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Abstract

The Indonesian government committed to restoring over 2 million ha of degraded peatland by the
end of 2020, mainly to reduce peat fires and greenhouse gas emissions. Although it is unlikely the
government will meet this target, restoration projects are still underway. One restoration strategy
involves blocking peatland drainage canals, but the consequences of this for smallholder farmers
whose livelihoods are dependent on agriculture are unclear. This paper investigates perceived
impacts of canal blocks on smallholder farmers and identifies factors that affect their willingness to
accept canal blocks on their land. We use data from 181 household questionnaires collected in 2018
across three villages in Jambi province, Sumatra. We found that the majority of respondents would
accept canal blocks on their farms, perceiving that the blocks would have no impact on yields or
farm access, and would decrease fire risk. Respondents who would not accept blocks on their farms
were more likely to use canals to access their farms and perceive that canal blocks would decrease
yields. The majority of farmers unwilling to accept canal blocks did not change their mind when
provided with an option of a block that would allow boat travel. Our results improve understanding
of why some smallholders may be unwilling to engage with peatland restoration. Further research is
needed to understand the impact of canal blocks on smallholders’ yields. Engaging with stakeholders
from the outset to understand farmers’ concerns and perceptions is key if the government is to
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succeed in meeting its peatland restoration target and to ensure that the costs and benefits of
restoration are evenly shared between local stakeholders and other actors.
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Conservation social science; environmental social science; perceptions; questionnaires; interviews

Number of words: 9,568 words (6 figures and 5 tables)

Introduction

Tropical peatlands play important roles as global carbon sinks (Jauhiainen et al. 2016), forest
habitats for endangered species (Posa et al. 2011), and provide ecosystem services for local people,
including provisioning services such as food, materials and medicinal plants (Kimmel and Mander
2010). Once considered marginal areas, peatlands are increasingly exploited for agriculture,
especially oil palm and wood fibre cultivation by both large-scale industrial plantations and
smallholder farmers (Miettinen et al. 2012; Wijedasa et al. 2017). This requires drainage and
vegetation clearance, leading to peatland degradation (Green and Page 2017). Peatlands are
commonly drained via the construction of canals (from small hand-dug canals of 1m width, to
industrial drainage canals >30m width), which become important for accessing farm land and
transporting crops and materials (Page et al. 2009; Dohong et al. 2018; Hansson and Dargusch 2018).
Once peatlands have been cleared and drained (“degraded”), the water table is lowered away from
the ground surface, enabling crops which would not survive in flooded land to be planted. However,
a range of issues can ensue, including subsidence, carbon emissions (tropical peatlands sequester
and store carbon above and below ground) and biodiversity loss (Miettinen et al. 2012; Jauhiainen et
al. 2016; Page and Baird 2016; Green and Page 2017; Wildayana et al. 2018). Drained peatlands are
also susceptible to fires, which have further negative consequences for greenhouse and toxic gas
emissions, lead to economic damage, negative livelihood impacts, biodiversity loss and significant
public health burdens (Marlier et al. 2015; Koplitz et al. 2016; Page and Baird 2016; Sze et al. 2018).

Peatland restoration, i.e. the process of assisting the recovery of peatland that has been degraded or
damaged towards an agreed baseline condition (Ritzema et al. 2014; Graham et al. 2017; Dohong et
al. 2018) is a relatively new initiative in tropical areas (Page et al. 2009). A range of management
interventions have sought to restore degraded peatlands (Dohong 2017; Graham et al. 2017;
Jefferson et al. 2020). Indonesia provides a useful case in which to investigate restoration
interventions, because the national government pledged to restore more than 2 million ha of
peatland by the end of 2020 (Wardhana 2016) across both plantation concessions and smallholder
land, chiefly for the purposes of reducing peat fires and greenhouse gas emissions (Wardhana 2016;
Evers et al. 2017). This action was largely motivated by the extreme fire event of 2015 which had
severe national and regional impacts. Haze from the 2015 fires extended to Singapore, Malaysia and
Thailand leading to respiratory illnesses that contributed to an estimated 100,000 deaths within
southeast Asia (Koplitz et al. 2016) and economic losses of USD 16.1 billion (World Bank, 2015) in
Indonesia alone. To ensure the restoration pledge is met, the Peatland Restoration Agency (Badan
Restorasi Gambut, BRG) was established in 2016. BRG’s approach revolves around the ‘three Rs’:
rewetting, revegetation and revitalisation of livelihoods (Figure 1). Concession-holders are
responsible for restoration in plantation areas (Dohong 2017). In this paper we focus on smallholder
land. While relatively small-scale or trial peatland restoration projects in Indonesia had been
established by NGOs prior to the government’s restoration pledge, e.g. the Mega Rice project in
Kalimantan (Page et al. 2009; Schaafsma et al. 2017), these were insufficiently widespread to be able
to prevent nationally and regionally significant economic impacts from the 2015 fires, and in some
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cases had more negative than positive impacts (Dohong and Lilia 2008; Jaenicke et al. 2011; Graham
et al. 2017).

By the end of 2019, it was reported that BRG had restored less than 780,000ha, although there is
little information available on overall progress towards the target, and criticisms have been raised
over the maintenance of restoration infrastructure, particularly canal blocks and wells (Jong 2020a;
Ward et al. 2020). Peatland fires decreased from 2015-18, but increased again in 2019 (Haniy et al.
2019; Reuters 2019), and there are concerns that a focus on COVID-19 in 2020 may impact funds and
resources, leading to increased fires again (Jong 2020b). Journalists have also reported that BRG may
be dissolved and merged with other government departments at the end of 2020 (lbnu 2020).
Despite the precarity of BRG’s position, peatland restoration is likely to remain a focus for Indonesia
given the issues with fire and commitments to reducing carbon emissions.

« Canal blocking
_——+ Canal backfilling

Rewetting —— «  Deep wells
*  Nursery
* Seedlings ] )
« Seedling transplantation ~ Revegetation
* Natural regeneration

+ Land-based: Paludiculture
(e.g. Sago palm, Jelutong)

*  Water-based: Aqua-culture,
fisheries

*  Env-services-based: Eco-
tourism, carbon

Revitalisation of
livelihoods

Fig. 1: Indonesia’s Peatland Restoration Agency (Badan Restorasi Gambut, BRG) three ‘Rs’ of peatland restoration (adapted
from Dohong, 2017)

In this paper we focus on re-wetting, which involves constructing canal blocks (dams) or backfilling
drainage canals, in order to prevent further drainage and raise the water table. Despite the central
role of re-wetting within BRG’s three-Rs approach, the consequences for smallholder farmers whose
livelihoods depend on agriculture and whose land sits within the canal block areas, demands further
urgent investigation. In this paper, we explore smallholder farmer perceptions of peatland re-
wetting in order to help address this current gap in understanding. Researchers, NGO and
government guidelines suggest that re-wetting should take place in conjunction with other
interventions, such as paludiculture (cultivation of crops adapted to wet/peat soil), other livelihood
projects and revegetation (replanting of native peat species) (Figure 1; Page et al., 2009; Dohong,
2017; Graham et al., 2017). Several different canal block designs and construction materials have
been trialled depending on whether the peatland is currently under human use, the available
materials and the size of drainage canals (Dohong 2017). We focus on canal blocking as it has been
identified as the most important intervention for successful restoration, has had the greatest focus
in terms of actions taken, and it likely to have an impact relatively quickly (compared to
revegetation; Dohong, 2017; Graham et al., 2017; Ward et al., 2020). For production areas (i.e. any
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area being used to grow any commercial crop) on peat soils, the government issued a decree in 2014
that the water table should be maintained at 0.4 m or higher, relative to the peat surface (Dohong
2017). There nevertheless appears to be little scientific evidence behind this decision (Page et al.
2009; Wardhana 2016; Dohong et al. 2018; Sabiham et al. 2018). Existing studies on the efficacy of
canal blocks are somewhat limited and have tended to focus on the biophysical aspects of re-
wetting. For example, research has shown that canal blocks can raise water table depth, but that
they can also be susceptible to erosion or damage from extreme weather and do not seem able to
return water table depths to expected natural levels (Ritzema et al. 2014; Dohong et al. 2018).

Although agriculture on peatland is also undertaken by large companies, we focus on canal blocks on
land used by smallholder farmers in this study. ‘Smallholder’ farmers can be a difficult term to define
as farm sizes and types differ between countries (Stringer et al. 2020). Even within countries,
smallholders are a heterogenous group (Jelsma et al. 2017). In this research we follow the RSPO
(2020) definition of smallholders: “... farmers who grow oil palm, alongside with subsistence crops,
where the family provides the majority of labour and the farm provides the principal source of
income, and the planted oil palm area is less than 50 ha”. Peatland is classified as marginally suitable
for agriculture, due to its waterlogged, high acidity and poor nutrient soil content, and needs high
inputs to increase productivity (Hergoulac’h et al. 2017). Yet many household livelihoods globally
rely on peatland areas for largely market-based agricultural activities (Luskin et al. 2014; Wildayana
2017). In Indonesia, smallholder farmers were encouraged to plant oil palm by government-backed
contracts in the 1970s, and this slowly moved into contracts with oil palm mills and cultivation of oil
palm by independent farmers who do not have a contract with a specific mill (McCarthy et al. 2012;
Jelsma et al. 2017). Globally, smallholders contribute 40% of the global palm oil supply (Euler et al.
2017; Kubitza et al. 2018), and in Indonesia, smallholders were responsible for 60% of peatland
conversion to agriculture during the period 1990-2010 (Wijedasa et al. 2018). Such conversion has
significantly improved the livelihoods of many rural households. In Sumatra, studies have shown that
uptake of smallholder oil palm has improved household living standards and nutrition, but has also
widened inequalities as wealthier households have had the largest economic gains (Rist et al. 2010;
Euler et al. 2017; Kubitza et al. 2018). Although there have been some studies looking at
institutional-level social and economic dimensions of peatland re-wetting, particularly focussing on
fire-management (e.g. Carmenta et al., 2017; Sze et al., 2018; Jefferson et al., 2020), the smallholder
farmer perspective remains under-researched. Despite the lack of attention, the smallholder
perspective is important to consider given that effective canal blocks require the support of
stakeholders to maintain them, especially when canals have multiple uses, not only for drainage but
also for transport. Canal blocks may also have negative impacts on smallholder farmers. Raising the
water level in agricultural areas may reduce yields of certain crops or impede harvests, leading to
detrimental impacts on local livelihoods despite the other potential benefits it offers (e.g. cleaner
water, reduced fire risk (Bryan, 2014) and reduced CO2 emissions (Jauhiainen et al., 2016)).
Monitoring of restoration interventions is also more difficult in smallholder farms compared to large-
scale plantations. Moreover, decisions about which sites to restore need to be compatible with
systems of local governance, property rights and devolved administrations (Carmenta et al. 2017).
This suggests local stakeholder involvement in restoration decisions is necessary, and is supported
by findings from a recent study that found researchers, government officials and NGOs all
considered local involvement to be crucial to peatland restoration success in Indonesia (Ward et al.
2020).

Understanding stakeholder perceptions of environmental management interventions is critical to
improve their design and on-the ground implementation, for both instrumental and ethical reasons
(Bennett 2016; Carmenta et al. 2017). It is also fundamental to ensuring legitimacy and buy-in,
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enabling transparent boundary management, incorporating knowledge and interests across scales
(de Vente et al. 2016; Sterling et al. 2017; Stringer et al. 2018). In the case of canal blocking in
tropical peatland areas, there is limited published research of the impacts on and perceptions of
smallholder farmers living in or near locations where canal blocks have been constructed. A few
studies and reports mention issues with farmers being unsupportive of restoration efforts, with
some cases of canal blocks being destroyed (e.g. Dohong and Lilia, 2008; Dohong et al., 2018). If
restoration and re-wetting activities are to be successful, then further research is needed to
understand why smallholder farmers may have negative perceptions of canal blocks, and to create
solutions that can continue restoration efforts without negatively impacting local stakeholders. This
paper helps to fill this research gap by focussing on smallholder perceptions of canal blocks,
identifying the factors that affect acceptance of a canal block being built on smallholder farms. We
focus on Indonesia as a study country, with field sites in Sumatra (see methodology). We explore: 1.
Whether smallholder farmers would agree to a scenario of canal blocks being built on their farms,
why, and what factors influence this decision; 2. How smallholders perceive canal blocks will impact
their yields, farm access and fire risk; and 3. For smallholders not willing to have canal blocks built on
their farms, whether they would accept different canal block designs.

We consider perceptions, rather than solely focusing on objective measurements or indicators of the
impacts of installing canal blocks. Perceptions are important in understanding and influencing
human behaviours (Ajzen 1991), enlisting stakeholders’ support (Gurney et al. 2015), and minimizing
negative impacts of environmental management interventions. Yet, perceptions are frequently
criticised as not being reliable evidence, as they are subjective, may not accurately represent
outcome variables, can be purposefully inaccurate, and cannot be used to determine causality
(Bennett 2016). Perceptions are highly mediated by past experiences and personal motivations,
meaning that they can be highly heterogeneous within geographical, livelihood or socio-economic
groups, but this is also where their strength as a form of evidence lies. Perceptions can be used to
provide insight and are particularly useful in understanding the legitimacy and acceptability of
management actions (Cinner and Pollnac 2004; Martin et al. 2014; Bennett and Dearden 2014,
Carmenta et al. 2017). Therefore, perceptions can provide vital insights in improving understanding
the subjective ‘how and why’ of local smallholders’ experiences of environmental management
interventions such as canal blocks.

Methods

Study area

This study was jointly undertaken by various UK and Indonesian institutions, focussing on the area of
peatland surrounding Sungai Buluh Peat Protection Forest (Hutan Lindung Gambut, HLG), in the
lowlands of Jambi province, Sumatra. We chose Sumatra as there has been less research effort on
peatlands here, compared to Kalimantan. However, we believe that some of our findings will be
applicable to other peatland areas within Indonesia. Jambi province has been identified as a fire
hotspot, with fires occurring mainly in degraded peatland, and fire risk heightened in El Nifio years
(Prasetyo et al. 2016; Miettinen et al. 2017). BRG has committed to restoring 151,663ha of peatland
in Jambi, and a number of peatland restoration projects have already begun (Dohong 2017).

Jambi has been a hotspot of recent oil palm expansion (Krishna et al. 2017), and official statistics
show that around 200,000 households (22.9% of households in Jambi) are engaged with growing oil
palm (Badan Pusat Statistik 2018). Sungai Buluh Peat Protection Forest is secondary peat-swamp
forest, having been selectively logged in the past. It is surrounded by agricultural fields and
plantations (Crowson et al. 2019). Jambi province has mixed ethnicities with large numbers of
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people moving to the area during transmigration programmes since 1980, meaning that although
the largest group are the indigenous Malays, the second largest constitute Javanese immigrants
(Luskin et al. 2014). We included a focus on ethnicity as peatlands are not present on all Indonesian
islands, and cultural practices including farming methods differ between islands, so this may affect
farmer perceptions. Although we had originally hoped to look at a wider range of restoration
interventions, we found that canal blocks were the most frequently implemented intervention in our
study area. Livelihood projects (including paludiculture and cattle farming) and revegetation, which
in the literature are often described as being implemented parallel to canal blocking, were only
present as small trials and few people had heard about them. We therefore focussed on canal
blocks. In our study area, three different types of canal block were observed (Figure 2): the 40cm
block, where construction of the dam kept the water level at a maximum of 40cm below the surface
and the rest of the water was able to drain away; full blocks, which prevented any water from
continuing to drain; and blocks with gates, where the water level could be managed by farmers and
people were still able to use boats on the canals. As the 40cm block and blocks with gates were the
most frequently observed, and according to BRG are most appropriate for peat cultivation areas
(Dohong 2017; Dohong et al. 2018), we chose to focus our data collection on these two types of
canal blocks.
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Fig.2 Canal block types: 1) Drainage canal within oil palm farm; 2) Full block (construction materials vary) where water is
unable to drain at all and canal cannot be used for boat transport (this block type is not usually used in agricultural areas);
3) 40cm block where the canal is narrowed but leaves a spillway for excess water to drain out and maintaining the water
level at 40cm below ground level (canal cannot be used for boat transport); 4) Canal block with gates which can be opened
to control water levels and allow boats to pass through canals (in all canal blocks water is still able to drain through lateral
flow in the peat soil matrix)

Sampling strategy

We focussed on three villages surrounding the Sungai Buluh Peat Protection Forest. Villages were
selected based on willingness to participate, differing numbers and types of canal blocks constructed
and comparable livelihood portfolios (i.e. the majority of households in all villages were oil palm
farmers). None of these villages had been directly impacted by the 2015 fires, but other areas
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nearby had experienced fires during the 2015 fire season. We were unable to access accurate, up-to-
date population data for the villages, but through conversations with village officials, our sampling
strategy aimed to reflect the different sizes of each village, different ethnicities and differing
previous experiences of canal blocks. We aimed to obtain a representative sample of smallholders in
areas with pre-existing canal blocks and areas without canal blocks. As we were unable to access
information on when and where canal blocks had been built and farmers did not necessarily live on
or close to their farms, these areas were identified through discussions with village heads and other
key stakeholders, such as leaders of farmer groups and other associations. Once areas with canal
blocks and without canal blocks in each village had been identified, households were randomly
selected and a total of 181 questionnaires were completed.

Questionnaire

Data collection was via questionnaires with household heads, administered during July — September
2018 (dry season in Sumatra, during a low fire year). Questionnaires were split into four sections:
socio-economic information, farm and other livelihood activities, canal block scenarios, and previous
experience of canal blocks and fire (Online Resource 3). Each canal block scenario included a
description and photos of the type of canal block, how it would change water levels (Suryadiputra et
al. 2005; Dohong 2017; Dohong et al. 2018) and whether farms would still be able to travel via boat
on the canals. The first canal block scenario described a 40cm block (Online Resource 3). If
respondents refused this block then they were offered a second scenario, which described the block
with a gate. This approach meant that we were not asking respondents for their preferred canal
block type, but exploring whether the canal block in the second scenario could alleviate the concerns
of those respondents who refused the block in the first scenario. This is useful, as BRG publications
suggest that 40cm blocks are likely to be the default as they are cheaper to install, require less
maintenance and there is no responsibility for water management, unlike blocks with gates where
someone has to be in charge of when the gates are opened and closed, potentially leading to conflict
(Suryadiputra et al. 2005; Dohong 2017; Dohong et al. 2018). After the descriptions, respondents
were asked whether they would accept the canal block being built on their land, why, and what
impact they thought it would have on their crop yield, farm access and fire risk. We also collected
data on previous fire experience, current canal use and method of transport used to access farm and
harvest crops. A mixture of open-ended and closed questions were used, enabling collection of
qualitative and quantitative data, ensuring both depth and breadth of information (Bamberger et al.
2010; Cresswell and Plano Clark 2011) to understand how smallholder farmers perceive canal
blocking to impact upon their livelihoods. This combination of methods has been widely used to
explore livelihoods and perceptions of environmental restoration (White 2002).

Questionnaire design was informed by discussions with key stakeholders (village officials, farmer
groups and BRG members) in April 2018. The questionnaire was written in English and then
translated to Indonesian. Questionnaires were administered by 3 Indonesian research assistants
from the University of Jambi. Questionnaires were simplified and refined after piloting in July (n=12
for the pilot) which suggested that some questions were too complex. Pilot data was not included in
the final sample. Methods were approved by the University of Leeds Ethics Committee before data
collection and research approval was given by the Indonesian government
(199/SIP/FRP/E5/Dit.KI/VII/2018).

Data analysis

To assess which factors had the greatest impact on whether smallholders would accept a canal block
built in their farm, we used a generalised linear model (GLM), with canal block acceptance as the
binomial response variable. We included perceived impacts on yield, farm access, fire risk and a
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range of socio-economic variables. See Online Resources 1 and 2 for a detailed summary of all the
variables included in our model. We assessed the full model for the significance of individual
variables, and then ran a stepwise selection based on Akaike Information Criteria (AIC) to find the
most parsimonious model (Burnham and Anderson 2004). Before carrying out the GLM regression
we checked for collinearity by calculating variance inflation factors. All quantitative data analysis was
carried out using R (R Core Team 2013).

Qualitative questionnaire responses were analysed using NVIVO software through reading, coding,
comparison with quantitative data and recoding (Newing et al. 2011; Sutherland et al. 2018). For
qualitative data, thematic analysis enabled categories to be developed for each question, assisting
understanding of both the range of answers given and which were the most frequent. This took
several rounds of refining categories. No conflicts were found between the findings from qualitative
and quantitative data. Qualitative data are used throughout to support or further explain
guantitative results.

Results

Data summary

As expected for the area, the majority (79.0%) of respondents farmed oil palm as their primary
source of income, and tended to focus on one or two income generating activities (Tables 1 and 2).
Some (21.0%) oil palm farmers also grew areca nut or coconut alongside, but earned the majority of
their income from oil palm. Ethnicities in the villages varied, including people originating from Java,
South Sulawesi and different areas in Sumatra. Monthly incomes were highly variable between
households, ranging from 0.01 — 100 million rupiah per month.

Table 1 Summary of household socioeconomic statistics (numerical variables)

Numerical variables Mean Standard
deviation

Age (years) 42.2 12

Household size (number of 4.2 1.3

people)

Income (million rupiah per 2.7 1.56

month)

Number of income generating 1.6 0.59

activities

Table 2 Summary of household socioeconomic statistics (categorical variables)

Categorical variables Summary

Village Village 1: 44.2%
Village 2:22.7%
Village 3:33.1%
Education None: 8.8%
Elementary: 58.6%
High School: 20.4%
Vocational: 9.4%
University: 2.8%
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Ethnicity (region respondent Born in village: 33.7%

was born in) Other area in Sumatra: 26.5%
Java: 35.9%

Sulawesi: 3.9%

Main income activity Oil palm: 79.0%

Areca nut: 11.0%

Coconut: 2.2%

Other: 7.7%

Canal use

The 46.3% of respondents who stated that they have used the canals within the last year, did so for
farm access, drainage, irrigation and to prevent flooding (Online Resource 4). Respondents who
defined oil palm as their primary of income were most likely to be using canals, but this was not
significantly higher than for households with other income generating activities.

Previous canal block experience

19.9% of respondents already had canal blocks on their farms, built during the period 2000-2018 and
with a median construction year of 2016. The majority of these were 40cm blocks (66.7%; see Figure
2 for overview of canal block types), followed by full blocks (22.2%) and blocks with gates (8.3%);
built to re-wet or prevent water from draining from their farms (40.5%). Other reasons for canal
blocks being built included fire prevention (16.2%), improving irrigation (13.5%) and flood
prevention (5.4%). Nearly a quarter of respondents with a canal block on their farm did not know
why it had been built. Most canal blocks had been built by the government (55.8%), with smaller
numbers constructed by villagers, farmers, and plantation companies. 48.6% of respondents felt that
their views had not been listened to regarding building the canal block, giving concerns about water
levels in wet season and farm access: “[I didn’t want the canal block] because I thought it would
disturb transportation” (PR38); “I didn't agree but they built it anyway” (PL68); | didn’t want it and
now in dry season it is very dry and wet season it floods” (PR28). However, the majority of
respondents also stated that there had been no noticeable impact from canal blocks (61.3%). Some
noted difficulty in accessing their farms (12.9%) and lower crop yields (9.7%). No respondents
reported positive impacts on yield or farm access. There were no differences in socio-economic
variables between respondents with and without canal blocks.

Canal block scenario 1

The majority (76.1%) of respondents agreed to the scenario of a 40cm canal block being built on
their farm, with the majority of those (64.9%) considering it would improve irrigation on farm. Of the
respondents who did not agree to a canal block on their farms, most stated that the canal blocks
would not work (54.8%), and felt that the canal water level was also being controlled by tidal
changes (see Figure 3 and Table 3 for other reasons and example quotes).
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Scenario 1

* Improve irrigation on farm (64.9%)

*  Follow community/village (9%)
Would you * No farm impact (8.1%)
accept a Yes (76.1%) m * Positive farm impact (8.1%)
40cm canal * Reduce fire risk (8.1%)
block being * Don’t know (1.8%)
built on
our farm?
y *  Won’t work (54.8%)
* Increase risk of flooding on farm (30.1%)
No (23.9%) * Negative farm impact (7.1%)
# 20em * Reduce farm access{ll/{:)
N\
Scenario 2 \

¢ Able to control water level (60%)
* Noimpact on farm access (30%)
¢ Improve irrigation on farm (10%)

¢ Won't work (75%)
* Negative farm impact (25%)

(Nl

Would you accept

a canal block with

a gate being built
on your farm?

Yes (41.9%)

Fig. 3 Responses to canal block scenarios and reasons given

Table 3 Example quotes from the first (40cm) canal block scenario (with respondent codes denoted in brackets)

Willing to
accept
canal block

Reason category

Example quotes

Yes

Improve irrigation on farm

“It will help with irrigation because oil palm needs a
lot of water” (PR26)

“To help with irrigation and stop the farm from drying
out in dry season” (PL56)

Follow community

“As long as it is achieved from discussions with the
community” (PL31)

“I agree with the other people in the village who say
canal blocks are good” (PR36)

No farm impact

“It wouldn't matter anyway because we are
connected to the [plantation company] canals anyway
so we are already affected by their canal blocks”
(PR37)

“It won't have much impact on the farm or the
harvest” (PLO7)

Positive farm impact

“It would be good for the oil palm plants” (PL24)
“It will improve the harvest” (M23)

Reduce fire risk

“It will prevent burning” (M53)
“To reduce the fire risk on the peatland” (PL43)

No

Won’t work

“It would have no effect because the village is
affected by the tide” (M18)
“There would be no effect from building it” (PL23)
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Increase risk of flooding “I would be worried that the farm would flood in the
rainy season” (PL25)

“It would be bad for the oil palm because it will
always be wet” (PR09)

Negative farm impact “It will be bad for the oil palm and the harvest” (PL16)
“My farm already has a canal block from [plantation
company] and it has a bad impact” PR40

Reduce farm access “We use the canal for transporting oil palm fruit”
(PL21)

“It will be bad for accessing farm in wet season”
(M03)

The majority of respondents perceived that the 40cm canal block would have no impact on their
harvests (58.9%) or farm access (84.4%) and would decrease the risk of fire on their farms (65.2%;
Figure 4). Respondents were divided over whether canal blocks would stop farms from drying out in
the dry season or increase the risk of flooding in the wet season (Table 3). A small minority of our
respondents (12.4%) relied on boats to access their farms, with the majority accessing their farms by
motorbike (59.9%) or walking (26.6%). This finding explains why so few were concerned about
impact on farm access.

90 r
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0

Harvest Access Fire risk

MW Positive MW Negative M Noimpact B Don't know

Fig. 4 Perceived impacts of 40cm canal blocks on yields, farm access and fire risk

Results from the binomial GLM show that the two most significant factors in predicting whether a
farmer would accept a canal block being built on their farm were perceived impact on harvest and
fire risk. Respondents who perceived that the canal block would decrease their harvests were
significantly less likely to agree to the canal block (Table 4). This supports the qualitative data
explored above, where responses varied between stating that the canal blocks would stop farms
from drying out in the dry season and others who thought that canal blocks would increase the risk
of flooding in the wet season (see Table 3).

Respondents who perceived that canal blocks would have no impact on fire risk were also
significantly less likely to agree to the canal block. Village, ethnicity and farm access were also
significant predictors of unacceptance, albeit to a lesser extent. Respondents from Village 2 were
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less likely to agree to canal blocks. Respondents who accessed their farms by walking during wet
seasons or those of Sumatran ethnicity were more likely to agree to the canal block.

Table 4 Results of the Generalised Linear Model with 40cm canal block acceptance as the binomial response variable i.e. a

positive value indicates the predictor value increases the likelihood of canal block acceptance. The most significant

predictors of canal block acceptance were perceived impacts on harvest and fire risk. Respondents who perceived that canal

blocks would decrease their yields and have no impact on fire risk were significantly less likely to agree to the 40cm canal

block scenario

(=1)

Predictor variables Estimate | Standard Error | P value
(Intercept) 2.303 1.777 0.195
Village 1 (=1) -1.067 0.801 0.183
Village 2 (=1) -3.344 1.078 0.002**
Ethnicity Java (=1) -0.086 0.683 0.900
Ethnicity South Sulawesi (=1) -2.117 1.471 0.150
Ethnicity Sumatra (=1) 2.269 1.151 0.048*
Age (years) -0.025 0.023 0.271
Household size (number of people) -0.184 0.221 0.406
Income (million rupiah per month) 0.297 0.272 0.274
Number of income activities 0.362 0.434 0.404
Wet season farm access Motorbike (=1) | 1.587 0.878 0.071
Wet season farm access Walking (=1) 1.997 0.979 0.04*
Perceived impact of canal block on 5.987 157.340 0.967
harvest Increase (=1)

Perceived impact of canal block on -4.797 1.304 0.000***
harvest Decrease (=1)

Perceived impact of canal block on 1.365 0.616 0.027*
access No (=1)

Perceived impact of canal block on fire -2.347 0.707 0.000***
risk No change (=1)

Existing canal block on farm No (=1) -1.170 0.692 0.091
Previously affected by peatland fire No | -0.752 0.536 0.160

*** denotes p<0.001, ** p<0.01, *p<0.05

Canal block scenario 2

Of the 43 respondents who refused the 40cm canal block, 58.1% were also unwilling to accept a

canal block with a gate being built on their farm. Most (75%) of these respondents believed that this

canal block would not work either (i.e. would have no effect on water level; 75%). As in the first

scenario, these respondents stated that tidal changes in water level would stop the canal block from

having any impact. The majority (60%) of respondents willing to accept this type of canal block
stated that it would give them greater control over the water level (60%). See Figure 3 and Table 5

for other reasons given by participants and example quotes.

Table 5 Example quotes from the second (with gate) canal block scenario

Willing to Category Example quotes
accept canal
block
Ves Able to control water “Because this would interrupt the farm less and you can
level control the water for irrigation” (PL21)
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“Because there is a gate to control the water level”
(PL68)

No impact on access “Because we can still use the canal for boat transport”
(PL20)

“Can still access the farm by boat” (M03)

Improve irrigation “Because it will help irrigation” (M40)

Negative farm impact “It will make the farm too wet” (PL72)

“Because it will still make the farm too wet to use the
No paths” (PRO1)

Won't work “It will still be useless” (M50)

“It will have no effect” (PL60)

We were unable to run a GLM for the second canal block scenario as the sample size for each
predictor variable was too small. However, we can still draw insights from the quantitative and
qualitative data. The majority of respondents to this scenario perceived that the canal block with a
gate would have no impact on harvests, positive impacts on access and no impact on fire risk.
However, there was a larger proportion of respondents perceiving negative impacts on yield in this
subsample, compared to the entire sample (Figure 4 and Figure 5).
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Fig. 5 Perceived impacts of canal blocks with gates on yields, farm access and fire risk

Figure 6 shows the relational aspects of responses for not accepting the first canal block scenarios
and their reasons for accepting or not accepting the second scenario. Of those respondents who
were concerned about farm access by boat in the first scenario, all of them were willing to accept
the canal block with a gate. However, the majority of respondents who stated that the first canal
block would not work, thought that the canal block with a gate would not work either. Respondents
who perceived negative farm impacts and increased flooding were split on whether they thought the
canal block with the gate would deal with these issues.
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—

B No impact on access
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for not
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Fig. 6 Sankey diagram showing reasons given for not accepting the first canal block scenario and reasons given for
accepting or not accepting the second canal block scenario

Discussion

This research provides new evidence on the perceptions of smallholders towards peatland
restoration efforts in the form of rewetting, targeting a much under-researched issue. Such studies
are vital to informing the process adopted by restoration interventions in peatland areas globally.
We found that the majority of smallholder farmers were willing to have canal blocks built on their
farms, however there was a range of perceptions about how the canal blocks may impact their farm
access, yields and fire risk. In this section we put our findings into the wider context of peatland
restoration to outline how and when smallholders could be involved in peatland restoration given
the findings from our study, and how their perceptions could be utilised to inform restoration
design.

Mixed perceptions and mixed evidence

The majority of respondents were willing to have canal blocks built on their farms. This is a positive
finding for BRG and peatland re-wetting in Indonesia, as canal blocks can help to increase water
table levels reducing the risks of subsidence, fires and reducing carbon emissions (Ritzema et al.
2014). There is also substantial evidence to suggest that environmental interventions are more likely
to succeed when the have local support. Yet further research is needed to understand how large an
area of peatland one canal block can help to re-wet (Jaenicke et al. 2011; Yuliani and Erlina 2018).
We nevertheless urge caution in assuming there would be widespread acceptance of canal blocks by
smallholder farmers in other locations in Indonesia, as this is a relatively small sample size, our
respondents raised a number of concerns, and some of the reasons given for accepting canal blocks
may not live up to expectations. We are also aware of the risk of acquiescence bias is where
participants tend to agree with questions, regardless of the connotations. Although we tried to
alleviate this by giving explanations of the changes that each canal block would lead to, it may have
led to inflated figures of respondents willing to accept canal blocks.

Respondents had mixed perceptions over whether canal blocks will affect yields, yet even within the
scientific community there is a lack of evidence to show the impact of raising water tables on yields
of oil palm and other crops. A Presidential Decree in Indonesia stipulates that the water table in
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peatlands should not be more than 40cm below the surface level, yet there appears to be little
scientific evidence behind this decision (Page et al. 2009; Wardhana 2016; Dohong et al. 2018;
Sabiham et al. 2018). Research has shown that water table levels in peatlands are highly variable and
naturally range between 40cm below and 100cm above ground level (Wosten et al. 2008). Whilst
another study suggested that raising the water level to 40cm could reduce subsidence rates by 25-
30% (Evans et al. 2019), other researchers argue that this level of drainage will still continue to
degrade peatlands (Wijedasa et al. 2017; Sabiham et al. 2018). There is also limited evidence to
show what impact raising water levels will have on oil palm yields. When the Decree was
announced, the Indonesian Palm Qil Association stated it could lead to a 10% reduction in yield (Bell
2015) but empirical data are lacking. The small sub-sample of our respondents with existing canal
blocks reported that there had been no noticeable impact since they had been installed. The
majority of these respondents also told us that these canal blocks were still working. However, we
would be cautious in over-interpreting this finding. Firstly, these canal blocks had all been installed
relatively recently (with a median age of 2 years prior to data collection). Although there may have
been immediate changes to water levels on farms, this may have not been enough time to have
noticed changes in crop harvests, particularly with yearly variations depending on rainfall levels.
Secondly, this represented the minority of our sample (36/181, 19.9%) and therefore is not large
enough from which to draw wider conclusions. Thirdly, it is unusual to question authority in
Indonesia. Although we explained that we were independent from the government, respondents
may not have been willing to be open with us and to be seen as criticising government approaches.
There have been some reports of canal blocks being sabotaged within the literature (Ritzema et al.
2014; Dohong et al. 2018), and anecdotally we saw a number of blocks that did not seem to be
functioning as they should. It is clear from our findings and the wider literature, that better long-
term data collection is needed to understand whether canal blocks are having an impact on yields.
This may need to incorporate methodologies designed to investigate sensitive issues (St. John et al.
2010).

If there is a yield decline in response to rewetting, large plantation companies may be able to shift to
non-peatland areas and find technological solutions. However, smallholder farmers will be affected
most, with low access to capital for technological solutions, and few options to switch crops or move
to a different area. Further research is urgently needed to understand what the impact of raising
water tables will be on smallholder yields, and to identify opportunities to share this knowledge with
smallholder farmers, particularly as smallholders are already concerned about this aspect. It is
possible that the private sector may have data on how water table impacts yields, and by engaging
with these companies to explore their data, it could provide some answers, although farming
methods will differ greatly between large-scale plantations and smallholders. The lack of information
is nevertheless likely to be contributing to the mixed perceptions found in our research.

If raising the water table is likely to decrease yields then there may be a need for compensation or a
payment for ecosystem service (PES) scheme to ensure that the costs of restoration are not being
borne by smallholder farmers whilst benefits of restoration in biodiversity and carbon sequestration
terms are shared out nationally and internationally. On the other hand, rewetting could in fact
increase yields, due to oil palm requiring high water input, but may reduce overall profits due to
difficulties in accessing farms and harvesting crops. Schaafsma et al (2017) found that households in
peatland areas in Kalimantan were willing to accept monetary compensation for switching from
rubber and rice agriculture to tree-planting, although many households were uncertain about
whether they would receive payments. PES schemes have been used successfully in a range of
countries and contexts where farmers are managing their land in a way that is beneficial for the
environment but likely to reduce their yields or income, for example, via agri-environmental policies
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in the EU and USA (Baylis et al. 2008). However careful implementation and design is needed to
ensure that all households affected receive the compensation (e.g. Poudyal et al., 2016). This
requires an emphasis to be placed on stakeholder participation and engagement in future
restoration activities, as discussed below.

Re-wetting and restoration on-the-ground

Research, NGO and government publications on the process of restoration outline that different
aspects, such as re-wetting, revegetation and revitalisation of livelihoods should be implemented
simultaneously (e.g. Dohong, 2017; Graham et al., 2017; Dohong et al., 2018), although experts also
emphasise that re-wetting needs to take place before revegetation in order for the plants to grow
successfully (Ward et al. 2020). In our research site we found that only canal blocks were being
implemented widely, with a few trial plots for livelihood projects and revegetation. Whilst this
makes sense for revegetation, as discussed above, if there are any negative impacts to livelihoods
from canal blocks then the revitalisation aspect of BRGs approach needs to ensure that other viable
livelihood options are offered alongside canal block building.

We found that the majority of smallholders who already had canal blocks on their farms felt that
their opinions had not been listened to when these were built. Free prior informed consent (FPIC) is
a key foundation to the BRG’s methods (Wardhana 2016; Dohong 2017), yet there may be barriers
to its comprehensive implementation on the ground. Research on the use of FPIC in the forestry
sector through programmes such as REDD+ has revealed ambiguities surrounding its interpretation
and implementation, particularly in contexts with unclear property rights and complex governance
systems (Mahanty and McDermott 2013). In a recent study of environmental management
landscape approaches across Indonesia, experts cited a lack of transparency as the main barrier in
achieving their project goals (Langston et al. 2019). The BRG has a Deputy in charge of “Education,
Information, Participation and Partnership”, and through this office, guidelines have been produced
on engaging with villagers. However, these need to focus on ensuring that the communication lines
can go both ways allowing knowledge exchange and for local people to raise their concerns and
suggestions. Indonesia has a decentralised governance system meaning responsibilities need to be
clear as to which institutions should handle which areas (both geographical and thematic). NGOs can
play a supporting role in facilitating stakeholder engagement through capacity building, consensus
building and trust building. However, it is also key to take the local context into account when
establishing new partnerships, ensuring that NGO involvement does not undermine existing
traditional power authorities or enable elite capture (Dyer et al. 2013; Ward et al. 20183, b, ¢). To
overcome potential issues and create solutions that are locally acceptable, it is crucial that all
stakeholders are able to participate in environmental management decision making and that they
are engaged from the very beginning (Stringer et al. 2017). Stakeholder participation can vary in
timing and level of participation (Stringer et al. 2006; Reed et al. 2014; Orchard and Stringer 2016)
and where local stakeholders are able to participate, interventions have been found to be more
likely to succeed (de Vente et al. 2016; Sterling et al. 2017). However, participation must be
meaningful and representative in order to be effective, ensuring that stakeholders are truly part of
decision-making processes and all social groups are represented (Dyer et al. 2014; Ward et al.
2018a). Given our findings, participation could help to ensure that smallholders fully understand
both the benefits and costs of installing canal blocks. This would enable smallholders to make an
informed decision over whether canal blocks should be installed on their land, whilst opening up
opportunities for dialogue so that their questions can be answered by project staff.

Participation could also provide an opportunity for local stakeholders to inform practitioners about
local conditions, such as the tidal changes which many respondents mentioned as the reason they
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perceived the canal blocks would not work. This could allow practitioners and local stakeholders to
come up with canal block designs which alleviate smallholders’ fears and explicitly discuss any
potential trade-offs. Explanations from researchers or policy-makers of how the canal blocks work
may help some farmers to change their perceptions, however farmers will also have access to local
knowledge which could contribute to a better design and planning for canal blocks, considering
locally specific conditions (Raymond et al. 2010; Reed et al. 2014; Tschirhart et al. 2016). Knowledge
co-production and exchange between researchers, local stakeholders and policy makers enables
more effective knowledge creation, sharing and application in order to manage environmental
issues, and increases local empowerment and ownership of projects (Dyer et al. 2014; Reed et al.
2014).

Education and awareness raising

The most important factors in predicting whether farmers were willing to accept canal blocks were
perceived impacts on harvest and fire, rather than household or socio-economic factors. For
example, qualitative data showed that those who thought canal blocks would have a negative
impact on harvests were concerned about having no control over the water level in their farms. This
concern is pertinent given that there are issues with flooding in the wet season and drying out in dry
season. The 40cm canal blocks are specifically designed to ensure that the water is still able to drain
to a certain extent, preventing flooding and also retaining water during the dry season (Suryadiputra
et al. 2005; Dohong et al. 2018). Clearer explanations to smallholders regarding how canal blocks
work may therefore be able to alleviate some of their concerns. In a review of community
conservation interventions, Waylen et al (2010) found that those including outreach and education
were more likely to change attitudes than those that did not. Yet perceptions are often not rational
or based on ‘objective data’, meaning that information campaigns aiming to improve knowledge will
not necessarily lead to a change in attitudes (Bennett 2016). Therefore, it is key to implement
explanations alongside opportunities for local stakeholders to participate in decision-making and
knowledge sharing, as explained above. Addressing the challenges outlined in earlier sections
regarding the lack of evidence to show exactly what the impacts of keeping water table depth at
40cm will mean for agricultural (particularly oil palm) yields would also feed into this.

Respondents who perceived that canal blocks would decrease fire risk were more likely to accept a
canal block being built on their farm. This suggests that discussions with smallholders around the
risks of fire and how canal blocks will impact this may improve acceptability. However, there may be
a trade-off between reduced fire risk and yield, and as stated above, further evidence is needed on
the impact of canal blocks on crop yields. Additional research could also explore this trade-off
further, to investigate what reduction in yield smallholders would consider acceptable for differing
levels of fire risk reduction. Reducing peatland drainage in smallholder oil palm farms may not
completely remove the risk of fire (particularly in El Nino years), and therefore there is a need to be
clear about this from the start so that smallholders do not feel misled or that unrealistic
expectations are set (Jefferson et al. 2020). There are many other fire management interventions
currently being implemented across Indonesia, including new regulations, technical innovations,
community fire monitoring and incentives for land management without fire (Chokkalingam et al.
2005; Carmenta et al. 2017; Jefferson et al. 2020). All of these fire management techniques vary in
their effectiveness and acceptability (Carmenta et al. 2017). A cost-benefit analysis could be used to
assess which combination(s) of methods for fire reduction offer the greatest cost-effectiveness in
terms of economics, fire reduction and social acceptability.

Respondents who were concerned about farm access via boat in the first scenario were willing to
have a canal block with a gate built on their farm. Qualitative data suggested that this was because it
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gave the farmers more control over the water level, and because they could still use canals for boat
travel. We were surprised to find that only 12% of our respondents relied on boats to access their
farms, given that this was a concern raised by key stakeholder discussions and in the literature
(Schaafsma et al. 2017; Graham et al. 2017). Other peatland areas may have much higher
proportions of farmers reliant on canals to access their farms, and further research is needed to fully
explore the impacts of canal blocks on farm access. This shows the importance of engaging with
stakeholders before building the canal blocks, to understand which design type may be most
appropriate. This approach would also allow a dialogue about the pros and cons of different canal
blocks. Blocks with gates allow continued use of canals for boats, which is crucial in some areas, but
inclusion of a gate needs more moving parts which may require greater maintenance and be more
likely to break (Suryadiputra et al. 2005; Ritzema et al. 2014; Dohong et al. 2018). Another concern
about blocks with gates is that the farmers have control over water levels and therefore may just
leave the gates open preventing blocks from having any impact on water levels (particularly if they
do not fully understand what the blocks are supposed to achieve). For these reasons, 40cm blocks
are likely to be the default re-wetting strategy but as discussed, may not be appropriate everywhere.
Enabling local people to be part of the decision-making process may increase understanding about
why different block types will be appropriate for different locations and the positives and negatives
of each type.

We also found that some (25/181) respondents were not willing to have any kind of canal block on
their farms, due to perceptions that they would have negative impacts on their farms, or would not
work. Although this was a minority, it is still important to explore the reasons behind this.
Qualitative data showed that this was due to beliefs that tidal changes were responsible for water
level changes in the peatland meaning canal blocks would have little impact. As peatlands are
naturally low-lying it is possible that the water level is impacted by tidal changes. However, if canal
blocks with the 40cm spillway or gates are installed, then farmers will still have some control over
water levels (Dohong 2017). We were unable to explore the influence of tidal changes in our
research as all our villages were roughly equal distance from the coast, so further research is needed
in this regard. As discussed above, knowledge exchange between smallholder farmers and technical
experts designing canal blocks could provide opportunities to jointly create solutions (Reed et al.
2014; Stringer et al. 2017).

We did not find any differences in willingness to accept canal blocks between socio-economic
factors, such as income, livelihood or age, with the exception of ethnicity, discussed further below.
Our sample included a good range of incomes and ages, with no obvious outliers, so it seems that
these are not important factors in determining acceptance of canal blocks. As the majority of our
sample relied on oil palm for their income this is maybe not surprising: if farmers perceive that canal
blocks will have no impact on their harvests, as we found, then this will be equally important for all
incomes and ages. For those farmers who perceived that the canal block would negatively impact
their farms, the reasons that they gave would be equally problematic regardless of income or age.
We also found that while one of our villages had a lower acceptance rate than the other two, yet
there were no significant differences in socio-economic factors (e.g. income, livelihood, ethnicity)
between the villages. Informal discussions suggested that this difference might have been caused by
perceived negative impacts of canal blocks in a plantation near to village 2, and from our anecdotal
observations these farms already appeared to be much wetter than those in the other villages. This
emphasises how perceptions can differ within similar groups based on past experiences (Bennett
2016).
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In this research, we found that respondents of Sumatran ethnicity were more likely to agree to canal
blocks compared to those migrants from Java or Sulawesi. Indonesia has a history of transmigration,
both spontaneous and government organised programmes, where people from more populated
islands are encouraged to move to areas with lower populations (van Lottum and Marks 2012;
Yulmardi et al. 2018). Schaafsma et al (2017) found a similar difference when investigating the levels
of compensation that local communities would need, in order to participate in a peatland tree-
planting scheme. They showed that indigenous households were more likely to support canal
blocking than transmigrant households. The majority of transmigrant households in our study area
were from Java, which does not contain any peatlands. In Kalimantan (Indonesian Borneo),
transmigrant farmers have tried to use farming methods learnt from their previous experiences on
mineral soil, leading to low yields and land degradation (Uda et al. 2018). In the case of the
government organised transmigration, peatlands were often drained by large scale projects, such as
the Mega Rice Project in Kalimantan (Page et al. 2009; Lilleskov et al. 2019). Other research has
suggested that in cases where transmigrant communities have been moved to areas where they
struggle to farm successfully, they are less likely to support local or national land management
interventions (van Beukering et al. 2008; Yulmardi et al. 2018). Again, knowledge exchange between
new or transmigrant villages and indigenous villages could help to share more successful and
sustainable methods of farming used by farmers who have been living in peatland areas for many
generations (Tschirhart et al. 2016). Nevertheless, such farming methods that are considered
sustainable in small areas may not continue to be sustainable if population sizes start to grow.
Another potential solution for farmers living in peatland areas is to switch to aquaculture, given that
peatlands naturally contain many fish species, or paludiculture. Paludiculture focusses on species
which naturally grow in peatland (Dohong 2017; Gunawan 2018; Dohong et al. 2018), however
further research is needed to explore the economic value of these species and the market viability of
such a switch.

Conclusion

Tropical peatland restoration is globally important for health, environmental and economic reasons.
However, in areas where peatland is currently being used for agriculture, restoration activities,
including rewetting, will have an impact on smallholder farmers. Our findings provide the first
published research insights into local stakeholders’ perceptions of peatland re-wetting initiatives in
Indonesia, and add to the scientific literature showing the importance of understanding local
stakeholders’ perceptions of environmental management interventions. We found that the majority
of smallholder farmers would accept a canal block being built on their farm, however this varied
depending on how they perceived canal blocks to impact their yields, change fire risk and whether
they are able to access their farms via alternative transport to going by boat. More research is
needed to understand the impact of raising water levels on smallholders’ crops. Understanding
farmers’ perceptions is central if the government is to meet its targets for peatland restoration, and
this requires stakeholder engagement from the outset of restoration efforts. Such early engagement
can help to deliver a more even distribution of the costs and benefits of restoration between
farmers and other stakeholders in the restoration process.

Acknowledgements

We would like to thank our collaborators at Universitas Jambi and The Indonesian Soil Research
Institute for their help with this research. This research was funded through the Newton Fund
project “Enhancing the benefits of tropical peatland restoration for supporting local communities

19



645
646

647

648
649

650

651
652

653
654

655
656
657

658
659

660
661
662

663
664

665
666
667

668
669
670

671
672
673

674
675

676
677
678

679
680
681

and ecosystem processes”, Natural Environment Research Council Reference: NE/P014658/1. EWT
was also supported by grant NE/T009306/1.

References

Ajzen 1 (1991) The Theory of Planned Behaviour. Organ Behav Hum Decis Process 50:179-211.
https://doi.org/10.1016/j.drugalcdep.2011.10.011

Badan Pusat Statistik (2018) Jambi Province in Figures 2018. BPS Statistics of Jambi Province. Jambi

Bamberger M, Rao V, Woolcock M (2010) Using Mixed Methods in Monitoring and Evaluation:
Experiences from International Development. Policy Research Working Paper Series. World Bank

Baylis K, Peplow S, Rausser G, Simon L (2008) Agri-environmental policies in the EU and United
States: A comparison. Ecol Econ 65:753-764. https://doi.org/10.1016/].ecolecon.2007.07.034

Bell L (2015) Indonesia to weaken peatlands protection to support plantations. Mongabay.
https://news.mongabay.com/2015/01/indonesia-to-weaken-peatlands-protection-to-support-
plantations/. Accessed 6 Feb 2019

Bennett NJ (2016) Using perceptions as evidence to improve conservation and environmental
management. Conserv Biol 30:582-592. https://doi.org/10.1111/cobi.12681

Bennett NJ, Dearden P (2014) Why local people do not support conservation: Community
perceptions of marine protected area livelihood impacts, governance and management in Thailand.
Mar Policy 44:107-116. https://doi.org/10.1016/j.marpol.2013.08.017

Burnham K, Anderson D (2004) Model Selection and Multimodel Inference. Springer New York, New
York

Carmenta R, Zabala A, Daeli W, Phelps J (2017) Perceptions across scales of governance and the
Indonesian peatland fires. Glob Environ Chang 46:50-59.
https://doi.org/10.1016/j.gloenvcha.2017.08.001

Chokkalingam U, Kurniawan |, Ruchiat Y (2005) Fire, Livelihoods, and Environmental Change in the
Middle Mahakam Peatlands, East Kalimantan. Ecol Soc 10:26. https://doi.org/10.5751/ES-01320-
100126

Cinner JE, Pollnac RB (2004) Poverty, perceptions and planning: why socioeconomics matter in the
management of Mexican reefs. Ocean Coast Manag 47:479-493.
https://doi.org/10.1016/j.ocecoaman.2004.09.002

Cresswell JW, Plano Clark VL (2011) Designing and conducting mixed methods research, 2nd edn.
SAGE Publications, London

Crowson M, Warren-Thomas E, Hill JK, Hariyadi B, Agus F, et al (2019) A comparison of satellite
remote sensing data fusion methods to map peat swamp forest loss in Sumatra, Indonesia. Remote
Sens Ecol Conserv 5:247-258. https://doi.org/10.1002/rse2.102

de Vente J, Reed MS, Stringer LC, Valente S, Newig J (2016) How does the context and design of
participatory decision making processes affect their outcomes? Evidence from sustainable land
management in global drylands. Ecol Soc 21:art24. https://doi.org/10.5751/ES-08053-210224

20



682
683
684

685
686

687
688
689
690

691
692
693

694
695
696

697
698
699

700
701
702

703
704
705

706
707

708
709

710
711
712
713

714
715
716
717

718
719
720

721
722

Dohong A (2017) Bolstering Peatlands Restoration in Indonesia through 3Rs Approach. Proceedings
of Developing International Collaborations to Address Fire and Other Conservation Issues in Central
Kalimantan, Indonesia Workshop. Penryn, Cornwall

Dohong A, Abdul Aziz A, Dargusch P (2018) A Review of Techniques for Effective Tropical Peatland
Restoration. Wetlands 38:275-292. https://doi.org/10.1007/s13157-018-1017-6

Dohong A, Lilia (2008) Hydrology restoration of Ex Mega Rice Project Central Kalimantan through
canal blocking techniques: lessons learned and steps forward. Restoration and wise use of tropical
Peatlands: Problems of biodiversity, fire, poverty and water management. Proceedings of the
International Symposium and Workshop on Tropical Peatland. Palangka Raya, p 125

Dyer J., Leventon J, Stringer L, Dougill A, Syampungani S, et al (2013) Partnership Models for Climate
Compatible Development: Experiences from Zambia. Resources 2:1-25.
https://doi.org/10.3390/resources2010001

Dyer J, Stringer L, Dougill A, Leventon J, Nshimbi M, et al (2014) Assessing participatory practices in
community-based natural resource management: Experiences in community engagement from
Southern Africa. J Environ Manage 137:137-145. https://doi.org/10.1016/j.jenvman.2013.11.057

Euler M, Krishna V, Schwarze S, Siregar H, Qaim M (2017) Oil Palm Adoption, Household Welfare,
and Nutrition Among Smallholder Farmers in Indonesia. World Dev 93:219-235.
https://doi.org/10.1016/j.worlddev.2016.12.019

Evans CD, Williamson JM, Kacaribu F, Irawan D, Suardiwerianto Y, et al (2019) Rates and spatial
variability of peat subsidence in Acacia plantation and forest landscapes in Sumatra, Indonesia.
Geoderma 338:410-421. https://doi.org/10.1016/j.geoderma.2018.12.028

Evers S, Yule CM, Padfield R, O’Reilly P, Varkkey H (2017) Keep wetlands wet: the myth of
sustainable development of tropical peatlands — implications for policies and management. Glob
Chang Biol 23:534-549. https://doi.org/10.1111/gcb.13422

Graham LLB, Giesen W, Page SE (2017) A common-sense approach to tropical peat swamp forest
restoration in Southeast Asia. Restor Ecol 25:312—321. https://doi.org/10.1111/rec.12465

Green SM, Page S (2017) Tropical peatlands: current plight and the need for responsible
management. Geol Today 33:174-179. https://doi.org/10.1111/gt0.12197

Gunawan H (2018) Indonesian Peatland Functions: Initiated Peatland Restoration and Responsible
Management of Peatland for the Benefit of the Local Community, Case in Riau and West Kalimantan
Provinces. In: Environmental Resources Use and Challenges in Contemporary Southeast Asia.
Springer, Singapore, pp 117-138

Gurney GG, Pressey RL, Cinner JE, Pollnac R, Campbell SJ (2015) Integrated conservation and
development: evaluating a community-based marine protected area project for equality of
socioeconomic impacts. Philos Trans R Soc B Biol Sci 370:20140277.
https://doi.org/10.1098/rstb.2014.0277

Haniy SU, Hamza H, Hanifa M (2019) Intense Forest Fires Threaten to Derail Indonesia’s Progress in
Reducing Deforestation. World Resources Institute. https://www.wri.org/blog/2019/10/intense-
forest-fires-threaten-derail-indonesia-s-progress-reducing-deforestation. Accessed 23 Oct 2019

Hansson A, Dargusch P (2018) An Estimate of the Financial Cost of Peatland Restoration in Indonesia.
Case Stud Environ 2:1-8. https://doi.org/10.1525/cse.2017.000695

21



723
724
725

726
727
728

729
730
731

732
733

734
735
736

737
738
739
740

741
742
743

744
745
746

747
748

749
750
751
752

753
754

755
756
757

758
759
760

761
762
763

Hergoulac’h K, Atmadja S, Carmenta R, Martius C, Murdiyarso D, et al (2017) Managing peatlands in
Indonesia: Challenges and opportunities for local and global communities. CIFOR Infobrief 205.
Bogor

Ibnu AAM (2020) Plan to dissolve Peatland Restoration Agency raised concerns. Jakarta Post -
National. https://www.thejakartapost.com/news/2020/07/16/plan-to-dissolve-peatland-
restoration-agency-raised-concerns.html. Accessed 29 Jul 2020

Jaenicke J, Englhart S, Siegert F (2011) Monitoring the effect of restoration measures in Indonesian
peatlands by radar satellite imagery. J Environ Manage 92:630-638.
https://doi.org/10.1016/j.jenvman.2010.09.029

Jauhiainen J, Page SE, Vasander H (2016) Greenhouse gas dynamics in degraded and restored
tropical peatlands. Mires Peat 17:1-12. https://doi.org/10.19189/MaP.2016.0MB.229

Jefferson U, Carmenta R, Daeli W, Phelps J (2020) Characterising policy responses to complex socio-
ecological problems: 60 fire management interventions in Indonesian peatlands. Glob Environ Chang
60:102027. https://doi.org/10.1016/j.gloenvcha.2019.102027

Jelsma |, Schoneveld GC, Zoomers A, van Westen ACM (2017) Unpacking Indonesia’s independent oil
palm smallholders: An actor-disaggregated approach to identifying environmental and social
performance challenges. Land use policy 69:281-297.
https://doi.org/10.1016/j.landusepol.2017.08.012

Jong HN (2020a) As 2020 fire season nears, Indonesian president blasts officials for 2019. Mongabay.
https://news.mongabay.com/2020/02/indonesia-forest-fires-widodo-jokowi-burning-2019-
emissions/. Accessed 29 Jul 2020

Jong HN (2020b) COVID-19 may worsen burning and haze as Indonesia enters dry season.
Mongabay. https://news.mongabay.com/2020/07/covid-19-indonesia-forest-fire-haze-dry-season/.
Accessed 29 Jul 2020

Kimmel K, Mander U (2010) Ecosystem services of peatlands: Implications for restoration. Prog Phys
Geogr 34:491-514. https://doi.org/10.1177/0309133310365595

Koplitz SN, Mickley LJ, Marlier ME, Buonocore lJ, Kim PS, et al (2016) Public health impacts of the
severe haze in Equatorial Asia in September—October 2015: demonstration of a new framework for
informing fire management strategies to reduce downwind smoke exposure. Environ Res Lett
11:094023. https://doi.org/10.1088/1748-9326/11/9/094023

Krishna VV., Kubitza C, Pascual U, Qaim M (2017) Land markets, Property rights, and Deforestation:
Insights from Indonesia. World Dev 99:335-349. https://doi.org/10.1016/j.worlddev.2017.05.018

Kubitza C, Krishna VV., Alamsyah Z, Qaim M (2018) The Economics Behind an Ecological Crisis:
Livelihood Effects of Oil Palm Expansion in Sumatra, Indonesia. Hum Ecol 46:107-116.
https://doi.org/10.1007/s10745-017-9965-7

Langston JD, Mclintyre R, Falconer K, Sunderland T, van Noordwijk M, et al (2019) Discourses mapped
by Q-method show governance constraints motivate landscape approaches in Indonesia. PLoS One
14:€0211221. https://doi.org/10.1371/journal.pone.0211221

Law EA, Bryan BA, Meijaard E, Mallawaarachchi T, Struebig M, et al (2015) Ecosystem services from a
degraded peatland of Central Kalimantan: implications for policy, planning, and management. Ecol
Appl 25:70-87. https://doi.org/10.1890/13-2014.1

22



764
765
766
767

768
769
770

771
772
773

774
775
776

777
778
779

780
781
782

783
784
785

786
787
788

789
790

791
792
793

794
795
796

797
798

799
800

801
802
803

Lilleskov E, McCullough K, Hergoualc’h K, del Castillo Torres D, Chimner R, et al (2019) Is Indonesian
peatland loss a cautionary tale for Peru? A two-country comparison of the magnitude and causes of
tropical peatland degradation. Mitig Adapt Strateg Glob Chang 24:591-623.
https://doi.org/10.1007/s11027-018-9790-3

Luskin MS, Christina ED, Kelley LC, Potts MD (2014) Modern Hunting Practices and Wild Meat Trade
in the Oil Palm Plantation-Dominated Landscapes of Sumatra, Indonesia. Hum Ecol 42:35-45.
https://doi.org/10.1007/s10745-013-9606-8

Mahanty S, McDermott CL (2013) How does “Free, Prior and Informed Consent” (FPIC) impact social
equity? Lessons from mining and forestry and their implications for REDD+. Land use policy 35:406—
416. https://doi.org/10.1016/j.landusepol.2013.06.014

Marlier ME, Defries R, Pennington D, Nelson E, Ordway EM, et al (2015) Future fire emissions
associated with projected land use change in Sumatra. Glob Chang Biol 21:345-362.
https://doi.org/10.1111/gcb.12691

Martin A, Gross-Camp N, Kebede B, McGuire S, Munyarukaza J (2014) Whose environmental justice?
Exploring local and global perspectives in a payments for ecosystem services scheme in Rwanda.
Geoforum 54:167-177. https://doi.org/10.1016/j.geoforum.2013.02.006

McCarthy JF, Gillespie P, Zen Z (2012) Swimming Upstream: Local Indonesian Production Networks in
“Globalized” Palm Qil Production. World Dev 40:555-569.
https://doi.org/10.1016/j.worlddev.2011.07.012

Miettinen J, Hooijer A, Wang J, Shi C, Liew SC (2012) Peatland degradation and conversion sequences
and interrelations in Sumatra. Reg Environ Chang 12:729-737. https://doi.org/10.1007/s10113-012-
0290-9

Miettinen J, Shi C, Liew SC (2017) Fire Distribution in Peninsular Malaysia, Sumatra and Borneo in
2015 with Special Emphasis on Peatland Fires. Environ Manage 60:747-757.
https://doi.org/10.1007/s00267-017-0911-7

Newing H, Eagle CM, Puri RK, Watson CW (2011) Conducting Research in Conservation A Social
Science Perspective. Routledge, Oxford, UK

Orchard SE, Stringer LC (2016) Challenges to polycentric governance of an international
development project tackling land degradation in Swaziland. Ambio 45:796-807.
https://doi.org/10.1007/s13280-016-0791-8

Page S, Hoscito A, Wésten H, Jauhiainen J, Silvius M, et al (2009) Restoration ecology of lowland
tropical peatlands in Southeast Asia: Current knowledge and future research directions. Ecosystems
12:888-905. https://doi.org/10.1007/s10021-008-9216-2

Page SE, Baird AJ (2016) Peatlands and Global Change: Response and Resilience. Annu Rev Environ
Resour 41:35-57. https://doi.org/10.1146/annurev-environ-110615-085520

Posa MRC, Wijedasa LS, Corlett RT (2011) Biodiversity and Conservation of Tropical Peat Swamp
Forests. Bioscience 61:49-57. https://doi.org/10.1525/bi0.2011.61.1.10

Poudyal M, Ramamonjisoa BS, Hockley N, Rakotonarivo OS, Gibbons JM, et al (2016) Can REDD+
social safeguards reach the ‘right’ people? Lessons from Madagascar. Glob Environ Chang 37:31-42.
https://doi.org/10.1016/j.gloenvcha.2016.01.004

23



804
805
806

807

808
809
810

811
812
813

814
815
816

817
818

819
820
821

822
823

824
825
826

827
828
829

830
831
832

833
834
835

836
837
838

839
840
841

Prasetyo LB, Dharmawan AH, Nasdian FT, Ramdhoni S (2016) Historical Forest fire Occurrence
Analysis in Jambi Province During the Period of 2000 — 2015: Its Distribution & Land Cover
Trajectories. Procedia Environ Sci 33:450-459. https://doi.org/10.1016/j.proenv.2016.03.096

R Core Team (2013) R: A language and environment for statistical computing

Raymond CM, Fazey |, Reed MS, Stringer LC, Robinson GM, et al (2010) Integrating local and
scientific knowledge for environmental management. J Environ Manage 91:1766-77.
https://doi.org/10.1016/j.jenvman.2010.03.023

Reed MS, Stringer LC, Fazey |, Evely a C, Kruijsen JHJ (2014) Five principles for the practice of
knowledge exchange in environmental management. J Environ Manage 146:337-45.
https://doi.org/10.1016/j.jenvman.2014.07.021

Reuters (2019) Area burned in 2019 forest fires in Indonesia exceeds 2018. Reuters.
https://www.reuters.com/article/us-southeast-asia-haze/area-burned-in-2019-forest-fires-in-
indonesia-exceeds-2018-official-idUSKBN1X00VU. Accessed 29 Jul 2020

Rist L, Feintrenie L, Levang P (2010) The livelihood impacts of oil palm: Smallholders in Indonesia.
Biodivers Conserv 19:1009-1024. https://doi.org/10.1007/s10531-010-9815-z

Ritzema H, Limin S, Kusin K, Jauhiainen J, Wosten H (2014) Canal blocking strategies for hydrological
restoration of degraded tropical peatlands in Central Kalimantan, Indonesia. Catena 114:11-20.
https://doi.org/10.1016/j.catena.2013.10.009

RSPO (2020) RSPO Smallholders. Roundtable on Sustainable Palm Oil https://rspo.org/smallholders.
Accessed 27 Apr 2020

Sabiham S, Setiawan BI, Budiman M, Fiantis D (2018) More research needed for responsible
peatland management in Indonesia. Conversation. https://theconversation.com/more-research-
needed-for-responsible-peatland-management-in-indonesia-90023. Accessed 6 Feb 2019

Schaafsma M, van Beukering PJH, Oskolokaite | (2017) Combining focus group discussions and choice
experiments for economic valuation of peatland restoration: A case study in Central Kalimantan,
Indonesia. Ecosyst Serv 27:150-160. https://doi.org/10.1016/j.ecoser.2017.08.012

St. John FAV, Edwards-Jones G, Gibbons JM, Jones JPG (2010) Testing novel methods for assessing
rule breaking in conservation. Biol Conserv 143:1025-1030.
https://doi.org/10.1016/j.biocon.2010.01.018

Sterling EJ, Betley E, Sigouin A, Gomez A, Toomey A, et al (2017) Assessing the evidence for
stakeholder engagement in biodiversity conservation. Biol Conserv 209:159-171.
https://doi.org/10.1016/j.biocon.2017.02.008

Stringer LC, Dougill AJ, Fraser E, Hubacek K, Prell C, et al (2006) Unpacking “Participation” in the
Adaptive Management of Social-ecological Systems: A Critical Review. Ecol Soc 11:39.
https://doi.org/10.5751/ES-01896-110239

Stringer LC, Fraser EDG, Harris D, Lyon C, Pereira L, et al (2020) Adaptation and development
pathways for different types of farmers. Environ Sci Policy 104:174-189.
https://doi.org/10.1016/j.envsci.2019.10.007

24



842
843
844

845
846
847

848
849
850

851
852

853
854
855

856
857
858

859
860

861
862
863
864

865
866
867

868
869

870
871
872

873
874

875
876
877

878
879

Stringer LC, Quinn CH, Le HTV, Msuya F, Pezzuti J, et al (2018) A New Framework to Enable Equitable
Outcomes: Resilience and Nexus Approaches Combined. Earth’s Future 6:902—918.
https://doi.org/10.1029/2017EF000694

Stringer LC, Reed MS, Fleskens L, Thomas RJ, Le QB, et al (2017) A New Dryland Development
Paradigm Grounded in Empirical Analysis of Dryland Systems Science. L Degrad Dev 28:1952-1961.
https://doi.org/10.1002/1dr.2716

Suryadiputra N, Dohong A, Waspodo R, Lubis I, Hasudungan F, et al (2005) A Guide to Blocking of
Canals and Ditches in Conjunction with the Community. Wetlands International - Indonesia
Programme. Bogor

Sutherland WJ, Dicks L V., Everard M, Geneletti D (2018) Qualitative methods for ecologists and
conservation scientists. Methods Ecol Evol 9:7-9. https://doi.org/10.1111/2041-210X.12956

Sze JS, Jefferson J, Lee JSH (2018) Evaluating the social and environmental factors behind the 2015
extreme fire event in Sumatra, Indonesia. Environ Res Lett 82:348-360.
https://doi.org/10.1088/1748-9326/aaeeld

Tschirhart C, Mistry J, Berardi A, Bignante E, Simpson M, et al (2016) Learning from one another:
Evaluating the impact of horizontal knowledge exchange for environmental management and
governance. Ecol Soc 21:41. https://doi.org/10.5751/ES-08495-210241

Uda SK, Schouten G, Hein L (2018) The institutional fit of peatland governance in Indonesia. Land use
policy 103300. https://doi.org/10.1016/j.landusepol.2018.03.031

van Beukering PJH, Schaafsma M, Davies O, Oskolokaite | (2008) The economic value of peatland
resources within the Central Kalimantan Peatland Project in Indonesia: Perceptions of local
communities. Central Kalimantan Peatlands Project Report. Institute for Environmental Studies,
Amsterdam

van Lottum J, Marks D (2012) The determinants of internal migration in a developing country:
Quantitative evidence for Indonesia, 1930-2000. Appl Econ 44:4485-4494.
https://doi.org/10.1080/00036846.2011.591735

Ward C, Holmes G, Stringer L (2018a) Perceived barriers to and drivers of community participation in
protected-area governance. Conserv Biol 32:437-446. https://doi.org/10.1111/cobi.13000

Ward C, Stringer L, Holmes G (2018b) Changing governance, changing inequalities: Protected area
co-management and access to forest ecosystem services: a Madagascar case study. Ecosyst Serv
30:137-148. https://doi.org/10.1016/j.ecoser.2018.01.014

Ward C, Stringer LC, Holmes G (2018c) Protected area co-management and perceived livelihood
impacts. J Environ Manage 228:1-12. https://doi.org/10.1016/j.jenvman.2018.09.018

Ward C, Stringer LC, Warren-Thomas E, Agus F, Hamer K, et al (2020) Wading through the swamp:
what does tropical peatland restoration mean to national-level stakeholders in Indonesia? Restor
Ecol 28:817-827. https://doi.org/10.1111/rec.13133

Wardhana B (2016) BRG’s Roadmap for Peatland Restoration. Proceedings of CBD & FAO Workshop:
Forest Ecosystem Restoration. Peatland Restoration Agency (BRG), Bangkok

25



880
881
882

883
884

885
886
887

888
889
890

891
892

893
894
895

896
897
898

899
900
901

902
903
904

Waylen KA, Fischer A, McGowan PJK, Thirgood SJ, Milner-Gulland EJ (2010) Effect of local cultural
context on the success of community-based conservation interventions. Conserv Biol 24:1119-29.
https://doi.org/10.1111/j.1523-1739.2010.01446.x

White H (2002) Combining quantitative and qualitative approaches in poverty analysis. World Dev
30:511-522. https://doi.org/10.1016/S0305-750X(01)00114-0

Wijedasa LS, Jauhiainen J, Kbnénen M, Lampela M, Vasander H, et al (2017) Denial of long-term
issues with agriculture on tropical peatlands will have devastating consequences. Glob Chang Biol
23:977-982. https://doi.org/10.1111/gcb.13516

Wijedasa LS, Sloan S, Page SE, Clements GR, Lupascu M, et al (2018) Carbon emissions from South-
East Asian peatlands will increase despite emission-reduction schemes. Glob Chang Biol 24:4598—
4613. https://doi.org/10.1111/gcb.14340

Wildayana E (2017) Challenging constraints of livelihoods for farmers in the South Sumatra
Peatlands, Indonesia. Bulg J Agric Sci 23:894-905

Wildayana E, Armanto ME, Zahri I, Adriani D, Syakina B (2018) Socioeconomic Factors Causing Rapid
Peatlands Degradation in South Sumatra. Sriwij J Environ 3:87-95.
https://doi.org/10.22135/sje.2018.3.3.87-95

Wosten JHM, Clymans E, Page SE, Rieley JO, Limin SH (2008) Peat-water interrelationships in a
tropical peatland ecosystem in Southeast Asia. Catena 73:212-224.
https://doi.org/10.1016/j.catena.2007.07.010

Yuliani F, Erlina N (2018) Factors Affecting the Implementation of Canal Blocking Development as A
Fire Prevention Solution In River Village Tohor Regency. Policy Gov Rev 2:44.
https://doi.org/10.30589/pgr.v2i1.68

Yulmardi Y, Amir A, Erfit E, Junaidi J (2018) Where Is the Second Generation Nowadays? Evidence
from Former Transmigration Villages in Jambi Province, Indonesia. Open J Soc Sci 06:282-293.
https://doi.org/10.4236/jss.2018.64024

26



