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Indonesia is rated the highest rice consumer and the third-largest producer in the world, 

consequently, farming is one of the most strategic production systems in the country. 

Therefore, this study aims to assess the sustainability of rice farming at the provincial level in 

Indonesia. Furthermore, 32 sustainability indicators, which are categorized into five 

dimensions, namely economic, ecological, social, technological, and institutional were used. 

The rapid appraisal approach (Rapsusagri), consisting of multi-dimensional scaling (MDS) 

analysis was adopted to assess the sustainability of rice farming. Monte Carlo simulation was 

used to define the validity and sensitivity analysis to assess the dominant attributes which 

affect sustainability. The result showed that the economic and social dimensions are at a better 

level, meanwhile the ecological, technological, and institutional still have various weaknesses 

and needs improvement. Furthermore, irrigated paddy areas, agricultural infrastructure, rice 

productivity, use of chemical and organic fertilizers, cropping index, land suitability, village 

accessibility, officers, and agricultural extension institution were pointed out as the leveraging 

indicators for sustaining the rice farming system. Also, provinces in Java Island were found to 

have higher sustainability levels than others. However, it is predicted that this condition will 

last for a short period due to rapid land conversion, therefore Indonesia needs to consider the 

development of rice production areas outside Java islands.  
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1. INTRODUCTION

Rice is the most important food crop in Indonesia, which is 

the third-largest producer in the world after China and India 

and one of the largest consumers [1, 2]. The data of the rice 

harvested area between 1980 and 2016 show a fluctuating 

pattern that tends to increase continuously with a relatively 

small growth rate of 1.48% per year. Similarly, the production 

data in 1980-2016 fluctuate considerably but notably rise 

across the period with an average growth rate of 2.82% per 

year. The production rose from 2.75 tons/ha in 1980 to 5.2 

tons/ha in 2018, however, this is not always followed by an 

increase in farmers' welfare. Furthermore, most rice farmers in 

Indonesia (77%) are subsistence farmers [1], and the majority 

(almost 50% of the total) of production is concentrated in Java 

[2].  

Some of the major problems associated with the production 

of rice in Indonesia include diminishing paddy field due to 

land conversion to non-agricultural purposes (commercial, 

industrial, urban) estimated at 100,000 ha annually; Enormous 

population pressure on each hectare available in the rice 

cultivation center; Declines in the average farm size due to 

traditional inheritance practices; Low budget for the 

development and improvement of irrigation infrastructure; 

Lack of access to capital by poor farmers; Increasing 

production costs; and inadequate numbers of qualified and 

highly educated agricultural pest management officers [1, 3]. 

Furthermore, the future challenge of agriculture is not only 

to produce enough food for a population that grows 

continuously at an acceptable ecological cost but also to 

achieve equitable income among agricultural actors. To 

achieve this requires a sustainable agricultural system [4], 

which is not a new concept. Since 1988, FAO [5] defined 

sustainable agriculture as: "The management and conservation 

of the natural resource base, as well as the orientation of 

technological and institutional change to ensure the attainment 

and continued satisfaction of human needs for the present and 

future generations. Such development conserves land, water, 

plant, and animal genetic resources, which is environmentally 

non-degrading, technically appropriate, economically viable, 

and socially acceptable."  

Presently, the implementation of the sustainable 

development program is a concern of local governments. 

Therefore, this study focused on assessing sustainability at the 

provincial level. Furthermore, the assessment of the 

implementation of sustainable agriculture at the regional level 

is essential for several reasons, namely: (1) it is more 

operational compared to the national level [6]; (2) it is a tool 

to integrate the principles of sustainable development into the 

regional planning and development [7]; (3) the use of these 

indicators at the national level for large countries such as 

Indonesia causes sustainability at the regional which is 
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inadequately displayed [6]; and (4) it is a key to achieving 

uniform and clear operational objectives for the 

implementation of sustainable development at the national 

level [8]. 

This study aims to measure the sustainability of rice farming 

in Indonesia as well as identify the factors that leverage the 

sustainability of its cultivation. Previous studies have 

measured the sustainability of rice farming in Indonesia but 

are still limited to agricultural or local levels. 

This study is divided into four sections, the first describes 

the background and objectives while the second deals with the 

methods, indicators selected in the analysis, and the data 

sources used. Meanwhile, the third section describes the 

results and discussion of the analysis and the last part is the 

conclusion.  

 

 

2. METHODOLOGY 
 

2.1 Location 

 

The study is conducted using panel data from 15 central rice 

production provinces in Indonesia, namely: Aceh, North 

Sumatra, West Sumatra, South Sumatra, Lampung, West Java, 

Central Java, East Java, Bali, West Nusa Tenggara (NTB), 

West Kalimantan, South Kalimantan, South Sulawesi, and 

Central Sulawesi. The details of the panel data are presented 

in Table 1. 

 

2.2 Data collection  

 

The study used panel data from Statistics Indonesia (BPS), 

the Ministry of Agriculture, the Ministry of Environment and 

Forestry, and the Ministry of Agrarian Affairs and Spatial 

Planning/National Land Agency (BPN). 

 

2.3 Data analysis 

 

The sustainability indicators are classified into five 

dimensions, namely economic, ecological, social, 

technological, and institutional [9, 10], which were obtained 

from the FGD results, literature review, and Principal 

Component Analysis (PCA) [11] as presented in Table 1. The 

existing data were analysed using the Rapsusagri method 

modified from Rapfish (Rapid Appraisal for Fisheries) 

developed by the Fisheries Center, University of British 

Columbia, Canada.   

Rapsusagri adopts the principles embedded in the Rapfish 

method, including: (1) a rapid assessment method of the 

sustainability status of an object based on several attributes, 

(2) attributes are redefined or replaced according to available 

information [12, 13]; (3) a multi-criteria decision-making 

method based on multidimensional scaling (MDS); and (4) the 

use of ordination method to determine the status of 

sustainability. However, Rapfish was originally designed for 

sustainability analysis in the fisheries sector, the principle 

developed in this method is implemented in others, such as the 

agricultural sector [14, 15].  

In contrast to the previous version [12-15], the 2013 scaling 

rate of Rapfish for all attributes was standardized from 0 

(worst) to 10 (best), where 4/10 and 7/10 represents a threshold 

value for the poor and good scores, respectively [13]. Also, 

upper and lower limits are required to avoid uncertainty in 

each attribute. 

The earlier versions of Rapfish used MDS from the SPSS 

package or Visual Basic for Excel [12]. However, the 

application developed by Rapfish.org in this study is the 2013 

version with R program, which possesses a more stable 

platform [9, 14].  

The first step of the Rapsusagri analysis is to determine the 

indicators suitable for the sustainability dimension. Its critical 

point lies in determining which attributes are selected to be 

ranked on specific dimensions. Fauzi [14], explained that to 

produce proper ordination, the number of indicators in each 

dimension should be more than six. Furthermore, literature 

studies and FGDs with stakeholders were used to determine 

the sustainability indicators.   

To determine the sustainability status of each province, the 

dimensions and indicators of rice farming, followed by an 

ordination analysis, were carried out. This assessment depends 

on the scoring approach of the indicators. The scoring in the 

2013 version of Rapfish has changed from that of 2000 [9, 14], 

in which the assessment is non-monotonic. That is, the value 

of 0 indicate bad score, but it may represent good on other 

indicators. However, in the latest version (2013), the 

assessment is monotonic with a value of 0 and 10 as the 

minimum (bad) and maximum (good) value, respectively. The 

difference lies in the description of the indicators to be 

analyzed [14].  

In this analysis, the valuation pattern of most indicators uses 

0 and 10 as the minimum and maximum value, respectively. 

However, there are exceptions in the use of chemical fertilizers 

and pesticides, as well as the population growth rate. The 

Indicators used in these cases are 10 and 0 for the minimum 

and maximum value respectively, which is due to the impact 

of rice farming sustainability. In addition, the Rapsusagri 

analysis with R needs to be limited by the lower and upper 

bound of the score to describe the uncertainty [14]. 

The leverage analysis is carried out after the ordination to 

determine the dominant indicators in a study [14]. This makes 

it possible to determine the changes in the ordination (bad-

good position) when the attributes are issued individually, or 

in other words, the leverage work as a sensitivity analysis. 

The Rapsusagri method is equipped with a Monte Carlo 

Analysis to test the impact of random errors on the Rapid 

Appraisal model [14]. These errors occur due to the following 

factors: (1) errors in the procedures of determining attribute (2) 

understanding the attributes; (3) variations in scoring due to 

the different opinions or ratings; (4) the stability of the MDS 

analysis process; (5) missing data or entry errors; and (6) the 

stress value is too high.  

 

Table 1. Indicators of sustainable rice farming 

 
No Indicator Operational Definition Unit Rapsusagri Scoring Data Source 

Economic Dimension 

1 

Food Crops 

Farmer Terms of 

Trade (FTT) 

The average value of the ratio 

between the price index received by 

farmers and the price index paid by 

farmers in 2014-2018 

% 

Above the national FTT: 9-10 

Approaching national FTT: 7-8 

3-5% below the national FTT: 5-6 

6-10% below the national FTT: 3-4 

BPS-Statistics 

Indonesia 

(BPS) 
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No Indicator Operational Definition Unit Rapsusagri Scoring Data Source 

>10% below the national FTT: 0-2 

2 Rice productivity 
Average rice production per unit 

area in 2014-2018 

Tons/Hect

are 

Above national average productivity: 9-

10 

Approaching national productivity: 7-8 

5-20% below national productivity: 5-6 

21-30% below national productivity:3-4 

>30% below national productivity: 0-2 

BPS 

3 

Percentage of 

irrigated paddy 

field area 

The average percentage of total 

irrigated paddy fields to the total 

area of paddy fields in 2014-2018 

% 

<30%: 0-3 

31-55%: 4-5 

56-80%: 6-7 

>80%: 8-10 

BPS 

4 
Agricultural 

Infrastructure 

Indicator values for infrastructure 

conditions in the 2018 Village 

Development Index describe 

infrastructure conditions in rural 

areas except for accessibility 

/transportation 

Index 

value 

Value index<30: 0-3 

31-40: 4-5 

41-50: 6-7 

>50: 8-10 

BPS 

5 
Food crop 

subsector labor 

Share of the agricultural workforce 

in the food crop subsector 

compared to the total workforce 

% 

<15%: 0-2 

15-25%: 3-4 

26-35%: 5-6 

36-45%: 7-8 

>45%: 9-10 

BPS 

6 

Financial 

feasibility of rice 

farming (B/C 

Ratio) 

Value of B/C Ratio for 2017 Rice 

Farmer Cost Structure Survey 

B/C Ratio 

Value 

<0.30: 0-2 

0.30-0.49: 3-4 

0.50-0.69: 5-6 

0.70-0.89: 7-8 

≥0.90: 9-10 

BPS 

Ecological Dimension 

1 
Use of organic 

fertilizers 

The average amount of organic 

fertilizer used in rice farming per 

rice field area in 2014-2018 

Tons/Ha 

<0.10 tons/ha: 0-2 

0.11-0.15 tons/ha: 3-4 

0.16-0.20 tons/ha: 5-6 

0.21-0.25 tons/ha: 7-8 

>0.25 tons/ha: 9-10 

BPS 

2 
Use of chemical 

fertilizers 

The average amount of chemical 

fertilizer used in rice farming per 

area of rice fields in 2014-2018 

Tons/Ha 

<0.50 tons/ha: 8-10 

0.50-1.00 tons/ha: 6-7 

1.10-1.50 tons/ha: 3-5 

>1.50 tons/ha: 0-2 

BPS 

3 
Use of chemical 

pesticides 

The average amount of pesticide 

stocks for rice farming in 2014-

2018 in each province 

Ton 

<20 tons: 8-10 

20-39 tons: 6-7 

40-59 tons: 4-5 

>70 tons: 0-3 

Ministry of 

Agriculture 

(MoA) 

4 
Water Quality 

Index (WQI) 

Water Quality Index (Measured 

parameters: Total Suspended Solid 

(TSS), Dissolved Oxygen (DO), 

Biological Oxygen Demand (BOD), 

Chemical Oxygen Demand (COD), 

Total Phosphate, Fecal Coli, and 

Total Coliform) 

 

>10% above the national WQI: 8-10 

6-10% above the national WQI: 6-7 

0-5% above the national WQI: 4-5 

1-5% below the national WQI: 2-3 

> 5% below the national WQI: 0-1 

BPS 

5 
Cropping index 

(CI) 

The average cropping index value 

for rice in each province in 2014-

2018 

Index 

Value 

CI <1.00: 0-2 

CI 1.00-1.25: 3-4 

CI 1.26-1.75: 5-6 

CI 1.76-2.00: 7-8 

CI 2.00-2.50: 9-10 

MoA 

6 Land suitability 
Percentage of land area suitable for 

rice cultivation based on ZAE Map 
% 

<15%: 0-2 

15-25%: 3-4 

26-35%: 5-6 

36-45%: 7-8 

>45%: 9-10 

MoA 

7 

The rate of 

conversion of 

paddy fields 

The average rate of conversion of 

paddy fields in each province in 

2014-2018 

% 

<-5%: 0-2 

-5 to 0%: 3-4 

0 to 3%: 5-6 

3 to 6%: 7-8 

>6%: 9-10 

BPS 

Social Dimension 

1 
Population 

growth rate 

The annual rate of growth of 

population in 2014-2018 
% 

>2.0%: 0-2 

1.51-2.0%: 3-5 

1.01-1.50%: 6-7 

<1%: 8-10 

BPS 
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No Indicator Operational Definition Unit Rapsusagri Scoring Data Source 

2 

Access to 

agricultural 

finance 

Percentage of villages based on the 

presence of financial institutions in 

2018 

% 

<30%: 0-2 

31-50%: 3-4 

51-70%: 5-6 

71-90%: 7-8 

>90: 9-10 

BPS 

3 

Youth 

participation rates 

in the agricultural 

sector 

The average percentage of the 

agricultural sector workforce aged 

20-40 years in 2018 

% 

<30%: 0-2 

30-40%: 3-4 

41-50%: 5-6 

51-60%: 7-8 

>60: 9-10 

BPS 

4 
Village 

Accessibility 

Indicator values for village 

accessibility conditions in the 

Village Development Index 2018,  

% 

>10% above the national value: 9-10 

0-10% above the national value: 7-8 

0-10% below the national value: 5-6 

11-20% below the national value: 3-4 

>20% below the national value: 0-2 

BPS 

5 

The level of 

poverty in rural 

areas 

The average percentage of the rural 

poor in 2014-2018 
% 

<15%: 0-2 

15-25%: 3-4 

26-35%: 5-6 

36-45%: 7-8 

>45%: 9-10 

BPS 

6 
Rice Farmers 

Households 

Share of rice farming households to 

total agricultural households 
% 

<40%: 0-2 

40-60%: 3-4 

61-80%: 5-6 

81-90%: 7-8 

>90: 9-10 

BPS 

Technology Dimension 

1 
Integrated Pest 

Management 

The average land area for Integrated 

Rice Pest Management in 2016-

2018 

Ha 

<400 Ha: 0-2 

400-800: 3-4 

801-1200: 5-6 

1201-1400: 7-8 

>1400: 9-10 

MoA 

2 
Climate Change 

Mitigation 

Average land area for climate 

change mitigation program in 2016-

2018 

Ha 

<10 Ha: 0-2 

10-20 Ha: 3-4 

21-30 Ha: 5-6 

31-40 Ha: 7-8 

>40 Ha: 9-10 

MoA 

3 

Application of 

ecologically-

friendly rice 

cultivation 

technology 

The agricultural land area that 

applies ecologically friendly rice 

farming technology (healthy rice 

cultivation) 

Ha 

<2000 Ha: 0-2 

2000-4000 Ha: 3-4 

4001-6000 Ha: 5-6 

6001-8000 Ha: 7-8 

>8000 Ha: 9-10 

MoA 

4 

Use of 

agricultural 

machine tools 

Percentage of the use of 

mechanization technology at 

rice farming business (Survey result 

2018) 

% 

<10%: 0-2 

10-15%: 3-4 

16-20%: 5-6 

21-25%: 7-8 

>25%: 9-10 

BPS 

5 

Agricultural 

households that 

have participated 

in agricultural 

extension 

Share of agricultural households 

that have participated in agricultural 

counseling to the total number of 

farmer households 

% 

<15%: 0-2 

15-25%: 3-4 

26-35%: 5-6 

36-45%: 7-8 

>45%: 9-10 

MoA 

6 
Agricultural 

extension officer 

The ratio of agricultural extension 

officer to the number of villages 
% 

<40%: 0-2 

40-60%: 3-4 

61-80%: 5-6 

81-90%: 7-8 

>90: 9-10 

MoA 

Institutional Institution 

1 

Institutional 

extension of 

agriculture 

Share of extension institutions 

compared to the number of farmers 
% 

<15%: 0-3 

15-25%: 4-5 

26-35%: 6-7 

36-45%: 8-9 

>45%: 10 

MoA 

2 
Farmer Group 

Capacity 

Share of Farmer Groups with 

Advanced-Middle-Main 

qualifications compared to Total 

Farmer Groups 

% 

<15%: 0-2 

15-25%: 3-4 

26-35%: 5-6 

36-40%: 7-8 

>40%: 9-10 

MoA 

3 

Institutional 

Agricultural 

Mechanization 

Share of total Agricultural 

Mechanization Service 
% 

<15%: 0-2 

15-25%: 3-4 

26-35%: 5-6 

MoA 
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Management Units compared to the 

number of farmer groups 

36-40%: 7-8 

>40%: 9-10 

4 

Farmers 

Economic 

Institution 

The ratio of farmer economic 

institutions to the number of farmer 

groups 

% 

<4%: 0-2 

4-8%: 3-4 

9-12%: 5-6 

13-16%: 7-8 

>16%: 9-10 

MoA 

5 

Sustainable 

Agriculture Land 

Protection 

Regulation 

Regional compliance to implement 

the Sustainable Agriculture Land 

Protection Regulation (LP2B) in 

Regional Regulation which is 

defined as a Percentage of LP2B 

land compared to provincial land 

area 

% 

<5.00%: 0-2 

5.00-7.50%: 3-4 

7.51-10.00%: 5-6 

10.01-12.50%: 7-8 

>12.5%: 9-10 

Ministry of 

Agrarian 

Affairs and 

Spatial 

Planning 

6 

Rice Farmer 

Insurance 

Program 

Share of paddy land area that gets 

Farmer Business Insurance to the 

total paddy field area 

% 

<4%: 0-2 

4-8%: 3-4 

9-12%: 5-6 

13-16%: 7-8 

>16%: 9-10 

MoA 

 

 

3. RESULTS AND DISCUSSION 
 

3.1 Sustainability ordination 
 

The results of Rapsusagri analysis are detailed based on the 

economic, ecological, social, technology, and institutional 

dimensions of 15 provinces in Indonesia. Also, the results of 

the ordination of the economic sustainability dimension are 

shown in Figure 1, which illustrates the conditions of 

sustainability in each province.  
 

 
 

Figure 1. Results of economic dimension ordination 
 

The information in Figure 1 showed that East Java, Bali, and 

West Sumatra are the provinces with the highest economic 

sustainability compared to others. This condition is closely 

related to the improvement of agricultural infrastructure in 

these three provinces, which is relatively better than others. 

Furthermore, the results of the Cost Structure of Paddy 

Cultivation Household Survey [3] show that the type of 

agricultural land for farming activities significantly affects the 

productivity of commodities cultivated by farmers. Also, rice 

plants in irrigated paddy fields have higher productivity than 

the non-irrigated. This is in line with the report of Simatupang 

and Timmer research [16], that one of the most appropriate 

efforts to increase rice production is through the rehabilitation 

of irrigation networks. 

The ordination of the dimension of ecological sustainability 

as represented in Figure 2 shows that no province scored above 

70. Also, the low scores indicate that no province has a good 

condition of the dimension. Meanwhile, Banten, Bali, and 

South Sumatra have a sustainability score for the ecological 

dimension close to 70. A significant cause of ecological 

damage is the excessive use of chemical fertilizers and 

pesticides [1, 17]. Furthermore, the International Fertilizer 

Industry Association (IFA) reveals that Indonesia's fertilizer 

consumption increased rapidly from 0.14 million tons in 1961 

to 4.47 million tons in 2009, and about 52% was used for rice 

production [1].  

 

 
 

Figure 2. Results of ecological dimension ordination 

 

Due to ecological damage, land deterioration causes a 

decrease in the suitability for rice farming, resulting in a 

significant conversion over the years. This unanticipated 

condition leads to a decline in the paddy field area and 

significantly impact national rice production.  

The results further show that the social sustainability 

dimension (Figure 3) has a good score. There are no provinces 

that score below 50, while those with the highest are West 

Nusa Tenggara (NTB), West Sumatra, and South Kalimantan. 

This score is closely related to the social conditions of the three 

provinces, which are relatively better compared to others. 

Interestingly, these provinces are located outside of Java, 

which has always been the primary national rice producer. In 

contrast, Nurmalina [18] reported that Java Island has a higher 

sustainability value than other regions for the social dimension. 

The difference in the result of sustainability analysis is due to 

the different indicators used and the scoring methods. 

1327



 

 
 

Figure 3. Results of social dimension ordination 

 

The technological dimension in Figure 4 shows the 

unsustainable conditions, in which only one (West Java) of 15 

provinces scores above 50, while the others have less. The 

three provinces (West Java, East Java, and South Sulawesi) 

that achieve the highest score on the technological dimension 

have the most significant national rice production. 

Furthermore, the score of technological sustainability in these 

provinces shows that the use of technology needs 

improvement. Presently, farmers still use conventional 

agricultural technology that is less ecologically friendly. Also, 

the government is not focused on developing the use of 

ecologically friendly rice cultivation technology and the 

implementation of climate change mitigation as well as 

integrated pest control is also low. The effectiveness of 

government efforts in the provision of agricultural machinery 

remains questionable.  

 

 
 

Figure 4. Results of technology dimension ordination 

 

Moreover, there are several cases of rejection in some areas 

due to incompatible agricultural machine tools as well as the 

conditions of land and the needs of farmers. On the other hand, 

the underutilization of environmentally-friendly rice 

cultivation technology is due to insufficient agricultural 

extension workers. This condition leads to a stagnation in the 

dissemination of technology from research and development 

institutions to farmers.   

The results of the ordinance on the dimension of 

institutional sustainability are shown in Figure 5, which 

illustrates the varying conditions in each province. 

Furthermore, the provinces in Java and Bali island show better 

conditions of institutional sustainability compared to others. 

This relates to the condition of extension institutions, farmer 

groups, and economic institutions in Java and Bali, which are 

more developed than other provinces. 

 

 
 

Figure 5. Results of institutional dimension ordination 

 

In addition, implementing regulations to protect agricultural 

land is critical policy to maintaining the sustainability of rice 

farming. The amount of new paddy fields resulting from the 

agricultural extensification program is still inferior compared 

to its conversion to land for other uses [19]. On the other side, 

the decline in productive agricultural land causes regional 

compliance to implement regulation for the protection of 

sustainable agricultural land.  

A robustness test in the form of Monte Carlo analysis is 

conducted to avoid errors in the determination of indicator 

scores. This is due to imperfect knowledge about the analyzed 

unit, incorrect understanding of indicators and their scores, 

and data entry errors [12, 14]. Monte Carlo triangular analysis 

was used, and it included the minimum, the most likely, and 

the maximum value.  

Furthermore, Monte Carlo analysis is carried out using the 

scatter plot method, which shows the ordination of each 

dimension. The results of 100 repetitions show that MDS does 

not experience significant changes, as seen in Figure 6. This 

analysis showed that the results of the MDS ordination had 

overcome the random errors.  

 

3.2 Leverage analysis 

 

The leverage (Figure 7) shows the change in ordination 

caused by omitting several indicators or sensitivity analysis 

[12-14]. On the economic dimension, the indicator "B/C ratio" 

is the essential attribute of sustainable rice farming ordination 

with a value of 6.69%. Furthermore, the leverage value 

indicates that when the B/C ratio indicator is removed, then 

the difference in the position of the sustainability ordinance 

changes by 8.42%.  

Also, indicators that become the leverage for the economic 

dimension are agricultural labour and infrastructure with a 

value of 7.86% and 7.58%, respectively. These indicators 

show a reasonably significant leverage value compared to 

others within the economic dimension. This is in line with 

Rasmussen et al. and Wardana et al. [20, 21], which explains 

the importance of irrigation efficiency and the provision of 

infrastructure for sustainable agricultural production.  

Furthermore, land suitability in the ecological dimension is 
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the most crucial attribute in the ordination of sustainable rice 

farming with a value of 6.37%. The Ministry of Agriculture 

published Land Suitability Criteria for Agricultural 

Commodities and Agro-Ecological Zone Maps in 2013 as a 

reference for development. They also published the Cropping 

Calendar, also known as KATAM, which makes it easy for 

farmers and stakeholders to determine the right planting time, 

application of fertilizer, and provide various information 

related to rice cultivation needed by farmers and the 

government.  

Other indicators that become leverage for the ecological 

dimension are the Cropping Index and the use of chemical 

fertilizer with a value of 6.36% and 6.31%, respectively. The 

excessive use of chemical fertilizers has long been the focus 

of experts and policymakers due to its impact on land and 

water pollution [22]. 

 

 

 

 
 

Figure 6. Monte Carlo analysis 
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Figure 7. Leverage of sustainability scores 

 

One of the government's program to increase rice 

production is the enhancement of the Cropping Index [22]. 

This was implemented by improving irrigation systems and 

providing production facilities to enable rice to be planted two 

to three times a year. However, the continuity of this 

cultivation system raises fears of pest outbreaks, especially the 

explosion of the population of brown plant hoppers, which are 

very detrimental to farmers.   

The results of the leverage analysis on the social dimension 

show that the village accessibility is the most crucial attribute 

on the ordination of sustainable rice cultivation at the 

provincial level with a value of 5.37%. This includes the 

availability and access to transportation facilities such as 

traffic as well as road quality and accessibility [23]. 

Furthermore, without adequate access to the village, social life 

in the countryside, which is the center of rice cultivation, will 

be affected. Another indicator that becomes leverage on the 

social dimension is the level of participation of young people 

and women in the agricultural sector with a value of 4.70% 

and 4.69%, respectively. 

The institutional dimension shows that implementing 

regulation for the protection of sustainable agriculture land 

with a value of 8.10% is the most significant attribute of 

ordination at the provincial level. These show the importance 

of implementing regulations in each province and district to 

prevent the use of productive agricultural land for other 

purposes.   

The second influential attribute in the ordination of 

sustainable agriculture is "Farmers Economic Institution" with 

a value of 7.26%. This is in line with the government policy 

that encourages farmers to do business on a corporate basis 

[24]. Furthermore, with the leverage value of 5.65%, 

"Agricultural extension institutions" is the third most essential 

attribute in the ordination of sustainable agriculture. 
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Strengthening this Institution plays a vital role in sustainable 

agricultural development. In addition, the modernization of 

agriculture requires a new extension system to anticipate 

various global forces that influence change on the social, 

economic, and political order [25]. 

The radar diagram in Figure 8 shows that almost all 

dimensions of the provinces in Java and Bali have a higher 

value of sustainability compared to others, except for the 

social dimension. This is in line with the report of Takariyana 

[2] and Panuju et al. [26], that more than half of the national 

rice supply comes from Java. This condition undoubtedly 

affects the sustainability of rice farming because the rice fields 

in Java are declining, and the population is also increasing. 

Therefore, it is necessary to expand rice centers on other 

islands, especially for provinces whose sustainability value is 

quite high.  

 

 
 

Figure 8. Radar and kite diagram 

 

The social sustainability dimension in provinces of West 

Nusa Tenggara, West Sumatra, and South Kalimantan achieve 

the highest sustainability score. The Kite Diagram shows that 

the score in the technological dimension is the lowest 

compared to others. Furthermore, in order to maintain the 

sustainability of rice farming, new technologies are needed, in 

terms of seeds, cropping patterns, agricultural mechanization, 

integrated pest control, climate change adaptation, and others 

while taking into account environmentally friendly cultivation 

techniques. The increase in rice production remains in line 

with the rise in the sustainability value of the social, ecological, 

and institutional dimensions. 

 

 

4. CONCLUSION 

 

The sustainability status of rice farming development 

programs in Indonesia is described comprehensively through 

Rapsusagri Analysis, which is used by policymakers to design 

a follow-up and provide feedback in response to this rapid 

evaluation. 

The most important indicators (of leverage) on the 

ordinance of sustainable agricultural development at the 

provincial level include irrigated paddy area, agricultural 

infrastructure, rice productivity, the use of chemical and 

organic fertilizers, Cropping Index, land suitability, 

agricultural extension officers and institution, and village 

accessibility.  

Furthermore, the provinces in Java have higher values of 

sustainability compared to others. However, this condition is 

predicted to last for a short period. Therefore, the Indonesian 

Government must give more attention to develop other regions 

outside Java as a new rice production center.   

The Indonesian government needs to focus more on the 

Technology Dimension due to its low sustainability. Without 

technological innovation, it is difficult to achieve rice farming 

sustainability, which will in turn jeopardize food sovereignty 

in the country.     

The use of 15 out of the 34 provinces of rice center in 

Indonesia limits this study's analysis. To obtain a more 

comprehensible result on the sustainability of rice farming, 

further research needs to incorporate all provinces. Also, 

several indicators have not been reviewed due to limited data 

availability.  

Furthermore, this study is useful as a suitable reference to 

determine the effectiveness of government programs in 

increasing sustainable rice production. Also, it should be 

adopted by policymakers to formulate follow-up and feedback 

in response to the evaluation results concerning the provinces 

with the lowest level of sustainability conditions and the most 

important indicators (leverage).  
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