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This study aimed to investigate the driving factors behind functional shifts in rice fields 

and to assess the contribution of rice field activities to greenhouse gas emissions. Data 

were collected from 58 respondents, including heads of subak systems, agriculture 

officers, representatives from the Tabanan Department of Agriculture and Horticulture, 

and academicians. Leverage analysis, Interpretive Structural Modeling (ISM), and 

emission calculations using the 2019 IPCC approach were employed, along with time 

series data from 2016 to 2020. The findings revealed that the primary determinants of 

functional shifts included pest attacks and diseases, rice field selling prices, availability 

of production facilities, housing needs and tourism growth in the study area, family 

participation in rice field management, marketing institutions, enforcement of awig-awig 

subak (penalties for rice field conversion), and the conditions of irrigation canals and 

roads to the farming area. Emission analysis, focusing on methane, demonstrated that the 

reduction in rice field area due to functional shifts between 2016 and 2020 led to a 21.95 

percent decrease in greenhouse gas emissions. 
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1. INTRODUCTION

Agricultural land in Indonesia, particularly rice fields, is 

undergoing significant functional shifts as the population 

expands and development progresses. Previous research 

estimated that 96,512 hectares of rice fields were converted for 

other purposes between 2000 and 2015 in nine of the country's 

rice production centers, including West Java, East Java, Bali, 

West Nusa Tenggara, South Sulawesi, South Kalimantan, 

South Sumatra, North Sumatra, and Gorontalo [1]. 

Furthermore, it is projected that the total area of rice fields in 

these provinces will decline from 8.1 million hectares to just 

5.1 million hectares by 2045 [1]. These findings indicate that 

functional shifts of rice fields in Indonesia are occurring at an 

alarming rate. 

The primary factors driving land conversion include 

increasing demand for land, rising land prices, poor irrigation 

conditions, and weak laws and regulations [2-5]. Land 

conversion is often a response to the growing needs of the 

population and the desire for improved living conditions, 

housing, and infrastructure development [6-8]. Functional 

shifts in high-productivity irrigated areas pose a greater threat 

to food production sustainability, particularly for staple foods 

like rice, than shifts in areas with low productivity [9, 10]. 

Bali, a major rice production center in Indonesia, 

experienced a 3.13% decrease in rice field area, equivalent to 

2,539 hectares, between 2013 and 2017 [11]. In nearly all 

regencies/cities of Bali, this decline is attributed to land 

consolidation for infrastructure development, public service 

facilities, and settlements [12]. Additionally, the conversion of 

rice fields into unutilized or abandoned land has been linked 

to limited water resources for rice cultivation, disrupted 

irrigation canal facilities and infrastructure, and a lack of 

human resources willing to pursue farming [13]. 

Tabanan Regency, widely known as a "food barn" and a 

tourist destination in Bali, has seen a substantial decrease in 

rice field area, with a reduction of 1,193.54 hectares between 

2016 and 2020 [14]. Much of the land has been developed into 

housing and tourist attractions, as well as supporting facilities 

such as lodging and restaurants. As rice field areas are 

repurposed for other functions, land prices continue to rise, 

encouraging farmers to sell, convert [14], or rent out their rice 

fields for non-agricultural purposes, as these alternatives offer 

higher profits than rice production. 

While rice fields are essential for providing food, 

particularly rice as a staple for most Indonesians, rice 

cultivation practices involving irrigation are also significant 

sources of greenhouse gas emissions, especially methane (CH4) 

[15, 16]. The three primary sectors contributing to climate 

change-inducing emissions are energy, land, and waste, which 

collectively generated approximately 22.4 million tonnes of 

CO₂ equivalent in 2010, a figure expected to increase annually 

[17]. 

Greenhouse gases produced by the agricultural sector pose 

a threat to the global climate and environment [18]. Examples 

of environmental harm include water and soil pollution from 

chemical use (fertilizers and pesticides) and silting of rivers 

and irrigation canals during land cultivation [19]. Methane 

(CH4), a potent greenhouse gas, plays the second most 

significant role in causing climate change after CO₂ [20]. One 

molecule of methane in the troposphere has 21 times the 
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warming potential of one CO₂ molecule [21], making it crucial 

to control its atmospheric concentration. 

Flooded or submerged rice fields with irrigated systems 

create ideal conditions for methane formation, with methane 

being emitted or channeled into the atmosphere through rice 

stems [22, 23]. Parenchymal cells in rice stems transport 

oxygen from the atmosphere to the root zone, creating aerobic 

conditions for root respiration in flooded soil and CH4 

oxidation in the rhizosphere [22, 23]. 

The present study focuses on Tabanan Regency, where 

functional shifts of rice fields have been occurring at an 

increasing rate from 2016 to 2020. The shrinking rice 

production area raises concerns about food security, making it 

crucial to identify the driving factors behind functional shifts 

and develop strategies to better manage land-use changes [24]. 

Additionally, understanding the contribution of diminished 

rice field area to greenhouse gas emissions is vital, as methane 

generated by rice cultivation practices negatively impacts 

global climate change. 

 

 

2. METHODOLOGY 

 

This research purposively selected Tabanan Regency as the 

study area because it represents the rice production center in 

Bali Province, Indonesia, that has experienced a substantial 

areal decrease, i.e., 5.56% in five years from 2016 to 2020 for 

being allocated into non-agricultural purposes. Tabanan is 

located about 35km west of Denpasar, the provincial capital. 

It has a total area of 839.33km² (14.90% of the provincial area) 

and is bordered by Buleleng Regency to the north, Badung 

Regency to the east, the Indian Ocean to the south, and 

Jembrana Regency to the west. In terms of climate, Tabanan 

has seasonal tropical rain characterized by a rainy season from 

November to May and a dry season from April to September. 

The average annual rainfall is about 2,155-3,292mm, with 

temperatures in the range of 24°C-30°C (average 27°C) and 

air humidity of 74%-77% [25]. Figure 1. shows the map of 

Tabanan Regency. 

 

 
 

Figure 1. Map of the research location 

 

The research used primary and secondary data. The 

secondary data were collected from BPS-Statistics Indonesia, 

the Department of Agriculture, and Agricultural Extension 

Services for Tabanan Regency, and the primary data were 

obtained through observations, in-depth interviews, and focus 

group discussions (FGDs). During observations, the 

conditions of rice fields in relation to land conversion were 

directly examined. In-depth interviews with farmers were 

conducted using questionnaires, and FGDs with relevant 

informants and key persons were also carried out using 

interview guidelines that produced numerical data or scores. 

FGDs aimed to improve data reliability (second-level data), 

for it also relied on expert judgments from parties well-

informed about priority policy strategies planned for different 

periods (short, medium, and long terms) to control the 

conversion of rice fields. 

The informants in this research were chosen deliberately 

with two considerations: (1) they had sufficient experience and 

knowledge regarding the functional shift of rice fields and (2) 

they were in the relevant position to give information about the 

research topic, had a good reputation in their field, and showed 

credibility by providing consistent information. The research 

involved a total of 58 respondents, consisting of 45 farmers 

who had converted their rice fields into built-up land and 

subak farmers and 13 experts from the Tabanan Department of 

Agriculture and Horticulture, agricultural extension officers, 

and academics. The farmers were, on average, 55 years old, 

mostly male (two females), and had attained secondary 

education at senior high schools or equivalent. The experts 

were also about 55 years old, male, and had at least a 

bachelor's degree. 

The factors causing the functional shifts of rice fields were 

determined using leverage analysis. This analysis has wide 

applications because it uses a universal yet adjustable model 

in that the attributes of each dimension can be selected 

specifically to represent the local conditions. In this research, 

this adjustability is primarily utilized to explain the social 

aspect developing in Bali. Table 1 shows the five dimensions 

used in the leverage analysis: ecological, economic, social, 

institutional, and technological. These dimensions were 

selected according to the concept of sustainable agriculture 

described in Law No. 41 of 2009 on the Protection of 

Sustainable Food Agricultural Land. Each dimension was 

broken down into several attributes. The dimensions and 

attributes are both independent (each dimension stands alone). 

The leverage analysis examined 36 attributes from five 

dimensions using Rapid Sustainability Index software (RSI) 

which is part of the multidimensional scaling approach [26]. 

This analysis aimed to find sensitive attributes, termed most 

important or determining factors, that caused the conversion 

of rice fields as a threat to rice production sustainability. These 

sensitive attributes were defined based on the order of the 

percentage of change in the root mean square (RMS) values 

on the x-axis. The greater the percentage, the greater the role 

of these attributes in converting rice fields. Furthermore, 

attributes with the largest RMS values are the most 

determining factors of the functional shifts. 

As seen in the research flowchart in Figure 2, the leverage 

analysis was followed by Interpretive Structural Modeling 

(ISM) analysis to formulate strategies for controlling the 

functional shift of rice fields. ISM can capture dynamic 

complexities by describing or breaking down an abstract 

problem to make it more structured [9]. 
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Figure 2. Research diagram 

 

Table 1. Dimensions and attributes used in the leverage 

analysis 

 
No Dimension Attribute 

1 Ecological 

1. Pest attacks and diseases 

2. Use of fertilizers 

3. Rice seed quality 

4. Water availability 

5. Waste in irrigation canals 

6. Drought occurrences 

7. Flood occurrences 

2 Economic 

1. Farmer’s income 

2. Farming costs 

3. Price stability 

4. Government supports 

5. Land tax for rice fields 

6. Available production facilities 

7. Rice land’s selling price 

3 Social 

1. Farmer’s age 

2. Family participation in managing       

rice field 

3. Conflicts about farming practices 

between farmers 

4. Farmer’s health 

5. Farmer’s knowledge of the impact 

of functional shifts (land conversion) 

6. Farmer’s education level 

7. Number of dependent family 

members 

8. Tourism growth 

9. Housing needs 

4 Institutional 

1. Available subak system 

2. Awig-awig subak enforcement 

3. Agricultural extensions 

4. Capital/resource provision 

institutions 

5. Marketing institutions 

6. Coordination between related 

agencies/institutions 

5 Technological 

1. Irrigation canal condition 

2. Acceptance of new technologies 

3. Available rice (yield) processing 

industry 

4. Road conditions to the farming area 

5. Technology’s relevance to farmers’ 

habits 

6. Distance to rice fields 

 

The amount of methane gas emitted from rice farming 

practices was calculated using the 2019 IPCC approach (Tier 

2) based on time series data on changes in the harvested area 

from 2016-2020. It was derived by multiplying activity data 

and GHG emission factors. The activity data used were 

different water regimes before and during the cultivation 

period, soil types, and rice varieties. 

 

 

3. RESULTS AND DISCUSSION 

 

3.1 Leverage analysis 

 

The leverage analysis showed ten attributes with the largest 

root mean square (RMS) values in each dimension. These 

sensitive attributes, or determining factors, had the most 

influence on the functional shift of rice fields and could exert 

pressure on future rice farming sustainability in Tabanan. The 

attributes in question were (E1) pest attacks and diseases that 

caused damage to rice farming; (E2) the selling price of rice 

fields; (E3) available production facilities; (E4) housing needs; 

(E5) tourism growth in the research area; (E6) family 

participation in managing rice fields; (E7) available marketing 

institutions; (E8) the enforcement of awig-awig subak 

(penalties for rice field conversion); (E9) the condition of 

irrigation canals, and (E10) the condition of roads to the 

farming area. 

 

3.1.1 Ecological dimension 

The ecological dimension in this research used seven 

attributes: (1) pest attacks and diseases, (2) the use of 

fertilizers, (3) rice seed quality, (4) water availability, (5) 

waste in irrigation canals, (6) drought occurrences, and (7) 

flood occurrences. The leverage analysis results for the entire 

ecological dimension are shown in Figure 3. 

 

 
 

Figure 3. Attributes of the ecological dimension of rice field 

preservation and their root mean square (RMS) values 

 

From the ecological dimension, one attribute had the largest 

RMS value of 1.78, namely pest attacks and diseases. This 

attribute is the determining factor of the functional shift of rice 

fields in the research area. Pest attacks and diseases cause the 
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most damage to rice farmers because they reduce yields and 

may even lead to crop failure. The most common pests of rice 

in Tabanan Regency are rats, leafhoppers, insects, and crabs 

[27]. 

 

3.1.2 Economic dimension 

The economic dimension in this research also used seven 

attributes: (1) farmer’s income, (2) farming costs, (3) grain 

price stability, (4) government supports, (5) land tax for rice 

field, (6) available production facilities, and (7) the selling 

price of rice fields. The leverage analysis results for the 

economic dimension are presented in Figure 4. 

 

 
 

Figure 4. Attributes of the economic dimension of rice field 

preservation and their RMS values 

 

The economic dimension had two attributes with the largest 

RMS values: the rice field’s selling price and available 

production facilities. Both attributes are the determining 

factors of the functional shift of rice fields in the research area. 

The rice fields in Tabanan Regency are offered at a relatively 

high price of up to IDR500,000,000 per acre, especially the 

plots located close to highways and tourist attractions where 

extensive functional shifts of rice fields occurred. Both objects 

and the development that ensued are enticing farmers who are 

also landowners to sell or convert their rice fields because 

these options are considered more profitable than rice farming. 

Suamba et al. [28] proposed preserving rice fields with an 

agrotourism system, which is expected to prevent land 

conversion while increasing the local community’s economy. 

Limited production facilities for farming resources, 

especially inorganic fertilizers like Urea and NPK, are another 

reason rice farmers abandon agricultural activities. Urea and 

NPK are required to produce favorable yields, but instead of 

self- or co-producing, farmers have to buy their entire fertilizer 

supplies. With unstable availability, scarcity of fertilizers in 

the market tends to lead to high prices, thus increasing farming 

costs. 

 

3.1.3 Social dimension 

The social dimension in this research used nine attributes: 

(1) the age of the farmer, (2) family participation in managing 

rice fields, (3) conflicts between farmers, (4) farmer's health, 

(5) farmer’s knowledge of the impact of rice field conversion, 

(6) farmer's education level, (7) the number of dependent 

family members, (8) tourism growth, and (9) housing needs. 

The leverage analysis results for this social dimension are 

depicted in Figure 5. 

From the social dimension, three attributes had the largest 

RMS values: housing needs, tourism growth, and family 

participation in managing rice fields. These attributes are the 

determining factors behind the functional transitions of rice 

fields in Tabanan. With the growing number of immigrants 

and local residents in Tabanan, there is an increasing need for 

new settlements, the space for which is often provided by 

converting rice fields. Similarly, this causal relationship is also 

explained in Lulan et al. [29] based on findings in several 

districts on Timor Island, East Nusa Tenggara, Indonesia, 

where rice fields have been converted into new settlements to 

accommodate residents in the region. In addition, rice fields in 

Tabanan are converted to develop tourism-supporting 

facilities such as hotels and villas because Tabanan is also one 

of the most visited tourist destinations in Bali [30]. Another 

significant challenge in sustaining rice fields’ production 

function is associated with the lack of regeneration of farmers 

and government’s attention to farmers’ welfare, making fewer 

younger family members engage in agriculture [31]. The low 

participation of families/next generations in managing rice 

fields makes it difficult to guarantee future rice production 

sustainability [32]. 

 

 
 

Figure 5. Attributes of the social dimension of rice field 

preservation and their RMS values 

 

3.1.4 Institutional dimension 

In this research, the institutional dimension used six 

attributes: (1) available subak system, (2) enforcement of 

awig-awig subak, (3) agricultural extension, (4) 

capital/resource provision institutions, (5) marketing 

institutions, and (6) coordination between related 

institutions/agencies. The leverage analysis results of the 

institutional dimension are shown in Figure 6. 

 

 
 

Figure 6. Attributes of the institutional dimension of rice 

field preservation and their RMS values 

 

688



 

The institutional dimension had two attributes with the 

highest RMS values: available marketing institutions and the 

enforcement of awig-awig subak (penalties for rice field 

conversion). These sensitive attributes are the determining or 

most important factors behind farmers’ choice to sustain or 

change the production function of their rice fields. Marketing 

institutions that stand with producers/farmers and specifically 

give spaces for them to sell their products are expected to 

substantially improve farmers’ welfare and promote the 

success of agribusiness [33]. The agricultural sector in Bali, 

especially food crops, cannot be separated from the long-

standing subak system, which is part of the socio-agricultural-

religious interaction that has now developed into an 

institutional arrangement to manage water and other elements 

of rice farming. However, subak has yet to reduce the 

conversion rate because there are no written or unwritten rules 

regarding the functional shift of rice fields, thus creating 

challenges in the existence and implementation of subak in the 

future [34]. 

 

3.1.5 Technological dimension 

In this research, the technological dimension used six 

attributes, consisting of (1) irrigation canal conditions, (2) 

acceptance of new technologies, (3) availability of product 

processing industry, (4) the road condition to the farming area, 

(5) the relevance of technology to farmers' habits, and (6) the 

distance to rice fields. The leverage analysis results for the 

technological dimension are presented in Figure 7. 

From the technological dimension, two attributes had the 

highest RMS values: the conditions of irrigation canals and 

roads to the farming area. These sensitive attributes are the 

determining factors of the functional shift of rice fields. The 

irrigation canals in Tabanan Regency are moderately to 

heavily damaged. Heavy damages are often associated with 

the impact of landslides (i.e., collapses) and leaks at several 

locations. In addition, the road access to the rice field location 

is mostly inadequate or even non-existent. In the majority, 

farmers can access the area through footpaths, which are 

usually difficult to pass during rainy seasons and are thus 

believed to be a specific challenge in rice farming [35, 36]. To 

deal with these challenges, it is encouraged to adopt 

technology that promotes fast exchange of information 

between farmers, stakeholders, and the public. The needed 

information, e.g., farming activities and existing facilities on 

rice fields, can be obtained and presented using mapping 

technologies [37, 38]. 

 

 
 

Figure 7. Attributes of the technological dimension of rice 

field preservation and their RMS values 

 

3.2 Strategies to control rice field conversion 

 

The ISM (Interpretive Structural Modeling) analysis in this 

research was used to obtain the structure or stages of strategies 

for controlling rice field conversion in Tabanan Regency. 

Based on the leverage analysis, there are ten determining 

factors of the conversion. The ISM analysis partitioned these 

factors into several levels and produced a matrix describing 

the level of influence and dependence between factors. The 

matrix classifies each factor into one of the four quadrants: 

linkage, dependent, autonomous, or independent. 

The factor partitioning in Figure 8. divides the ten 

determining factors of the rice field conversion into three 

levels: 1, 2, and 3, and each level was plotted into the matrix 

in Figure 9. Factors E4 and E8 were located at level 3 and in 

the independent quadrant. This quadrant represents a key 

(dominant) factor behind the functional shift of rice fields in 

the research area that exerts a strong driving force (see the 

horizontal axis) and weak dependence (vertical axis). Factors 

E2, E5, E6, and E10 were at level 2 and in the linkage quadrant, 

which has weak driving power but strong dependence. Factors 

E1, E3, E7, and E9 were at level 1 and in the dependent 

quadrant, which has a strong driving force and dependence. 

From these results, the strategies to control the functional 

shifts were broken into three stages according to the level and 

position of the determining factors. The short-term strategy is 

aimed at challenges related to level-3 attributes or determining 

factors, the medium-term is for level-2 factors, and the long-

term is for level-1 factors. These strategies are described in 

Figure 10. 

The short-term strategies include restricting developers and 

immigrants from converting rice fields into settlements and 

creating/enforcing the awig-awig subak regulation that is 

related to limiting the functional shift of rice fields. These 

strategies should be implemented first and immediately 

because they are focused on dealing with the key driving 

factors behind the shift. Implementing restrictions to regulate 

permanent stay for immigrants can minimize the development 

of new housing areas in Tabanan Regency. Rules or awig-awig 

should be enforced to prevent farmers from converting their 

rice fields and regulate penalties for those failing to obey the 

rules. Awig-awig is believed to help reduce the conversion of 

rice fields. 

 

 
 

Figure 8. Ten determining factors of the functional shift of 

rice fields partitioned into three levels 

 

Notes: 

E1: pest attacks and diseases that disturb rice farming 

E2: rice land’s selling price 

E3: available production facilities 

E4: housing needs 

E5: tourism growth in the research area 

E6: family participation in managing rice fields 

E7: available marketing institutions 

E8: enforcement of awig-awig subak (related to penalties 

for changing the production function of rice fields) 

689



 

E9: conditions of irrigation canals 

E10: conditions of roads to the farming area 

 

 
 

Figure 9. Matrix linking the level of influence of the 

determining factors to the degree of their interdependence 

 

 
 

Figure 10. Strategies to control functional shifts of rice fields 

in Tabanan regency divided into short, medium, and long 

terms 

 

The medium-term strategies involve providing incentives 

for farmers, creating stricter permits to build tourism-

supporting facilities, raising the younger generation's interest 

in farming, and building agricultural infrastructure, e.g., 

agricultural roads or farm tracks. In addition, considering the 

high selling price of rice fields, future land sales can be 

prevented by providing incentives such as tax relief for rice 

fields. Creating stricter permits to build supporting facilities 

around tourist attractions and establishing and consistently 

enforcing green lanes are expected to minimize the conversion 

of rice fields. In addition to farm tracks, the first adopted 

strategy to awaken the desire of the younger generation to 

become farmers and eventually improve farmers’ welfare is by 

enhancing their knowledge of subak in particular and rice 

fields in general. 

The long-term strategies consist of coordinating with 

relevant agencies to control pests and diseases, increasing 

subsidies for farmers (especially fertilizers), establishing a 

grain marketing institution, and performing regular 

maintenance of irrigation channels. The government is 

expected to provide more subsidies for production facilities, 

especially fertilizers, to reduce the production costs that 

farmers incur and, at the same time, increase their income. A 

marketing institution needs to be established to accommodate 

farmers in selling their grain at a more profitable price. 

 

3.3 Emission contribution of rice fields 

 

The functional shift of rice fields in Tabanan in the 2016-

2020 period decreased the rice production and harvested areas. 

The calculation of greenhouse gas emissions, especially 

methane, using the 2019 IPCC (Tier 2) method showed that 

the decreased harvested area reduced the amount of methane 

gas produced. Table 2 shows the contribution of rice fields to 

methane gas emissions in Tabanan from 2016 to 2020. 

 

Table 2. Contributions of methane gas emissions from rice 

fields in Tabanan regency in the 2016-2020 period 

 

No Year 

Harvested 

Area 

(Ha/year) 

Methane 

Emission 

(Gg 

𝐂𝐇𝟒/year) 

Methane 

Emission 

(tonne 𝐂𝐎𝟐-

eq/year) 

1 2016 32,374 1.572 44,016 

2 2017 36,810 1.786 50,008 

3 2018 32,172 1.562 43,736 

4 2019 26,607 1.292 36,176 

5 2020 25,270 1.227 34,356 

 

In 2016, the amount of methane gas emitted from a 

harvested area of 32,374 hectares was 1,572Gg CH4/year or 

44,016 tonnes CO2-eq/year, which then decreased to 1,227Gg 

CH4/year or 34,356 tonnes CO2-eq/year in 2020 because the 

harvested area also narrowed to 25,270 hectares. The 

shrinking of the harvested area by 7,104 hectares (21.94%) 

within the course of five years reduced the amount of methane 

gas emission by 9,660 tonnes CO2-eq/year (21.95%). From 

these calculations, it can be inferred that the decreased 

contribution of methane gas emission from rice fields 

generally occurs in tandem with a decrease in the harvested 

area. This finding is in line with Pratiwi et al. [39] which stated 

that the decline in the harvested area of rice fields in 

Prabumulih City, South Sumatra, Indonesia, due to their 

conversion into non-agricultural land also reduces the amount 

of the methane gas released by rice fields. In other words, 

reducing the rice field area helps diminish greenhouse gas 

emissions. 

 

 

4. CONCLUSIONS 

 

There are many driving factors behind the functional shifts 

of rice fields in Tabanan, Bali. However, the determining 

factors are pest attacks and diseases, the selling price of rice 

fields, available production facilities, housing needs and 

tourism growth in the research area, family participation in 

managing rice fields, available marketing institutions, the 

enforcement of awig-awig subak (penalties for the functional 

shift), and conditions of irrigation canals and roads to the 

farming area. 

To control the rate of the functional shift, there are three 

types of strategies that can be implemented: short, medium and 

long-term strategies. The short-term strategies include 

restricting developers and immigrants from converting rice 

fields into settlements and building/strengthening the awig-

awig subak that is related to limiting the functional shift of rice 

fields. The medium-term strategies are providing incentives to 

farmers, creating stricter permits to build tourism-supporting 

facilities, raising the younger generation’s interest in farming, 

and building agricultural infrastructure such as farm tracks. 

The long-term strategies involve coordinating with relevant 
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agencies to control pests and diseases, increasing subsidies for 

farmers (especially for fertilizers), creating a special 

marketing institution for grain sale, and regularly 

maintaining/improving irrigation canals. In terms of 

contributions to greenhouse gas emissions, a decrease in the 

harvested area due to the functional shift from 2016 to 2020 

also reduced the amount of methane released from rice fields 

by 9,660 tonnes CO2-eq/year or 21.95%. 
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