for affected people (Barnett, 2003), and curtail rural communities' capability to respond to climate impacts (Tompkins and Adger, 2004; Smit and Wandel, 2006; Morton, 2007), it becomes important to carefully scrutinize how national adaptation policies are responding to local climate vulnerability. Of particular concern here is the potential for imbalanced information and knowledge to lead to flawed adaptation plans and inequitable distribution of scarce resources, leading to maladaptive trajectories (Barnett and Adger, 2007; Ayers J. et al., 2014).

Beyond policy-driven adaptation actions, it is also important to recognize that the climate-affected communities of Bangladesh are developing their own local innovation-based adaptation actions (Rahman et al., 2018c). Although, these innovations are often challenged by local resource availability and access politics, learning from and promoting these “grassroots” innovations has the potential to avoid government policy-driven maladaptation. However, such learning would require an intensive assessment of local adaptation practices in different contexts to help inform national-level adaptation plans, an effort that is rarely prioritized alongside existing scientific knowledge production processes in Bangladesh. Therefore, the main objective of this review is to identify what the national adaptation planning processes of Bangladesh can learn from context-specific and local innovation-based adaptation practices in order to reduce the risk of maladaptation. Focussing on the northeastern floodplain region of the country, an area dominated by wetland ecosystems, high climate vulnerability and diverse and complex land use practices, we ask what community-level adaptation actions are being undertaken by local communities in order to inform national-level adaptation planning processes. We particularly focus on this area because of its unique geographic features, seasonality of climate change impacts, underexposure in scientific literature, and lack of media attention (Miah et al., 2011; Rahman et al., 2018a).

In what follows, we present the conceptual background to our review, followed by a general background of rural livelihood vulnerability issues in Bangladesh. We then narrow our focus to the northeastern floodplain region to analyze the adaptation policy context and identify relevant government initiatives to facilitate local livelihood adaptation with a view to assessing the potential for maladaptation drawing on both peer-reviewed scientific and non-peer-reviewed ‘gray’ literature and policy documents. We conclude the paper by offering insights for public policy and future adaptation planning initiatives.

DEFINING VULNERABILITY AND ADAPTATION

Climate vulnerability is defined as ‘…. the degree to which geophysical, biological and socio-economic systems are susceptible to, and unable to cope with, adverse impacts of climate change’ (IPCC, 2007). Although this definition seems straightforward, the assessment of vulnerability can be influenced by diverse conceptual framings which will influence adaptation planning (Rodima-Taylor et al., 2012). Burton et al. (2002) and Füssel and Klein (2006) identified two broad framings of vulnerability assessment: “science-based” and “human dimension-based.” “Science-based” vulnerability assessment primarily focuses on causes (e.g., greenhouse gas emission trends and impacts) and consequences (e.g., long and short-term climate variable change forecasting) of climatic change, and informs the exposure of a society or sector to specific climate impacts. This framing of vulnerability helps policy makers to identify physical and technological actions to minimize the negative impacts of climate change. In contrast, “human dimension-based” vulnerability assessment takes account of social, economic, ecological, policy, and governance systems, in order to provide a more contextualized understanding of vulnerability (O'Brien et al., 2007). Adaptation decision-making under this vulnerability framing tends to be more complex and challenging because different sectors and communities are not considered equally vulnerable to different climate change impacts. As a result, adaptation-related decision-making generally requires an assemblage of the diverse perspectives of affected communities in order to make resource distribution trade-offs.

IPCC (2014) defined adaptation as “the process of adjustment to actual or expected climate and its effects.” Rodima-Taylor et al. (2012) suggested that adaptation needs to be innovative and knowledge-based, while knowledge can be fostered by establishing and extending learning networks across scales, societies, and institutions (Bidwell et al., 2013). Fankhauser et al.'s (1999) framing of adaptation suggests that adaptation actions can be either reactive and autonomous or anticipatory and planned. Reactive and autonomous adaptation actions are the spontaneous ex post interventions taken in response to an undesirable climate event. These actions are most often based on immediate and localized problem determination, and require the right information, knowledge, skill and incentives, which are necessarily cross-scaler and dynamic (Fankhauser et al., 1999; Malik et al., 2010). However, Engle (2011) cautioned that these adaptation actions might become trapped in a maladaptive trajectory if a balance between cross-scaler interactions and contextual subjectivity (i.e., culture and social goals) is not maintained. Anticipatory and planned adaptation actions, on the other hand, are large scale, prediction-based and goal-specific ex ante actions (Fankhauser et al., 1999; Smit et al., 2000). Most of these adaptation actions are taken by government and private actors, for which the development of a broader knowledge-base and capacity to predict future events is considered a primary requirement (Engle, 2011). In the case of rural livelihood adaptation, many researchers link planned adaptation to rural development, assuming that poverty is one of the main barriers to climate change adaptation. As a result, Ayers J. et al. (2014) called for greater integration of climate change adaptation in development policies and institutional processes—a concept widely known as “adaptation mainstreaming.” Despite the growing recognition of adaptation mainstreaming, ensuring social justice and social-ecological integrity remains perhaps the biggest challenge because the prioritization of adaptation actions and their implementation processes are necessarily subjected to political and economic considerations. This has led to a recognized need for national-level adaptation planning processes to become more meaningfully informed by locally-practiced and innovated “autonomous” adaptation processes (Fazey et al., 2010).

Given the risk of enhancing inequitable resource distribution and socio-economic insecurity, adaptation planning in the absence of required knowledge and information may lead to “maladaptation,” defined by Barnett and O'Neill (2010) as “action taken ostensibly to avoid or reduce vulnerability to climate change that impacts adversely on, or increases the vulnerability of other systems, sectors or social groups.” They go on to identify five types of maladaptation: (i) increased greenhouse gas emissions due to adaptation actions; (ii) obtaining adaptation for one sector or community at the expense of other sectors' or communities' increased vulnerability; (iii) high social, economic and environmental opportunity costs arising from adaptation actions; (iv) encouraging unnecessary dependence on others, encouraging rent seeking behavior, and reducing incentives to adapt; and (v) path-dependent development (Barnett and O'Neill, 2010). Juhola et al. (2016) conceptually separated maladaptation from unsuccessful implementation of policy implementation arguing that while a policy may fail to obtain adaptation or reduce vulnerability, if it enhances vulnerability and reduces the capacity to adapt, the policy may lead to maladaptation. Emphasizing the multiple drivers and spatio-temporal dimensions of maladaptation (Magnan et al., 2016), Juhola et al. (2016) advocate for an ex ante analysis noting that adaptation policy measures may result in three types of maladaptation: (i) rebounding vulnerability (increasing climate exposure and sensitivity and reducing adaptive capacity of the communities for whom adaptation measures have been planned); (ii) shifting vulnerability (transferring the negative impacts of adaptation measures to someone not considered by the adaptation measures); and (iii) eroding sustainable development (common pool problems). Notably, all three types of maladaptation are strongly tied to the institutional, technological and resource use, and distribution approaches of a society and its government. This suggests that both planned and autonomous adaptation actions need to be critically assessed under the conceptual framework of maladaptation in order to help identify which adaptation actions serve societal needs in the long run while also maintaining social justice, equity, and social-ecological integrity.

VULNERABILITY OF LAND USE-BASED RURAL LIVELIHOODS IN BANGLADESH

Bangladesh is located just below the Himalayan mountain range, with a number of trans-boundary rivers that originate in the Himalayas traveling through the country before discharging in the Bay of Bangla (Mirza, 2002). Due to its low topographic features, riverain land forms and its location in the monsoon climatic region, Bangladesh experiences diverse climate change impacts that include flood, cyclone, oceanic surges, saline water intrusion, sea-level rise, drought, and ground water depletion (Karim and Mimura, 2008; Shahid and Behrawan, 2008; Alauddin and Sarker, 2014). Recent studies indicate that the frequency, extent and duration of these climatic phenomena have intensified since the 1980's (Ali, 1999; Mirza, 2002; Ahmed and Ahmed, 2003; Karim and Mimura, 2008; Islam et al., 2014; Nowreen et al., 2014; Kay et al., 2015). Facing diverse climatic impacts, it is getting harder for both the government and affected rural communities to support and promote sustainable socio-economic development (Alam et al., 2011). Nevertheless, Bangladesh has instituted a number of significant adaptive responses to climatic impacts in both policy and practice, although much remains to be done (Rawlani and Sovacool, 2011; Ayers J. M. et al., 2014; Islam et al., 2014).

Drawing on meteorological perspectives (Füssel, 2007; O'Brien et al., 2007), many studies have characterized the nature of climate change impacts and estimated their impacts on rural land use-based livelihood activities, including agriculture and wetland fisheries in Bangladesh (Karim et al., 2012; Rahman et al., 2012; Rajib and Rahman, 2012; Hossain and Teixeira da Silva, 2013; Rabbani et al., 2013; Hasan et al., 2014). At the same time, these studies have forecast future climate change scenarios at national and sub-national scales contributing significantly to national policy processes (Nowreen et al., 2014; Kay et al., 2015). For example, Begum and Fleming (2009) and Mirza (2002) predicted that sea level rise and increasing river water discharge due to global warming will change and alter the natural flood dynamics in Bangladesh, and that this will influence agricultural land use and other rural economic activities. It has also become increasingly clear that climatic events have been changing, with impacts shifting from one region to another (Shahid and Khairulmaini, 2009). As a consequence, many land resource dependent communities in rural Bangladesh have been experiencing unfamiliar climate impacts.

The socio-economic properties of rural Bangladesh include poverty, disproportionate distributions of livelihood resources and socially-embedded political marginalization, generally maintained by insufficient and often inefficient institutional systems at local levels (see for detail Rahman et al., 2014, 2015; Haq and Ahmed, 2016; Szabo et al., 2016; Alam, 2017; Islam, 2017). In relation to rural livelihoods, resource distribution and access are considered particularly important because resource ownership enhances the capacity of affected communities to take adaptive actions (Ribot, 2014). For example, Pouliotte et al. (2011) observed that the land use decisions of small-scale land owners in the southern coastal region of Bangladesh often depended on the decisions of larger-scale land owners, potentially undermining the adaptation actions of poorer households. In such cases, small-scale landholders move to urban areas to shift their livelihood practices, subsequently losing control over land resources, and becoming potential victims of urban climate vulnerability (Adri and Simon, 2017). In addition, Pouliotte et al. (2011) observed that climate impacts like water stagnancy and saline water intrusion are altering the land and resource qualities in Bangladesh, resulting in a dynamic change in rural land use practices. Most rural communities who have historically depended on agricultural land use for their livelihoods are now diversifying their livelihood practices to reduce risks (Ahsan et al., 2011; Kartiki, 2011). As a consequence, a widespread shift in land use practices, increased rural-urban migration and employment in non-natural resource dependent livelihood activities is occurring (Pouliotte et al., 2011; Hassani-Mahmooei and Parris, 2012; Etzold et al., 2013).

ADAPTATION PLANNING IN BANGLADESH

In response to the increasing intensity of climate change impacts, Bangladesh has been gradually developing climate adaptation plans and mainstreaming climate-sensitive adaptation actions in its national development policies, with support from international climate change action forums (Ayers J. et al., 2014). The National Adaptation Plan of Action (NAPA) and the Bangladesh Climate Change Strategies and Action Plan (BCCSAP) form the foundation of national-level adaptation planning in Bangladesh, with both originally inspired by the decisions and actions taken by the United Nations Framework Conventions on Climate Change (UNFCCC).

The development of NAPA resulted from the 7th Conference of Parties (COP) 2001, held at Marrakesh to help guide the adaptation actions to be taken in the 51 Least Developed Countries [Ministry of Environment and Forests (MoEF), 2005]. As of 2017, all 51 countries had developed their respective plans, with Bangladesh a pioneer of the process. The central agenda of NAPA was to identify and design immediate and priority activities for which further delay would potentially increase the vulnerability of the country. As mandated in COP 7, the NAPA planning process in Bangladesh followed 10 guideline elements outlined by the LDC Expert Group (LEG) (UNFCCC, 2001). These guidelines prioritized that the plan would be consistent with the sustainable development goals of every country, and therefore, wider participation of stakeholders was required. The NAPA planning team in Bangladesh subsequently recruited diverse stakeholder groups from different levels of the government, civil society, and affected community representatives in order to identify 15 priority activities in the form of projects to be implemented immediately after the planning process. These activities were broadly framed under two types of measures: intervention type (8 projects) and facilitating type (7 projects) measures. While the first type of activities were designed to take physical adaptation actions (e.g., afforestation, coastal flood protection infrastructures, promoting salt tolerant crop varieties etc.), the second type activities were aimed at developing institutional infrastructure, capacity building, scientific research, and developing knowledge networks [Ministry of Environment and Forests (MoEF), 2005].

The BCCSAP is the more comprehensive and updated national adaptation plan with a 10-year implementation period. It was developed under the guidelines of the Bali Action Plan, also known as the COP 13 held in 2007 (Rai et al., 2014). The Bali Action Plan (2007) acknowledged deficiencies in NAPA requirements, and mandated a long term global goal of emission reduction based on national capacity, international cooperation for urgent adaptation actions, technology development and transfer to enhance emission reduction, and enhancing financial arrangements for the implementation of adaptation and mitigation actions in developing countries. In response to these mandates, BCCSAP was developed building on six priority areas covering 44 programs. These priority areas include: (i) food security, social protection, and health (9 programs); (ii) comprehensive disaster management (4 programs); (iii) infrastructure (8 programs); (iv) research and knowledge management (7 programs); (v) mitigation and low carbon development (10 programs); and (vi) capacity building and institutional strengthening (6 programs) (MoEF, 2009). In order to ensure financial support for implementing the plans, the government established funding mechanisms supported by both the national government and international donor agencies (Huq and Rabbani, 2011). Bangladesh's intention to combat climate-related impacts has also been well-reflected in the National Sustainable Development Strategy, 2010, and in other more recent development plans in almost all sectors [Ministry of Planning (MoP), 2010].

In general, both plans envisioned the need to identify adaptation deficits and intended to locate potential sectors and regions where adaptation supports are necessary (Ayers and Huq, 2009; Ayers J. et al., 2014). Despite the advances, the national development and adaptation plans have been heavily criticized because of their generalized nature, insufficient contextualization, and the inadequate and inefficient incorporation of affected communities' knowledge and viewpoints in the planning processes (Parvin and Johnson, 2015; Tashmin, 2016). Further, there has been a general lack of adequate science and policy interaction in the policy and planning process leading to incongruences and significant knowledge gaps (Haque et al., 2017; Rahman et al., 2018a). As a result, it is difficult to prioritize which adaptation actions need to be taken in what area, and despite the growing number of scientific studies, it remains difficult to ascertain the extent to which usable and salient knowledge is available to decision-makers (Cash et al., 2002; Lemos et al., 2012; Ford et al., 2013; Lalor and Hickey, 2014; Rahman et al., 2018a).

CLIMATE CHANGE IMPACTS IN THE NORTHEASTERN FLOODPLAINS

The northeastern floodplain is one of the most climate vulnerable parts of Bangladesh because of its geographic location, climatic properties and ecosystem dynamics (Miah et al., 2011; Haque et al., 2017; Rahman et al., 2018a). This area is bordered by Assam and Meghalaya mountainous territories and receives the highest rainfall in Bangladesh (Nowreen et al., 2014). The area also falls under one of the most complex trans-boundary river systems in South Asia, known as the Barak river tributary [Ministry of Water Resources (MoWR), 2012]. A total of 23 trans-boundary rivers flow through the floodplain, and serve as the main ecological driver of the wetland dominated ecosystem of the area. These wetlands are locally known as haor, which are enriched with natural resources and biodiversity [Ministry of Water Resources (MoWR), 2012; Figure 1]. According to the Bangladesh Haor and Wetlands Development Board, haors are the bowl-shaped depressions of considerable aerial extent lying between natural levees of rivers or high lands of the northeast region of Bangladesh [Ministry of Water Resources (MoWR), 2012]. In most cases haors have been formed as a result of peripheral faulting leading to the depressions. There are 373 haors in the northeastern floodplain covering an area of 858,460 ha. During the monsoon period, most of the wetland areas are submerged, while water remains only in some permanent depressions in the dry season [Ministry of Water Resources (MoWR), 2012]. These depressions serve as habitat for fish resources, while agriculture is extensively practiced in the higher land areas. A large number of populations directly or indirectly depend on these haors for their primary livelihood activities, most of which are land use based (Rahman et al., 2015).
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FIGURE 1. Haor areas of the northeastern floodplain of Bangladesh [Source: (Ministry of Water Resources (MoWR), 2012)].



The floodplains are prone to seasonally distributed climate impacts including: seasonal flood (late July-early November), flashflood (late March-early April), over rainfall (late May-late August), and drought (late February-late March). Monsoon seasonal flooding—the other natural property of this ecological system—is acerbated by high river waterflow as a consequence of extreme rainfall in the bordering upstream Indian provinces including Assam and Meghalaya—some of the wettest places in the world (Kamal et al., 2018). Ahmed et al. (2017) reported six flashflood events to have taken place in this region between 2000 and 2017, with model-based scenarios suggesting an increased future frequency of flashflood events (Nowreen et al., 2014; Masood and Takeuchi, 2016).

Local biophysical changes arising from natural and anthropogenic processes are also intensifying the climate change impacts in the area. Brown and Nicholls (2015) and Johnson and Alam (1991) noted that the northeastern floodplain naturally deposits lower amounts of sediments compared to other parts of the country, and that the subsidence rate is also higher than most other parts of the country. However, sediment flow and sand deposition on river beds are intensifying due to upland forest destruction and hill cutting for urbanization and natural resource extraction (Choudhury and Nishat, 2005; Rahman et al., 2011; Uddin et al., 2013). Moreover, extensive non-permanent embankment building for the protection of dry season rice crops is trapping sediments in river beds, resulting in water congestion during the monsoon and water storage capacity reduction during the dry season (Brown and Nicholls, 2015; Rahman et al., 2018b). These anthropogenic and natural factors are contributing to long term and persistent flood problems, and also enhancing water unavailability in the dry season, a situation compounded by prolonged drought and temperature increase (Nury et al., 2017).

The socio-economic structure in this region also contributes to climate vulnerability. The wetland resource-dependent communities are subjected to extreme poverty and economic marginalization (Ahmed et al., 2008). In particular, economic inequality is extremely high in the area, dividing the resident communities into two contrasting economic groups, influencing political power differentials and reducing the capacity of poor households to access land resources for their primary livelihood activities (Khan and Haque, 2010; Rahman et al., 2012). Most of the population in the area depends on agriculture for their primary livelihood, despite landlessness being a common feature (Rahman et al., 2015). Landless or extremely poor farmers depend primarily on shared cropping systems [Ministry of Water Resources (MoWR), 2012]. Fisher groups tend to be particularly marginalized, driven by government fisheries resource management policies that make it difficult to obtain property rights, and force them to seek livelihoods in the agricultural sector as laborers (Khan and Haque, 2010; Rahman et al., 2012, 2015).

Wetland uses in the northeastern floodplains are divided in two seasons: dry (November–April) and monsoon (May–October). Dry season is the most productive land use period, providing land for the extensive cultivation of irrigation-fed winter rice (also known as Boro rice) and winter vegetables (Rahman et al., 2018b). Most productive fishing from shallow land depressions also occurs during this season (Rahman et al., 2015). As a result, the dry season provides livelihood opportunities for most households. Monsoon, on the other hand, is considered the “lean” season in terms of land use and locally available livelihood opportunities. Open access fishing is the only major locally-available livelihood activity during this season along with limited access to agriculture in the highlands of bordering villages near some wetlands (Rahman et al., 2018c). However, winter crops and fishing are highly vulnerable to flashflood and drought events, while prolonged seasonal flooding also affects winter crop plantations by congesting water (Haque and Jahan, 2015; Rahman et al., 2018b). In particular, the impacts of floods and other climate events are most abruptly felt by socio-economically and politically marginalized communities such as women, indigenous communities, and poorer segments of society (Kamal et al., 2018; Rahman et al., 2018c).

PLANNED ADAPTATION IN THE NORTHEASTERN FLOODPLAIN

Climate change adaptation has been nurtured and mainstreamed in the national policy making processes of Bangladesh. As a result, the planned adaptation decisions and actions being taken for the northeastern floodplain have been facilitated and/or affected not only by internationally-guided adaptation planning (e.g., NAPA and BCCSAP) but also by other national and regional-level development plans and activities. These different processes have directed the planned adaptation actions in the floodplain region in three ways: (i) “hard” infrastructure development through engineered construction projects designed to extend physical protections against climate change impacts (e.g., embankment, drainage systems, sluice gates); (ii) “soft” technology-based adaptation actions designed to generate locally-available adaptation options (e.g., diversifying land use practices, alternative livelihood opportunities); and (iii) institutional capacity building to respond to local adaptation needs.

Due to the high frequency of seasonal flood and flashflood events resulting from the complex and extensive river networks that pass through the floodplain, most planned adaptation activities in this region aim to minimize the negative impacts of flooding. In particular, these activities seek to protect human settlements from flood and Boro rice plantations from early flashflood events. For example, the BCCSP, which is funded by international and specialized national funds and implemented through government and non-government collaboration, includes a priority program for maintaining and repairing embankments that were previously developed for flood protection (Huq and Rabbani, 2011). However, the highest investment for embankment building comes through the government's Annual Development Programme (ADP), which is primarily implemented by the Bangladesh Water Development Board (BWBD). Examples of engineered large-scale projects being implemented include: intervening for flood control and drainage, land reclamation, river dredging, compartment-dyke building, river bank protection, sluice gate building, digging canals, and building and maintaining submersible embankments. Some of these projects are specific to the northeastern floodplain (e.g., Kalni-Kushiara River Management Project, Upper Surma-Kushiara Project, Flashflood Protection and Water Drainage Project in Haor Areas, Haor Flood Management and Livelihoods Improvement Project and the Re-excavation of Bemalia and Balvadra Rivers under Bramhanbaria and Habiganj Districts), while others are part of national flood management programs (e.g., Char Development and Settlement Project and Water Management Development Project). The Master Plan of Haor Area (MPHA), 2012, a long-term and multi-sectoral regional development plan, has also designed four short- and long-term flood protection infrastructure projects to be implemented between 2012 and 2032 with an approximate cost of USD 212.45 million [Ministry of Water Resources (MoWR), 2012].

The “soft” technology-based adaptation actions are smaller in scale and generally involve technology dissemination to facilitate local livelihood activities and generate alternative livelihood options. For example, NAPA had two adaptation projects designed to help support agriculture and fisheries sectors at a cost of USD12 million. The major activities under these projects involved expanding potato cultivation in the northeastern floodplain and promoting aquaculture [Ministry of Environment and Forests (MoEF), 2005]. BCCSAP also had two programs designed to enhance the livelihood resilience of communities living in ecologically critical areas and other vulnerable socio-economic groups, although detailed descriptions were not reported in the planning document (MoEF, 2009). The MPHA identifies a number of projects involving technology transfer to improve agricultural land use (e.g., diversifying crop varieties, changing cropping pattern, expanding household level vegetable gardening, surface water irrigation, pest control technology, and training, etc.) and fisheries resource management (e.g., establishing fish sanctuaries), which are yet to be implemented [Ministry of Water Resources (MoWR), 2012]. Although these projects have not been directly designed for climate adaptation, they will have direct impacts on community-level adaptation.

Institutional capacity building projects are mainly designed to develop the knowledge base related to climate change and its impacts on different sectors and geographic locations. Another objective of these projects is enhancing the policy capacity of government agencies to incorporate and execute climate adaptation actions in their respective plans and policies. For example, NAPA identified seven research and capacity building projects of which three projects were designed to build the institutional capacity of government, while the other projects focused on research aimed to develop drought and flood tolerant crop varieties [Ministry of Environment and Forests (MoEF), 2005]. The direct outcome of these projects has been climate change adaptation mainstreaming in sectoral and regional policies and plans. The Bangladesh government has maintained its pursuit of adaptation mainstreaming in the subsequent adaptation plan—BCCSAP, proposing six programs under a capacity building and institutional strengthening theme (MoEF, 2009). These programs broadly seek to advance adaptation in national, spatial and sectoral development plans, enhance human resource capacity building within the government to better respond to emerging climate change issues through training, better understand, and manage gender issues related to climate change and promote media attention toward climate change impacts in order to build community awareness. However, a considerable shift toward prioritizing research is evident in the BCCSAP, which identifies the need to systematically develop sub-national climate change models and measure climate impacts on biodiversity, ecosystem, and socio-economic systems (MoEF, 2009). The completion of the northeastern floodplain's wetland classification and climate model development projects under the MPHA is perhaps the most recent example of local-level knowledge generation [Ministry of Water Resources (MoWR), 2012].

AUTONOMOUS ADAPTATION IN THE NORTHEASTERN FLOODPLAIN

Climate affected communities, in the absence of their capacity to organize planned adaptation actions, intervene with spontaneous responses to climate impacts. These spontaneous responses—also known as autonomous adaptation—are usually based on how the affected communities perceive and frame their vulnerability to climate change. Frank et al. (2011) and Safi et al. (2012) posited that community perceptions are motivated both by scientific information about any particular impact and community members' direct experiences with stress events (Midtgaard and Madsen, 2018). Community members, therefore, tend to interpret information based on the intensity of the climate impacts, their subjective experience of the impacts, their memories surrounding those experiences and their capacity to respond (Frank et al., 2011; Wachinger et al., 2013). In the case of land use dependent rural livelihood vulnerability, Sánchez-Cortés and Chavero (2010) and Bele et al. (2013) have linked local climate impact perceptions to livelihood practices, cropping patterns, seasonality and cultural practices, findings which have also been echoed by Midtgaard and Madsen (2018) in the case of the northeastern floodplain communities. Further, by taking account of both the climatic (e.g., the frequency, extent and duration of stresses) and non-climatic factors (e.g., social, cultural, economic, geographic), Rahman et al. (2018b) identified that non-climatic factors play a major role along with climatic factors in constructing community perceptions toward climate change impacts. For example, community members in the floodplain feel more exposed to climate change impacts if they have fewer livelihood opportunities, an over-dependence on natural resources, high crop diversity, low crop rotation, and crop losses due to climatic and non-climatic factors (Rahman et al., 2018b). However, they do not pay equal attention to flood, drought or rainfall intensity, frequency or duration to explain their exposure to climate change impacts (Gray and Mueller, 2012; Rahman et al., 2018b). Instead, a community's long-standing experience with seasonal stresses actually allows that community to more specifically identify which extreme climatic events are the potential stresses to land use-related livelihood activities (Rahman et al., 2018b). Recognizing that affected communities' framings of vulnerability are guided by both climatic and non-climatic considerations is therefore key to understanding which socio-economic factors can serve to maintain local livelihoods through “grassroots” innovation processes that draw on local, traditional, and/or indigenous knowledge systems.

Building on their own vulnerability framing, community members mobilize their available resources for autonomous adaptation. These resource mobilization strategies can be better understood using the capital assets approach described in the Sustainable Rural Livelihoods (SRL) framework (Chambers, 2006), which states that household assets are used to diversify livelihoods rather than invest them all into a single activity. Since most natural-resource-dependent livelihood activities (e.g., fisheries, agriculture) in the study area are sensitive to climate change impacts, the livelihood vulnerability literature posits that a balance between natural and non-natural resource-dependent activities (e.g., wage earning, small business, migration) should help maintain livelihoods (Cinner and Bodin, 2010; Cinner et al., 2012). In the northeastern floodplain, household capital assets are used for collective action-based organization development and to diversify livelihoods through fishing, farming, livestock rearing, overseas and in-migration for jobs, small business enterprise, and seasonal business (Monwar et al., 2014). The community members use their peer networks and kinship for developing small-scale community organizations. These organizations help them generate financial resources through collective saving, which they further distribute among the members as loans at a lower interest rate than conventional sources (e.g., bank and microcredit organizations) (Rahman et al., 2018c). These organizations also help them to access government subsidized small-scale agricultural technologies (e.g., tractors, harvesters, thrashers, irrigation pumps etc.) and fishing rights (for more detail on government subsidized technology dissemination and fishing rights, please see Rahman et al., 2012, 2018c). However, as noted by Rahman et al. (2018c) and Rahman et al. (2015), the local political challenges that limit the efficiency and impact of these organizations often relate to local government inefficiency and lack of capacity, which can undermine the main objectives of community-based organization building. In addition to these organizations, community members also adopt other ways of accessing capital assets, such as taking loans from peers and relatives, micro finance organizations, government banks, or selling liquid assets, mortgaging and selling land property (Monwar et al., 2014; Kamal et al., 2018; Rahman et al., 2018c).

While having access to different assets is considered critical to diversifying rural livelihoods (Bebbington, 1999; Rakodi, 1999; Ellis, 2000; Fang et al., 2014), Rahman et al. (2018c) note that while access is necessary, is not sufficient for livelihood diversification in the northeastern floodplain region. Building on the SRL framework, they suggest that rural households combine, transform and substitute available assets in order to create different livelihood activities. While access to financial capital is one of the major stimuli of adaptation (Kamal et al., 2018), loans will not always result in successful adaptation. For example, Mallick (2012) showed that tight return schedules and high interest rates may lead rural households into a loan trap, indicating a potential path-dependency associated with this adaptation strategy which can rebound vulnerability (Barnett and O'Neill, 2010; Juhola et al., 2016). Further, Rahman et al. (2018c) identified that financial loans, when invested in land use-based livelihood activities, may be subjected to climate change impacts, and may increase socio-economic opportunity costs, eroding the endurance of adaptation strategies (Barnett and O'Neill, 2010; Juhola et al., 2016).

Community members also follow other strategies to avoid maladaptive strategies. For example, relatively poorer and small-scale farming community members can liquefy fixed assets like land property to help cover the cost of obtaining non-natural resource dependent employment in urban areas, which tends to be more financially profitable and less uncertain than farming (Gray and Mueller, 2012; Rahman et al., 2018c). However, access to these employment markets often require different social networks, which the community members maintain through their peer and kin networks (Rahman et al., 2018c). Other ways of diversifying livelihood activities include intensifying and extensifying natural resource use. For example, some community members, who own suitable lands, can cultivate short-rotation crops to avoid the early flashflood risk of crop failure. Others will extensify their resource use through fisheries and collecting wild edible foods (Anik and Khan, 2012; Rahman et al., 2018c). However, as noted by Rahman et al. (2018c), the effectiveness of livelihood diversification as an autonomous adaptation approach, will depend on the external supports offered by broader market mechanisms (e.g., labor or produce markets) or from the national government's policy and planning support mechanisms.

LEARNING FROM AUTONOMOUS ADAPTATION TO INFORM PLANNED ADAPATATION

Despite the government's policy interventions and affected communities' responses, there remains a disconnection between policy-driven adaptation plans and the affected community's adaptation practices in northeastern Bangladesh. Such disconnects can perhaps be explained by highlighting the differences between the vulnerability framings being used by government agencies in contrast to the affected communities. For example, the design of national adaptation projects and the activities being taken under different adaptation plans demonstrate that the Bangladesh government's interventions are built upon future climate change scenarios and predicted sectoral impacts of climate change. Therefore, the adaptation actions adopted tend to be technocentric and closely related to institutional capacity building. In contrast, the affected communities are strategizing their adaptation actions building on socio-economic, social-ecological and experiential realities which are often context specific (O'Brien et al., 2007). Both of these approaches have relative advantages and disadvantages in terms of avoiding or embracing maladaptation (Engle, 2011). For example, by being context specific and local innovation-based, autonomous adaptation can help minimize the perceived impacts of climate change using local resources (Mog, 2006; Fazey et al., 2010). However, autonomous adaptation actions taken by one individual or community can also shift climate vulnerability to others. Planned adaptation, in contrast, tends to be broad-based and problem oriented (e.g., building flood protection infrastructure). However, planned adaptation can also deleteriously affect local innovation-based autonomous adaptation, making the overall adaptation process more dependent on external resources and potentially maladaptive (Thorn et al., 2015). Therefore, as suggested by Engle (2011), in what follows we argue for a “two-way” learning approach for adaptation planning and policy in Bangladesh.

To compare planned and autonomous adaptation processes and to specifically note the potential for learning from autonomous adaptation, we organize the following discussion according to the policy themes of institutional development, resource availability and use, and the use of technologies for adaptation actions (Table 1). Like many other countries, the institutional process of national policy making in Bangladesh tend to be centralized and hierarchical, and therefore prone to problems with generalization and limited information that inspires more linear and outcome-based interpretations of vulnerability (Paul, 1997; Choudhury et al., 2004; Rahman and Hickey, 2019). However, public participation is one of the technical mandates of the COP-guided adaptation planning process, a process that the Bangladesh government strictly followed when developing the NAPA. Notably, COP-guided adaptation processes were decided and prioritized at the international level, based on political negotiation among the parties. For example, the NAPA planning process emphasized identifying “immediate and priority” adaptation activities involving community participation. However, such planning processes require strong and readily-available scientific knowledge which was not the case in the northeastern floodplain and, as of 2018, it remained the most understudied region in the country (Rahman et al., 2018a). Moreover, community participation in national adaptation planning processes have generally aimed to help define climate vulnerability, rather than focusing on how the affected communities were autonomously adapting to vulnerability (Ayers J. et al., 2014). As a consequence, most of the adaptation projects implemented under national plans are heavily dependent on external inputs and technologies (Rahman and Hickey, 2019). Bezuneh et al. (1995), Mog (2006), and Fazey et al. (2010) noted that external input-dependent adaptation actions generally require heavy government subsidies and can reduce local innovation capacity, eroding the potential for sustainable adaptation. In contrast, community-based organizations tend to generate adaptation opportunities by providing access to credit and technologies (Table 1), offering a potential opportunity to support planned adaptation strategies through local knowledge and innovation processes that are less uncertain and more locally connected.


Table 1. Learning from autonomous adaptation to inform planned adaptation in the northeastern floodplain of Bangladesh.
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Another maladaptation risk relates to the sector-specific focus of national development plans in Bangladesh, which subsequently lack a holistic understanding of resource use dynamics and social-ecological system-level vulnerability. For example, the MPHA was designed at a more local level, yet kept the tradition of sector-specific action planning intact [Ministry of Water Resources (MoWR), 2012]. As a result, actions taken to facilitate agricultural land use (e.g., embankment building) is negatively affecting fisheries ecosystems (Megh and Najnin, 2011). Moreover, if recognized power asymmetries, socio-economic disparities, and inefficiencies in local government are not carefully addressed, development plans may incentivize local elites to capture public investments for private gain (e.g., elites controlling the technological supports provided by government), which shifts the vulnerability to local poor and marginalized groups. For example, Rahman et al. (2018c), Rahman et al. (2015), Khan and Haque (2010), and Megh and Najnin (2011) have noted that the wetland fisheries sector in the northeastern floodplain is broadly operating under elite capture, enabled in part by the national government's fisheries policy and the inefficiency of local government, limiting the access of poorer households to fishing and agricultural irrigation. While the government aims at protecting agriculture—the largest livelihood generating sector in the region—from flood risks, the community members are using their physical (e.g., land, equipment) and non-physical assets (e.g., social networks, knowledge) to diversify their livelihood activities either within their local system or in urban areas (Gray and Mueller, 2012; Rahman et al., 2018c). It may therefore be useful for the government's planned adaptation strategies to focus more on community capacity building to support livelihood diversification in both natural resource and non-natural resource-dependent sectors by, for example, providing information and creating enabling environments for new social networks to form.

Extensive use of engineered and technological solutions without building connectivity between nationally planned adaptation and autonomous local adaptation can also increase climate vulnerability. In the northeastern floodplain, the path-dependent and expensive structural solution-based flood protection strategy of the national government (e.g., embankment building, riverbed drainage) is increasing future flood potential at local scales (Brown and Nicholls, 2015; Rahman et al., 2018b). Moreover, the resulting rate of silt deposition has the potential to convert a normal flood regime to a flood stress for communities (Rahman et al., 2018b). Community members acknowledge this change, and are shifting their land use practices accordingly by, for example, cultivating short-rotation crops and diversifying crop varieties on suitable land (Anik and Khan, 2012; Rahman et al., 2018c). However, the government plans are not aiming to support such local interventions, rather emphasizing the potential for external input-based innovation (e.g., adoption of potato cultivation) (Rahman and Hickey, 2019). Therefore, the planned adaptation strategies may actually undermine local adaptation potential if more local autonomous adaptations go unnoticed (Fazey et al., 2010).

We recognize that tracking local adaptation dynamics in a changing social-ecological system is no easy task. It would require a well-established knowledge infrastructure capable of acquiring and organizing both scientific and local land use knowledge. Building knowledge infrastructure could be a starting point to facilitate centralized learning from community-level autonomous adaptation. This knowledge infrastructure could involve synthesizing both scientific and local knowledge-based adaptation innovations and practices in order to create a knowledge base capable of informing more systematic evaluations of what is suitable adaptation and what is maladaptive in such a rapidly changing social and ecological system.

CONCLUSION

Climate adaptation is an innovative and evolving process. Engaging diverse sources of innovation can serve both society and government with effective and practical adaptation options. However, planned adaptation processes, particularly in developing countries, often keep local “grassroots” innovations unacknowledged, instead depending on externally developed knowledge and technologies. As a result, many planned adaptation interventions tend to end with maladaptive outcomes. This review aimed to highlight the importance of this issue to public adaptation policy using the case of adaptation planning in the northeastern floodplain region of Bangladesh to highlight some of the flaws of contextually disconnected adaptation plans and inform how planned adaptation processes might benefit from paying closer attention to autonomous adaptation processes.

The analysis highlights that adaptation actions taken at national and local levels are designed based on the vulnerability framing approach of both the government and the affected communities, respectively. Due to the Bangladesh government's high dependence on the scientific framing of vulnerability assessment, most adaptation actions tend to be directed toward more path-dependent engineered and structural solutions. Such actions are likely rebounding local climate vulnerability. By focusing on land use-based rural livelihoods, this review illustrates how more integrative approaches might serve to improve the identification and selection of adaptation options and, in turn, improve rural livelihood outcomes. We recognize that not all local autonomous adaptation strategies are successful, with some of these actions also likely to result in maladaptation. It is in this space that planned adaptation can play a crucial role by providing the affected communities with appropriate incentives and information to help facilitate coordination and the successful use of their livelihood assets. To this end, adaptation planning would benefit from a greater focus on learning and scrutinizing the autonomous adaptation of communities to climate stress before making significant resource allocation decisions.
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FOOTNOTES

1The Intergovernmental Panel on Climate Change (IPCC) define livelihoods as “… the ensemble or opportunity set of capabilities, assets, and activities that are required to make a living' IPCC (2012). Managing the risks of extreme events and disasters to advance climate change adaptation. Cambridge: Cambridge University Press.(2012, p. 798).
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