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Abstract

A wide range of holistic frameworks are used to assess the sustainability of agricultural

policies and programs, but much of the existing research tends to overlook the socio-

cultural and governance dimensions of sustainability. This article aims to address those

gaps by comprehensively assessing the environmental, economic, social, and political

dimensions of sustainability. We use a case study of irrigation policies for agricultural

expansion that target the Pagar Alam upland region in Indonesia. The assessment reveals

opportunities and threats from the policy that affect the sustainability of upland land-

scapes and communities. By overly focusing on productivity goals while ignoring other

sustainability criteria, the policy generates risks that threaten existing sustainable devel-

opment pathways. To achieve positive policy outcomes, Indonesia needs to reconcile its

national food production goal with local development goals. Lastly, to optimise policy

outcomes, agri-sustainability research should apply comprehensive approaches that

simultaneously address multiple sustainability dimensions.
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1 | INTRODUCTION

Sustainable agriculture remains a core issue for the international

development community. Like most Southeast Asian countries,

Indonesia adopted United Nations Resolution 70/1, committing the

country to achieve the sustainable development goals (SDGs) by

2030. Recent research, however, suggests a significant gap between

Indonesia's aspirations and the applications of its programs and poli-

cies intended to deliver the development outcomes necessary to

reach the SDGs (Leimona et al., 2015; Nasrullah, 2022). A more holis-

tic approach to designing policies and programs could support efforts

in Indonesia to close the gap between aspirations and outcomes.

Among the key obstacles to meeting SDG goals is the inconsis-

tency among policies across socio-economic and environmental sec-

tors. Agricultural policies often work in siloes, without enough

consideration of the consequences across sectors and scales (Neely

et al., 2017). For example, attempts to establish food and agricultural

policies often result in negative consequences of deforestation and

environmental degradation (Sonnino et al., 2014; Tilman et al., 2002).

This is frequently the case in Indonesia where food security strategy

is largely focused on increasing the production of rice, the major

source of calories for most households.

Rice is the centre-piece of food security in Indonesia and rice

polices are guided by self-sufficiency targets supported with price sta-

bilisation measures, a “rice for the poor” program, fertiliser and input

subsidies, and expanded reservoir construction for irrigation

(Octania, 2021; Reardon et al., 2015). In upland landscapes, these

production-oriented agricultural policies encourage land use practises

that result in soil erosion and nutrient loss, deforestation, flooding,

landslides, sedimentation and biodiversity loss (Leimona et al., 2015;
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Quincieu, 2015). Policies designed to meet production targets for

achieving food security too often ignore the many essential goods

and services that upland agro-ecosystems can provide, including

watershed protection, soil conservation, biodiversity and carbon

sequestration, as well as alternative livelihood pathways and cultural

attributes (Clough et al., 2016; Tilman et al., 2002).

To meet SDGs, policy design and implementation are challenged

to integrate the needs of local communities with national interests.

Indonesia has a long history of implementing national agricultural poli-

cies that pose uniform solutions across diverse upland landscapes and

communities (Armitage, 2004; Belsky, 1994). Similarly, environmental

policies have tendencies to pursue national goals without consider-

ation of local socio-economic characteristics, social networks or

capacities of targeted farm households (Li, 2002; Peluso, 1993).

A lack of local acceptance of national policies may result when the

interests and welfare of farm households and communities, with limited

options and capacities to find alternatives for their subsistence, differ from

national priorities (Li, 2002; Vel et al., 2016). For that reason, consultation

with those who may be poorly served by the national priorities is essential

to ensure policy can generate positive outcomes for local livelihoods

(Bardsley, 2015; Vel et al., 2016). Comprehensive assessments to under-

stand the synergies and contradictions between national development

goals and local development aspirations can help to encourage policy

acceptance and strengthen sustainability outcomes (Sonnino et al., 2014).

Using a case study approach, this paper argues that national strategies

and policies to balance sustainability goals between local and national

interests require a comprehensive understanding of multiple sustainability

dimensions at different scales. The case study presented here assesses the

sustainability of a national-level irrigation reservoir (IR) policy to support

irrigated rice expansion that targets farming communities in Pagar Alam, a

forested upland landscape in South Sumatra, Indonesia. The upland areas

of Indonesia play an important role supporting economic, environmental,

and social goals by generating various ecosystem services from the com-

plex land use mosaics (Hadi & van Noordwijk, 2005). To help achieve

national food security targets, the government is constructing the reservoir

along the forest border in Pagar Alam, with the goal of expanding the local

irrigated rice production system.

This article assesses the potential gap in achieving agricultural

sustainability through IR policy through a comprehensive assessment

approach. The study applies the multi-dimensional assessment as sug-

gested in the Sustainability Assessment of Food and Agricultural Sys-

tems (SAFA) framework by the Food and Agricultural Organisation of

the United Nations (FAO, 2014a). The SAFA includes environmental,

economic, social, and political dimensions. The bottom-up, integrated

assessment incorporates primary data from farm households, with

secondary data from government statistics and policy documents.

This study demonstrates a comprehensive and rapid review of

the potential sustainability outcomes of the IR policy, by using the

results of the household survey, interviews, observations, and reviews

of the policy documents. The descriptive quantitative and qualitative

methods are utilised to analyse the opportunities and threats intro-

duced by the IR policy specifically focused on achieving rice produc-

tion target. This approach provides an alternative approach for

policymakers and sustainability researchers to assess the sustainability

outcomes of the agricultural policies and programs.

1.1 | Sustainability assessments of agricultural
policies

Sustainable agriculture includes activities that meet the needs of pre-

sent and future generations for its products and services while ensur-

ing profitability, environmental health, and social and economic equity

(FAO, 2022). Policy that promotes sustainability within those three

dimensions is necessary to enhance transformation in food systems

and achieve food security goals (Sonnino et al., 2014). Due to the sec-

torial nature of policy-making, national-level agricultural policy often

focuses solely on one or two dimensions, to the detriment of other

elements. (Lang & Barling, 2012). A partial approach often loses sight

of the long-term policy outcomes for local people and landscapes,

potentially threatening sustainability (Bardsley & Knierim, 2020).

Numerous studies highlight the importance of implementing a multidi-

mensional assessment of agricultural sustainability, comprising economic,

environmental and social dimensions (Lang & Barling, 2012), as well as the

political dimension (FAO, 2014a). To date, at least 200 frameworks are

available to assess agricultural sustainability for policy and research

(FAO, 2014b). Those frameworks are diverse in theoretical, spatial, and

temporal concerns. Many of the frameworks utilise indicators to measure

and compare agricultural sustainability from the global to farm scales, with

different purposes and priorities (Tello & González de Molina, 2017).

The literature compares and classifies the different agricultural

sustainability assessment methods. Talukder and Blay-Palmer (2017)

review eight comprehensive frameworks, finding that each methodol-

ogy has some specificity related to the purpose of assessment, which

varies in terms of the theoretical, spatial, and temporal concerns.

Alaoui et al. (2022) reviewed the strengths and weaknesses of six

holistic assessment frameworks and found that each indicator has dif-

ferent suitability with regards to the time and data requirements,

accuracy, scale, and the targeted sector. Many assessment frame-

works focus on particular dimensions of sustainability but do not com-

prehensively consider all three dimensions (Alaoui et al., 2022). The

complexity of the agricultural systems makes comprehensive agri-

sustainability assessments challenging to conduct.

A recent review of 1289 scholarly articles on agricultural sus-

tainability assessment identified that a large quantity of research

overlooks the socio-cultural (43% of the articles) and governance

(67% of the article) dimensions of sustainability (El Bilali

et al., 2021). Socio-cultural and governance elements relate to peo-

ple, society, and the institutions that shape people's actions

towards policy. Some of the social sustainability elements include

cultural attributes, identity, values and norms, and collective

actions (Di Iacovo, 2014). The social dimension is central to achiev-

ing agricultural sustainability, because if the policy does not match

local social and cultural aspirations, positive outcomes will be chal-

lenging to achieve or fail to meet local people's needs (Janker

et al., 2019; Schaafsma et al., 2022). Governance-related studies
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tend to be conducted in developed countries, such as the EU,

Australia, Japan, and USA, and largely focus on the policy transfor-

mation of urban agri-food supply chains (El Bilali et al., 2021).

Multi-dimensional sustainability assessments in rural developing

countries are still under-represented in the literature (El Bilali

et al., 2021). This study aims to partly address this gap, by exemplifying

how the social and political dimensions of sustainability can be analysed,

with a focus on IR policy in the rural uplands of Indonesia. Ideally, sus-

tainability assessment frameworks should provide comparable results

between places, but also be sufficiently flexible to represent the site-

specific characteristics of agroecological systems. Some authors are par-

ticularly concerned about the comparability of assessment results (Song

et al., 2020; Talukder et al., 2018; Talukder & Blay-Palmer, 2017), with

Schader et al. (2014) finding that there are often trade-offs between the

scope and precision of assessment research, with inconsistent indicators

and different analytical scales leading to contradictory results.

Others studies contend that site and context-specific assess-

ments are necessary to capture sustainability problems and challenges

at multiple scales (Gasparatos et al., 2008; Singh et al., 2019). Binder

et al. (2010) reviewed the sustainability assessment approaches and

group the frameworks into three categories: (1) top-down; (2) top-

down with limited stakeholder participation and (3) bottom-up inte-

grated and transdisciplinary approaches. They assert that a bottom-up

integrated approach is the best approach to address the various scales

and dimensions of agricultural development. El Bilali et al. (2021) high-

light the importance of strengthening the science-policy interface

within agricultural sustainability assessment by adopting a multiscalar

4-P (planet, people, profit and policy) approach. Their study utilises

the SAFA framework (FAO, 2014a) that adds the political dimension

into the triple bottom lines (economic, environmental and social) of

sustainability.

This study adopts the bottom-up integrated approach to discuss

the impacts of agricultural policy within an upland area in Indonesia.

The discussion is informed by the four sustainability dimensions sug-

gested by the SAFA framework to address the gap in the lack of studies

that address all sustainability dimensions. The combination of SAFA and

the bottom-up integrated approach provides flexibility to discuss policy

impacts and trade-offs between sustainability dimensions.

2 | THE CASE STUDY: IRRIGATION
RESERVOIR POLICY IN THE UPLANDS

2.1 | Indonesia food security and irrigation
reservoir policy

Expanding and modernising irrigation is a top priority for Indonesia.

Indonesia has the highest per capita rice consumption in the world

and irrigated agriculture holds significant potential to reduce rural

poverty while increasing the country's food security (Octania, 2021).

Irrigated rice production is essential for national food security

(Alaerts, 2020) and irrigation-related farming provides jobs to 21 mil-

lion households (Mariyono, 2014). A recent World Bank report

documents that 60 percent of Indonesia's arable land is irrigated and

85 percent of paddy production is irrigated (World Bank, 2021).

Nawa Cita, the National Development Agenda, highlights

Indonesia's vision to achieve the national food security target by

improving the production of strategic crops (rice, maize and soybean).

Moreover, Indonesia aims to be a rice-exporting country by 2030

(Government of Indonesia, 2021). A key component of national plans

to increase crop production involves the construction of 61 new res-

ervoirs to expand irrigation by 2024 (Ditjen, 2018).

The irrigated rice practise is linked to improvements in national

production and food security (Mariyono, 2014). Between 2006 and

2017, national rice production increased by 37%, from 52 to 80 million

tons, partially driven by improved water security, irrigation area expan-

sion, and related technical support for farm resilience (Alaerts, 2020).

However, other factors also contribute to increased rice outputs. For

example, Alaerts (2020) highlights that the causality between irrigation

and increased productivity varies across locations. Furthermore, a study

of rice production dynamics in Indonesia indicates that irrigation is

strongly correlated with the harvested area and total output, but only

weakly associated with productivity (Panuju et al., 2013).

These results help explain why rice expansion programs are linked

to new reservoirs and irrigation networks, but their value for upland

production is less certain. Traditional upland rice was cultivated through

weather-dependent, low input, low output swidden systems largely for

subsistence purposes, which has meant this practise is gradually being

abandoned and replaced with cash cropping (Cramb et al., 2009).

Although there have been many changes to upland production systems,

most are still dependent on rainfall or unsophisticated local irrigation

within mixed-farming systems, and reservoirs can provide a secure

water supply for irrigation to enhance productivity and encourage fur-

ther uptake of upland rice-farming. However, IRs in upland areas affect

the people and landscape differently from their lowland counterparts,

and its potential for sustainable outcomes need to be examined.

2.2 | Study area: Pagar Alam upland landscape

Pagar Alam is a rural upland district in South Sumatra Province where

70% of its population work as farmers (BPS Pagar Alam, 2017).

Around one-third of land use is coffee agroforestry (Amaruzaman

et al., 2021). Farmers mainly grow Robusta coffee (Coffea canephora)

mixed with fruits, commercial timber and horticultural crops. Coffee

farmers largely use traditional management practises, resulting in low

yields and low quality. More recently, private and NGO-led initiatives

are engaging with the community to improve access to higher value

markets linked to improved post-production practises.

Coffee agroforestry partly replaced local swidden rice farming

practises by the late 1970s in Pagar Alam, providing more diverse

income sources. By the early 1980s, coffee farming had replaced irri-

gated rice farms to the extent that the local irrigation system fell into

disrepair (Godoy & Bennett, 1988). Since 2010, farmers in Pagar Alam

have gradually adopted vegetable farming practises introduced by

migrants from West Java. However, most farmers still retain their

AMARUZAMAN ET AL. 1939
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coffee agroforest area, and vegetable crops are gradually being

adopted as a complementary source of short-term income to peren-

nial coffee. (Table 1)

The new reservoir in Pagar Alam is located on an upstream catch-

ment of Musi Watershed – the largest watershed in South Sumatra.

The construction process modified the river to create a large water

reservoir through permanent dam structures. The reservoir is located

on the border of the protected forest area, where farmers manage

coffee agroforestry. The new rice reservoir aims to convert 3000

hectares of coffee agroforestry land to irrigated paddy fields, equiva-

lent to 20% of the existing coffee agroforestry area. Farmers in the

designated area will be assisted to convert their agroforest land into

irrigated rice fields (sawah) through an aligned government technical

assistance program.

3 | METHODS

3.1 | Sampling and data collection

This research utilises data from household surveys, interviews, field

observation and policy documents. The household survey design

included several steps. First, a spatial analysis on Musi Watershed was

performed to identify the relevant upper catchments in Pagar Alam,

resulting in recognition of three major sub-watersheds in the region

(Selangis, Lematang and Basemah). Second, the researchers stratified

the 84 villages within the three sub-watersheds based on altitude, pri-

mary farming practises, topography, and proportion of area with

slopes greater than 15 degrees, with 46 villages matching the criteria.

In the final stage, 18 households were chosen to be interviewed from

a household census of the 23 randomly sampled villages out of the

previously identified 46 villages. At completion of the household sur-

vey, 416 heads of farm households were interviewed. The household

survey was undertaken from March to April 2019.

The questionnaire consists of household socio-economic and

farm characteristics, farmers' attitudes and visions towards farming,

intentions to adopt policy, and opinions about the IR. The socio-

economic data provides detailed information regarding the demo-

graphic and economic characteristics of farm households. The data on

farming systems detail the number of plots, tenure and the size and

slope of plots. The variable for the rice plots includes the irrigation

type and management status.

The survey captured the current land use of each plot at the time

of the survey, but also asked the plot uses 5 years before the survey

and what farmers thought the plots would be used for 3 years after

the survey. The survey also examined the level of respondents' trust

when collaborating with their social networks in livelihood activities.

Farmers' attitudes towards farming activities are categorised into

three groups: attitudes towards coffee farming, rice farming, and their

plans for future crop choices. The survey uses a 5-point Likert scale

that ranges from strongly disagree (1) to strongly agree (5), while the

intention to farm comprises a yes-no question. Farmers' perception

regarding policy is examined through an open-ended question in

which the respondents were asked to make a short statement regard-

ing their opinion on the IR policy.

3.2 | Analytical approach

The four SAFA sustainability dimensions (economic, environmental,

social and political) are used together, following the integrated-

descriptive approach suggested by Binder et al. (2010). The bottom-

up integrated and descriptive approach focuses on the assessment at

regional and local scales by using a transdisciplinary process, combin-

ing stakeholder participation and other evidence-based assessment

(Binder et al., 2010). The descriptive statistics and qualitative analysis

mainly focus on the threats and opportunities brought by the IR to

each sustainability dimension.

For open-ended responses, respondents' statements were coded

and presented in a wordcloud format using the web-based wordcloud

generator (www.wordclouds.com). The size of the cloud represents

the frequency of the elicited opinion. To analyse the political dimen-

sions, we review the agricultural and environmental policies at

national, provincial, and local scales.

4 | RESULTS

4.1 | Household socio-economic characteristics

The households in the survey area comprise 77 farm households

(18.5%) that produce rice and 337 (81.5%) that did not produce rice in

the 12 months prior to the survey. Rice farming households are

defined as farm households that owned and/or managed rice fields

during the previous one-year period from the survey interview. The

majority of rice farmers also grow coffee (94%). The overall average

age of all respondents is about 47 years old, and the average formal

education is 8 years. On average, rice farmers are slightly older

TABLE 1 Rice production in Pagar

Alam and South Sumatra 2010–2021
Rice production characteristics

Pagar Alam South Sumatra

2010 2018 2021 2010 2018 2021

Harvested area (000 ha) 6.1 2.8 2.7 690.2 581.5 496.3

Production (000 ton) 31.8 12.7 14.5 3.041 2.995 2.552

Avg productivity (ton/ha) 5.15 4.8 5.4 4.4 5.14 5.14

Source: BPS Pagar Alam (2017) and BPS Sumatera Selatan (2021).

1940 AMARUZAMAN ET AL.
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(2 years) and have one more year of formal education than other

farmers.

The average annual income of farm households is around 22.8

million IDR (about $1540 USD), which was mostly provided by coffee

farming (55%). Rice farming only represents about 3% of total respon-

dent income. Even for rice farming households, rice production only

contributed to 19% of their annual income compared to 44% from

coffee farming (Figure 1a). Table 2 and Figure 2 summarise the

respondent households socio-economic characteristics.

4.2 | Plot characteristics

Each farm household (n = 416) managed 2.3 farm plots per household

on average. Rice accounted for around 6% of the total area managed

by the 416 households (Table 3). The average plot size (owned and/or

managed) per household is 0.88 ha, with the average rice plot size

0.56 ha. The average size of rice fields in Pagar Alam is similar to the

national average size of smallholders' rice fields, which is less

than 0.5 ha.

About two-thirds (69%) of all respondent plots are coffee agrofor-

est, followed by vegetable crops (12%), while rice fields only represent

9% of respondent plots (Figure 3a). Almost half of the plots (44%) are

located on land with slopes greater than 15 degrees, which are less

suitable for irrigated rice fields (Figure 3b). Rice farmers tend to have

more plots and access to more farm land in comparison to non-rice

farmers. Most rice farming households (62%) irrigate from small ponds

or collect rainwater in a traditional process called tebat. The other

23% irrigate from reservoirs (Figure 3c). Of the 88 rice plots, 37 are

owned by and managed by households; 9 plots are owned by house-

holds and managed by other farmers; and 41 plots are rented (in some

form) from other households. (Figure 3d). Table 3 and Figure 3 sum-

marise the characteristics of respondents' farming plots.

4.3 | Attitudes towards farming

The prevailing attitude towards coffee farming is represented by two

statements: ‘Coffee is an important farming culture that I want to

retain’ and ‘Coffee is an important cash crop for my family.’ From the

respondents, more than 90% express agreement with the two state-

ments: 37.5% strongly agree that coffee is their culture that they want

to retain; and 49.3% strongly agree that coffee is an important cash

crop for their family (Figure 4a). This attitude might be expected as

F IGURE 1 Pagar Alam of South Sumatra Province, Indonesia
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coffee provides most of the household income for the majority of

respondents.

Most households (85%) answered ‘agree’ and ‘strongly agree’ that
rice-farming will improve their household income, and a similar number

(83%) believe that rice-farming does not degrade the environment

(Figure 4b). Albeit predominantly coffee farmers, more than half (57%)

of respondents agree or strongly agree that they have sufficient skills

and knowledge for rice farming practises (Figure 4c). Respondents tend

to be pessimistic in terms of the future of farming, with more than 70%

of respondents stating they disagree or strongly disagree that their chil-

dren should become farmers, and almost half of the respondents do

not want their children to continue working on their farm (Figure 4d).

4.4 | Intention and perception about the irrigated
reservoir policy

The results reveal that 64% of respondents intend to convert their

farm to irrigated rice-field if they have the opportunity, while 36%

do not plan to undertake a conversion (Figure 5a). The survey asked

respondents' opinions about the IR policy. The coded answers are

presented in the Word Cloud, in which the word size represents

the frequency of respondents' opinion (Figure 5b). The local per-

ception of the IR policy does not only refer to the rice-farming

opportunities, but also reflects opportunities to improve local water

supply more generally and create new job opportunities for the

TABLE 2 Respondent socio-economic characteristics

Respondent characteristics

Respondents (N = 416)

Mean SD Min Max

Respondent age 47 11 22 80

Rice farmers (N = 77) 48 12 24 80

Non rice farmer (N = 339) 46 11 22 75

Education years 8.2 3.5 0 16

Rice farmers (N = 77) 9.1 3 1 16

Non rice farmer (N = 339) 8 4 0 16

HH members (persons) 4 1.1 1 9

Rice farmers (N = 77) 4 1.2 2 9

Non rice farmer (N = 339) 4 1.1 1 8

Annual household income (million IDR)

Total income (N = 416) 22.8 24.1 �8.9 304

Rice farming 0.7 3.6 �1.4 28.7

Coffee farming 12.6 18.1 �8.9 294.9

Other crops 1.7 6.9 �24.3 61.1

Other income (non-farm) 3.8 2.5 �13.9 552.3

Rice farmers (N = 77) 21.9 15 1.4 76.3

Non rice farmers (N = 339) 23.1 25.7 �8.9 304

F IGURE 2 Proportion of
household income for (a) Rice
farm households and (b) non-rice
farm households in Pagar Alam

TABLE 3 Farm plot characteristics

Plot characteristics

Respondents (N = 416)

Mean SD Min Max

Total farm plots (N = 950 plots, 416 respondents)

Total plots per household (n) 2.3 1 1 8

Total plot size per household (ha) 0.80 1 0.1 10

Rice fields (ha)a 0.56 0 0 2

Coffee AF (ha) 0.88 1 0 10

Other crops (ha) 0.63 1 0 4.2

Rice farmers farm plots (N = 88 plots, 77 respondents)

Total plots per household (n) 3 1 1 6

Total plot size per household (ha) 2.1 1.3 0.4 8.8

Rice fields (ha) 0.56 0 0 2

Coffee AF (ha) 0.89 0.8 0 5

Other crops (ha) 0.77 0.8 0 2.5

Non rice farmers farm plots (N = 862 plots, 339 respondents)

Total plots per household (n) 2 1 1 8

Total plot size per household (ha) 1.71 1.3 0.1 10

Coffee AF (ha) 0.88 1 0 10

Other crops (ha) 0.60 0.6 0 4.2

aThe average plot size for rice-farm households (N = 77).

1942 AMARUZAMAN ET AL.
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upland communities. A few farmers specifically mention opportuni-

ties for fisheries and vegetable farming from the presence of reser-

voir and irrigation networks. Several farmers expressed concerns

about the IR, such as unsuitability of the landscape and the nega-

tive impacts that irrigation may bring by converting the upland for-

ested landscapes into a massive reservoir.

For each plot, respondents were asked about the crops that they

cultivated 5 years before and the crops that they might cultivate in

each land plot over the next 3 years. Coffee has been and will con-

tinue to be the main crops for the next 3 years, while vegetable and

rice crops are expected to increase. Respondents' expectations to

manage more rice plots conflict with the experienced land use trend

over the previous past 5 years, which saw the number of rice plots

decreasing from 112 to 88 plots (Figure 5c).

The understanding of trust levels among community groups and net-

works is critical to promote collective actions required for irrigation sus-

tainability (Pretty &Ward, 2001). Respondents revealed low levels of trust

in residents of neighbouring villages (45.7%) when collaborating on liveli-

hood activities, while they displayed good levels of trust in government,

fellow farmer groupmembers, and their villagemembers (Figure 5d).

4.5 | Sustainability of irrigation reservoir in the
upland of Pagar Alam

This section discusses the sustainability challenges, threats, and

opportunities of IR policy towards the upland landscapes of Pagar

Alam, with the use of the socio-cultural, political, environmental, and

economic dimensions. The assessment reveals that a new secure

water supply for irrigation provides opportunities for farmers to diver-

sify their crops and access new non-farm livelihoods. Nevertheless,

the results indicate that the IR policy focusing on food production also

generates risks to the local community and environment.

4.5.1 | Economic dimension

Economic sustainability is discussed in relation to the profitability and

markets of the existing and proposed farming systems. From the

household survey, the total farm plot area and the annual income of

farm households are dominated by coffee farming (Table 2). Even for

households that practise rice farming, income from rice only contrib-

utes 19% of their annual income, while coffee farming provides 44%

(Figure 2a). Within the next 3 years the vision of most farmers is to

retain and expand coffee agroforestry, with few expecting to shift

their farming parcels to rice and vegetable crops (Figure 5c). This

result suggests that Pagar Alam farmers are primarily coffee farmers,

with some having rice plots for diversification. The presence of irriga-

tion networks will bring various on-farm and non-farm opportunities

for further local livelihood diversification. Farmer respondents

described several further possibilities in addition to rice farming, such

as new employment opportunities, vegetable crops and fisheries

(Figure 5b).

IR policy proponents argue that irrigation improves rice produc-

tion and household welfare from rice farming activities. Yet, a recent

agricultural profitability study in Pagar Alam found that irrigated rice

farming only provides a 27% Return on Investment (RoI) due to high

input and labour costs, compared to a 38% RoI for vegetable crops

and a 71% RoI for coffee (Isnurdiansyah et al., 2021). Considering the

small land sizes held by households (Table 3) and the high cost of rice

farming, ongoing diversification between rice and other cash crops is

unlikely to generate sufficient efficiencies for the additional wealth

creation that would incentivise households to replace coffee farming

as their primary income source.

The state's strong control over rice pricing often forces farmers to

sell their harvest below production cost (Octania, 2021). Even when

the actual retail price of rice is above the government-regulated

prices, rice farmers generally do not benefit, and the income from rice

farming alone for smallholder farming households is considered too

low to help them out of poverty (Octania, 2021). For upland farmers,

rice production may fulfil food security targets, but sustainability will

not be achieved if the practise cannot provide sufficient income.

Emerging high value coffee chains are gradually connecting local

farmers with niche markets at national and global levels. Pagar Alam

coffee farmers are starting to respond to market demand by shifting

from traditional to modern practises, focusing increasingly on quality

and yield (Mulyoutami et al., 2021). Smallholders cultivate the majority

of coffee agroforests in the forest buffer area of Pagar Alam. By simul-

taneously supporting forest cover and conservation, the production

system brings opportunities for links to coffee-certification schemes,

F IGURE 3 (a) Proportion of respondent plots based on farming
system (b) respondent plot slope, (c) respondent (rice farmers) rice
field irrigation and (d) respondent (rice farmers) rice field
management status
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as are underway elsewhere in Southern Sumatra, generating signifi-

cant additional income for farmers (Arifin et al., 2022).

This untapped opportunity for coffee farming in Pagar Alam could

be optimised to improve social welfare and achieve economic sustain-

ability from local farming systems. By heavily focusing on rice produc-

tion opportunities however, the IR policy tends to ignore the

comparative advantage of upland agriculture to optimise coffee farm-

ing (Arifin et al., 2022). In fact, that opportunity could be threatened

by the presence of IR policy that will focus on the conversion of cof-

fee agroforestry areas. Lastly, with a large investment in infrastructure

to pursue rice production, there is an important question as to

whether such external economic investment will be worthwhile to

pursue with regards to local trade-offs in profitability and market

opportunities.

4.5.2 | Socio-cultural dimension

As the survey indicates and is well acknowledged in the literature (see

Godoy and Bennett (1988), coffee farming is perceived as the cultural

identity of farmers in Pagar Alam, framing many activities throughout

the year (Figure 5a). Coffee is also the primary source of income for

both rice and non-rice farmers (Figure 2). From our respondent sub-set,

even the rice farming sub-group (n = 88 respondents) have a more sig-

nificant portion of coffee agroforestry on their land than rice fields.

The presence of IR policy provides opportunities to ensure local

food security and achieve cultural goals. Pagar Alam farmers have long

been waiting to diversify their farming systems to ensure local food

security, as one of the main goals within their culture is to have ‘rice
to eat and coffee to sell’ (Godoy & Bennett, 1988). Irrespective of the

opportunity to fulfil food security and livelihood diversification goals,

managing irrigated rice fields brings a strong social sustainability chal-

lenge for local farmers.

Irrigated rice cultivation is a highly intensive practise that requires

sufficient labour, technical and sociocultural capacity. Meanwhile,

most respondents perceive coffee farming as their cultural identity

(Figure 4a), and 57% perceive having sufficient skills and knowledge

to practise rice farming (Figure 4c). Even then, the limited number of

self-managed rice fields (Figure 3d) and limited experience in manag-

ing technical irrigation (Figure 3c) reflect potential concerns of a lack of

F IGURE 4 Farmers' (a) attitudes towards coffee farming, (b) attitudes towards rice farming, (c) perception of capacity to practise rice farming
and (d) attitudes towards the future of farming
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resources or technical capacities for managing rice farms, which could

in turn, affect productivity and sustainability of the IR system.

The upland farmers have strong social capital at the village level,

but lower trust towards people from neighbouring villages (Figure 5d).

Cultivating irrigated rice fields and managing irrigation requires strong

collaboration and cooperation beyond the village level, such as the

scheduling of collective planting and harvesting, allocating water supply

to farms, and sharing responsibility for regional irrigation maintenance

(Alaerts, 2020). Low social capital between villages would hinder effec-

tive irrigation and rice-farm management. Policymakers may need to

prepare a strategy to improve collaborative actions between villages, to

ensure the sustainability of irrigation and rice-farming practises.

Studies demonstrate that a pervasive rice-farming culture signifi-

cantly correlates with successful irrigation practises in Indonesia,

which makes Javanese and Balinese farmers – two regions with a long

history of rice-farming – more productive and successful than Suma-

tran farmers in producing rice (Mariyono, 2014). Rice farming is a

complex and highly input-intensive practise, requiring more time,

labour, and investment compared to perennial coffee crops. Sumatran

farmers have generally preferred perennial crops (Pierce Colfer

et al., 1989), so the shift to rice farming will require farmers to signifi-

cantly change their farming habits from a relatively less intensive

perennial to an intensive annual crop.

The rural uplands of Indonesia are facing a transformation where

cash crops, labour outmigration and remittances gradually dominate

livelihoods (Cramb et al., 2009). The socioeconomic and cultural shift

is also occurring in Pagar Alam, where more than 80% of respondents

do not want their children to become farmers, and more than 50% do

not want their children to continue cultivating their lands (Figure 4d).

This social shift away from the farming sector could threaten the

social sustainability of irrigated rice farming.

The discussion from the social dimension perspective reveals con-

trasting aspirations of local farmers. On one hand, there is a long-term

goal in the community that having rice fields is necessary to meet

food security in parallel with retaining profitable cash crops for finan-

cial income. On the other hand, the limited land size per household

(Table 3) will be a significant constraint to further diversify farms.

These are some of many sociocultural aspects that might hinder the

social sustainability of irrigated rice-farming practises in Pagar Alam.

4.5.3 | Political dimension

The IR policy focuses on production increases as the primary means of

achieving the national food security target. There is strong support

from the government through a range of policies, such as infrastructure

F IGURE 5 (a) Intention to convert the existing plots to irrigated rice-field, (b) perception on the irrigation reservoir policy, (c) respondent
farming plot farm trajectory and vision and (d) trust level to collaborate with others in livelihood activities
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construction, intensification, capacity building, and empowerment of

the local government and local communities (Alaerts, 2020;

Ditjen, 2018). Strong support for rice production generates opportuni-

ties for sustainable irrigated rice farming at the study site if constraints

are taken into account.

While strong political support from the Central Government could

help to ensure sustainability, Indonesia's productivist food policy

often conflicts with sectoral, regional, and local goals (Vel et al., 2016).

Policy aspirations between sectors, within the same sector, and

between scales can come into conflict. The updated Nationally

Determined Contribution (NDC) states that Indonesia's largest

greenhouse gas emitter is deforestation and land-use change, while

rice farming and livestock are the third emitters (Government of

Indonesia, 2021). Actions to reduce rice farm emissions will be

implemented through the utilisation of low-emission crops and

improved water management. Applying the national food security

policy in the carbon-rich landscape in Pagar Alam could conflict

with Indonesia's NDC's aspirations to reduce land clearance and

rice farming emissions.

At the provincial level, the Green Growth Masterplan of South

Sumatra focuses on improving ecosystem services from the dominant

agricultural system, particularly through coffee and rubber agroforestry,

to realise green development in the province (South Sumatra

Government, 2017). Within the Masterplan, two interventions are specif-

ically targeting Pagar Alam: Intervention 1 ‘Land-use planning that takes

into account the protected area and land suitability’ (3440 hectares); and

Intervention 6 ‘Limited expansion for coffee plantation’ (8.323 hectares).

The national food production target in the upper catchment in Pagar

Alam appears to contrast with provincial aspirations to expand coffee

plantations, as more area will need to be converted for irrigated rice.

Even with an updated land-use zonation plan, the protected forest area

in Pagar Alam already limits the expansion of new land uses and these

interests have to compete for existing cultivable land.

One of the leading agricultural policies of the local government is

the top-grafting of 1 million old coffee trees to improve yields

(pagaralamkota.go.id, 2021). Again, this policy targets the same coffee

farm landscape as the IR policy. The local agricultural policy focuses

on improving the productivity of farmers' coffee crops, and at the

local level, it could come into conflict with the national goals of rice

production increases.

The discussion of the political dimensions reveals opportunities

from central government support for important food production pol-

icy in the upland landscape. However, regional and local policies that

aim to take advantage of opportunities provided by perennial cash

crops contrast with national policy targets.

4.5.4 | Environmental dimension

Due to increasing production costs and decreasing profitability from

rice farming, many smallholders farmers in Indonesia are abandoning

agriculture or converted their rice fields, with the annual conversion

rate of rice fields to other land uses between 2003 and 2013 reaching

150 to 200 thousand hectares per year (Dessy et al., 2017). That trend

of decreasing area of rice fields is also apparent in Pagar Alam

(Table 1). Previously, the rice fields that have been converted into

commercial and residential land-uses were mostly from low lying

areas with relatively flat slopes and better accessibility to local eco-

nomic centres, indicating that Pagar Alam has already lost some of its

most valuable rice production to urbanisation.

The survey revealed that IR would bring opportunities to the local

community through improved water supply for the local community.

However, there are several threats to the upland environment, espe-

cially as the reservoir is being constructed in the upper catchment

area next to the border of the protected forest. Therefore, the first

threat from IR Policy is the degradation of environmental functions,

including biodiversity conservation and water and soil regulation. The

targeted IR policy area is in the upper catchment with steep slopes

and the proposed areas for irrigated rice farming land are also mainly

found on sloping lands. Altering the sloping coffee agroforest land to

F IGURE 6 The reservoir and irrigation network construction
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generate flat irrigated rice fields will require high levels of investment

and considerable labour and technical work to make the sub-optimal

environment feasible for cultivating irrigated rice.

The reservoir construction alters the river to increase the water

supply to the irrigation channels downstream, adding permanent wall

structures to prevent soil erosion along the canals (see Figure 6).

Such construction requires intensive maintenance to avoid environ-

mental degradation, particularly soil erosion and water degradation

from siltation. Without proper management and maintenance, land-

use conversion due to IR policy will threaten downstream environ-

mental quality, particularly via soil and water degradation through

siltation.

Several subsequent threats come from the depletion of the eco-

system services from coffee agroforestry, particularly biodiversity, soil

and climate services. Agriculture intensification is associated with

greenhouse gas emissions, land degradation, excessive water use, soil

and water pollution, and biodiversity loss (Tilman et al., 2002). Those

threats are also prevalent due to the application of IR policy in

Pagar Alam.

The 3000-hectare upland area targeted for irrigated rice farming,

represents 5% of the total Pagar Alam area, currently dominated by

coffee agroforestry. A recent gendered participatory assessment in

Pagar Alam revealed that both female and male farmers perceive that

the shade trees in coffee agroforest gardens contribute to the mainte-

nance of soil moisture, climate regulation, erosion control and

improved soil fertility in their farms (Mulyoutami et al., 2021). Those

same lands in the forest buffer area provide habitat and a biodiversity

corridor for wildlife, including endemic species such as the Sumatran

Tiger.

The coffee agroforest landscape also provides carbon sequestra-

tion and climate regulation services, which are essential to combat cli-

mate change. The forest and coffee agroforest landscape of Pagar

Alam is estimated to store about 17.2 Million Tonnes Carbon, mainly

in the soil (Global Forest Watch, 2021). The massive land-use conver-

sion from agroforest into intensive monoculture rice farming will

release considerable carbon dioxide (Erdogan, 2022), while intensive

rice farming practises generate methane, and are known to be one of

the major carbon emitters from Indonesia's agricultural sector (Rondhi

et al., 2019).

There is a potential trade-off between the potential benefits of

improving the local water supply and various environmental threats at

farm and landscape levels. The discussion suggests that there are

more threats to local ecological sustainability than opportunities from

the IR policy. Respondents indicated the unsuitability of the landscape

for the IR and rice farming (Figure 5b). Nevertheless, respondents pre-

dominantly believe that rice farming will not degrade the environment

(Figure 4b). Such a belief could be realised with support from solid

precautionary actions on farm and landscape management involving

farmers and the local government. However, to ensure IR policy will

provide positive environmental outcomes, threats from land-use con-

version towards coffee agroforest ecosystem services, particularly cli-

mate and biodiversity, will need to be carefully considered and

continually evaluated.

5 | DISCUSSION AND POLICY-RESEARCH
IMPLICATIONS

Agriculture is a complex system, and policy that aims to promote its

sustainability should carefully consider the characteristics of people

and places to deliver sustainable outcomes. Our results demonstrate

how socio-cultural, political, environmental, and economic develop-

ment outcomes are intertwined within upland agricultural activities. In

the upland site, we identified that development pathways were

already moving towards a sustainable direction, including farmers' cul-

ture and identities, local–global coffee market integration and climate

mitigation, and are reflected in the local and regional development

agenda. While IR policy would contribute to national food production

targets, existing development pathways may be overlooked, and new

risks could threaten upland communities and landscapes if the policy

were not being implemented carefully. There is also a potential gap

between national rice sufficiency goals and the local reality, which

sees most farmers aspiring only to grow sufficient rice for food to

meet household needs. As farmers are both the beneficiaries and

agents of sustainable development, national agricultural policies need

to carefully reflect local needs of farmers and promote ways to main-

tain and improve sustainable outcomes from the existing practises for

upland regions (Terlau et al., 2018).

Contemporary agricultural development strategies emphasise the

multi-functional roles of agriculture in eliminating hunger and poverty,

improving nutritional outcomes, addressing inequality, contributing to

environmental conservation, and supporting various non-production

benefits for present and future generations (FAO, 2022;

Stringer, 2016). Like in other forested agricultural landscapes in

Southeast Asia, food security in many parts of rural Indonesia is

mainly met through income security from perennial crops, which also

provide a range of ecological and non-production functions (van

Noordwijk et al., 2014). At global and national levels, countries can

strengthen cross-sectoral and multi-scalar development coordination

to improve the contribution of agricultural systems to achieve sustain-

able development (Neely et al., 2017). In the upland of Pagar Alam,

the potential misalignment of the IR policy agenda with other sectoral

and regional agendas could inhibit optimum outcomes for food pro-

duction and environmental conservation.

Realising sustainable reservoir systems for agriculture and other

development purposes is likely to be critical for achieving the SDGs

2030 targets (Guo et al., 2021). Global lessons indicate that IR policy

developed without sufficiently considering its impacts on local com-

munities and ecosystems have the potential to generate substantial

adverse impacts. One important example is the major diversions for

agricultural irrigation in the Murray-Darling Basin of Australia, where

there has been a history of degraded ecosystems and water supply

problems, followed by social conflict (Ballard, 2020; Pollino

et al., 2021). Another example of an irrigation network that appears to

lack long-term sustainability is the Chotiari Reservoir in Pakistan,

which again has been associated with degraded wetland ecosystems

and environmental and economic disasters (Magsi & Torre, 2014; Siyal

et al., 2019). Reservoir development and associated agricultural

AMARUZAMAN ET AL. 1947
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policies could avoid such adverse development trajectories by closely

examining how policy will impact on multiple dimensions of sustain-

ability in the long-term.

With about 720 to 811 million people globally estimated to face

hunger in 2020, an addition of 118 to 161 million more people from a

2019 baseline, much more progress in providing food and nutritional

improvements is needed to reduce risks to national social well-being

and security, especially in association with the COVID-19 pandemic,

resource constraints, climate change, and economic destabilisation

(FAO et al., 2021). The agricultural sector will need to continue to play

a significant role in achieving the SDGs by 2030 while recovering from

contemporary global modernity crises (FAO et al., 2021; van

Noordwijk et al., 2018). Yet, sustainable agriculture is likely to be

increasingly difficult to attain via policy and research approaches that

overly focus on single, short-term goals.

To generate positive broad, sustained impacts from agricultural

policy, Indonesia and the global agri-food research and policy com-

munities should consider moving beyond the focus on productivity

targets and work explicitly to reconcile national food production

goals with other equally important national, regional and local devel-

opment agendas. Such reconciliation could be facilitated through

sufficient understanding of the local people, places and ecosystems

(Amaruzaman et al., 2022) and improving coordination between gov-

ernance scales and sectors (Neely et al., 2017).

The acceleration of progress towards the SDG 2030 requires

agricultural policy to be coherent with other sectoral policies target-

ing diverse agro-ecosystems. Agricultural sustainability research will

play a significant role in informing policy design, enhancing policy

coherence and promoting the integration of complex goals in the

agricultural sector (FAO, 2018; Streimikis & Baležentis, 2020;

Stringer, 2001). As part of this role, assessment frameworks should

work to provide measurable and comparable results between places

and yet be sufficiently flexible to represent the site-specific charac-

teristics of local agroecosystems. To achieve the latter objective, the

research and policy community could take more consideration of the

specific traits of local places as well as the values, aspirations, and

motivations of people that will affect and be impacted by the agricul-

tural policy outcomes.

Research for agricultural policy framing needs to move beyond

a reductionist approach that relies on a limited set of indicators or

overly focuses on the specific sustainability domains and scales

(Gasparatos et al., 2008). The knowledge generation process to

inform policy framing would require a careful consideration of dif-

ferent perspectives and goals from various stakeholders

(Armitage, 2004; Moskwa et al., 2018). By conceptualising opportu-

nities and risks, the bottom-up integrated assessment approach

applied here could be beneficial to improve the sustainability of

agricultural policy and programs in place-specific contexts (Binder

et al., 2010; Schader et al., 2014). Managing transitions to sustain-

ability requires the comprehensive understanding of policy impacts

across multiple development domains at different scales (Cantone

et al., 2021). As demonstrated in the analysis, the integrated and

descriptive approach allows for an in-depth reflection on the

potential outcomes from IR policy across multiple sustainability

dimensions and scales.

6 | CONCLUSION

This paper assesses the sustainability of IR policy targeting the upland

area of Pagar Alam, Indonesia. The policy focuses on improving rice

production for national food security by expanding irrigated rice fields

through the establishment of a reservoir and irrigation infrastructure.

Through a bottom-up approach that integrates multi-dimensional per-

spectives, we revealed diverse opportunities and threats from the pol-

icy that may affect the sustainability. Our assessment indicates that the

IR policy, which overly focuses on a productivity goal, has the potential

to generate policy outcomes that vastly differ from and potentially

diminish the existing sustainability pathways of the upland area.

Agricultural policy research and action should apply a comprehen-

sive approach that addresses multiple sustainability dimensions, to

optimise policy outcomes in association with various development

agendas. Our study enriches the literature by demonstrating the appli-

cation of an alternative, bottom-up integrated and descriptive

approach to assess agricultural sustainability. The integrated and

descriptive approach allows us to have a degree of comprehensive-

ness in discussing the trade-offs across the dimensions of sustainabil-

ity. This approach can simultaneously address diverse development

agendas, and the results can be used further to communicate, select,

and synergise preferred pathways for people and landscape. Lastly,

this study adds to the literature on agri-environmental sustainability in

the upland context of Indonesia and debates on the sustainability of

IRs for agricultural development.
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