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Abstract: The development of food estates, including peatland ecosystems, is expected to support
food security in all regions equally. Technically, the widespread clearing of peatlands for cultivating a
specific food crop has multiple environmental effects. The need for more attention to non-technical
aspects related to the socioeconomic life of the surrounding community is also an obstacle to the
sustainability of the food estate program. In support of food security and sovereignty, this study
aimed to develop an implementation framework for sustainably utilizing peat ecosystems as arable
land-producing food commodities. A systematic literature review in accordance with the PRISMA
guidelines and field observations were used to develop ecosystem concepts by focusing on maintain-
ing an ecosystem’s social, economic, and ecological aspects. This paper describes the history of peat
ecosystem utilization, evaluates previous errors in peatland clearing for food, and analyzes the data
using the perspective of peat hydrological unit to better understand the livelihood preferences of exist-
ing communities. The previous literature’s key findings served as the guidelines for constructing the
implementation framework. First, this method identifies people’s natural resource-based livelihoods
and describes peatland ecosystems. Second, it evaluates the long-term viability of livelihoods and
identifies improvement levers. Finally, it facilitates increasing the scale of food commodities produced
from sustainable livelihoods to meet market demand while maintaining ecosystem resilience.
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1. Introduction

One positive impact of the COVID-19 pandemic is the awareness it has fostered of
the need to increase food security throughout the entire region of Indonesia. The warning
concerning the threat of imminent famine due to supply chain bottlenecks was publicized
by the Food and Agriculture Organization (FAO) of the United Nations [1]. This led to
the Indonesian government’s decision to build food estates, including food estates on
peatland ecosystems. However, the aim is to ensure the realization of food security. Food
security is a condition where all human beings have physical, social, and economic access to
food [2]. One of the issues during the pandemic has been the importance of achieving food
security that can be initiated by identifying lands suited for food commodity production,
determining their potential, and developing reasonable and sustainable plans [3]. Reduced
food mobility and production due to the pandemic have heightened the significance of
using natural resources sustainably [4].

In theory, food security is intended to reduce the presence of dependencies. Episte-
mologically, dependency theory is described as an attachment between the central and
local governments [5]. In Indonesia, the implementation of the food estate program has
been carried out with disregard for the socio-cultural, economic, and ecological aspects
of the peat ecosystems, resulting in enormous losses. The transformation of subsistence
agriculture into valuable commodities that boost farmers’ incomes [6] cannot be realized,
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either. Finally, the development of food estates creates reliance on the socio-cultural and
economic sectors, including human resources, markets, and the environment. Given these
factors, a better and more comprehensive approach is needed to improve peatland food
commodities that are socially acceptable, economically beneficial, and ecologically harmless
to the environment.

According to the food estate program on peatland ecosystems, several discoveries were
made and recorded for future development. However, social conflicts; constraints on land,
agribusiness infrastructure and facilities; politics; and the application of technology that
could be more environmentally friendly led to the cessation of this initiative in the provinces
of Central, North, and West Kalimantan [7]. The application of ecologically unfriendly
food production technology [8] and the lack of attention to water governance’s technical
and non-technical aspects, including the social, cultural, economic, and environmental
sectors [9], also triggered the failure of peatland clearing. The construction of drainage
systems in peat domes disrupts the stability of carbon storage [10]. Even the selection of
edible commodities, such as rice and corn, cultivated on a large scale does not consider
existing local food sources [7]. There are concerns that the food estate program is bound to
shift from family and village to company-based agricultural production [11].

The construction of food estates, canals and drainage systems, and other land inter-
ventions, such as liming and fertilization, cause more significant damage. Unfortunately,
the clearing of peatlands also degrades water quality [12]. The construction of canals
and drainage systems reduces the groundwater level, affecting the high carbon dioxide
flux [13]. Annually, 55 metric tons of carbon dioxide are released from one hectare of
drained peatland [14]. Drainage systems, changes in vegetation, and continuous fire out-
breaks contribute to flooding [15]. Changes in peatland ecosystem function caused by
land drainage might increase CO2, NO2, and CH4 emissions, ultimately impacting climate
change [16–19]. In the past three decades, approximately 25 million hectares of peatland
have been deforested, drained, and converted, leading to reduced productivity, flooding,
and greenhouse gas (GHG) emissions [20].

The high costs required for sustainable peat management impact efforts to prevent
environmental damage. Rice field planting initiatives, which are part of the food estate
program, are highly dependent on fertilizers and pesticides [21]. For farmers to work on
paddy fields, the high costs of land preparation, fertilizers, and pesticides have presented
a need for approx. IDR 7–8 million in capital [22]. However, this has led to the reluctant
use of peatlands and abandoned areas. The neglect of lands for rice field planting has led
to fire-prone and dormant areas [23]. The high demand for capital also encourages land
burning because it is easier and cheaper. Short- and medium-term land-use benefits take
precedence over sustainable management [24]. The repeated burning of detritus during
peatland preparation reduces the land’s ability to retain water and accelerates nutrient
loss [25]. Peatland interventions to produce food commodities in food estate development
cause a detrimental multiplier effect from social, economic, and ecological aspects.

The concept of food estate development within a neoliberalist paradigm approach,
namely wide-scale land clearing for the cultivation of certain crops, infrastructure develop-
ment, and market access, will result in biodiversity loss. During the establishment of the
Merauke Integrated Food and Energy Estate (MIFEE) in Papua, the commodification of
natural resources and land resulted in indigenous peoples losing not only land but also their
communal and cultural identity [26]. So, adopting an approach based on a social-ecological
system is necessary. Based on Plehwe (2009), neoliberalism is a policy that leads to market
mechanisms and free competition [27]. The implementation of neoliberal approaches to
food security and food sovereignty programs has proven to have failed to alleviate poverty
and hunger [28]. The development of food security through infrastructure, market access,
and capital tends to lead to the loss of biodiversity; for this reason, a social-ecological
system is needed to synergize food security and biodiversity conservation [29]. Availability,
distribution, use, vulnerability, sustainability, and regulation are all key challenges for food
security [30].
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The resilience of a social-ecological system to the use of natural resources is determined
by the livelihoods of a community and its social networks [31]. People’s livelihoods are
key to achieving sustainable development [32]. In the context of food estate development,
research questions arise regarding how to achieve sustainable community livelihoods and
food security through land-clearing approaches for large-scale cultivation of food crops.
Based on this background, this paper sought to develop an implementation framework for
sustainable community livelihood approaches that are aligned with developing peatland
ecosystem food estates for improved food security. This research aimed to offer an alterna-
tive to peatland clearing and intervention for establishing food estates in peat ecosystems by
increasing the quantity of food commodity supplied by sustainable community livelihoods.

2. Materials and Methods

The implementation framework provides direction on implementing knowledge man-
agement and facilitating theory transformation into practice [33]. One approach to frame-
work development is to draw on existing determinant frameworks and relevant theories
from various disciplines [34]. This paper identifies relevant theories and conceptual models
using bibliometrics as a metadata source. After that, a literature review is carried out under
the stages to compile the implementation framework. This literature review will likely
produce one of the added values, which can be relevant and applied in the real world
through synthesizing literature in case studies [35].

The case study in this study is a peat ecosystem with various typologies, called peat
hydrological units (PHU), and has never been carried out by a food estate program before.
The study was conducted at the PHU Sungai Belayan, the largest PHU in Kutai Kartanegara
Regency, East Kalimantan Province. The Kutai Kartanegara Regency-level government is
preparing its area as a food buffer area for the New Capital of Indonesia to be built in the
East Kalimantan Province.

To build an implementation framework for food estate development approaches in
peatland ecosystems, this paper uses a systematic literature review combined with field
observations. The metadata are taken from Dimension because many of these sources index
the results of research related to peatlands in Indonesia in the form of scientific articles,
books, book sections, and proceedings. Several stages are used to retrieve the metadata
according to the research questions to achieve the research objectives. The open-source
reference manager, the Publish or Perish application, retrieves the metadata, which are then
collected into Mendeley for further analysis with the VOS Viewer [36]. In this study, the
VOS Viewer is only used to perform metadata extraction and display the state of the art of
the research.

Furthermore, the extracted metadata are analyzed using a systematic literature review
in accordance with the PRISMA 2020 guidelines [37]. The metadata extraction technique
utilizes several keywords that are adjusted to the stages of compiling the implementation
framework. The selection of articles is based on the suitability of the topic and the language
used, namely Indonesian and English. Field observations and interviews with respondents
around the PHU are also carried out to validate the data from the literature review.

The first stage is the history of peatland use. Knowing the history of peatland use at
the case study site and its surroundings generates knowledge about peat utilization before
the food estate program is carried out, the development of community livelihoods, and the
relationship between community livelihoods and peatland conservation. The results of the
literature review are validated with the field observation data. Second, a literature review
of the purpose, objectives, and framework of the food estate program is conducted. Third,
an approach that can be used in the development of food estates, based on the results of
the first and second steps, is further analyzed using a sustainability theory focusing on
the social, economic, and ecological dimensions. Fourth, a plan to transform how peat
ecosystems are used for food estate development to ensure food sovereignty is proposed.
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3. Results
3.1. Literature Review of the History of Peatland Use before the Food Estate Program

For decades, the traditional cultivation of crops on peatlands was carried out by
the Bugis, Dayak, Banjar, and Malay tribes. Before 1950, Dayak and Banjar communi-
ties managed thin peatlands behind rivers [38]. Observations in the field indicate that
community-managed peatlands are neither deep peatlands nor peat domes but rather
pictorial lands along rivers. People tend to use rivers as a mode of interregional transport
since scenic locations typically have many rivers. A small motorless ship called ketinting
serves as a means of transportation. People tend to fish daily and cultivate rice on the
outskirts of rivers. Community settlements are also developed by the riversides. In other
words, its members tend to manage alluvial lands and thin peatlands.

These communities rarely manage deep peatlands because they are acidic, and more
effort is needed for land preparation. However, people sometimes utilize timber and other
forest products, so it is feared that this will threaten conservation. Deep peatlands tend to
have highly acidic soils [39]. Generally, they are overgrown with vegetation, mostly woody
trees that make up peat forests. Community members usually utilize non-timber and wood
products to build houses and ketinting. The use of non-timber products poses relatively no
threat to peat forest conservation. On the contrary, using timber products tends to threaten
forests and peatlands. Due to the length of time required for these trees to mature, it is
impossible for the cultivation of native peat plants to catch up with the rate of utilization.
Currently, the increasing population and the fulfillment of their needs result in excessive or
uncontrollable exploitation of peat forests [40], and the massive use of timber products is
perceived as a threat to the conservation process.

Deep peatlands and forests are the keys to its ecosystem conservation procedure.
These peatlands are more than three meters deep and are used for carbon storage and
water absorption [41]. Deep peatland interventions for farming and plantation business
activities can cause several problems, including the dry nature of continuous fire outbreaks,
the pyrite content that damages crops, and the inability of plant roots to absorb water from
drainages that are too deep [42]. On the other hand, cultivating native peat plants takes
quite a long time on average, thereby making it uneconomically feasible. Therefore, the
government stipulates that deep peatlands are protected from being cultivated [43].

One way to ensure the protected peatlands are properly managed is by ascertaining
that the economic activities of the surrounding communities must be able to provide
income that guarantees sustainable welfare. The livelihoods of those outside the inner
peatland need to be improved by minimizing existing constraints. Based on research [44],
the restraints before and after the food estate program have increased. Therefore, this
initiative needs to be carried out on peat ecosystems to boost the livelihoods of existing
communities by minimizing its constraints.

The knowledge possessed by community members influences a peatland’s managerial
methods and techniques. In some regions, this is hereditary, and leaders initiate procedures
related to customary norms and customs. For example, the Dayak communities cultivate
peatlands behind river embankments (back swamps) or lawau plots, while the indigenous
people of Banjar do the same through the manufacture of handles [38]. These are irrigation
procedures developed by tidal movements [45]. However, local wisdom in the form of
arable land preparation involving fire to burn detritus is an aspect of traditional rituals
that must be properly supervised [46]. In line with the conservation process, techniques
employed to boost livelihood must also be supervised to prevent them from damaging the
environment.

Over time, the developed income sources in a community consist of basic and alterna-
tive livelihoods, which depend on natural and non-natural resources. This study’s scope of
discussion is on the types of basic livelihoods and alternatives based on natural resources,
especially those that produce food needs. The hereditary livelihoods in the Central Ma-
hakam Region (CMR) include fishing with ketinting and nets, planting tidal rice, tapping
palms, and raising swamp buffaloes. Currently, these livelihoods are developing and are
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still being cultivated by the community with a little touch of knowledge and technology.
Most fishermen have used motorized boats and cultivated fish in cages, which depicts an
improved and sustainable livelihood.

Based on the explanation above, it is concluded that when building a food estate,
there is a need to maintain deep peatlands because these are perceived as the key to
ecosystem conservation and can increase eco-livelihood activities that prosper the region.
Communities that rely on sustainable livelihoods to meet their requirements are averse
to using deep peatlands because doing so would increase their costs and efforts. The
reciprocal dynamic relationship between cultural and biological diversities is defined
as biocultural diversity [47]. The importance of livelihoods in nature conservation has
caused [48] to propose a more specific definition. Biocultural diversity is further defined
as a dynamic, place-based multiplicity of human and nonhuman beings alongside their
means of livelihood and constituting relations. The adoption of this definition leads to the
focus on the main and alternative livelihoods as a nature conservation approach.

3.2. Literature Review of Food Estate Development

Food estate is a national nutritional barn realized through the integration of agriculture,
plantations, and animal husbandry in an area [49]. This program is an investment project for
cultivating food commodities on a broad scale of relatively 25 hectares [50]. It is presumed
that this initiative is economically feasible and profitable and tends to meet food needs
sustainably. Therefore, it is determined that this program, as a food commodity business
realized from agriculture, plantations, and animal husbandry, is integrated on a large scale
and is economically feasible.

Food security is hoped to be realized by fulfilling the nation’s needs. In the present
study, this is expected to result in food sovereignty. The research carried out by [51]
stated that a relationship exists between food security and food sovereignty in Indonesia.
According to [51], food security is understood as the availability of imported and locally
manufactured edibles in warehouses and markets. In contrast, its sovereignty is the ability
of a State to achieve self-sufficient strategic commodities on a national scale without external
interference. In this study, the development of food estates in peat ecosystems mainly
focuses on the ability of humans to manage their natural resources to meet the nation’s
needs. Therefore, it is more appropriate to employ the principle of food sovereignty.

The essence of transforming peat ecosystems for food estate development is to open
up large land areas for cultivation activities to meet market demand. Technically, the
land-clearing process adopted a spatial approach. However, during its implementation, the
determination of the area of interest became wider than the land suitability mapping issued
by the Ministry of Agriculture [52]. On the other hand, the food estate program carried
out in Central Kalimantan caused 241 and 279 land conflicts in 2020 and 2019, respectively,
including the loss of local livelihoods, places of origin, and the identity of indigenous
peoples [53]. The need for massive land is the main problem in developing food estates.
Therefore, the strategy relating to transforming peat ecosystems needs to be changed by
minimizing land use.

The transformation of peat ecosystems into food estates can also be realized through a
typological approach. In such an ecosystem, there are various typologies. Therefore, food
estate planning needs to be understood from a peat hydrological unit (PHU) perspective.
Peatland ecosystems found in a PHU consist of protected or conservation areas, and
cultivated regions [43,54]. Food commodities cultivated in each of these typologies certainly
vary. On the other hand, its development into superior commodities requires a stable,
sustainable level of productivity that meets the market demand. Therefore, a particular
strategy that needs to be pursued is the development of similar food commodities from
several regions under conducive peatland typological conditions.
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In general, threats associated with the realization of food security include increased
population, prices, reduced varieties of crops, limited land, drought, and wastage [55]. The
community engaged in a series of protests to defend their lands and to protest against
the loss of cultural identity due to the development of food estates by implementing
neoliberalism policies [26]. According to Plehwe (2009), these policies are intended to
market certain mechanisms and freely engage in competition [27]. Food production in
landscapes with infrastructure, market access, and capital usually leads to biodiversity
loss [29,56]. There is a need for a social-ecological system to ensure that food security and
biodiversity conservation can synergize. [29]. For this reason, pro-societal policies must be
implemented to build a food estate.

3.3. Sustainable Community Livelihood-Based Approach

Sustainable livelihoods can withstand pressures and shocks while maintaining and
increasing their assets without damaging their natural resource base [57]. Increasing
resource-use intensity, the diversity and complexity of small-farming livelihood systems,
and small-scale economic synergy makes it possible to multiply livelihoods [58]. The
evaluation of farm households’ level of sustainable livelihood in ecological resettlement
zones must take into account both society and the environment [59]. It is further argued that
the relationship between human and nonhuman aspects defines ecological livelihood [60].
This study assumes that a sustainable livelihood meets three interconnected criteria: the
social aspect is acceptable; the ecological aspect does not harm the environment; and the
economic aspect sustainably generates income.

An integrated development involves adopting a sustainable livelihood approach [59,61].
Several sustainability schemes are related to the relationship between ecological, social,
and economic dimensions. Theoretically, there is no solid conception regarding the sus-
tainability scheme of these three dimensions, so the operational concept of sustainability is
still ontologically open [62]. The first scheme is the Triple Bottom Line Model, which also
presumes a relationship between these dimensions [63]. The second is the pillar model,
which assumes that the economic, ecological, and social dimensions are independent. The
third one, the Nested Model, criticizes the previous two schemes. It assumes that the
economic dimension is part of the social dimension, which is an aspect of ecology [62,64].
Livelihoods are considered sustainable when they focus more on the environment or the
ecological dimension because the main aim of food estate development realized through
community livelihoods tends to be sustainable without damaging the environment.

Sustainable community livelihoods are the sources of income that can withstand pres-
sures and shocks, as well as maintain and increase their assets, without destroying the
natural resource base [57]. Increased assets are generated from sustainable income. There-
fore, its realization is due to the sustainability of the environmental and social aspects [58].
Furthermore, the relationship between the human and nonhuman aspects defines ecologi-
cal livelihood [60]. The present research states that sustainable livelihood is viewed from
three interconnected aspects, namely from the social, ecological, and environmental sectors.
From the social, ecological, and environmental perspectives, it is acceptable not to damage
the environment and continue to generate income on an ongoing basis.

Within the framework of sustainable livelihoods designed by the DFID (Department
for International Development, United Kingdom), a society’s source of income is generated
from the transformation of social, human, financial, natural, and physical capital [65].
Human, physical, and financial capital are directly needed in the production process of a
currency. Meanwhile, social and natural capital affect its sustainability. The relationship
between the concepts of sustainable development and sustainable livelihoods is that of
livelihood, which is socially measured from the elements of social capital and acceptable
human capital; economically measured by the elements of human capital, physical capital,
and financial capital that can be profitable; and ecologically measured from natural capital
that does not damage the environment so that it can be sustainable.
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The elements of social capital can be used to assess sustainable livelihoods based on
social aspects or dimensions. According to Putnam, social capital focuses on norms, values,
beliefs, and networks. Meanwhile, Bourdieu stated that this concept conflicts with the
roles or functions of actors. [66]. Norms are guidelines to check community behaviors,
and there are sanctions for violations [67]. The social values in a society are contained in
local wisdom developed from one generation to another. According to Haba (2007) and
Abdullah (2008), it is defined as some form of cultural wealth developed as an important
element that can increase cohesion in society [68]. Local wisdom is believed to shape
thoughts and behavioral patterns [69]. The concept of social networks concerning social
capital is based on existing relationships among individuals of specific groups, both inside
and outside a community, to enable the effective and efficient running of activities [70]. It
is hoped that firm local wisdom can resolve social conflicts [71].

The elements of human capital are used to assess sustainable livelihoods from the social
aspects. Human capital is one of the factors of social development and economic growth,
which consists of skills, knowledge, attitudes, and socio-culture, including individual
capacity to innovate and discover [72]. Information literacy is a competency that needs
to be developed as an individual capital for people to be highly productive [73]. Even
investment in education and training is also included in social capital [74]. A community’s
traditional ecological knowledge gained from the experience of adapting to changes in
the socio-cultural and spatial patterns of the environment can be used to resolve related
problems [75]. This tool is used for maintaining socio-ecological resilience, and climate
adaptation plays a relevant role in social empowerment and sustainable natural resource
management [76]. Haverkort and Reijntjes stated that the relationship between humans
and nature is described based on the worldview or the perspective of a particular society
toward its environment [77]. Women play a relevant role in changing the initial subsistence
livelihoods into flexible activities to earn money [78]. Ethnicity also affects perceptions
of the resilience of a livelihood [79]. In the present research, indicators of knowledge,
perspective, expertise, formal education, training, gender, ethnicity, and counseling are
used to explain the community’s social conditions in discharging their daily tasks.

On the other hand, human capital, in the form of availability and labor cost, is used to
assess sustainable livelihoods related to the economic aspect. Based on the framework of
the socio-ecological system, economic variables, such as productivity, market incentives,
and land value, are more important in determining the use of peatlands [80]. The growth
of financial capital, such as greater access to loans and improved connectivity between a
village and the market, facilitates the transition from subsistence to flexible activity [78].
Therefore, certain human, financial, and physical elements are also employed to assess
sustainable livelihoods from the economic perspective or dimension.

3.4. Commodity Scaling Framework of the Framework for Sustainable Development and
Environmental Resilience

Conceptual tools are employed to realize sustainable development by connecting the
concepts of a viable framework and ecological resilience (water–energy–food nexus), which
are adopted to ensure environmental livelihood security by striking a balance between
natural supply and human demand [81]. In a more detailed analysis, [32] explained an
environmental livelihood security framework by considering water, energy, and food
needs to measure and monitor people’s sources of income at various spatial scales and
institutional levels. Furthermore, the challenge in this study is how this environmental
livelihood security framework can be implemented in the food estate program.

Related to the development of food estates in peat ecosystems, edible commodities
produced from livelihoods must meet market demand while consistently balancing with
natural supply. One of the obstacles encountered in the Central Mahakam Region is that
businesses are still small-scale and subsistent. Moreover, most of the marketing activities are
carried out in the scope of sub-districts and districts. Related tasks, such as export activities,
are executed outside the province in a monopolized manner, and this causes prices to fall
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at the time of harvest. Constraints that have a multiplier impact need to be minimized
to ensure the produced food commodities can consistently meet the market needs. By
reducing these obstacles, a community’s livelihood business scale will be increased.

In addition, food commodities must be produced by the communities around sustain-
able peat ecosystems to ensure consistent supply. For this reason, this research proposes
scaling up to transform food commodities that can meet market needs. Massive peatland
interventions do not perform scaling to cultivate certain food commodities, rather it fo-
cuses on sustainable livelihoods. Therefore, the present research adopts an environmental
livelihood security framework [81], modified with the scaling-up concept to become more
implementable (Figure 1).
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The concept of scaling up that is being developed to be implemented in the develop-
ment of food estates includes research with the latest updates. From the metadata related to
scaling up and up-scalability, the mapping shown in Figure 2 is obtained. The data collected
from Dimension totaled 520 records. The data were extracted in the period 2010–2022, and
they took the form of articles, chapters, book sections, and proceedings. Most of the scaling
studies are in the fields of chemistry and industry. The map shows that the novelty of this
research is increasing the scale of food commodities.
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Figure 2 illustrates that the development of food estates for food security has generally
not yet been discussed in the context of up-scalability. Recent research, denoted by the
yellow sphere on the right, has centered on the efficiency of power conversion (PCE) in
renewable energy when discussing up-scalability. In the meantime, previous research on
scalability concentrated on chemical systems and models.

3.5. The Concept of Scaling Food Commodities

The hierarchy theory initially explains the scaling issue in environmental science.
Nowadays, it is illustrated by the paradigm of socio-ecological systems associated with
vulnerability [82]. Scale-up or scaling-up is related to the adopted processes, actors, in-
centives, institutional arrangements, and policies [83]. However, three approaches can
be used to realize this procedure: value chain procedures and private sector engagement;
information and communication technology; and policy engagement [84]. The concept of
scaling is different from scalability, which is described as the potential for certain innova-
tions or change interventions to be adapted, expanded, and replicated [83]. Political and
economic analysis of global value chains is needed to describe sustainable production and
consumption systems [85]. In this research, scaling is defined as a process of improvement
related to the role of institutions and stakeholders in a value chain, including technological
innovation and policies.

Some works in the literature are related to increasing the scale of management in
commodity development. Therefore, three key aspects are adopted to develop local food
commodities: using several types of labor; operating according to the season; and managing
expected quantity and quality [86]. The research carried out by [87] focuses on how far the
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scale of governance has increased in several sectors influenced by the environment, markets,
and social geography. The methods used are stakeholders’ interview sessions, farmer-level
surveys, and literature reviews. Differences in governance levels are influenced by the
quality of environmental resources, players, markets, knowledge, and networks [87].

Of course, a scale increase that differs from some of the earlier mentioned studies is
needed for the ecosystem-based approach adopted in this study. Meanwhile, in a peat
hydrological unit, there are several scattered typologies. It is necessary to combine these
diverse types, and this requires a cluster system to increase the scale of the commodity
from livelihood to a certain typology.

4. Discussion
4.1. Technical and Non-Technical Aspects of Food Estate Development

Based on the background and the literature review as mentioned above, it is concluded
that several problems are encountered in developing food estates in peatland ecosystems.
Therefore, technical and non-technical issues must be considered when planning future
food estate development, as shown in Table 1.

Table 1. Considerations in the Development of Peat Ecosystem Food Estates.

No
Evaluation of Peat Ecosystem Food

Estate Development Has
Been Conducted

Transformation of Peat Ecosystem Food
Estate Development in

the Future

Technical aspect

1 The need for a large land triggers
changes in its usage. Minimize land-use change.

2

The rice field printing program requires
high costs and a relatively huge farmer
business capital because it needs a lot of

lime, fertilizers, and medicines.

Agricultural efforts are carried out on the
right typology of a hydrological unit,

namely on alluvial areas along rivers and
thin peatlands.

3 Construction of canals, irrigation systems
on deep peatlands, and peat domes.

Irrigation canals are not allowed to be
built on deep peatlands and peat domes.

4 Cultivation of agriculture and plantations
on deep peatlands.

Peatlands have a protected function;
therefore, they need to be conserved and

not used for agricultural or
plantation purposes.

Non-technical aspect

1 Social conflicts arise during
land acquisition.

Invite the community to participate in the
construction of food estates.

2 Communities lose their place of living,
cultural identity, and livelihoods.

An approach focuses on people’s
livelihoods and how to make

them sustainable.

3 Food estate development by
implementing neoliberalism policies.

Food estate development with the
implementation of people’s

economic policies.

From the literature review, problems arising from technical and non-technical aspects
turn out to cause multiplier effects that damage the environment and are economically
unfavorable and socially unacceptable. Technical aspects have an operational impact on the
production process when it comes to generating food for people’s livelihoods. Technically,
several principles must be firmly adhered to in the food estate establishment in peatland
ecosystems. First, minimize peatland clearing by cultivating appropriately on shallow
peat and alluvial lands along rivers instead of deep peatlands. Continuously safeguard
and conserve deep peatlands by not constructing irrigation on them, particularly on peat
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domes, and by growing native peat vegetation, honey trees, and other sorts of plants that
can survive on deep peatlands without land intervention.

Non-technical aspects indirectly affect the production process of food commodities
in people’s livelihoods. Individuals have a preference for the type of natural resource-
based livelihood they pursue. Preferences are influenced by knowledge, number of human
resources, financial capital, availability of resources, and enforceable customary laws.
The food estate development program’s involvement must consider the community’s
preferences and participation. Thus, it is expected that no social conflicts will arise.

4.2. Implementation Stages of Food Estate Development through Community Livelihoods

From the history of the development of people’s livelihoods, it can be understood that
the arable land of the community’s livelihood is the waters of rivers and lakes, alluvial land,
and thin peatlands around these waters. Deep peatlands, as the key to the conservation of
peat ecosystems, are not used for cultivation because they are too sour and require more
cost and effort for their processing. However, the use of timber from peat forests is a threat
as the population increases. For this reason, people’s livelihoods need to be scaled up to
ensure sustainable community welfare. Thus, indirectly increasing the scale of people’s
livelihoods is expected to conserve peatlands.

To develop food estates by increasing the scale of sustainable peatland commodity
livelihoods, it is necessary to transform the technical aspects in Table 1. The type of
community livelihood based on natural resources is in accordance with the typology of
arable land. Based on the literature of sustainable concepts, food estate development
planning needs to focus more on ecological than social and economic aspects. Ecological
aspects need to be prioritized by understanding diverse ecological typologies and having a
mindset from the perspective of a peat hydrological unit (PHU). The PHU is a peatland
ecosystem bounded by two rivers. In this study, the PHU Belayan includes the Belayan
River and Kelinjau River sub-PHU and the Belayan Melintang River sub-PHU. From the
map overlay results, the PHU Belayan can be seen in Figure 3. From the picture, it can be
seen that there are several typologies of community arable land in the PHU. The dominant
arable land of the community in each village varies, such as peatland dominant, river
dominant, lake dominant, and has a combination of typologies.
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The first stage of the implementation method for understanding the ecological aspects
is to identify and analyze natural resource-based livelihoods and land typologies in a
PHU. Land typology can be obtained by overlaying the PHU with its functions, peatland
thickness or pyrite, vegetation type, and plantation concessions. In terms of food estate
development, the results of the arable land typology are then analyzed for their suitability
with the livelihoods of people who produce food commodities, production potential, and
alternative livelihood potential. Alternative livelihoods need to be considered because this
is included in the factors that affect the sustainability of livelihoods. The results are then
analyzed with the suitability of existing community livelihoods, potential production, and
interventions due to the suitability of the land and ecosystem. Incidentally, the outcome of
the analysis is an eco-livelihood.

The results of the overlay of the study location map obtain several dominant typologies.
Overall, the arable land in a peat hydrological unit consists of shallow peatlands, alluvial
lands, white rivers (freshwater), and black water lakes (peat water). The stream between a
black water lake and a white river is often called bangar (turbid water). The first typology
is villages with dominant ecosystems of shallow peatlands and white rivers as arable land.
Based on the field observations, natural resource-based livelihoods in these villages include
fishermen, swallow nests, and palm plantations. The second typology is villages with
dominant ecosystems of shallow peatlands and black water lakes as arable land. Natural
resource-based livelihoods in these villages include fishermen, bird’s nests, and swamp
buffalo. The third typology is a village with a dominant ecosystem of alluvial land and
white rivers as arable land. Livelihoods in the village include fishermen, bird’s nests, and
agriculture. The fourth typology is a village with an alluvial land ecosystem and a black
water lake as arable land. From the overall typology, natural resource-based livelihoods in
the village are fishermen and swallow’s nests.

The second step is to analyze the sustainability of livelihoods that have the potential
to be eco-livelihood. It is assessed from the social, economic, and ecological aspects. When
these three aspects are weighed, it is discovered that ecology has a heavier weight. The
criteria for the social aspect are social norms, networks, conflicts, and local wisdom. For the
economic aspect, the criteria are financial, physical, and human capital elements, including
the availability and cost of labor; access to capital, equipment, and supplies; profits; and
marketing. Furthermore, the criteria for the ecological aspect are elements of natural capital,
namely the impact of livelihoods on drought and forest and land fires; suitability of arable
land; and the effects of climate change.

Multi-dimensional scaling (MDS) analysis can be used to determine the sustainability
of multidimensionality. The evaluation of sustainable livelihoods concerning the three
aspects involves adopting descriptive analysis and multi-dimensional scaling (MDS). Mean-
while, MDS, in a broad sense, is defined as various forms of cluster and linear multivariate
analyses. At the same time, from a narrow perspective, it represents data inequality in
a low-dimensional space [88]. It is calculated in three stages: obtaining a comparative
distance scale for each variable; estimating the addition of constants and using them to
change the absolute distance scale; and projecting them into a dimensional drawing [89].
This analysis makes it possible to assess sustainability from several different dimensions.
As an application of the concept of sustainability from studies in the literature, weighting
can be used where the weight of the ecological dimension is greater than the social and
economic dimensions. Furthermore, the evaluation procedure also ranks several factors
perceived as leverages from the social, economic, and ecological dimensions. These levers
can be used as interventions through programs and policies so that livelihoods can be
sustainable.
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Livelihoods that are analyzed qualitatively and quantitatively in the second period
are assessed as sustainable or not and mapped according to the results of the first step.
Although those that are considered sustainable are based on the results of the MDS analysis,
livelihoods that are not yet sustainable, but which status tends to be improved through the
leveraging factors are mapped based on the identification outcomes of potential livelihoods
and the typology of the overlay mapping on a peat hydrological unit.

The third step is increasing the scale of the leading commodities produced by people’s
livelihoods. From the literature review, scaling up can be performed using the marketing
chain approach, institutions, technological innovation, and policies. Meanwhile, the mar-
keting chain approach is carried out by analyzing the role of stakeholders in the market.
The analytical results have proven how to make the market chain more effective, thereby
ensuring that smallholders’ margin or added value is greater. The institutional approach is
carried out by analyzing economic and social institutions that affect people’s livelihoods.
Understanding these institutions’ strategic role will improve the scale of commodities.
The technological innovation approach is to transfer knowledge of technology applied
to increase the scale of commodities without threatening environmental resilience. The
policy approach is carried out by implementing laws that align people’s livelihoods to
guarantee sustainability. This is made possible by replacing neoliberalism policies with
populist economic regulations.

By enhancing the levers of people’s livelihoods as a consequence of sustainable anal-
ysis, the scale of people’s livelihoods will rise in terms of market chains, institutions,
technological adoption, and associated government policies. The condition of increasing
the scale can be met by achieving the economies of the scale. The results of the scale-up
analysis and the typological analysis of a peat hydrological unit can be analyzed using
geographically weighted regression to produce an appropriate food estate development
policy recommendation (see Figure 4).
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5. Conclusions

The development of food estates on peatland ecosystems needs to be carried out with
an ecosystem-based approach and sustainable livelihoods. Its implementation enables
the transformation of food estate development that minimizes changes in land use and
peatland clearing, considers the typology within a peat hydrological unit, and protects the
functions of deep peatlands.

Before increasing the scale of food commodities, it is necessary to ensure that these
items are produced from sustainable livelihoods. This can be realized by identifying
and characterizing the typology of land, production potential, and types of livelihoods.
Then the community’s livelihood is analyzed by multi-dimensional scaling in which the
ecological dimension is highly emphasized. Leverage factors resulting from the analysis
can be used for interventions to ensure people’s livelihoods are sustainable. Ultimately,
scale-up is carried out through market chain, institutional, technological innovation, and
policy approaches. Therefore, food estate development through sustainable community
livelihoods can create food security and sovereignty.

The transformation of food estate development can be accomplished through technical
and non-technical aspects. From a technical standpoint, this can be achieved by minimizing
peatland clearing, cultivating shallow peatlands and alluvial lands along waters, and
conserving deep peatlands. Non-technically, it is implemented by involving the community
in the food estate development and taking their socioeconomic preferences into account.
According to the field observations, all types of villages’ arable land are inhabited by bird
nests farmers and fishermen. These livelihoods of food commodity producers follow the
criteria for the transformation of food estate development, so it is worth further evaluating
using the implementation framework in this study.

Author Contributions: Conceptualization, methodology, software, and writing–original draft prepa-
ration, D.C.H.; supervision and writing–review and editing, K.M., C.A.A.S. and H.H. All authors
have read and agreed to the published version of the manuscript.

Funding: This research was funded by Ministry of Research and Technology/National Research and
Innovation Agency (RP IPSH/ RP2_ 003/2.3_2022).

Institutional Review Board Statement: This study was conducted in accordance with the Ethics
Committee of the National Research and Innovation Agency (decree number: 002/KE.01/SK/3/2022,
date approval 29 March 2022).

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available from the corresponding
author upon request.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. FAO. Addressing the Impacts of COVID-19 in Food Crises; FAO: Rome, Italy, 2021.
2. FAO. The Water-Energy-Food Nexus: A New Approach in Support of Food Security and Sustainable Agriculture; Food and Agriculture

Organization (FAO): Rome, Italy, 2014.
3. Everest, T.; Sungur, A.; Özcan, H. Determination of Agricultural Land Suitability with a Multiple-Criteria Decision-Making

Method in Northwestern Turkey. Int. J. Environ. Sci. Technol. 2021, 18, 1073–1088. [CrossRef] [PubMed]
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