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Abstract: Rural landscapes in many parts of Indonesia are rapidly being transformed, due to the
expansion of agrocommodity plantations—oil palm in particular. At the same time, communities in
those landscapes face declining crop yields and ecosystem degradation as a result of both climate and
non-climate factors. We assessed local perceptions on climate stressors, adaptation and vulnerability
using focus group discussions in Ketapang, West Kalimantan. We found that the main perceived
climatic stressors were extreme and unpredictable seasons, fires, and saltwater intrusion, affecting
ecosystem services and agricultural production. Land clearing and forest loss were mentioned as
exacerbating non-climatic stressors. Respondents indicated willingness to adapt to these changes
by investing in long-term measures, such as tree-planting. To adapt to yield declines, respondents
indicated that many farmers shifted from rubber to oil palm. Such adaptation actions benefit
households in the short term but may be at odds with long-term adaptation objectives at the landscape
level. Finally, we found that perceptions about vulnerability differed between landscapes, and
between communities at the landscape level and stakeholders at the district level. This stresses
the importance of participatory and inclusive planning and multi-stakeholder processes towards
context-based climate action planning to accommodate the differences in contexts and scale, and to
reconcile the differences in perceptions.
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1. Introduction
1.1. Climate Change Impacts in the Rural Tropics
People living in tropical rural landscapes are particularly vulnerable to the effects of
climate change, because they depend directly on agriculture and natural resources for their
livelihoods [1–3] and live in countries with increased risk of daily temperature extremes [4].
Climate hazards directly impact their livelihoods through various aspects of agricultural
production and food provision [5–9]. Climate change also impacts ecosystems [10]: for
example, through impacts on their biodiversity [11,12], on provisioning ecosystem services [13], as well as on their ability to provide regulating services, such as prevention of
soil erosion [14]. Interplays between climate and non-climate factors have the potential
to create even greater adverse impacts. Land-use change can be a major exacerbating
factor for climate stressors—for example, where monocultures replace diverse ecosystems,
resulting in reduced biodiversity [15–17], and amplify the effects of higher temperature
and drier air [18,19]. For rural populations, other non-climate stressors that interact with
climate change may encompass issues such as food insecurity and poverty, and even a
wider range of stressors, such as market and institutional failures [1,8,20].
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1.2. Towards Climate-Smart Landscapes for Mitigation and Adaptation
Due to the effects of climate change, Indonesia is predicted to be subject to higher
temperatures, less frequent but more intense extreme rainfall events, and more frequent
dry periods. Impacts are expected to vary greatly, but insufficient data are available to be
able to perform regionalized climate change impact projections. At the same time, many
adaptation initiatives are being implemented. A large proportion of these lack local impact
and vulnerability assessments and are not oriented towards resolving locally relevant
expected impacts [21].
Adaptation to and mitigation of climate change need to be addressed in an integrated manner [22], and integrated landscape management offers good opportunities for
that [8,23]. This has been receiving growing recognition and it has given rise to the concept
of the climate-smart landscape, which simultaneously supports carbon sequestration and
increases people’s adaptive capacity and food security in the face of unavoidable climate
change [24–26]. A key strategy to achieve climate-smart rural landscapes in the forested
tropics is the deliberate management of trees and forests, as this offers opportunities for synergies between mitigation and adaptation [27,28]. Climate-smart rural landscapes typically
combine a variety of agricultural fields, agroforests and natural forests, to deliver multiple
functions [27,28]. They maintain or enhance carbon stocks and thus provide long-term
mitigation benefits, while also providing immediate adaptation benefits, decreasing the
vulnerability and increasing the resilience of local populations to climate change [27,28].
1.3. Assessing Local Perceptions on Vulnerability and Adaptation
In recent years, an increasing number of integrated landscape initiatives have emerged,
aiming to contribute to mitigation and adaptation objectives at the landscape level, alongside other conservation and development goals [29]. To be successful and to strengthen
the resilience of landscapes, however, such integrated landscape initiatives need greater
insights on the relation between international and national climates and development objectives on the one hand, and the locally perceived needs for adaptation and development
on the other.
The way rural communities adapt to climate change and hazards is influenced not only
by their existing adaptive capacities [30], but also by their perceptions of climate change
or variability [31–33]. Communities’ perceived vulnerabilities are the result of their past
experiences, communication, and peer exchange [7], although they may not automatically
lead to corresponding adaptation strategies [33–35]. The uptake of adaptation strategies
by communities is influenced by whether they accept them as addressing the perceived
vulnerabilities [36]. Therefore, a better understanding of how people perceive their vulnerabilities is key to shape further adaptation strategies and actions, e.g., by government
and other external programmes [7,33,34,37,38], thus also addressing the reported need to
strengthen communities’ adaptive capacities [39].
In this light, we assessed local perceptions related to climate change adaptation
and vulnerability in West Kalimantan, Indonesia. The assessment aimed to increase
the understanding of: (i) local perceptions of climate hazards and non-climate stressors;
(ii) local response strategies to climate stressors; (iii) local perceptions of vulnerability to
climate change, and the factors that contribute to that vulnerability. We aimed to pilot a
methodology that could be used for other local adaptation and vulnerability studies, as
called for by the Indonesian government [21]. Further, the assessment meant to inform the
development of climate-smart programmes, ensuring that the intervention strategies build
on what people are already doing in the landscapes, aligns with local priorities and helps
fill gaps that may exist. To assess whether this last objective was met, we also considered
whether the information was relevant, and whether the study provided a worthwhile
contribution to existing knowledge. In this article we present the results of the assessment
and reflect on the relevance and usefulness of its outcomes.
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2. Materials and Methods
2.1. Conceptual Framework
The closely related concepts of adaptation and vulnerability are key to understanding
how people and natural systems respond to the effects of climate change, including climate
variability and extremes.
Adaptation refers to the process of adjustment of (socioecological) systems to actual
or expected changes in the climate and their effects. Adaptation actions aim to moderate
the adverse effects of unavoidable climate change and may also include actions to seize
new opportunities brought about by climate change. A distinction can be made between
‘incremental adaptation’ and ‘transformational adaptation’ [40]. The former refers to actions
that aim to maintain the essence and integrity of an existing technological, institutional,
governance or value system (e.g., a farmer who switches to drought-resistant crops, or
plants trees to control erosion), while the latter refers to a fundamental change to the system
(e.g., a farmer who moves from cropping to livestock, or migrates in search of employment
elsewhere) [40]. Adaptation usually starts with incremental changes, but such actions may
ultimately not be sufficient in the face of more drastic changes in climate conditions. Often,
transformational adaptation may be needed to achieve long-term resilience [41].
Vulnerability of a socioecological system refers to the propensity or predisposition of
that system to be adversely affected. The level of vulnerability is influenced by the adaptive
capacity, which is the ability (of systems, institutions, humans and other organisms) to
adjust to potential damage, to take advantage of opportunities, or to respond to consequences [42]. More adaptive capacity means that a system is more likely to adjust to
changes, and thus decrease its vulnerability. In the context of this study, the system refers
to the current combination of people and environment in the communities of the study
area. Vulnerability also depends on the system’s sensitivity [40]. Sensitivity reflects the
degree to which an existing system is affected by climate variability or change. For example,
vulnerability in an agricultural system depends on the sensitivity of crop yields to the
changing weather, as well as the ability of farmers to adapt to the circumstances, e.g., by
switching crops [43]. Furthermore, the 2014 IPCC report [42] incorporates the concept
of risk, which refers to the probability of harm to human life or damages due to climate
hazards, and therefore depends on exposure to the hazard, the probability of the hazard to
occur, and the vulnerability of the system to that hazard.
In this study, we adopt the concept of ‘vulnerability’ to climate hazards as a function
of sensitivity and adaptive capacity [40,44]. Although the assessment focused on climate
hazards, it also considered other drivers of change in the landscapes. It is often not possible
to disentangle the roles of climate and non-climate stressors in influencing people’s actions:
i.e., people usually do not adapt to one particular stressor, but to a broad combination of
changes [45]. Additionally, climate-related hazards do not only impact livelihoods directly
(e.g., by reducing crop yields), but also often exacerbate other, non-climate stressors with
further negative outcomes for the livelihoods of poor people (e.g., increased food prices) [43],
as well as for ecosystem goods and services [46]. Due to these close interactions, perceived
vulnerabilities to climate change may in turn be influenced by non-climate stressors.
We categorized impacts of the hazards and stressors into two groups. The first is
the ‘ecosystem service (ES) impact group’ which encompasses all impacts that concern
natural goods and services, including provisioning, regulating, cultural and supporting
services [47–49]. The second is the ‘Agricultural Production (AP) impact group’ which
encompasses impacts on communities’ agricultural production and management, both for
subsistence use and cash income.
2.2. Study Area
Climate change in Indonesia is already taking place, with an annual temperature
increase of between 0.01 and 0.06 ◦ C recorded, and an expected increase of between 0.67
and 1.0 ◦ C predicted by 2035, while average total rainfall is expected to remain similar or
increase, but with greater variability between regions in the country and throughout the
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year. For southern Kalimantan, for example, more intense dry seasons are expected, while
throughout Kalimantan the wet seasons are expected to become wetter [21]. Indonesia is
affected by climate change in several ways, one of which is the occurrence of forest fires,
as the result of a combination of burning practices, more intense ENSO events, and mean
temperature increase [50–52]. Agricultural-based livelihoods in many parts of the country
are also affected by climate stressors [30,53], and are projected to be negatively affected by
climate change [54].
While affected by the impacts of climate change, and despite recent successes in
curbing deforestation rates [55], Indonesia remains a GHG-emitting country, due to CO2
emissions resulting from deforestation [56,57]. In addition to forest loss, forest and peatland
fires associated with forest degradation and plantation development contribute to CO2
emissions, as well as to loss of biodiversity and livelihoods [58–60].
The study focusses on Ketapang District (31,588 km2 ) in West Kalimantan, Indonesia
(Figure 1). The district is geographically located between 0◦ 190 26.51” to 3◦ 40 16.59” South
and 109◦ 470 36.55” to 111◦ 210 37.36” East and is dominated by lowland areas at 0–500 m
above sea level. The mean annual temperature in Ketapang is 27.2–27.8 ◦ C, and the mean
annual rainfall for 2011–2020 was 2985 mm (lowest: 2016 mm; highest: 3970 mm), with the
number of wet days ranging from 134 to 265 [61]. Typically, the drier months are July and
August, although in some years these can span until September.
Since the 1900s, the native Dayak communities have been managing jungle rubber and
tembawang (traditional forest gardens), combining rubber (Hevea brasiliensis) with upland
rice and other fruit and timber trees [62]. More recently, Malay and Javanese migrants
developed rubber monocultures, especially in the lowland areas, and sometimes located
on the edge of peat formations. Being a coastal district, Ketapang also produces copra out
of coconut (Cocos nucifera) fields in the coastal villages.
Like in many other areas in Indonesia, West Kalimantan, including Ketapang district, experienced massive logging in the 1980s–1990s. The subsequent decades witnessed
rapid and extensive agrocommodity-based development due to the expansion of oil palm
(Elaeis guineensis) plantations, often at the expense of forest [56]. Ketapang has been particularly attractive for oil palm companies, as it is a lowland-coastal district with a predominance of flat areas. Moreover, district policies have been favouring license granting to large
scale concessions, and the district government started to increasingly allocate large areas
for plantation development around 2005–2007 [63]. In 2019, Ketapang had an oil palm area
of 645,700 ha, taking up approximately 21% of the district area [64]. It makes Ketapang the
district with the largest oil palm area in the province, which is estimated to have around
1.8 million ha [65].
Our case study in Ketapang district focusses on four sub-district landscapes, namely:
Simpang Dua, Gunung Palung, Sungai Putri and Pematang Gadung (Figure 1). Each
landscape consists of 3–4 villages, and represents characteristics as shown in Table 1.
Table 1. Landscape general characteristics.
General
Characteristics

Simpang Dua
(Upstream)

Gunung Palung
(Transition)

Sungai Putri
(Coastal)

Location and elevation

Upstream-hinterlands

Transitional (lowland
to foothills)

Coastal with peatlands

Ethnicity

Indigenous Dayak

Dayak and Malay

Malay migrants

Area *
Population size **
Forest area *,#

73,000 ha
4300
13,400 ha (19%)

57,000 ha
9700
17,500 ha (30%)

55,000 ha
12,300
31,900 ha (58%)

Pematang Gadung
(Peatlands)
Peatland-predominated
lowland
Malay and Javanese
migrants
46,000 ha
12,400
9800 ha (20%)

* Approximate area, landscape boundaries are derived from Indonesia Village Map [66]; ** Approximate figure, from village statistics; #
Forest classes in 2019 Indonesia Land Cover Map [67].
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Figure 1. Four landscapes as the focus areas in Ketapang District, West Kalimantan, Indonesia.

2.3. Data Collection
We employed Focus Group Discussions (FGD) with communities’ representatives in
the four landscapes. To find out how communities’ adaptation strategies and vulnerability
levels were evaluated by external stakeholders at a higher administrative level, we conducted one FGD at Ketapang district level. The FGD sessions were structured around two
impact groups (ES and AP). In each FGD, participants discussed: (i) the major ecosystem
services (for the ES group) and the major crops (for the AP group); (ii) the changes in ecosystem services and crops affecting their livelihoods and the landscapes over a time span
agreed on by the FGD participants (e.g., past 15 years); (iii) the climate factors associated
with those changes; (iv) the responses to address those impacts (including the limitations
and successes of those responses); (v) perceptions on how vulnerable the communities
were and what determined the perceived levels of vulnerability. Figure 2 shows the flow
diagram that was used to structure the discussions.
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Figure 2. Conceptual framework of the study applied in the FGD processes.

Steps (iv) and (v) focused on changes or impacts that are associated wholly or partly
to climate factors. Under step (v), for impacts which communities were perceived to
be vulnerable to, participants were asked to categorize the levels of vulnerability: low,
medium/moderate and high. Subsequently, participants were asked to discuss the main
reasons for their perceived levels of vulnerability.
The district level FGD was conducted in November 2019 and was attended by 20 people representing government officers and CSOs/NGOs. The FGDs in the four landscapes
were implemented in February 2020, with the participation of 47 people for Pematang
Gadung, 47 for Sungai Putri, 40 for Gunung Palung and 21 for Simpang Dua. The participants were representatives of communities at the landscape level, consisting of farmers,
customary leaders, community representative groups, women representatives, youth representatives, village authorities and other village community members.
2.4. Data Analyses
To analyse adaptation strategies, we first grouped participants’ answers into six
types of response actions (Table 2). These were further categorized into four categories
of adaptation strategies: (i) ‘short-term strategies’, which refer to the application of quick
solutions to cope with impacts immediately; (ii) ‘longer-term strategies’, which are solutions
that are more thorough and long-term oriented, but without changing the livelihood
source; (iii) ‘finding alternatives’, which implies alternatives for existing systems/practices;
(iv) ‘reliance on government’, which refers to a reliance on external support, mainly from
government regulation and programmes (Table 2). These groupings were based on postsurvey data analyses. The count of responses mentioned in the FGD became the quantifier
for actions and strategies, which we used as indicators of their prevalence, as well as for
comparison across landscapes. We also observed and discussed how the response strategies
aligned with the categorization of adaptation and resilience [40,68].
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Table 2. Types of response actions and categories.
No

Type of Response Action and Examples

Categories of Adaptation Strategies

1

Ad hoc solutions
(e.g., purchasing water for water shortage)

Short-term strategies

2

Improvement of management
(e.g., tree-planting as part of addressing tree-cover loss; planting time
adjustment for rice farming)

3

Improvement or fixing of construction
(e.g., fixing the ditch for a water issue in rice fields)

4

Alternative source (for ES)/alternative farm income (for AP)
(e.g., river water as an alternative to spring water; planting oil palm
as alternative to rubber tapping)

5

Alternative non-farm income (for AP)
(e.g., working at oil palm plantations)

6

Government programme or regulation
(e.g., forest protection programme)

Longer-term strategies

Finding alternatives

Reliance on government (programme or
regulation)

To analyse and visualize the perceived vulnerabilities, we converted the vulnerability
levels expressed by participants into scores: 1 = not vulnerable, 2 = s lightly vulnerable,
3 = moderately vulnerable, and 4 = highly vulnerable. Average scores were applied to obtain
scores of combined crops, i.e., food crops and tree cash crops, and at the landscape level. The
explanation provided by participants on the reasons of their perceived vulnerability levels were
analysed and categorized into ‘sensitivity’ and ‘adaptive capacity’, as the two main factors
determining vulnerability [40,44]. In some cases, participants identified both factors.
3. Results
3.1. Climate and Non-Climate Stressors and Impacts on the Landscapes
There were eight impacts identified from all the FGDs in the four landscapes: four
under the Ecosystem Service (ES) impact group and four under the Agricultural Production
(AP) impact group (Table 3). Some of the impacts were identified in all four landscapes,
while some others were not. Therefore, in all, there were 13 counts of impacts under the ES
group and 12 counts of impacts under the AP group (Table 3). The major climate stressors
identified by the communities were extreme and erratic seasons, including high rainfall
and droughts, which affect the timing of the planting season and other farm management
activities. In addition, fire, which frequently occurs during the dry season, was mentioned
as a major stressor, especially in the peat landscapes. For coastal villages, sea water rise
was also mentioned as an issue for coastal farming.
Aside from the major crops mentioned in the table, a number of other crops were identified as important for livelihoods but were not perceived to be affected by climate stressors.
These included fruits, such as durian (Durio zibethinus), jengkol (Archidendron pauciflorum)
and langsat (Lansium domesticum) in Simpang Dua, and clementine (Citrus reticulata) in the
lowland-coastal landscapes. Next to that, oil palm was brought up as a key crop that was
not affected by climate stressors. Oil palm occurs in all landscapes but is most prominent in
Pematang Gadung and Gunung Palung. The presence of large-scale oil palm companies in
these landscapes have created opportunities for villagers to work on large-scale plantations
as labourers, or to start cultivating oil palm themselves.
Participants also identified several non-climate factors that amplified the various
adverse climate-related impacts in the landscapes. In the ES impact group, these factors
included logging, mining, and forest clearing for large-scale plantations, and unsustainable
forest product harvesting. In the AP impact group, they included pests and diseases,
newly introduced rice varieties that are more vulnerable to pests and diseases, peat water
intrusion, and decreasing soil fertility.
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Table 3. Impacts under ES and AP impact groups identified in four landscapes.
No

Impact Group

Impacts

Major Climate
Stressors/Hazards

1
2
3
4

Ecosystem Services
(ES)

Declining water discharge
Floods
Heat
Declining forest products

Drought
Extreme rainy season
Drought, fire
Drought, fire

5
6
7
8

Agricultural
Production (AP)

Rubber *: production
decline
Coconut *: production
decline
Rice *: production decline,
irregular planting time
Vegetable *: production
decline

Extreme seasons
Extreme seasons, sea
level rise
Extreme and erratic
seasons
Extreme seasons

Simpang Gunung
Dua
Palung
√
√
√
√
√
√

√

√

√

√

√

√

Sungai
Putri
√
√
√
√

Pematang
Gadung
√

√

√

√

√

√

√

√
√

* In further analyses, rubber and coconut are grouped into ‘tree cash crops’, and rice and vegetable are grouped into ‘food crops’.

3.2. Response Actions at the Landscape Level
3.2.1. Response Actions for Impacts on Ecosystem Services (ES)
In the ES impact group, dominant response actions in all the landscapes were related
to the improvement of forest and land management (Figure 3). This particularly referred
to tree planting, either in the forest, in their own farmlands, or around the settlement
areas. Participants considered tree-planting as an important action in response to heat, and
declining forest products, mainly timber. In addition, this action was also taken to reduce
the risk of floods and improve water discharge (Figure 3).

Figure 3. Response actions in four landscapes for the four impacts under the ES group.

Improvement of construction was the second most frequent response. This was
primarily to address the decline of water discharge, by constructing pipes, wells and water
reservoirs. In some landscapes, communities tried to find alternative sources when ES
around them were declining, such as rubber trees as an alternative for timber, and rainwater
and river water as alternatives for spring water.
3.2.2. Response Actions for Impacts on Agricultural Production (AP)
In the AP impact group, finding non-farm income was indicated as the most important
action in response to the production decline of important cash crops such as rubber and
coconut (Figure 4). This was not only in response to declined yields, but also in reaction
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to plunges in rubber and copra prices, which resulted in a lack of interest in improving
the production. The most important non-farm income options were wage labour for
communities close to large-scale oil palm plantations, and the harvesting of non-timber
forest products for communities close to forest and forest-gardens areas.

Figure 4. Response actions in four landscapes for the three impacts under the AP group.

Improving existing constructions was the second most frequent response action,
mainly in irrigation systems to address water issues for rice production. Rice farmers also
engaged in various improvements in farm management, such as adjusting planting time to
the unpredictable start of the rainy season or applying pest and disease control. Planting
alternative crops in their own lands, oil palm in particular, is common for tree cash crop
farmers. This was most common in landscapes with oil palm plantations in the vicinity,
where some villagers worked in those plantations, and where there were markets and
infrastructure for selling and processing the fruit bunches.
3.2.3. Adaptation Strategies by Landscape
Comparisons between the four landscapes, and with respect to both impact groups (AP
and ES), show that long-term strategies were most often mentioned by FGD participants
in Sungai Putri and Pematang Gadung (Figure 5). Long-term adaptation was particularly
dominant in Sungai Putri, where communities depend mostly on rice cultivation and
coconut farming. Here, long-term adaptation strategies focused on constructing water
ditches to address saltwater intrusion in the rice fields and in the coconut gardens. There
were no oil palm plantations close to the villages, which meant there were fewer options
for people to find alternative income as wage laborers. These communities are not forestdependent, despite the vast peat swamp forest at the back of their villages. Finding
alternative income was most dominant in Simpang Dua because communities had access
to and had been managing the forests and forest-gardens for non-timber forest products.
In addition, they could also work as wage labourers in the oil palm plantations near their
villages. Simpang Dua is the only landscape where communities did not refer to reliance
on government as one of the strategies.
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Figure 5. Adaptation strategies in four landscapes for the two impact groups.

3.3. Perceived Vulnerability at Landscape Level
3.3.1. Perceived Vulnerability Levels across Landscapes
Among the four landscapes, FGD participants in Sungai Putri perceived the highest
level of vulnerability, with an average score of 3.7 over six impact classes (Figure 6). Being
in the coastal area, and with peatlands at the back of the villages, the landscape is exposed
to various climate-induced hazards such as fire and sea water intrusion, in addition to
extreme weather events and unpredictable seasons. Communities had to apply various
strategies to survive the various hazards impacting their crops and farming practices
(see Section 3.2.3) without having sufficient alternative options.

Figure 6. Perceived vulnerability scores for six impacts (see Table 3) in each landscape (S Putri = Sungai Putri; S Dua = Simpang Dua; G Palung = Gunung Palung; P Gadung = Pematang Gadung).
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Simpang Dua had the second highest perceived vulnerability amongst the four landscapes, with an average score of 3.3. Despite its upstream and hinterland location, Simpang
Dua communities suffered from frequent floods during heavy rains and declining water
discharge during long dry seasons, both exacerbated by forest loss and land clearings.
However, the remaining forest still seems to be able to supply timber and other forest
products, as it was the only landscape where communities did not perceive themselves to
be vulnerable to decreasing forest products.
Perceived vulnerability in Pematang Gadung was moderate (average score of 2.8), depending on the impact class. As a peatland-dominant landscape, Pematang Gadung was
highly exposed to fire hazards. The perceived vulnerability to heat and to the decline of forest
products was mainly attributed to peatland fires that were widespread during dry seasons.
Finally, FGD participants in Gunung Palung perceived low vulnerability, with an
average score of 2.3. This was mostly attributed to successful strategies and measures
to address, and adapt to, the various adverse impacts of climate stressors. These efforts
included tree-planting and forest protection under a social forestry scheme (Hutan Desa)
in one village, and the availability of alternative income sources to address declines in
agriculture production, especially cash crops.
3.3.2. Perceived Vulnerability and Determining Factors
The perceptions of high vulnerability within the ES domain, i.e., to heat (three landscapes) and to floods (two landscapes), were attributed to the lack of support from the
government as well as the low awareness of the communities themselves, which all fall
under ‘adaptive capacity’ (Table 4). Lack of government support mostly related to the
lack of enforcement to protect forest from logging and to conduct tree-planting, while
low awareness mainly referred to some people engaging in illegal activities and river
littering, which worsen the impacts. Within the AP impact group, communities perceived
themselves to be highly vulnerable to the impacts on all crops (rice, tree cash crops and
vegetables), but more so for tree cash crops (three out of four landscapes), which consist
of rubber and coconut (Table 4). Crop sensitivity to climate was considered as a major
factor, primarily in the case of rubber as the main tree cash crop. Rice farmers, on the other
hand, attributed their high vulnerability mainly to a lack of adaptive capacity, referring to
demands for more support from the government.
Table 4. Vulnerability levels and the perceived determinant factors of adaptive capacity, sensitivity, or both.
Frequency of Determinant Factors (as Number of Landscapes)
Impacts

High Vulnerability
Adaptive Capacity

Water discharge
Heat
Forest products
Floods
Rice
Vegetables
Tree cash crops **

Sensitivity

2
1
1
1
3

Low-Medium Vulnerability
Both *

ES Impact Group
1
1
1
1
AP Impact Group
1

Adaptive Capacity

Sensitivity

Both *

3
1
2

2
1
3

* Both = adaptive capacity and sensitivity; ** consisting of rubber (in all four landscapes) and coconut (in two landscapes).

The factors behind the perceptions of high vulnerability highlight a slight difference
between the two impact groups. For the AP impact group, participants recognized sensitivity of the crops as a major factor, because farmers themselves experienced crop yield
declines due to climate variability and weather extremes. For the ES impact group, in most
cases, both sensitivity and lack of adaptive capacities were identified as determinants for
their high vulnerability. FGD participants referred to logging and land clearing as major
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factors for the ES impact group, which demonstrates the roles of non-climate factors in
increasing landscape sensitivity to climate stressors.
In the landscapes where vulnerability was perceived to be low-to-medium, it was
all attributed to adaptive capacity, manifested in strategies already in place. For the ES
impact group, these mostly referred to successful tree-planting and improved constructions
to secure their water supply, which all fell under ‘adaptive capacity’ (Table 4). In the
AP impact group, participants mostly referred to constructions for water regulation and
improved farm management to boost production of rice and vegetables. Regarding tree
cash crops, participants referred to their ability to find alternative income sources, as
discussed above.
3.4. Comparison with Knowledge and Perceptions of Stakeholders at District Level
3.4.1. Climate Hazard, Impacts and Adaptation Strategies
At the district-level FGD, stakeholders identified seasonal variation and extreme
events, especially fire, as major climate-related hazards in Ketapang, as similarly identified
by communities (see also Table 3). FGD participants referred to big fire events affecting
almost all peatlands in the district in 2015 and 2019. Impacts of climate stressors to
communities in Ketapang identified by district stakeholders were similar to those identified
by communities, i.e., declining forest resources as livelihood sources, declining water
availability and declining production of rubber and rice. In addition, district stakeholders
mentioned two impacts of forest loss that were not mentioned by communities: decreasing
absorption of CO2 , and decreasing biodiversity values, including germplasm. District
stakeholders also identified human activities such as logging and large-scale plantation
development as major factors of forest loss. At the same time, they stressed that oil palm
had become an important crop for the communities, with lower sensitivity to extreme
climates compared to rubber.
Communities’ adaptation strategies identified by district stakeholders were improvements to forest and farm management and the development of construction and infrastructure for water regulation. These were similar to those identified by the FGDs in the four
landscapes. District government representatives emphasized that some of those strategies
were part of government programmes to provide support and assistance to the communities. District stakeholders also mentioned that rubber farmers tend to look for alternative
income sources in response to declining yields and decreasing prices. They also noted that
farmers in Ketapang were planting different crops, helping them to curb the impacts of
crop failure and declining prices.
3.4.2. Comparison of Vulnerabilities
District stakeholders considered that communities were moderately vulnerable to
declines of forest products and resources (Figure 7), because communities had managed
well in finding alternative sources. Regarding water availability, district stakeholders
considered communities to be highly vulnerable. One major issue that was identified
in the FGD was the massive water uptake by large-scale industries, such as oil palm
mills and bauxite smelters. This had not been mentioned in the community FGDs. The
district stakeholders did not mention floods and heat, while these were two major impacts
identified in the landscape FGDs.
District stakeholders perceived the vulnerability of rubber farmers to be medium, because,
despite rubber’s high climate sensitivity as well as the volatile latex price, farmers were able
to find alternatives, or to diversify incomes. For rice farmers, they considered vulnerability
to be low, mainly because there had been numerous and successful measures to boost rice
production, including support from the government, mainly for irrigated rice fields.
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Figure 7. Perceived vulnerability scores of the communities in Ketapang as perceived by FGDs in
four landscapes and by district stakeholders (S Putri = Sungai Putri; S Dua = Simpang Dua; G Palung
= Gunung Palung; P Gadung = Pematang Gadung).

Figure 7 presents the comparison between communities’ perceptions and district
stakeholders’ judgments on vulnerability levels related to forest products and resources,
water discharge, tree cash crops and food crops (i.e., rice and vegetables).
Vulnerability in relation to forest products and resources and tree cash crops was
considered moderate according to both community and district-level FGD participants
(Figure 7). Vulnerability related to water discharge was considered higher by district-level
stakeholders, mainly because they identified water demand at an industrial scale (plantations and mining) as an additional factor that communities were not aware of. District
stakeholders judged vulnerability in relation to food crops as low because they argued
there had been numerous programmes to assist in rice farming and production. In the community FGDs, however, these programmes were considered insufficient (see Section 3.3.2).
4. Discussion
4.1. Climate and Non-Climate Stressors
This study was meant to inform landscape level climate-smart interventions that
require an understanding of local perceptions related to vulnerability and adaptation to
climate change and stressors. However, when discussing vulnerability and adaptation
strategies, it is often not possible to distinguish between climate and non-climate stressors.
Although the FGD participants in our study were well aware of the relation between the
climate and the provision of certain ecosystem services and agricultural production, they
seldom saw climate change as the sole cause of these impacts. In line with that, they
acknowledged that their adaptation strategies are usually in response to impacts that are
caused by a combination of climate and non-climate stressors. Although this compromises
the extent to which we can use the data to make scientifically robust statements regarding
the attribution of climate change, this ambiguity does not necessarily make the data less
valuable to inform interventions. After all, climate-smart interventions are meant to reduce
people’s vulnerability, by recognizing the interplay between climate and non-climate
stressors, rather than segregating them.
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4.2. Incremental Adaptation
A common adaptation strategy for farmers in the study area is to diversify crops
across the lands that they own or manage, which is possible where lands are relatively
abundant. It is especially common for rubber and coconut farmers, who are faced with
declining yields due to climate stressors, as well as price declines. In response, they tend
to switch to alternative crops, especially oil palm. They may return to their rubber and
coconut plantations when prices increase and/or access to markets improve. In contrast,
farmers hardly ever abandon their rice fields, because it is the staple food. Hence, rather
than searching for alternatives, farmers tend to make extra efforts to boost rice production.
In the peat landscapes, where land management can be costly [69] and land availability is
not as abundant as in the upstream-hinterlands, people also adapted by diversifying into
the non-land-based sector, such as home industries or local businesses. This may also be
related to their cultural background (most community members were migrants from other
parts of Indonesia) and their easier access to markets.
Despite the slight differences in responses to various impacts, we found that the main
adaptation strategies focus on either ad hoc solutions or finding new crops or sources, while
maintaining the existing system. These are thus forms of incremental adaptation [40,68].
Communities in the study area have so far been able to continue or increment the adjustments without engaging in fundamental transformations, as has been observed elsewhere [41].
4.3. Differences in Vulnerability Perceptions and Determining Factors
In the agricultural domain, communities recognized that both crop sensitivity to
climate factors and their low adaptive capacity to deal with this as the determining factors
of perceived high vulnerability. For ecosystem services, non-climate stressors, mainly
forest loss and land clearing, increase the sensitivity of the ecosystem or the landscape,
which contributes to the vulnerability of the communities. In contrast, when perceived
vulnerability was low, communities would attribute this solely to the strategies that they
have applied to adapt. At this level, sensitivity is considered as given, and what can be
improved or changed to reduce vulnerability are the adaptive capacities.
In comparing across scale, district level stakeholders are able to take into account
more factors when judging communities’ vulnerability and to assess the situation with
a bird’s-eye view. As a result, they may judge communities to be less vulnerable when
they consider that the communities have the ability to adapt. At the same time, they
may judge that communities are more vulnerable because they see more hazards that the
communities are not aware of. Consequently, the district stakeholders may be less aware of
circumstances at the local level that communities might consider important in determining
their vulnerabilities.
In relation to the role of government in enhancing adaptive capacities, the communities would argue that a lack of government support contributed to their vulnerability,
particularly related to food crops, while the district government argued that their programmes had decreased communities’ vulnerability. This discrepancy may be caused
by stakeholders’ biases, where government officials consider government programmes
successful, while communities consider them insufficient. Uneven distribution of support
throughout the landscapes could be another factor affecting these differentiated perceptions
(e.g., when support focusses on villages within easy reach of the government agencies),
but we did not find data supporting this. The differences in perceptions may also be
indicative of a gap or disconnect between governments and the communities due to the
insufficient roles of intermediary stakeholders (e.g., sub-district or village governments
and extension officers) and/or a lack of participation and inclusiveness in the planning
and implementation of the programs.
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4.4. Differences of Vulnerabilities in Landscape Contexts
In the two peat landscapes in this study, despite being in the same type of ecosystem
and being similarly exposed to fire hazards, communities’ perceptions towards vulnerability differed: one was high, and the other was moderate. This difference was primarily due
to the availability of options to earn income, in this case from oil palm. That being said,
while oil palm may decrease communities’ vulnerability by offering an alternative income,
it is also one of the major drivers of peatland clearing and drainage, causing fires [70,71]
and other adverse impacts, including biodiversity loss [72]. In addition, although focus
group participants considered oil palm as a climate-resilient crop, it may be susceptible to
droughts, losing up to 30% of its productive capacity during prolonged dry periods [73].
There seems to be a lack of awareness of such risks and how these may increase their
vulnerability in the future. In other words, existing adaptive capacity in the form of available options (i.e., oil palm cultivation) might reduce the vulnerability of these peatland
communities in the short term but may increase their vulnerability in the long-term.
Communities in the remote-upstream landscape in our study suffered from climateinduced hazards, i.e., floods and declining water discharge. This is exacerbated by the
rampant loss of forest, which reduces the natural buffer functions that attenuate extreme
seasons [74–76]. Moreover, these upstream communities perceived themselves to be highly
vulnerable to the impacts on agricultural crop production, despite the available access to
alternative income sources from forest products and oil palm. The availability of such
alternatives does not reduce their perceptions of vulnerability. In addition to the adverse
impacts that the communities continuously experience, the perceived high vulnerability is
attributed to the remoteness of the villages that make them feel insufficiently supported
by the government. Furthermore, poverty is dominant, with three of the four villages
belonging to the ‘underdeveloped’ category, the lowest category in the national Village
Development Index (Indeks Desa Membangun) [77].
4.5. Implications for Climate-Smart Interventions
The study provides various insights and lessons that can be used to inform interventions aiming to support climate change adaptation and mitigation at the landscape level.
First, ideas about vulnerability and the influencing factors may differ substantially between
landscapes within the same district. People’s perceptions of their vulnerability depend
on the local context, including the available land-use opportunities, measures that have
been taken (including the success of those measures), and the importance of the affected
elements of the socio-ecosystem for local stakeholders. Similar results were also found in a
study in South Africa, where local conditions, together with factors such as households’
access to human and financial capital, influenced the level of perceived vulnerability [78].
As was observed in South Africa, in our study area, all of the FGD participants perceived
themselves to be vulnerable to some degree, indicating that their adaptation strategies are
not enough to face all expected future shocks and that interventions will be necessary for
them to overcome these shocks.
Second, intervening organizations need to be aware of the trade-offs that may exist
between short- and medium-term adaptation actions that benefit households and communities, and adaptation actions aimed at protecting public long-term interests. For example,
while people see oil palm cultivation as an option to increase their adaptive capacity at
the household level, they also realize that land clearing for oil palm exacerbates climate
hazards at the landscape level, such as floods, and that oil palm cultivation on drained
peatland triggers more frequent fires. Similarly, there may be gaps in knowledge and awareness about the long-term outcomes of short-term strategies. There is little knowledge and
awareness of the potential long-term risks of oil palm’s sensitivity to climate change [79],
or the oil palm industry’s endangering local water availability, while awareness of risks is
key for communities’ resilience [80].
Third, perceptions are likely to differ between stakeholders at different scales. Designing adaptation strategies based on the judgements and priorities of stakeholders at
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the jurisdictional level may lead to a difference in attendance to the needs of various
landscapes, and the resulting strategies may be less successful, as they may not be seen as
legitimate [81]. In line with this, we emphasize that climate-smart interventions need to
take into account the differences in interests and objectives across scales and link these to a
good understanding of the existing local adaptive capacities. Bridging such differences
might require the development of incentives for landscape-level stakeholders in order
for them to be willing to engage. For example, forest protection regulations may support
long-term adaptation to climate change by maintaining important local ecosystem services,
but they may inhibit short-term economic benefits, such as from timber sales. This may
result in a lack of local interest and participation, as well as violations of the regulations.
Measures to increase communities’ short-term income from the sustainable management
of forest resources, e.g., promoting ecotourism and trade of non-timber forest products,
can help to incentivize local support for conservation measures with long-term mitigation
and adaptation benefits. Likewise, participatory and inclusive planning, where actors from
different scales work together, may help to jointly develop practical options to reduce the
trade-offs between different interests. In addition, beyond the formal planning processes,
multi-stakeholder consultations and platforms may provide avenues that allow site-specific
climate action planning to address both local and district-level concerns.
5. Conclusions
Climate-smart interventions should be aware of local contexts, leverage existing
capacities, and fill relevant gaps, while linking local knowledge and perceptions to other
forms of knowledge. In order to do so, it is useful to understand the existing adaptation
strategies and the resultant vulnerabilities as perceived by communities and various
stakeholders. The participatory methodology that we used in Ketapang was useful in
detecting differences in perceived vulnerabilities and capacities, which was also helped by
taking into consideration exacerbating non-climatic factors. In the study area, incremental
adaptation is prevalent in the form of income diversification and improved management.
The perceived vulnerabilities were mostly reflections of adaptive capacities affected by
contextual factors. These results highlight that interventions to support adaptation to
climate change need to take into account: existing evidence from local adaptation and
vulnerability assessments; differences between landscapes and scales, and impacts at larger
scales; the trade-offs between short- and long-term adaptation strategies, e.g., when land
use choices are based on current market values and compromise long-term resilience.
Understanding these will improve the design of climate-smart interventions at landscape
as well as jurisdictional levels.
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