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Abstract

Rapid urbanization has aggravated the challenges in sustaining the peri-urban rice farming sector.
The challenges arising from rapid urbanization are threatening rice farmers in peri-urban areas due
to increasing economic and land pressures. This has caused a significant marginalization among rice
farmers. In Indonesia, despite contributing 13.28% of the national GDP in 2021, the agricultural sector
is dominated by marginal farmers who struggle with poverty and lack of land ownership. This study
aims to identify different pathways for marginalization of rice farmers by integrating spatiotemporal
land use and land cover (LULC) change analysis, landscape fragmentation metrics, and system
dynamics through causal loop diagrams (CLD). Furthermore, the redefinition of the term marginal
rice farmers is done by considering the total cultivated rice field and broader factors that contribute
to the self-reinforcing loop of marginalization. This study shows that rice farmer marginalization in
peri-urban areas is caused by small land size or poverty, and reinforcing feedback between ecosystem
service degradation, productivity decline, economic pressure, and land conversion that interact
differently across landscape configuration. Moreover, this study enhances the understanding of peri-
urban agricultural transformation and provides landscape-sensitive policy insights to support
inclusive and resilient agricultural systems by reconceptualizing marginalization of rice farmers as a
dynamic socio-spatial process.

Keywords: Peri-urban agriculture; marginal farmers; causal loop diagram; LULC change analysis

1. Introduction

A peri-urban area is a junction of urban and rural areas, where elements of metropolitan and
natural landscapes shape its development direction and dynamics. These areas play a critical role as
buffers that provide essential ecosystem services, particularly food production, to urban and rural
populations (Follmann 2022). Rapid urbanization is becoming a global trend as modern society
pursues productivity and economic gains. However, after exceeding the urban development
threshold, urbanization mutates into urban sprawl, exerting intense pressure on rural landscapes
(Nadoushan 2022; Shaw et al. 2020). Urban sprawl is characterized by urban encroachment into peri-
urban and rural areas, disrupting the ecological balance and causing a significant decline of
agricultural land, which leads to the loss of agricultural land, forests, and vegetation land cover
(Rustiadi et al. 2021). In Indonesia, this dynamic has contributed to the widespread marginalization
of farmers, particularly rice farmers in peri-urban areas. Despite contributing 13.28% of the national
gross domestic product (GDP) in 2021, the agricultural sector is carried by farmers who struggle with
poverty and lack of land ownership (Statistics Indonesia 2021). Furthermore, in 2023, the food crop
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farming sector, including rice farming, was dominated by marginal farmers at 62% (Statistics
Indonesia, 2023). Internationally, a marginal farmer is defined as a farmer who cultivates on less than
2 hectares of farmland. However, Indonesia applies a much lower threshold for marginal farmers, or
Petani Gurem in Bahasa Indonesia, which is less than 0.5 hectares. This marginalization of rice farmers
in peri-urban areas due to their limited access to land and resources amid intense urban sprawl is
particularly concerning.

Previous studies examining the connection between farmland marginalization and peri-urban
development have indicated that topographic and geomorphological factors significantly influence
land use changes and agricultural viability (Wang & Cheng 2023; Wu et al. 2023). In agricultural
landscapes, physical elements, such as land use patterns, elevation, and water source availability,
interact with socioeconomic factors and shape different environments for farming livelihood (Wang
et al. 2022; Wu et al. 2023). However, despite the extensive literature on urbanization and peri-urban
transformation, little attention has been paid to how geomorphological differences within peri-urban
basins shape diverse marginalization pathways for rice farmers. Thus, this study attempts to
highlight the interconnected physical and socioeconomic pressures in peri-urban development that
should be considered to prevent self-reinforcing feedback loops that drive the degradation of
ecosystem services and intensify the marginalization of rice farmers.

The main objective of this study is to identify the different pathways for the marginalization of
rice farmers by comparing cases in the upland and lowland landscapes of peri-urban areas.
Additionally, the marginalization of rice farmers is reconceptualized by considering broader factors
that contribute to the self-reinforcing loop of marginalization. This study has two research questions:
1) How do physical-spatial and socioeconomic marginalization of rice farmers unfold differently in
lowland and upland landscapes? 2) How do physical-spatial and socioeconomic driving factors
create a self-reinforcing loop for the marginalization of rice farmers? Furthermore, four districts in
the Bandung Regency were selected as the study area. These districts were chosen because their basin
geomorphological characteristics and rapid urban development provide an ideal context for
examining rice farming marginalization in the same peri-urban area while also considering variations
in geomorphological characteristics. This study highlights the feedback loops from physical and
socioeconomic components interconnected in peri-urban rice farming that drive the degradation of
ecosystem services and intensify the marginalization of rice farmers.

2. Conceptual Framework: A Social-Ecological and System Dynamic Perspective
on the Marginalization of Rice Farmers

This chapter explains the social-ecological system (SES) and system dynamics (SD) perspectives
as theoretical and analytical foundations for understanding the marginalization of rice farmers. The
SES study is an approach to describe or visualize the complicated mechanisms and patterns of
dynamic interactions between human and natural elements (Liu et al. 2023; Schliiter et al. 2019).
Earlier studies on SES stated that SES is constructed from a connected complex adaptive system
(CAS), which refers to networks of micro-interactions of socio-ecological elements that result in
macro-level outcomes (Preiser et al. 2018; Schliiter et al. 2019). The current sustainable development
challenges arise from the interplay of social-ecological coupling systems, which require a system-
thinking approach that accounts for feedback loops and nonlinear dynamics (Gain et al. 2020).

Traditional approaches often address social and ecological issues separately, which can obscure
our understanding of the complex causal relationships that bring changes in both social and
ecological elements. The SES approach views social and ecological attributes as part of the same
interconnected and interdependent system that is better equipped to address contemporary
sustainable development challenges. While SES provides a conceptual lens for identifying and
organizing components and their interactions, SD acts as an analytical tool that simulates the
dynamics of SES components” behaviors (Pruyt 2013). The use of SD and causal loop diagram (CLD)
models originated from the systems thinking approach (Forrester 1968; Sterman 2000). In this case,
systems thinking translates SES components into variables in CLD or as stocks, flows, and feedback
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loops in SD simulation (Meadows 2008). Through the perspective of SES, this study identified the
social and ecological elements embedded in lowland and upland rice farming systems, followed by
the use of CLD to map feedback loops and identify reinforcing processes in the marginalization of
rice farmers.

The multifunctionality served by peri-urban areas often causes conflicts of interest between
urban and rural societies. A previous study stated that the diverse functionality of peri-urban areas
encourages agricultural actors to explore alternative business models and agricultural livelihood
diversification (Yoshida 2020). Close proximity to urban areas allows for lower distribution costs and
a direct marketing strategy that nurtures the connection between peri-urban farmers and consumers
(Uematsu 2013). In contrast, the proximity of peri-urban areas to urban areas and the economic
opportunities that come with them have resulted in a close interconnection and high sensitivity of
peri-urban land use conversion. While the distance from the agricultural zone to the urban area had
a positive impact on livelihood diversification and local market development, urban sprawl, as the
spillover effect of urban growth, disturbs the environment for agricultural activity by causing
farmland parcel and environmental degradation. This ultimately leads to the marginalization of
farmers. Peri-urban areas are best observed as an integrated SES because they are formed through an
accumulation of socio-ecological component interactions in the coupling of urban and rural systems,
which generate their own system of peri-urban areas.

Partelow (2018) discussed the ongoing debate among SES scientists regarding bias in the
representation of social components in SES applications. This bias is often attributed to the popularity
of the SES approach among social scientists. This study addressed this discussion by combining social
components and spatiotemporal analysis to build a set of variables that equally represent the social
and ecological conditions of agricultural zones in peri-urban areas. Therefore, it accurately visualizes
the pathways of physical and socioeconomic marginalization of rice farmers in lowland and upland
landscapes. Additionally, CLD acts as a tool that structures and visualizes connections among all
identified variables, revealing the reinforcing or balancing loops that emerge as core material for
discussion (Crielaard et al. 2024; Kim 1992; Lane 2008). The integration of the SES approach with CLD
offers a robust analytical combination to capture the complexity of peri-urban agricultural systems
and the dynamics of rice farmers' physical and socioeconomic marginalization in the lowland and
upland agricultural zones of peri-urban areas.

3. Materials and Methods

3.1. Study Area

Bandung Regency is the neighboring region of Bandung Capital City, which is experiencing
rapid urbanization due to urban development in the capital city. Recent statistical data indicate that
over the past decade, more than 50% of the total agricultural land in the Bandung Basin has been
converted for non-agricultural uses (Statistics Indonesia 2023). This shift is accompanied by a rising
prevalence of marginalized farming, particularly in Bandung Regency (Statistics Indonesia 2023). The
geomorphological properties of the basin divide Bandung Regency into lowland and upland
landscapes, resulting in diverse agricultural systems. Generally, agricultural zones in lowland
landscapes are dominated by wet rice fields on flat farmlands, whereas those in upland landscapes
are dominated by a mix of terraced rice fields, horticulture farms, and plantations. The rich variability
in agricultural characteristics, coupled with the dynamics of land conversion in peri-urban areas, is
suitable for exploring the different pathways for the marginalization of rice farmers.

The Indonesian government implemented a land reform policy (Basic Agrarian Law (UUPA),
1960) that covered the regulation for land rental and farmland management rights (Law No. 56 of
1960 and Law No. 2 of 1960). In 2009, an additional agrarian reform policy (Law no. 41 of 2009
concerning the Protection of Sustainable Food Agricultural Land (LP2B)) was implemented to protect
food crop farmlands, including rice fields (Figure 1). As an integral component of LP2B regulation,
the Rice Field Protection (LSD) regulation prevents broader rice field conversion for non-agricultural
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land use by mapping the selected protected rice fields. Currently, implementation of these policies
relies on a hybrid approach that integrates top-down and bottom-up strategies. Furthermore, LSD
regulations have been adopted at the district level, including Bandung Regency, which specifically
created Rice Field Protection Regulation No. 1, 2019, followed by the establishment of protected rice
field maps in 2021. The regulations were implemented by applying incentive and disincentive
mechanisms specifically targeting rice farmers. However, this mechanism does not work because
most farmers are not landowners. Thus, they have no authority over the farmlands they manage and
cannot prevent farmland conversion. This loophole in the regulation has resulted in the ongoing
conversion of farmland to built-up areas, despite regulations.

Baleendah District Ciparay District
(Lowland Landscape) (Lowland Landscape)

Pasirjambu District % o ; Ibun District
(Upland Landscape) £ & © (Upland Landscape)

¥

i L (G
- Protected rice fields Elevation . 2,600

77//] Bandung City l 649

Figure 1. Map of the studied districts and rice field protection areas.

This study selected four study districts: Baleendah and Ciparay for the lowland landscape and
Ibun and Pasirjambu for the upland landscape. The agricultural zones in the lowland landscape are
dominated by rice farming, while upland agricultural zones are a mix of rice farming and
horticultural/plantation farming. Baleendah and Ciparay districts have low elevations of
approximately 664 m and 1,248 m above sea level, respectively (Statistics Indonesia, 2025). A
significant portion of both districts consists of plain areas, making them suitable for rice farming.
However, the Ciparay district has a varied topography that allows rice farmers in higher areas to mix
rice farming with a small portion of horticulture farming. Ibun and Pasirjambu districts are located
in mountainous or hilly terrains, with altitudes ranging from 765 to 1,057 m above sea level. Here,
the agricultural zones are a combination of rice fields, horticulture farms, and tea and coffee
plantations intertwined with patches of forest.

The majority of marginal rice farmers were tenant farmers, indicating that landless farmers
dominated the rice-farming sector in the selected districts. Tenant farmers must pay rent to the
landowner based on an agreement between the tenant farmers and the landowners. The most
common land rent arrangement among rice farmers is to equally divide the total yield, while the
production cost is fully covered by the farmers. This arrangement makes it impossible for farmers to
gain adequate profits from trying out advanced agricultural businesses or innovations that could
potentially improve their economic condition. To reduce production costs, the government provides
fertilizer subsidies and seeds. Nevertheless, tenant farmers are still very vulnerable to rice field
conversion because they have no authority to prevent it and might lose the rice field they work on if
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the owner decides to sell the field. In this case, farmers would have to search for other rice fields or
switch their occupation to non-farming.

3.2. Methodology

This study utilized satellite and primary data to ensure the accurate interpretation of rice
farming marginalization based on land use and land cover (LULC) change and rice field
fragmentation analysis. For satellite data collection, we retrieved the Sentinel-2 Level-1C of all four
studied regions using Google Earth Engine (GEE). The analysis covers the period between 2019 and
2025, representing the starting time of the Rice Field Protection Regulation (2019) and existing
condition (2025). Therefore, we can compare the pre-implementation condition and the five years of
post-implementation condition. The classification of LULC in peri-urban areas is complicated due to
their heterogeneous and conjugate land-use configurations. Thus, to enhance the contrast between
different LULC and highlight the rice field visualization, we retrieved data from the beginning of
August 2019 and 2025, just before the harvesting month (usually September) of the first planting
season. In special cases where there were shifts in the planting season, usually due to a prolonged
dry season, an adjustment of the retrieval data period was made.

Supervised classification was employed to map the LULC changes in 2019 and 2025. Using the
random forest classifier in GEE, LULC was classified into built-up areas, rice fields,
horticulture/plantation, forest, and shrubs. To support LULC classification, a set of spectral indices
was employed, including the Normalized Difference Vegetation Index (NDVI), Normalized
Difference Moisture Index (NDMI), Normalized Difference Water Index (NDWI), Land Surface
Water Index (LSI), Enhanced Vegetation Index (EVI), and Bare Soil Index (BSI). The total area of each
LULC was then measured to compare the total areas of each LULC in 2019 and 2025.

Furthermore, this study employed landscape indices to understand land conversion and
fragmentation dynamics in detail. Landscape indices are quantitative tools used to describe the
spatial composition and configuration of LULC (McGarigal et al. 2012). Composition refers to the
amounts of each LULC type existing in the same landscape. Configuration refers to the arrangement
and interaction of all types of patches in the same landscape. In agricultural landscapes, these indices
reveal the arrangement, connection, and fragmentation of patches in the studied area (Turner et al.
2003). When applied to rice farming zones, landscape indices reveal the extent of rice field
fragmentation and conversion to other land uses, such as settlement areas, recreational facilities, and
plantation areas. High landscape diversity or reduced cohesion often indicates a mixed and
fragmented land system, which is characteristic of transitional peri-urban zones. To analyze the
livelihoods of marginal rice farmers, landscape indices offer evidence of spatial constraints and
opportunities that influence production systems. In the context of peri-urban areas, these indices are
useful for assessing how urban expansion reshapes agricultural mosaics. A study conducted by Li
and Wu (2004) addressed the issue of misuse and misinterpretation of landscape indices by
highlighting the risk of disconnection of patterns emerging from mathematically constructed
landscape indices from the pattern formation process. Additionally, Turner et al. (2003) highlighted
the inability of landscape indices to identify qualitative changes. Therefore, pairing landscape indices
with socioeconomic variables enables researchers to connect spatial processes with the social-
ecological dynamics of farming households (Creswell 2014). Consequently, this study added
qualitative data derived from reports by local agricultural extension agencies on program
implementation, productivity, and challenges in rice farming to ensure the validity of the
interpretation of landscape indices.
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4. Results

4.1. Land Use and Land Cover Change Trends in the Lowland and Upland Landscapes

The LULC maps were extracted from the Sentinel-2 Multispectral Instrument Level-1C, followed
by supervised classification of LULC using a random forest classifier in GEE. The results showed
significant LULC changes between 2019 and 2025 in all four districts (Figures 2 and 3). The total area
of rice fields generally declined in all four districts, which briefly represents the potential of
marginalization among rice farmers. Additionally, it demonstrates variations in LULC change
patterns in lowland and upland landscapes.

The selected lowland districts experienced a significant decline in rice fields, followed by an
increase in built-up areas (Figure 2). There was also a slight increase in horticulture and plantation
farm areas and shrublands, and a decline in forest areas. Between 2019 and 2025, the landscape
configuration of Baleendah District has transitioned from predominantly covered by rice fields to
built-up areas. On the contrary, the Ciparay district is still dominated by rice fields, despite
experiencing a significant decline in rice fields and an increase in built-up areas. Built-up areas,
including residential and commercial zones, expanded by 5.33% in the Baleendah district and 2.97%
in the Ciparay district, whereas rice fields declined by 11.58% and 5.79%, respectively. Furthermore,
as shown in Figure 2, LULC configurations in Baleendah and Ciparay revealed proximity between
built-up areas and rice fields, whereas horticulture and plantation farms were adjacent to forest areas.
These patterns support the findings of potential LULC conversion trends from rice fields to built-up
areas and from forest areas to horticulture or plantation farms in the lowland landscape.

(a) Baleendah District
2019 2025

2019 2025
oa: 89.10% 95.22%
K: ad a8
(b) Ciparay District [ Built-up area [l Rice field

2019 2025
A [_] Horticulture & plantation

Il Forest [T Shrubland

2.17%
100% —

e 8.73% 10.45%

2019 2025
oA G737 97.99%
O Overall accurecy K: Kmppo coefficient K: 0.95 0.96

Figure 2. LULC maps and proportions of lowland districts in 2019 and 2025.

In agricultural zones of lowland landscapes, shrubland acts as a buffer between rice fields and
built-up areas during LULC conversions. These shrublands often originate from rice fields
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abandoned for land transactions. Typically, tenant farmers manage these rice fields, but landowners
may decide to convert them into settlement areas. During the waiting period for the construction of
these settlement areas, vegetation could grow, leading to the transformation of the land cover into
shrublands. Some of these new settlement areas were fully completed by 2025, whereas others
remained as shrublands. In satellite imagery, emerging road networks clearly outline the internal
layout of housing complexes in this type of land cover. This situation emphasizes the importance of
combining satellite imagery analysis with field surveys to gain a deeper understanding of the factors
behind land conversions, particularly in regions with complex mixed land use configurations.

(a) Ibun District

2019 2025
100% 5 aae 0.80%

BO%
50%
A0%
2391%

30%
20%
10%
[

2019 2025

oA 96. /6% 92 71%

K: 0.93 og0

- Built-up area - Rice field

[] Horticulture & plantation

- Forest [ Shrubland

2019 2025
1008 1.54% 0.56%
0%
BO%
T0%
BO%
50%
40%
30%
0% 2938% 30.28%
10% 3.38%
2019 2025
0A: 92.33% 41.37%
K 0.89 0.87

A Owverall aocuraoy K: Koppo coefficient

Figure 3. LULC maps and proportions of upland districts in 2019 and 2025.

As shown in Figure 3, the upland landscape was dominated by forest and plantation areas. The
two most common conversions were from rice fields to recreational areas, and from rice farms and
forests to horticulture or plantation farms. Built-up areas, including residential and recreational areas,
expanded by 2.91% in the Ibun district and 0.67% in the Pasirjambu district, whereas rice fields
declined by 4.48% and 3.15%, respectively. Furthermore, horticultural and plantation areas increased
by 7.46% and 4.90% in Ibun and Pasirjambu districts, respectively, whereas forest cover decreased
slightly by 4.65% and 1.55%, respectively.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202603.0250.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 March 2026 d0i:10.20944/preprints202603.0250.v1

8 of 15

4.2. Land Use and Land Cover Fragmentation Trends in the Lowland and Upland Landscapes

Landscape fragmentation metrics provide a quantitative understanding of the distribution and
structure of LULC across the study area. In this section, land fragmentation indices were employed
to further assess the detailed patterns of LULC change and support the results of LULC change trends
in 2019 and 2025. Landscape indices were measured using landscape ecology plugins in QGIS.
Landscape proportion (LP) indicates the share of landscape occupied by a specific LULC class. A
higher LP reflects a dominant and continuous land use type. Patch number (PN) represents the total
number of patches that exist within each class, and more patches indicate higher fragmentation. Mean
patch area (MPA) provides further information on the mean size of patches in the LULC class. Edge
density (ED) measures the total length of patch boundaries relative to the area. High ED values
indicate irregular and highly fragmented landscapes with complex edges. In total, the splitting Index
(SI) indicates the number of equally sized patches required to occupy the entire landscape, where
higher values represent fragmented landscapes.

There were differences in how the values of the selected indices were interpreted. For instance,
a higher landscape proportion and mean patch area suggest a dominant and less fragmented LULC.
In contrast, the other indices indicated that higher values corresponded to increased fragmentation.
To enhance readability and facilitate comparison of landscape index results, all indices were
normalized. Additionally, LP and MPA were reversed (multiplied by —1) because higher values of
these indices indicate less fragmented LULC, whereas higher values of the other indices indicate
greater fragmentation. This transformation ensured that higher values consistently represented
higher fragmentation across all indices. Table 1 presents the landscape index scores for the LULC
class in 2019 and 2025. The changes in values of landscape indices, highlighted in red, represent LULC
changes associated with fragmentation characteristics. In contrast, green indicates LULC changes
associated with non-fragmentation or agglomeration characteristics.

Table 1. Temporal normalized landscape indices scores of lowland and upland landscapes in 2019 and 2025.

Reversed Landscape Reversed Mean Patch .
District | LULC Class | Proportion (RLP? Patch Number (PN) | ' (m#) (RMpa) | Fd8eDensity (ED)
2019 | 2025 | Change | 2019 | 2025 | Change | 2019 | 2025 | Change | 2019 | 2025 | Change
Builtup | 052 | 043 | 2009 | 0.00 | 0.04 | 004 | 0.00 | 0.41 038 | 0.38 | 0.00
Rice field | 033 | 052 | 0:20 | 008 [ 021 | 012 | 055 | 084 | 029 | 077 | 038 | 088 |
Baleendah | FO"tCUItre/| o o0 | 0on | 001 | 018 | 016 | 002 | 098 | 097 | -001 | 038 | 038 | 000
plantation

Forest | 070 | 070 | 0.00 | 0.02 [ 0.03 | 0.01 | 061 | 065 | 003 | 038 | 038 | 0.00
Shrublands | 0.90 [ 0.80 [ 00 | 0.16 | 026 | 010 | 096 | 095 | -001 | 038 | 077
Builtup | 077 [ 072 | -0.05 | 0.09 | 003 | -007 | 081 | 053 [ 0.28 | 0.38 | 0.38 | 0.00
Rice field | 012 | 022 | 010 | 031 | 025 | -0.06 | 0.74 | 071 | -002 | 077 | 0.77 | 0.00
Ciparay |Tortieulture/| o oo 0gs | 2008 | 027 | 026 | 001 | 096 | 095 | 001 | 038 | 038 | 000
plantation

Forest | 0.64 | 0.66 | 003 | 027 | 029 | 002 | 088 [ 090 | 002 [ 038|038 | 000
Shrublands | 0.98 | 0.93 | -0.04 | 017 | 0.39 [0022 ] 0.9 [ 099 | 0.00 | 0.00 | 0.38
Builtup | 0.81 | 076 | -0.05 | 023 | 012 | -011 | 092 | 0.83 | 0.09 | 050 | 042 | -0.08
Rice field | 076 | 0.83 | 008 | 037 | 037 | 001 | 094 [ 096 | 0.02 | 054 [ 046 | -0.08
un | orticulture/ ) ool g 61 049 | 050 | 001 | 095|092 | -003 | 085 | 096 | 0.12
plantation
Forest | 009 | 0.17 | 008 | 017 | 023 | 005 | 052 | 065 | 013 | 069 | 1.00 | 031
Shrublands | 098 | 1.00 | 002 | 033 [ 008 | 025 | 1.00 | 1.00 | 000 | 023 [ 008 | -0.15

Built-up 097 | 096 | -0.01 0.14 | 0.09 | -005 | 091 | 0.84 | -0.07 | 0.08 | 0.08 0.00

Rice field | 090 | 095 | 005 | 1.00 | 0.44 097 | 096 | 001 [ 035|015 | 0.9
Horticul

Pasijambu | FOTHCUItTe! | o o 1 043 | 008 | 0.66 | 0.88 072 | 075 | 003 | 069 | 065 | -0.04
plantation

Forest 0.00 | 0.03 0.03 056 | 0.74 0.19 031 | 049 0.18 0.58 | 0.65 0.08
Shrublands | 0.99 | 1.00 0.01 0.72 | 0.18 | -0.58 | 1.00 | 0.99 | -0.01 0.15 | 0.04 -0.12

Overall, there was an increase in built-up areas and a decline in rice fields across all studied
districts in these landscapes, indicating a conversion of rice fields to built-up areas. However, the
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details of PN, RMPA, and ED scores revealed differing patterns of built-up area encroachment into
rice fields in lowland and upland landscapes. In the lowland landscape, particularly in the Baleendah
district, the rising proportion of built-up areas corresponds to the emergence of small patches of these
areas, signaling the development of new clusters of built-up regions outside existing urban
boundaries, particularly in rice field zones. This finding is reinforced by higher ED scores, which
indicate a complex boundary for built-up areas, potentially owing to the formation of new
developments outside established regions. In the upland landscape, the increasing proportion of
built-up areas was not followed by an increase in patches with a relatively uniform boundary. This
suggests that the construction of new built-up areas extended from existing urban regions, resulting
in the conversion of rice fields closest or adjacent to these built-up areas.

Furthermore, the geomorphological and climatic conditions in the upland landscape are
conducive to horticulture and plantation activities, which tend to be more profitable. Consequently,
many farmers in upland regions either combine rice farming with horticulture and plantation
farming or entirely transition to these alternatives over time, leading to increased rice field
conversions and deforestation. In the Ibun district, the encroachment of horticulture and plantation
farms is less fragmented, following the existing LULC boundaries. In contrast, in the Pasirjambu
district, the encroachment of horticulture and plantation farms into forest areas is fragmented and
occurs in smaller clusters. A lower ED score indicated that these encroachments occurred primarily
in forested zones. Additionally, despite being located in a lowland landscape, the Ciparay district
seen an increased proportion of horticulture and plantation farms, possibly because of its varied
geomorphological conditions. Furthermore, the encroachment of built-up areas in the Ciparay
district was not as severe, resulting in less significant rice field fragmentation than in the Baleendah
District. These findings of LULC transformation dynamics were further validated by secondary data
from the Agricultural Census regarding the distribution of agricultural activities in the studied
districts (Figure 4). It indicates that the districts’ geomorphological condition contributes to the
dynamics of rice field conversions by influencing the direction of built-up areas development and
farmers’” adaptive strategy to transition to a more profitable livelihood, such as
horticulture/plantation farming in upland districts and non-farming livelihood in lowland districts.

1.59% 3.79% 2.95% 5.18%
A4.83% 5.37% - 0.63%
115.83% \ | 116.38%

29.49%
\ |
Baleendah Ciparay Ibun Pasirjambu
M Rice Farming ™ Horticulture & plantation ™ Livestock Fishery Forestry

Figure 4. Proportion of agricultural activities in the studied lowland and upland districts.

5. Discussion: The Pathways for Rice Farmers” Marginalization in Lowland and
Upland Landscapes

5.1. The Influence of Varied Landscape Configurations on the Marginalization of Rice Farmers

The marginalization of rice farmers is closely linked to land conversion. However, existing
discussions rarely address the varying patterns of marginalization influenced by different landscape
configurations. While it is widely recognized that marginal farmers face poverty because of low
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productivity from small rice field plots, it has not been clearly established whether their experiences
of land marginality are uniform across all landscape types. Furthermore, despite the varying driving
factors and coping capacities that affect marginal farmers across regions, they are often perceived as
homogeneous and impoverished groups in policy discussions. This study’s findings indicate that
although the studied areas are geographically close and situated within the same peri-urban zones,
the unique geomorphological conditions of lowland and upland districts produce distinct patterns of
land transformation, which contribute differently to the feedback mechanism of rice farming
marginalization. Furthermore, reports by local agricultural extension agencies enriched our
understanding of these findings from physical-spatial and socio-economic perspectives by providing
backgrounds on why land transformation occurs in these areas and how it affects the livelihoods of
farmers (Table 2).

Table 2. The multidimensionality of marginalization in lowland and upland landscapes.

Mar‘gmah.zatlon Lowland Landscape Upland Landscape
Dimensions
. Rapid conversion of rice fields into Rice fields are shrinking due to the
housing for urban workers, leading to expansion of tourism facilities, holiday
declining farmland area and reduced local  residences, and local housing development.
land ownership. . Land acquisition by urban investors
Physical-spatial e Despite flat terrain and relatively good reduces farmer land ownership and increases
irrigation coverage, water access is dependence on rental arrangements.
increasingly contested due to competition Hilly terrain limits irrigation coverage,
with neighboring rice areas and expanding while tourism growth, upstream waste, and
residential zones. forest conversion reduce water availability.
. Many farmers are landless and depend

on rental or sharecropping systems that leave
them with minimal net income after covering
production costs.

. Limited access to formal credit forces

Income remains insufficient due to small
landholdings and reduced control over
. . . roductive land.
. . reliance on middleman loans tied to low P . e .
Socio-economic . . o Farmers diversify into horticulture and
selling prices. . .
. . . plantation crops to supplement income.
. Harvest income is largely reinvested . .
o . Labor shortages continue due to aging
for the next season, limiting savings and . .
. farming populations.
asset accumulation.
. Labor shortages persist due to aging

farmers and low youth participation.

In lowland districts, the development of built-up areas tends to create fragmented clusters
outside existing built-up areas. These fragmented built-up areas are usually new housing clusters
built in rice farming zones. This type of landscape conversion constructs a mix of rice fields and
housing areas, leading to problems, such as pest infestations and water pollution from domestic
waste. Consequently, this caused a decline in rice production and exacerbated the marginalization of
rice farmers. Conversely, in upland districts, built-up area development is generally constructed
following the existing built-up areas, particularly in the lower areas of districts in the upland
landscape. However, deforestation occurs in the upper part of districts in the upland landscape,
driven by the development of tourism facilities and plantation farming. This deforestation has
resulted in insufficient water resources for irrigation and has further disrupted rice production.

The varying geomorphological conditions in both landscapes also contribute to the enabling
factors of rice farmers’ coping strategies in the face of agricultural crises such as crop failure. Lowland
areas provide a suitable environment for rice cultivation, resulting in significantly higher rice yields.
However, the physical characteristics of the lowland landscape are not suitable for horticultural or
plantation farming, which limits the potential for secondary on-farm income. Consequently, rice
farmers in lowland areas often opt for off-farm secondary income sources, such as construction labor
and driving for online ride-sharing platforms. In times of urgent financial need, they resorted to
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informal debts from middlemen. In contrast, upland landscapes are less suitable for optimal rice
production, but their physical conditions allow farmers to engage in horticulture or plantation
farming, thus offering safe secondary income sources. The four studied districts in the lowland and
upland landscapes demonstrate how different patterns and relationships in LULC class
transformation uniquely contribute to the marginalization of rice farmers.

5.2. Reinforcement of Rice Farmers’ Marginalization Through Coupled Socio-Economic and Physical Driving
Factors

This study demonstrates that rice farmer marginalization in peri-urban landscapes occurs
through coupled physical and socioeconomic feedback rather than through isolated pathways. The
CLD indicates that rice farmer marginalization is driven by multiple reinforcing loops that link
productivity decline and rice field conversion (Figures 4 and 5). The CLD reveals that physical
constraints, such as insufficient water sources, poor access to irrigation systems, and rice field
conversion resulting from rapid urbanization in peri-urban areas, interact dynamically with
socioeconomic components, including access to production capital, labor availability, and overall rice
farming economic viability as the main livelihood of farmers. These self-reinforcing loops of rice
farmers’ marginalization are exacerbated by weak balancing mechanisms of existing policy
reinforcements, which are insufficient to counteract these self-reinforcing dynamics.

MARGINALIZATION NEXUS

Physical-spatial Marginalization Socioeconomic Marginalization

/
l/ / \ o—— Agingfarmers \
— S __——+— Farminglabor i
. Irrlgat\or\‘system ‘\\; o availability o Off-farm secondary
P aceessibility - - t livelihood
/ -4 ~ _—» Rice productivity ( S( .
/ / - v . \ >\ p Government's rice .
/ / -~ / N Non-farming | /" procurement regulation \
/ / Pestinfestation / N livelihood shift ] N - \
( ) N / N\ A /' Unhulled rice grain™_ \
| Domestic waste ) \, / y / “ce stabilf ~ \
Water pollution ’ \‘\ . /" Generational ~ Prices@pliy Informal debt to \
availabiliyy b [ \* / ™~ g succession /' K middleman \
” ing-ri N - / -
/ Y \ H(1|u5‘gg rice field Physical-spatial )g\/ / N AN
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\. + 3 ; i \
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N T~
Rice farming zone Ny \ / \ . 4 ~ /
extensiveness N Development of \ / ~. /
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7 — Land rent cost / /
s ¥ T landownershi - /
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I~ — 4
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Urbanization e - e y
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\ regulation reinforcement | livelihood
\ N / /
N N\, / /

Figure 5. Causal loop diagram of rice farmers' marginalization in the lowland landscape.

Rice productivity has emerged as a critical factor translating physical degradation into economic
vulnerability. Rice productivity, which is tied to the sufficiency of productive farmland areas and
irrigation systems, directly affects the economic viability of rice farming profits, farming household
income, and production capital. In contrast, converted rice fields have emerged as a critical point that
translates economic vulnerability into physical degradation. During an economic crisis, farmers tend
to sell their assets, including rice fields, to meet their urgent financial needs, leading to a decline in
rice fields, which triggers land conversion and ecological stress. This indicates that land conversion
functions as both an outcome and driver of marginalization. This negative coping mechanism links
economic vulnerability to physical degradation, creating a full circle that reinforces the feedback loop
of rice farmers’ marginalization.
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Figure 6. Causal loop diagram of rice farmers' marginalization in the upland landscape.

5.3. Reconceptualizing Marginalization in Agriculture

Marginalization in the agricultural sector is commonly conceptualized into two separate
domains: farmland and farmer marginalization. Studies related to farmland marginalization mainly
focus on the physical attributes that drive land abandonment and decline in its economic value
(Ahmadzai et al. 2022; Csikds & Toth 2023; Kitano 2021), whereas studies on marginal farmers focus
more on economic vulnerability and coping strategies among farmers (Chen et al. 2023; Faruque 2024;
Napsiah & Hanjarwati 2024). Despite the close interlinkage between farmland and farmer
marginalization, previous studies have addressed both phenomena in separate discussions.
However, treating both marginalization independently eliminates the feedback mechanisms in which
physical and socioeconomic factors interact.

To broaden the understanding of marginalization beyond the static condition of land scarcity,
this study reconceptualizes the marginalization of rice farmers as an interconnection of dynamic
socioeconomic and physical components. Marginalization extends beyond the conventionally
emphasized issue of the small and unproductive size of cultivated rice fields. Rice farmers experience
multifaceted forms of socioeconomic and physical-spatial marginalization, which reinforce and
intensify their marginality. The marginalization of rice farmers is defined as the progressive
deterioration of their access to economically viable rice farming systems and sufficient ecosystem
services by reinforcing interactions between uncontrolled LULC conversions and socioeconomic
pressures. Furthermore, marginal farmers are considered active land users who suffer from poverty
traps despite actively adopting adaptive strategies. In the Indonesian context, this
reconceptualization challenges the common perception of marginal rice farmers, which is often based
solely on the size of their cultivated land. In terms of policymaking, this new concept advocates the
reassessment of current agricultural support systems and their beneficiaries.

6. Conclusions

In discussions surrounding agricultural sustainability and food security, evaluation frameworks
mainly focused on the dynamics of rice productivity as the primary criterion when assessing the
sustainability of rice farming systems.

Consequently, the structural conditions that contribute to farmers’ inability to build a
sustainable livelihood through rice farming as the main income have been frequently overlooked.
Rice farmers’” marginalization can be viewed as a reflection of systemic dysfunction within the rice
farming system, which highlights socioeconomic, institutional, and spatial imbalances. To foster a
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more sustainable rice farming system, this study presents a multidimensional analysis of rice farmer
marginalization that extends beyond productivity indicators by focusing on the interplay of the
physical-spatial and socioeconomic elements in the rice farming system. It explores the structural
vulnerabilities that potentially exacerbate the decline of both productive rice fields and farming
households.

A comparative analysis of lowland and upland landscapes highlights that geomorphological
variation plays an important role in shaping distinct marginalization pathways. These variations in
landscape configuration further shaped the coping strategies of farmers. Furthermore, this study
revealed how marginalization of rice farmers is produced and reinforced through interconnected
feedback mechanisms rather than isolated drivers by combining spatiotemporal LULC and landscape
fragmentation analyses with CLDs. Critical factors in the marginalization nexus are rice productivity
and converted rice fields. Thus, rice productivity translates from physical degradation to economic
vulnerability. Conversely, rice field conversion translates economic vulnerability into physical
degradation. These feedback mechanisms reinforce the poverty trap and environmental degradation,
leading to self-reinforcing marginalization among rice farmers and disengagement from rice farming.

In conclusion, this study contributes to discussions on peri-urban agricultural development by
reframing the marginalization of rice farmers as a coupled socio-ecological process embedded in a
variety of landscape configurations and feedback loop dynamics of physical and socio-economic
components. The integrated methodological framework proposed in this study offers a transferable
approach for identifying sustainability risks in peri-urban agricultural areas with heterogeneous
terrain, dominated by small farming households. The CLD suggests the need to move beyond
sectoral responses toward integrated strategies that simultaneously protect productive landscapes,
strengthen irrigation governance, expand access to affordable production capital, and support
intergenerational farming continuity. By linking land-use dynamics, geomorphological variability,
and farmers’ livelihood conditions provides insights for policymakers to promote more adaptive and
socially inclusive agricultural planning.
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