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a b s t r a c t
Tropical peatland degradation due to oil palm plantation development has reduced peat's ability to naturally regulate ﬂoods. In turn, more severe and frequent ﬂooding on peatlands could seriously impair plantation productivity. Understanding the roles of peatland ecosystems in regulating ﬂoods has become essential given the
continued pressure on land resources, especially in Southeast Asia. However, the limited knowledge on this
topic has resulted in the oversimpliﬁcations of the relationships between ﬂoods, commercial plantations and
peatland sustainability, creating major disagreement among policymakers at different levels in governments,
companies, NGOs and society.
Hence, this study identiﬁes whether ﬂood policies are integrated within peatland management through a qualitative policy analysis of publicly available papers, government reports, and other ofﬁcial documents that discuss
ﬂooding, and/or more in general, hydrology in peatlands. Document analysis was then triangulated with data obtained from several semi-structured discussions.
The analysis indicates that the industry on peatlands and the peatland's environmental sustainability could be
threatened by increased ﬂooding. We show that, in spite of this, ﬂood policies in SE Asian countries like
Malaysia and Indonesia have not been well-integrated into peatland management. We also discuss how the
countries could move forward to overcome this problem.
© 2020 Elsevier B.V. All rights reserved.
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Peatlands hold ~10% of the global freshwater (Joosten and Clarke,
2002), and have important hydrological functions. They attenuate
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ﬂooding in nearby areas, store water during high-precipitation events
(Acreman and Holden, 2013; Gao et al., 2016), contribute to river base
ﬂows (Bourgault et al., 2014; Hooijer, 2005), maintain groundwater
levels in superﬁcial aquifers (Hooijer, 2005), provides 3.83% of all potable water stored in reservoirs (Xu et al., 2018), and buffers against saltwater intrusion (Hooijer et al., 2012a, 2012b; Silvius et al., 2000).
Peatland degradation in the tropics, especially due to plantation development, has impaired the peat's ability to naturally regulate ﬂoods
(Hooijer et al., 2015a; Sumarga et al., 2016).
Tropical peatlands cover an area 441,025 km2 (~11% of global
peatland area) of which 247,778 km2 (56%) is in Southeast Asia, with
Indonesia and Malaysia having the largest areas (Page et al., 2011).
The pressure of economic development has caused large swathes of
these peatland forests to be opened-up for plantation industries. In
1990, 76% of SE Asia's peatlands were still covered by forest, with only
11% converted into industrial plantations and smallholder use. However, by 2015, just 29% of the forest remained, and 50% had been converted to plantations (mainly oil palm, OP) and smallholder
agriculture (Miettinen et al., 2016).
Even though these industries are important contributors to the
countries' GDP (Table 1) and also engines of rural and industrial development, their effects have been negative through biodiversity losses
driven by deforestation (Giam et al., 2012; Koh et al., 2011; Posa et al.,
2011), carbon loss via oxidation, dissolution and ﬁre (Carlson et al.,
2017; Couwenberg et al., 2010; Hirano et al., 2012; Warren et al.,
2017). Furthermore, transboundary haze produced by peat ﬁres has impacts on human health, regional economies and ecosystems (Chisholm
et al., 2015; Jaafar and Loh, 2014; Marlier et al., 2013; Stockwell et al.,
2016).
Partly in response to the rapid development and its related negative
impacts, scientists over the last few decades have focused on the importance of peatland from several aspects: ecosystems as carbon sinks
(Hergoualc'H and Verchot, 2011; Lawson et al., 2015; Page et al.,
2011) and how degradation of these ecosystems (especially via ﬁres)
increase carbon emissions (Page et al., 2002; Parker et al., 2016), contributing to climate change and haze (Varkkey, 2016). From a policy
point of view, peatland-management policies in SE Asian countries are
rather limited as they give signiﬁcant importance to economic development, and mostly focus on ﬁres and climate change mitigation
strategies.
In natural conditions, tropical peatlands are permanently waterlogged. Their conversion to agricultural use requires drainage to increase soil aeration essential for crop production (Comte et al., 2012).
However, draining drastically changes peatland hydrology, leading inevitably to peat loss through subsidence and oxidation, and thus reducing the peatland's water-storage capacity (Rieley, 2007; Ritzema, 2007).
Different studies corroborate that subsidence rates in drained tropical peatlands in Malaysia and Indonesia are at about 5 cm per year
(Andriesse, 1988; Couwenberg and Hooijer, 2013; DID, 2001; Hooijer
et al., 2012a, 2012b; Wösten et al., 1997). Consolidation and compaction
are the major contributors to subsidence only in the ﬁrst years after

Table 1
Importance of the oil palm industry in Malaysia and Indonesia.
Criteria

Malaysia

Indonesia

Mha planted with oil palm
% on peat
% world production
% GDP
% working population employed
in sector
% smallholders
Future expansion plans

5.2
13%
41
5–6
12.2

12.3
25%
46
7
34.3

39
5.6Mha, mostly in coastal Sarawak
peatlands

45
15 Mha

Source: World Bank, 2014. World Bank Development Indicators.

drainage; after that, the main reason is biological oxidation
(Andriesse, 1988; Wösten et al., 1997; Hooijer et al., 2012a, 2012b).
Peat loss through oxidation in drained peatland occurs due to lower
water table that introduces oxygen into soil. This creates an aerobic environment, which stimulate increased microbial activity that decomposes peat (Hooijer et al., 2012a, 2012b). There is no evidence of a
signiﬁcant slowdown in subsidence rates on the long-term after the
ﬁrst few years, until peat is depleted or mineral content layers are
reached (Hooijer et al., 2012a, 2012b; Stephens et al., 1984).
Along with the loss of carbon, a major consequence of land subsidence is that drained peatlands can often lower to levels where they become vulnerable to ﬂooding. These events can start well before the peat
surface is near river or sea levels, when surface gradients from the
peatland towards natural rivers are reduced to the level where additional rainwater can no longer be removed by gravity drainage
(Hooijer et al., 2012a, 2012b; Hooijer et al., 2015b). While it is technically feasible to pump excess water out of the plantations once gravity
drainage is not possible, it is highly costly (Lim et al., 2012; Roggeri,
1995).
With subsidence, another factor that can increase ﬂooding risk is
changes in evapotranspiration rates. This is especially true in young
OP that show the lowest values compared to undisturbed forest, due
to less water demand by the plant. This leads to higher peat water content, and consequently higher chance of ﬂooding during heavy-rainfall
events (Comte et al., 2012; Manoli et al., 2018) (Fig. 1).
Recent model simulation for the Kampar Peninsula in Riau,
Indonesia (Hooijer et al., 2015a) showed that already in 2014, 31% of
the total peatland area of Acacia plantations affected by poor drainage
had either ﬂooding or drainability problems. In the next 25 years, this
number could increase by 32–71%, depending on different drainability
scenarios. Similarly, in Kalimantan in the Mega Rice Project, nearpermanent drainage problems are expected to start for small areas in
25 years, whereas in 100 years' time some 46% of the peat area will be
subject to near-permanent ﬂooding (Sumarga et al., 2016). In the
Rajang Delta in Sarawak, data showed that ~30% of the peatland area
had already high-ﬂood risk in 2009. A ‘conservative impact’ scenario, assuming no further oil palm expansion beyond 2014 in the area, showed
that the ﬂooded areas will increase to 41.9% by 2034, 56% by 2059 and
82% by 2109 (Hooijer et al., 2015b).
Unregulated ﬂooding may not only affect negatively plantations but
also villages close to the plantation areas, especially during the wet season (Wells et al., 2016). As water ﬂows directly into the drainage ditches
and then out of the peatland, the quantity of water is larger in drained
peatlands compared to intact ones (Adnan and Atkinson, 2011;
Katimon et al., 2013) (Fig. 1). Surveys of 364 villages conducted in
Indonesian Borneo in 2009 and 2012, showed that over the past
30 years, the probability of ﬂoods was higher in villages near watersheds with more extensive OP plantations and mines, compared to forested ones (Wells et al., 2016). This is the contrary during the dry
season, when the streamﬂow is lower and drainage canals are closed
by the companies resulting in water scarcity and quality problems in
some villages (Merten et al., 2016).
Residents living in villages near from plantation areas are usually involved in smallholder activities on peat and are the main workforce for
the commercial plantations.
Based on these ﬁndings, it is evident that exacerbated ﬂooding on
the plantations in these countries can cause OP production losses and
reduce the long-term sustainability of the industry. Prolonged waterlogged soil conditions can lead to oxygen and nutrient deﬁcits for the
plants causing lower yields, and prolonged inundation lead tree death
(Abram et al., 2014).
Increased ﬂooding has negatively affected plantations in Malaysia. In
two OP plantations located in the Kedah state, a 7-day ﬂood in 2003 at
25 cm led to an annual productivity loss of 20% (Ahamad et al., 2009).
In Johor, during a ﬂood event in 2008, a loss of about 30% was reported
(Sabari et al., 2014). In West Kalimantan, Indonesia, Sumarga et al.

Intact Peatswamp Forest

Drainage and compaction
. Increase in soil subsidence
. Decrease in peat water holding
capacity
. Decrease infiltration

Higher chance of fires in
degraded drained peatlands

After Drainage and compaction
. In young oil palm plantation,
decrease in evapotranspiration
. Higher soil water content in the soil

Decrease in OP yield due to
More water runoff downhill and
more floods on the plantations increase in floods in surrounding
areas

After the fire
. Change in peat chemistry
. More hydrophobic peat
. Soil subsidence
. Higher water table level

Due to peat subsidence and sea
level rise, increase in coastal
floods
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Higher chance of runoff and
floods in burnt peatland areas

Fig. 1. Schematic of the occurrence of unregulated ﬂood in tropical peatlands areas after change in agricultural land-use.
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(2016) predicts a production loss of 50% in the case of annual prolonged
ﬂooding, and of 100% in the case of near-permanent inundation.
Flood mitigation measures can be retrospectively implemented after
plantation areas are affected by ﬂoods. Studies in the ﬂoodplains of
Sabah (Abram et al., 2014) and Central Kalimantan (Sumarga et al.,
2016) found that these measures have been costly and largely ineffective due to the irreversible nature of peat subsidence. This poses a serious ﬁnancial risk to both the large-scale OP industry and smallholders
(where the latter accounts for ~40% of the total planted area, both in
Malaysia and Indonesia (Varkkey et al., 2018). In the face of ﬂoods,
smallholders are unlikely to have the budget or expertise to invest in
ﬂood mitigation measures. Larger companies may be able to afford conversion of their inundated areas to different land-uses but elevated costs
compared to revenues may not be sustainable into the future (Sumarga
et al., 2016), especially considering that ﬂooding could potentially cause
the end of agricultural production of 30% to 69% of SE Asian coastal
peatlands within 50 years (Hooijer et al., 2012a, 2012b).
While land use change is the main factor affecting ﬂooding risk in
drained peatlands, ﬁre, climate change and sea-level rise also exacerbate the problem. Fire is commonly used in SE Asia to clear regrowing vegetation and maintain land for crops (Sanchez et al., 2005).
During prolonged dry-conditions associated with the El-Niño, which
are expected to increase in the future (Wang et al., 2017), these ﬁres
can become more frequent and spread beyond the intended areas
(Varkkey, 2016). In burnt degraded peatland, the total ﬂooded area
can expand up to ﬁve times, as shown in a 2006 study in Indonesia's
Jambi province (Wösten et al., 2006).
Mean and extreme precipitation projections for 2100 are expected
to increase in SE Asia (Endo et al., 2013), resulting in increased extreme
events such as ﬂooding in this region (Hirabayashi et al., 2013). SE Asia
is also considered one of the world's most threatened regions in terms of
sea-level rise (Nicholls and Cazenave, 2010). Clearly, sea-level rise will
affect coastal agriculture through ﬂoods and salt-water intrusion. Such
problems will be even worse for agriculture developed on peatland because of soil subsidence leading to unsuitable conditions for OP production (Faizal et al., 2013; Hooijer et al., 2012a, 2012b).
Based on the studies mentioned in this section, it is clear that
ﬂooding on degraded peatland can represent a major problem.
Policymakers, however, do not see it as a potential hazard. Consequently, oversimpliﬁcations of the relationship between ﬂoods, commercial plantations and peatland sustainability have been a source of
major disagreement among policymakers at different levels in

governments, companies, environmental groups and society (van Dijk
et al., 2009). As a result, peatland policies are largely disconnected
from ﬂood hazards considerations.
For the ﬁrst time, through an in-depth analysis of current ﬂood policies coupled with expert discussions, this study identiﬁes whether
ﬂood policies are integrated into peatland management both in
Indonesia and Malaysia. It also suggests alternatives on how to better integrate ﬂooding within a broader policy framework tailored for the
Anthropocene epoch we live in.
2. Methodology
The method used in this paper is qualitative policy analysis. Policies
are frameworks that can optimize the general well-being. A policy analysis framework allows researchers to understand a policy in depth, uncover its (stated and unstated) purpose and objectives, link it to
historical or current values and ideologies, and estimate its consequences in terms of economic gains and losses, including rights and
privileges. This framework can generally be broken down into ﬁve
parts, namely (1) deﬁning the problem, (2) assessing policy objectives
and its target populations, (3) studying effects of the policy, (4) studying
the policy implications, and (5) considering alternative policies
(Jimenez et al., 2015).
The paper ﬁrst deﬁnes the problem of ﬂoods in peat areas (part 1, introduction). Next, it goes on to assess how ﬂoods affect target populations, in this case peat plantations (part 2). It then focuses on the
existing ﬂood and peatland management policies, their gaps and implications (part 3 and 4), including that ﬂoods have not been adequately
recognised. Finally, the paper suggests alternatives (part 5) on how revised policies can better address peatland and ﬂood management
concurrently.
Suitable to the policy analysis framework, the main method for this
paper has been document analysis and experts' interviews. For document analysis, the main types of documents for this paper were publicly
available policy papers, government reports, and other ofﬁcial documents published by relevant organizations that discuss ﬂooding, and/
or more in general hydrology, in peatlands (both in English and Bahasa).
The information obtained through the ofﬁcial policy papers and government reports were useful to provide the ofﬁcial stance of the concerned governments (Malaysia and Indonesia) on peatland and ﬂood
management (Table 2 and Supplementary Tables 1, 2). Other documents such as reports, strategy papers and studies published by non-

Table 2
Relevant Malaysian and Indonesian policies and legislation to ﬂooding.
Malaysia

Indonesia

1. 8th Malaysia plan
2. National land code 1965
3. National wetlands policy & ramsar site declarations
4. Water Act 1920

1. 2015–2019 National medium term development plan (Rencana Pembangunan Jangka Menengah Nasional)
2. Presidential instruction no. 32 year 1990 on the management of protected areas (Article 9)
3. Law no. 27 year 2007 on spatial planning
4. National spatial layout plan 2008 (Rencana Tata Ruang Wilayah Nasional)
5. Presidential instruction no. 8 year 2015
6. Presidential instruction no. 6 year 2013
7. Presidential instruction no. 10 year 2011
8. Ministry of agriculture decree no. 14 year 2009

Source Malaysia:
1. https://policy.asiapaciﬁcenergy.org/node/1281.
2. https://www.ramsar.org/sites/default/ﬁles/documents/library/hbk4-02.pdf.
3. http://palmoilis.mpob.gov.my/akta/NLC1956DIGITAL-VER1.pdf.
4. faolex.fao.org › docs › texts › mal33533.
Source Indonesia:
1. https://policy.asiapaciﬁcenergy.org/node/3364.
2. http://www.bphn.go.id/data/documents/90kp032.pdf.
3. https://bnpb.go.id/uploads/migration/pubs/3.pdf.
4. https://www.perumnas.co.id/download/prodhukum/pp/PP-26-2008%20RENCANA%20TATA%20RUANG%20WILAYAH%20NASIONAL.pdf.
5. http://www.apbi-icma.org/uploads/ﬁles/old/2016/04/Inpres-8-Yr-2015-English-Version-.pdf.
6. http://extwprlegs1.fao.org/docs/pdf/ins160808.pdf.
7. https://forestsnews.cifor.org/3003/indonesia-releases-presidential-instructions-for-logging-moratorium?fnl=en.
8. http://perundangan.pertanian.go.id/admin/p_mentan/Permentan-14-09.pdf.
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Table 3
Relevant Malaysian policies and legislation to ﬂooding.
Policies/legislations

Details

- It mentions the conservations of wetlands (which includes peatlands by deﬁnition) in Malaysia's general ﬂood control measures, as
part of its Integrated River Basin Management approach (the whole river basin is planned in an integrated manner and all factors are
taken into consideration when a certain development plan is proposed)
National wetlands policy & ramsar site - It is based closely on the 8th Malaysia Plan.
declarations
- “Continuing to recognize wetlands as unique and critical habitats, as well as their importance in stabilizing water ﬂows and in
mitigating ﬂoods”
National land code 1965
- “All water bodies must be provided with reserves through a land acquisition process”.
- Peat is classiﬁed as ‘rock material’ with no discussion of its hydrological function
- The National Land Council is empowered to ensure states comply with the Land Code, however there are limitations to this due to the
two-tiered government system
Water act 1920
- It imposes licensing requirements for water abstraction, efﬂuent discharge, felling of trees and building of structures, but not for peat
areas (which is classiﬁed as “rock material”)
- “where the state Authority is satisﬁed that the bed of any river in such State is insufﬁcient to contain the waters thereof in time of
such ﬂoods as may be reasonably expected, he may by notiﬁcation in the Gazette declare any land abutting on such river and extending
to such a distance from either or both banks as may be speciﬁed in such notiﬁcation to be a ﬂood channel for such river, and may at any
time in like manner revoke or vary any such declaration”.
8th Malaysia plan

governmental organizations (NGOs) like the Global Environment Centre (GEC) and international organizations like the United Nations Developmental Programme (UNDP) were useful in ﬁlling gaps not available
in government documents.
Document analysis was then triangulated with data obtained from
several (7) semi-structured discussions via skype or in person with
policymakers, representatives from non-governmental organizations
and academics working speciﬁcally on peatland water management
like Global Environment Centre, various relevant state departments,
the Malaysian Ministry of Energy, Science, Technology, Environment
and Climate Change, Wetlands International Indonesia, Centre for International Forestry Research and several Indonesian universities, supplemented by a search of academic literature. Triangulation is essential in
better understanding the circumstances surrounding particular pieces
of information, and also to verify the accuracy of the information obtained from all sources. Interviews conducted were both useful in
conﬁrming ‘objective facts’ (Crouch and McKenzie, 2006), understanding the purpose of actions, and to elicit the response of staff and ofﬁcials
towards them. This helps illuminate different aspects of phenomena,
enabling richer descriptions (Knowx and Burkard, 2009).
Due to the somewhat sensitive nature of the policies analysed
(Table 2 and Supplementary Tables 1, 2), not all the persons with
whom we held discussions allowed us to use their real names for this research. We were also unable to engage with stakeholders from the oil
palm industry, and hence their input were not able to be included in
this paper. Interview data that corroborated directly with data from
documentation did not reference the interviewees, but it was used primarily to triangulate and conﬁrm facts. Those interviews that revealed
data not found in documentation have been referenced accordingly, either as an anonymous or named source.

3. Results and discussion
3.1. Analysis of current ﬂood policies in peatland management in Malaysia
and Indonesia
Flooding from peatland conversion, while problematic, is viewed as
a local natural phenomenon linked to the rainy season. Increasing severity of ﬂoods is more gradually noticeable only over long periods of
time (Rengasamy, 2018). Instead, forest ﬁres have been the most immediate and visible threat and have been a priority of current governments
in recent years. Fires cause local and transboundary haze that affect
public health within and beyond their borders (Varkkey, 2016). Based
on these premises, this study analyses the reasons that have led to the
current failure of ﬂood integration in peatland-management policies.
3.1.1. Thematic separation of ﬂoods, plantations, and peatlands
Neither in Indonesia nor in Malaysia, major ﬂood-related policies or
laws mention the importance of peatlands in ﬂood mitigation.
In Malaysia, the two main laws pertaining to ﬂoods are the National
Land Code of 1965 and the Water Act of 1920. Neither document mentions the importance of peatlands in ﬂood mitigation or acknowledges
peatland's hydrological and ﬂood-mitigation functions. In the 8th
Malaysia Plan, peatlands are addressed only indirectly as general ﬂood
control as part of the Integrated River Basin Management approach.
This has been linked to Malaysia's Ramsar site declaration and it is related to the National Wetlands Policy (DID, 2018) (Table 3).
In Indonesia, ﬂood policy is governed by the Government's
2015–2019 National Medium-Term Development Plan (Djalil, 2014).
The Plan focuses on ﬂash-ﬂood management in urban areas but does
not consider the role of peatlands in ﬂood mitigation. There are speciﬁc

Table 4
Relevant Indonesian policies and legislation to ﬂooding.
Type of
Name
policy/legislation

Key messages

General ﬂood

It identiﬁes water security as a central pillar and promotes Flood Risk Management to reduce
ﬂood damage
Article 9 states: “The protection of peatland areas are for hydrology control, as it functions as a
water catchment and prevents ﬂooding, as well as protecting the special ecosystem in the area”
(reiterated in item 2 and 3)

1. 2015–2019 National medium term development plan
(Rencana Pembangunan Jangka Menengah Nasional)
Peatland-speciﬁc 2. Presidential instruction no. 32 year 1990 on the
management of protected areas (Article 9)
3. Law no. 27 year 2007 on spatial planning
4. National spatial layout plan 2008 (Rencana Tata Ruang
Wilayah Nasional)
Oil palm-speciﬁc 5. Presidential instruction no. 8 year 2015
6. Presidential instruction no. 6 year 2013
7. Presidential instruction no. 10 year 2011
8. Ministry of agriculture decree no. 14 year 2009

Item 1, 2 and 3 focus on the 2 year moratorium of new concessions. Item 4 restricts palm oil
cultivation to areas with peat depth of less than 3 m. However, none make a clear link between
peatlands and ﬂood control.
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regulations on OP development on peatland that recognize their importance in ﬂood regulation. However, they do not include a direct linkage
to ﬂood policies (e.g. Presidential Instruction No. 32 Year of 1990)
(Table 4) as reiterated in other ofﬁcial documents (e.g. State of
Indonesia's Forest Report 2018, Strategy Paper 2016–2020; policies
and laws in Supplementary Table 1).
These ﬂood-related policies are also not coordinated with policies
related to OP-development on peatland, resulting in conﬂicting approaches to hydrological management. Guidelines on drainage, ﬁre
management, and compaction, where they exist (Ministry of Natural
Resources and Environment, 2011, PP 57/2016), do not consider how
these practices affect ﬂood regulation on peatlands.
Looking at important peatland policies such as the forest moratorium, the latest extension, INPRES 5/2019, includes no more granting
permits issued on forest-clearing for plantations and logging. Nevertheless, there is no mention of water tables or ﬂoods.
The importance of the peatland “hydrological function” is mentioned in the new regulation PermenLHK10/2019 issued by the Ministry
of Environment and Forestry (MOEF) of Indonesia, which serves as
technical guidelines for the integration of the efforts to conserve and
manage the function of damaged peatland ecosystems. Under the regulation though, concession holders are now only required to operate on
peat domes landscapes, where the peat layer is so thick that the centre
is topographically higher than the edges. While the new regulation does
not speciﬁcally reference the importance of peatlands in regulating
ﬂoods, it mentions that management of peat domes will consider
water carrying capacity of the ecosystem based on water balance calculations. Another interesting point in this regulation, is that it mentions
that, if there is more than one peat dome within a hydrological unit,
the same peat dome can be exploited if its hydrological function can
be replaced by other peat domes. In the areas where permits have
been issued, it is the responsibility of the permit holder to maintain
the hydrological function of peat domes, which involves monitoring
water table levels but not ﬂoods speciﬁcally, and conduct restoration,
if necessary, once the permits expire. Overall, the problem with this
new regulation is that concession holders can continue to exploit the
peat dome in their concessions as long as there is more than one “top”
or peak and manage the water level. Under previous regulations,
peatlands that were 3 m deep or more were prohibited for exploitation,
and any companies with such areas in their concessions were obliged to
restore and protect them. With this new regulation, these peatlands
areas are now open to exploitation, as long as they are not considered
part of the peat dome (Jong, 2019). It is evident that protecting only
the peat domes is not enough to prevent the entire peat hydrological
areas from being drained, and that this perpetuates the current problems described earlier.
Generally, policymakers are not fully aware of the relation between
hydrology and forests, and the meaning of this linkage for climate, forest, water and socio-economic development (at both local and national
scales) (Ellison et al., 2017). Thus, policies and regulations related to
peatland development are disconnected from, and conﬁned within
their own thematic sectors (e.g. peatland-speciﬁc vs. OP-speciﬁc),
which often result in conﬂicts among them. Lack of coordination between government sectors, together with overlap and even rivalry
among institutions managing water, forest and peatlands mean that appropriate policies are not always formulated, much less implemented
(Wishart, 2017). The two-tiered governance systems in both Malaysia
and Indonesia further complicate decision-making. These are explained
below.
3.1.2. Two-tiered governance systems
Both Malaysia and Indonesia have two-tiered governance systems,
where powers are separated between the central and state levels. In
Malaysia, the Ninth Schedule of the Malaysian Constitution provides
for the general distribution of legislative powers between federal and
state governments, with the individual states retaining the power to

formulate their own policies related to natural resources such as
water (Hezri and Nordin Hasan, 2006). Furthermore, the states of Sarawak and Sabah have also been granted special conditions under the
1963 Malaysia Agreement (Cooke, 1997), and they are free to interpret
national policies and declarations on natural resources as they choose.
This explains the vastly different approaches to water management in
the peatland-rich states of Sarawak, Pahang, Selangor, Johor, and
Sabah. For example, Selangor (with 7.5% of Malaysian peatlands) is considered a success story in sustainable peatland management. It clearly
acknowledges the importance of peatlands in ﬂood regulation. In
2010, Selangor declared a moratorium on all logging activity on
peatlands in the state as drainage, required for logging, causes peat oxidation and makes the soil susceptible to ﬁres and ﬂoods (Rengasamy,
2018). At the same time, the state encouraged continuous rehabilitation
programmes and activities to be carried out in the degraded peatlands
under permanent reserved forest. It is currently the only state to have
such a moratorium. Furthermore, the state's own Integrated Peatland
Management Plan 2014–2023 for the North Selangor Peatswamp Forest, one of the biggest peatland areas in the state, identify key practices
of ﬂood regulation (Dahalan, 2018).
Instead, in Sarawak (with 63% of Malaysia's peatlands) there is a
strong push for development of its peatlands into OP-plantations. The
state is generally not in agreement with the Ramsar approach of imputing high importance on peatlands for ﬂood regulation. Furthermore, unlike other states, soil-type (including peatlands) is not given much
consideration during the zoning process (Anonymous, 2018). This also
reﬂects the problem of thematic separation as described above. As a result, up to 300,000 ha of peatlands have being zoned for development of
OP-plantation and other crops along the state's coastal zone by 2020
(DID, 2018). Although a moratorium to prevent conversion of new forests into large-scale OP plantations has been recently announced, the
authors were unable to ﬁnd this translated into formal policy. This is especially worrying considering that coastal peatlands are highly susceptible to sea-rise. Furthermore, when these areas are drained for
development, Sarawak is not obliged to follow the National Environmental Quality order [1987, 4.3], which calls for an environmental impact assessment for the development of areas over 100 ha.
In Indonesia, although the central government maintains decisionmaking power on ‘policies on natural resources utilisation’ [Article 7,
Regional Autonomy Law No 22/1999], the management of these policies
remains with the local government [Article 10, Regional Autonomy
Law] (Rajenthran, 2002). This is the case for ﬂood regulation in
peatlands, which is recognised in national policies and strategies
(Tables 3 and 4), but implementation is left to the local government.
Problems arise when local governments have differing priorities; in
this case, ﬁre management over ﬂood regulation resulted in local policies being developed and implemented in relation to ﬁre-only, as in
the Riau and Jambi provinces (Supplementary Table 2). There are no
local laws pertaining to ﬂood regulation on peatlands, highlighting the
gap between legislation at the national level and implementation at
the local level.
Local policies in Indonesia have focused on ﬁre suppression instead
of preventive measures (Varkkey, 2016). Regulating ﬂoods is also an important preventive strategy to reduce ﬁre risks, but this would entail
limiting plantations on peatlands and thus to reduce the degradation
they cause, which would further call for a more moderate economic
strategy. This, however, is not encouraged with decentralised governance because local administrations are responsible for most of their
own administrative budgets. Issuing new plantation permits and
licenses represent a strategy to ﬁll regional government coffers
(Duncan, 2007; McCarthy et al., 2012). Hence, preventive strategies, including ﬁre and ﬂood regulation, which limit commercial expansion,
would in turn limit potential revenue for local authorities.
Many of the differences in peatland management approaches can be
traced back to the different sources of ‘horizontal knowledge’ (the process of learning and gaining knowledge that is applicable across various
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domains and scenarios), or other voices beyond academia that have
been most inﬂuential in the shaping of policy in these states. This is
discussed below.
3.1.3. Horizontal knowledge for short-term gains
In newly democratic countries, there are now a plurality of environmental knowledge producers that have a voice in shaping policies, such
as those related to land, but do not necessarily come from the academic
world (Goldstein, 2016). While this can be positive, as it provides a diversity of views, it can also result in policies shaped by short-term economic interests.
The academic work on ﬂoods in peatlands is relatively scattered and
limited compared to other topics like carbon storage and ﬁres. This implies that with limited knowledge of the understanding of the effects of
peatland ﬂooding, some stakeholders may differentially utilise scientiﬁc
knowledge in pursuit of their own self-interests and in the shaping of
land-policies.
In Sarawak, most knowledge used to shape peatland-related policies
is developed by scientists based in the Tropical Peat Research Institute
(TROPI) funded by the state government. The local institute only recommends avoiding the development of areas, which are already prone to
periodic ﬂooding, to minimise the costs and management time involved
in ﬂood mitigation (Melling et al., 2011). In this business-as-usual scenario, there is little consideration of the likelihood that more areas will
be ﬂooded in the future. This prioritization of “local” knowledge has
led to many of the federal-level peatlands policies and plans being
deemed ‘not relevant’ for Sarawak because of the supposed ‘uniqueness’
of Sarawak's peatlands (Anonymous, 2018).
Hydrology and ﬂood mitigation fall within the remit of Sarawak's
Department of Irrigation and Drainage (DID). The DID's inﬂuence is limited to retrospective involvement. While the DID is well aware of the
importance of pristine peatlands for ﬂood regulation, it is unable to recommend its non-development as the state has identiﬁed peatland development as an important strategy to improve the Sarawak people's
welfare. The DID can only advise the State Planning Authority on how
to mitigate ﬂoods that are likely occur into a potential project area
(Anonymous, 2018). To this end, the DID has developed water management practices for agricultural development on peat but they are limited to preventing ﬂoods through timely drainage of excess rainfall
(DID, 2018). They do not, however, address peat development in the interest of long-term ﬂood mitigation and agricultural sustainability.
In Indonesia, interestingly, horizontal knowledge has not been a
major factor guiding policy (at least for peatland-related policies).
Much of the knowledge adopted by policymakers has been in line
with mainstream academia. For example, a National Peatland
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Management Working Group Report includes the beneﬁts of ﬂood management and climate change mitigation among the beneﬁts of intact
peatlands, a contribution by the academia (Ministry of Home Affairs,
2006). Most recently, the Peatland Restoration Agency's Strategy
Paper 2016–2020 identiﬁed peatland degradation as a major factor in
the recent increase of ﬂood occurrences, and listed ﬂoods as a ‘threat’
in its SWOT analysis (Supplementary Table 1). In addition, in a clear effort to make the industry's voice more inﬂuential in policymaking, the
Indonesian Palm Oil Producers Association has invited TROPI scientists
to meet Indonesian ministers to advise on peat-management policy
(Wardhana, 2016).
3.2. Connecting ﬂooding and peatland management policies
This analysis compiled policy evidence that indicates a lack of integration of ﬂood policies into peatland management. This is summarised
in our SWOT analysis (Table 5).
Policymakers still require the appropriate understanding of ﬂood
mitigation services in the sense that intact peatlands beneﬁt populations well beyond the local or catchment scale, often far from where actual decisions on development and/or conservation are made. There is
an urgent need to seamlessly combine good hydrologicalmanagement to mitigate ﬂoods with land-management policies, especially considering the upward trajectory of the OP plantation sector in
these countries (Varkkey et al., 2018).
This study suggests a policy design and implementation that is
suited to the Anthropocene epoch we live in, where policies should
link across boundaries and themes (e.g. ﬂoods, plantations, and
peatlands) to avoid potential conﬂicts in the present and the future
(Sterner et al., 2019). Current thematically separated policies tackle
one problem, or dimension, but often lead to secondary consequences
somewhere else (e.g. plantation policies that lead to unregulated
ﬂooding). A win-win approach would be to acknowledge the dynamic
aspects of a socio-ecological system (stakeholders and peatlands)
where variation and connectivity, as well as processes with different
timescales and feedback mechanisms are included (e.g. drainagesubsidence-ﬁre-ﬂoods).
Despite the complexity of such an approach, there are numerous
well-known policy instruments (e.g. subsidies, tariffs, zoning, green certiﬁcations etc.) that would be operational at both local and national
levels to ensure not only efﬁcient outcomes but also jurisdiction and
governance (Sterner et al., 2019). The task of policymakers is not to create completely new approaches, but to design and implement suitable
policies within speciﬁc societal, political and scientiﬁc contexts. The
knowledge that informs such policies should not be conﬁned to certain

Table 5
SWOT analysis of the current Indonesian and Malaysian policies on ﬂoods and peatlands.
STRENGHTS

OPPORTUNITIES

- Some ﬂoods acknowledgment by BRG or Selangor state
- Indirect beneﬁts on water management from other policies on ﬁre and
carbon

- Combine hydrological-management to mitigate ﬂoods with land-management policies
- Acknowledge the dynamic aspects of a socio-ecological system (stakeholders and peatlands)
- Design and implement suitable policies within speciﬁc societal, political and scientiﬁc
contexts
- Consultation of different knowledge producers prior to policy development
- Account for the diverse range of players in peatland management
- Account for potential costs of non-development and downstream beneﬁts

WEAKNESSES

THREATS

- No clear mention of ﬂoods as a potential threat
- No direct linkages between ﬂoods, peatlands, OP
- Lack of awareness of the problem by policy makers
- Lack of coordination between government sectors
- Ambiguous language in current policies
- Conﬂicting approaches to hydrological management
- Peatlands beneﬁts poor understood
- More science needed

- Difﬁculty of interdisciplinary work to solve the problem
- Resistance to change environmental practices
- Loss of political interest
- Competing interests
- Misuse of current knowledge
- Decision-making at the national level vs. implementation at the local level
- Lack of a long-term policy vision
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voices such as policymakers, private sector or the academia. A variety of
knowledge producers such as national- and state-level government institutions, academia, private sector, NGOs, should be consulted and
comprehensively considered prior to policy development.
Speciﬁcally, peatland development policies should sufﬁciently account for the diverse range of players they affect and the problems
they face. For example, while peatland-related policies mainly focus
on large OP-plantations, many times, policymakers forego generalised
approaches and devise strategies that consider, if only partially, the
needs of certain stakeholders such as smallholders (Fan et al., 2013).
Along with policies targeted at peatland players, policies should be
designed and implemented to be enforceable, especially at the state
and local levels (e.g. the strictly-enforced logging moratorium by the Selangor State Forestry Department detailed above). Even though many
local administrations prioritise economic development on peatlands,
trade-offs should be taken into account (e.g. costs of nondevelopment and downstream or downwind beneﬁts) (Ellison et al.,
2017).
With respect to decentralisation, this study suggests revisiting the
ﬂood governance framework in order to ensure more checks and balances in decision-making including efﬁcient monitoring and greater
transparency. Even though peatland development for OP is permissible
under present policies, and formal approvals can be easily obtained
from various government agencies, a reassessment is required as it is
evident that present practices have contributed to serious degradation
and ﬂooding (CPPS, 2017). Current legislation in Malaysia for example,
does allow for such retrospective considerations, particularly at the
state level (e.g. Water Act 1920; Table 3).
4. Conclusions
This analysis highlights the importance of integrating ﬂooding into
peatland management policies as they can affect livelihoods of populations living near the plantations and oil palm production. Failure of implementation of ad hoc peatland ﬂood policies is due to a lack of a
complete understanding of peatland processes. While participation of
a variety of knowledge producers is positive, it is also important to acknowledge that many times their voices are contrasting, creating the
lack of common understand that this necessary. Furthermore, separation by thematic sector between peatlands, plantations and ﬂood policies does not acknowledge the intersection between the three,
denying the potential cascading effects that one action in a sector can
have on the others. Additionally, decentralisation of the governments
in Malaysia and Indonesia further complicates decision-making,
allowing a diversity of interests that can result in policies focusing in
short-term economic proﬁts rather than a long-term vision.
Future policies should have a more holistic approach that recognises
the dynamic aspects of socio-ecological systems and which includes all
the players in the government, industry, and society, with a common vision, and that is backed up by more effective law-enforcement and
greater disclosure of information required by all stakeholders in service
of collective action.
To our knowledge, this is the ﬁrst study that analyses ﬂood policies
within peatland management, although with certain limitations.
While we analysed major policy documents and ofﬁcial reports both
in English and Bahasa, other important material might be available at
the provinces level. However, their access can be difﬁcult as both
Indonesia and Malaysia are still moving towards having government ofﬁcial documents on line. Furthermore, our analysis lacks an open discussion with ofﬁcials from the oil palm industry, whom potentially could
have contributed to shape this study in another direction.
Under prevailing conditions, it is evident that agriculture on
peatlands that face increasingly unregulated ﬂoods cannot be sustainable over the long-term, even with currently promoted best management practices. While we acknowledge that economic development
cannot and should not be stopped, and that adequately addressing all

the themes discussed in the paper is challenging, there is urgency for action, and complexity is no excuse. To overcome this problem,
intersectoral, intergovernmental and interdisciplinary collaboration is
needed among stakeholders at all levels of policymaking and
implementation.
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