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Subak is a unique irrigation system in Bali that is based on Hinduism and the
philosophy of tri hita karana that consists of elements of parhyangan,
pawongan, and palemahan, are three balances and harmonies that are still
maintained for sustainability. This study aims to identify changes in four
dimensions of subak, which may threaten its sustainability in the city of
Denpasar; identify the most sensitive dimension that influences the
sustainability of subak in Denpasar; as well as formulate a development model
of subak that will ensure its sustainability in Denpasar. Based on MDS analysis
on the changes of different dimensions of subak that threaten its sustainability
in Denpasar, it is known that the “dimension of mindset” is the most sensitive in
processes of sustainability of subak. Sensitivity in this context relates to the
awareness of the importance of farmer's mindset as a variable to ensure the
sustainability of subak, considering the mindset of farmers will determine the
success of sustainability processes on existing land management. Following
that result, ISM analysis was done to formulate a development model for the
sustainability of subak. Based on the analysis, the strongest driving factor that
determines the realization of subak sustainability was obtained, namely the
mindset of farmers. Farmer's mindset helps the protection of subak artifacts
(ricefields) in terms of controlling the rate of agricultural land-use change
beyond external efforts (such as through spatial regulation). Internal
agreement between the members of subak through awig-awig is equally
important in controlling agricultural land-use change. This is the consequence
of the sustainability of subak.
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1 Introduction

Bali is the only province that maintains the continuity of subak institutions as reflected through the passing of
Provincial Regulation No. 9 the Year 2012. There are a total of 1,604 subak and 1.107 subak abian that spread
in both urban and rural areas (Bappeda Provinsi Bali, 2016). The provincial regulation on subak suggests that
subak is a traditional organization of water management and/or cultivation management at the level of
Balinese customary communities’ farming system with socio-agricultural, religious, and economic aspects that
historically grows and thrives (Sumiyati et al, 2017). Subak is a unique irrigation system in Bali is imbued by
Hinduism, as many religious rituals are performed throughout different agricultural activities in subak. Subak
is a socio-agricultural and religious organization is based on tri hita karana philosophy, namely three sources
of balance and harmony, which consists of elements of parhyangan, pawongan dan palemahan (Arnawa, 2011;
Hutasoit & Wau, 2017; Parwati & Trianasari, 2016).

Based on its originality, uniqueness, and values that have been globally accepted, which reflect human
values as a whole and providing welfare for the society, The United Nations Educational, Scientific and
Cultural Organization (UNESCO) considered subak as a cultural heritage in 2012 (Norken et al,, 2017). The
strength of subak as an irrigation system that is seasonally self-managed by farmers, especially for rice
cultivation, is not only due to its function as water management organization and irrigation system but also
related to food production, irrigated agricultural land ecosystem, and religious rituals that are related with
rice cultivation (Aryawan et al, 2013). Subak also reflects honorable values that are universal and very
relevant in the implementation of sustainable development.

Irrigated land with rice cultivation has an important economic role in the food supply, environmental
preservation, biodiversity function, socio-cultural values conservation in rural areas and agricultural function
in the tourism sector. Availability of water sources availability has been limited, however, the demand for
water has increased over time. In the context of local wisdom, if ricefields are gone, the cultural practice of
rice cultivation and its accompanying rituals will also vanish. Thus, it is important to preserve the subak
system in Bali as the local genius of Bali. For that reason, ricefields must be preserved because without
ricefields subak will not exist. According to Sutawan (2005), the concept of sustainability of subak includes the
continuity of institutions, irrigation system, food production, ricefield ecosystem, tradition, and religious
rituals that are related to rice cultivation, as well as the local natural environment that is the external factor of
subak.

The challenges that are directly and indirectly faced by subak come from the tourism sector in Bali that has
caused the younger generation to become less inclined to work in the agricultural sector. Tourism has brought
several transformations in terms of income, transportation, and communication, which in the end triggered an
exodus of the workforce to the tourism sector. The tourism sector in Bali that has thrived in the southern part
of Bali has pushed urbanization exodus that is motivated by higher prestige for working in the tourism sector
rather than farming.

The limitation of land-use change through spatial plans and regulations could oblige farmers to not sell
their lands (Andersson & D'Souza, 2014; Walder & Kantelhardt, 2018). Ricefield areas in Denpasar has shrunk
230,6 hectares from 2018 to 2019. Based on that data, the current and previous ricefields that still exist in

LS Vol. 4 No. 1, April 2020, pages: 109-117



LS e-1ISSN : 2550-6986 LI p-ISSN : 2550-6994 111

Denpasar in 2019 are about 1.939,4 hectares, meanwhile, the total ricefield areas in 2018 were up to 2.170
hectares. The shrinking of ricefields in 2018 from 2.170 hectares to 1.939,4 hectares was caused by
agricultural land-use change in Denpasar that has been unstoppable. The increase of population that live in
Denpasar and the acceleration of economic growth have pushed out the existence of subak (BPS Kota
Denpasar, 2019).

Land-use change and water problems related to competitive usage of water have become a serious threat
to the sustainability of subak, especially in Denpasar, which has experienced the highest loss of ricefields.
Thus, it is important to create a sustainable development model of subak in Denpasar.

Literature review
Subak

Subak is a rice farmer’s organization that organizes traditional irrigation and has become part of Balinese
culture. According to Provincial Regulation No. 9 the year 2012, subak is a traditional organization of water
management and/or cultivation management at the level of Balinese customary communities’ farming system
with socio-agricultural, religious, and economic aspects that historically grows and thrives.

Urban Agriculture

According to the Rural-Urban Agriculture Foundation (RUAF) report in 2008, urban agriculture is a form of
agricultural activity in or around urban areas. The most defining difference between urban and rural
agriculture is the integration of urban agriculture with the urban economic system and urban ecosystem
(Conforti & Giampietro, 1997; Jackson, 2002; Yunlong & Smit, 1994; Van Elsen, 2000).

The concept of sustainability

According to the Brundtland Commission report, what is meant by sustainability or preservation is an activity
or effort to guarantee the needs of the present by considering the next generation in getting the same
opportunity in meeting their needs. About subak, the preservation or sustainability of subak encompasses the
efforts made to ensure the existence of subaks capable of carrying out their multi roles both economically,
socially, culturally, and environmentally, both for the current generation and subsequent generations (Windia,
2008; Roth, 2014; Arta et al, 2020).

System and model approach

The system approach is a way of solving problems that begin with the identification of several needs so that it
can produce the operation of the system that is considered effective. The systems approach is generally
characterized by two things, namely: (1) finding all the important factors that exist to get a good solution to
solve the problem and (2) making an element of quantitative models to help make decisions rationally.

The type of classification of the hypothetical model in this study is closer to the empirical model, where
the hypothetical model that is formulated is based on data and suggestions or input from objective
conditions in the field, namely stakeholders related to subak. Viewed from the aspect of its function, the
model developed is classified as a predictive model, which is a model that shows what will happen if
something happens.

Rapid appraisal analysis

The Subak RAP ordination technique is the development of RAP analysis developed by the University of
British Columbia, through the Multi-Dimensional Scaling (MDS) method. MDS is a statistical technique that
helps to transform into simpler dimensions, where this analysis is used to assess the sustainability of a
system.

Wijayanti, P. U., Windia, W., Darmawan, D. P., & Widhianthini, W. (2020). Sustainable development model of
subak in Denpasar City. International Journal of Life Sciences, 4(1), 109-117.
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2 Materials and Methods

The selection of subaks as research locations is carried out in purposive technique, with the consideration that
the region is a combination of urban and suburban areas that have experienced significant changes in the
function of agricultural land. Based on these considerations, the selected subaks were: Anggak Subak,
Umadesa Subak, and Umalayu Subak which are administratively located in Penatih Village, East Denpasar
District, Denpasar City.

Key respondents in this study include three Pekaseh from each subak who were considered as
representatives of farmer groups; two participants who were the Head of the Denpasar Agricultural Food and
Horticultural Service Office and the Head of the Planning, Data, and Reporting Subdivision; two participants
representing the National Land Agency (BPN) of Denpasar City; two participants representing the Denpasar
City Public Works Department Employees in charge of urban spatial planning; two participants from NGOs in
the environmental field; 5 community members living in the vicinity of the study site who are considered to
be affected; and two academics.

Data collection techniques used in this study include in-depth interviews with various parties who have
been determined as key respondents who are the object of research as well as documentation, which is a
method of collecting secondary data obtained from related agencies to find a general description of the
research area. This study uses a Multi-Dimensional Scaling (MDS) questionnaire in which some attributes are
assessed by key respondents using scores and in-depth interviews conducted with experts about their
understanding of the policies that need to be carried out in the context of sustainability of subak in Denpasar
City. The statistical technique used in this study is the RAP Subak ordination technique through the Multi-
Dimensional Scaling (MDS) method.

Table 1
The variables, dimensions, attributes, measurement scale, and scores in this study

Variable Dimension  Attribute Measurement Scale

Subak Dimension Mindset 1. Strengths of the subak members' cooperation Score

Shifts in Cities activities

The level of mechanization in farming

Availability of irrigation water

Subak ceremony /ritual

The existence of awig-awig

Strength of cooperation activities on the

reliability of irrigation networks

Challenges of irrigation water pollution to

farming

Challenges over land-use change on farming

The existence of farmer cooperatives score

Extension activities

Coordination between subaks

Enforcement of awig-awig

Trust between members

Subak members involvement in subak

meetings

7. The decision on cultivation patterns

8. Frequency of farmers participating in
training

9. Implementation of subak meetings

10. Farmer education level

11. Land ownership status

12. Family participation in farming

13. Frequency of conflicts between subak

ok~ wd

~

Social

Ok WM o
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members

Clarity of subak boundaries score
The existence of paparem

Adequacy of operating costs

Internal rules regarding land-use change
The condition of bagi

Irrigation network conditions

The existence of subak temple

Decision making facilities

The condition of road/access to farming
areas

Wages of farm labor score
Obligation to pay land tax

Farm scale

Determination of sarin year

Determination (percentage of contributions
paid)

Farming income

Farmer's family income from farming

The amount of income per capita from
farming

Artifacts/
materiality

©CoNooa~wWdNE

Economic

agrowbdE

o N o

3 Results and Discussions
3.1 Sustainability of Subak in Denpasar City Seen from Multi-Dimensional Scaling (MDS) Analysis

The results of data processing with multi-dimensional scaling (MDS) show that the index value of the
economic dimension of sustainability is 62.05. The value of the sustainability index of this economic
dimension implies that the economic dimension in the development of a sustainable subak is in a sufficient
category.

The results of leverage analysis on the economic dimension show that three indicators are sensitive to the
value of the sustainability index of these dimensions, namely: (1) farm labor wages, (2) determination of sarin
years, (3) farm scale. Wages of farm laborers must be a concern so that workers who work on farms can
provide optimal results. If many workers feel they earn enough and could survive to work on farming, then
the sustainability of the ricefields and also the main subaks will be maintained.

The results of the multi-dimensional scaling test show the value of the sustainability index on the social
dimension is 82.13. This category of "very continuing" shows that the condition of subaks in Denpasar City
still exists, although the number of subak functions has decreased. The decrease in the number of subaks and
subak functions in Denpasar City has been caused by land-use change. Attributes that exist in the social
dimension with the results of the leverage factor analysis show that the attribute of the frequency of farmers
attending the training has the highest value (5.49), followed by the education level of the farmer (5.05) and
determination of cultivation patterns (2.52).

The results of testing with multi-dimensional scaling (MDS) show that the most sensitive dimension in the
results of this test is the mindset dimension, which is a value of 59.92. This means that mindset is the most
sensitive dimension that has the most influence on the sustainability of subak. The mindset from the external
aspect of Subak is a regional regulation created by the government to ensure that Subak remains sustainable
by providing agricultural subsidies. The mindset of the internal aspects of Subak is the thinking of the farmers
themselves to keep farming and not sell their land (not switching the function of agricultural land owned so
far).

Based on the attributes that exist in the dimension of mindset with the value of the results of the leverage
factor analysis, it is known that the attributes of the implementation of subak ceremonies/rituals have the

Wijayanti, P. U., Windia, W., Darmawan, D. P., & Widhianthini, W. (2020). Sustainable development model of
subak in Denpasar City. International Journal of Life Sciences, 4(1), 109-117.
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highest value (4.69), followed by the level of challenge of irrigation water pollution posed toward farming
(3.60) and the strength of cooperation activities on the reliability of irrigation networks (3.04).

The results of the multi-dimensional scaling (MDS) test shows that the artifact/material dimension has a
value of 94.87. This value is the highest value of all existing test dimensions. It means that physically or
materially, everything is available to fulfill the needs in the effort to develop a sustainable subak. Then, based
on the existing attributes on the artifact/material dimension, according to the value of the results of the
leverage factor analysis, it is known that the operational and maintenance costs of the subak have the highest
value (3.60), followed by the condition of the building (3.49) and the existence of a pararem with a value
(3.27).

3.2 Analysis
The subak system sustainability development model in Denpasar is based on four dimensions, namely the

economic, social, mindset and artifact dimensions. The four dimensions were tested with multi-dimensional
scaling (MDS). The complete multi-dimensional scaling (MDS) results for the four dimensions are:

mindset
100

ekonomic social == Series1

artifact

Figure 1. The complete multi-dimensional scaling (MDS) results

3.3 Discussion

To improve the development of sustainable subaks in the city of Denpasar (at least keeping existing subaks in
existence) in the economic dimension, the wages of farm labor must be increased. If there is a decrease in the
wages of farm labor, farmers' income will decrease. If farmers' incomes continue to decline, the younger
generation will not be interested in working in the agricultural sector. This is likely to have an impact on the
reduction in farming, causing a reduction in the number of subaks and subak functions in Denpasar.

Based on government records in the fourth quarter of 2019, the economy of Bali is expected to continue to
grow strongly in the range of 5.10-5.50 percent. This growth is only supported by the improved performance
of government consumption, investment and export performance abroad. This condition is also supported by
an increase in the number of arrivals at Ngurah Rai Airport. From these data, the agricultural sector does not
contribute much to the Balinese economy, therefore it is very important to pay more serious attention to
farmers' efforts to increase regional income from the agricultural sector.

Based on data on the Balinese economy in the third quarter of 2019, growth in the fourth quarter of 2019
had been lower (slowing down) due to the limited household budget that had been used for the new school
year and school holidays. Also, the dry season lasts drier and longer, which affected the end of the plantation
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harvest period. In the third quarter of 2019, the agricultural sector had little influence on the Balinese
economy solely because of the dry season, not because of yields abundance, so the government still would
have to side with farmers by continuing to innovate in government policies towards farmers.

Based on the results of the analysis of leverage factors on the social dimension, it can be seen that to
improve the development of sustainable subak in Denpasar City, farmers must improve the quality of their
agriculture through various kinds of training and improve their agricultural knowledge so that they can
innovate in farming development (Abebe et al, 2013; Zheng et al., 2012; Blum, 1991). Sociologists believe that
the key to progress in any field lies in changing the mindset or mindset of an issue. This aspect is one of the
targets in maintaining agricultural sustainability, especially the subaks in Denpasar.

So that the development of sustainable subak in Denpasar that focuses on the dimension of mindset can be
realized, the attributes of the implementation of subak ceremonies / rituals must be maintained and even
must be improved. This can create a balance and harmony of the relationship between humans and God,
between humans and others, and between humans and their environment, following the philosophy of tri hita
karana. If there is a decrease in the attributes of the implementation of subak ceremonies / rituals, then the
quality of the land may decrease, the quality of the environment and the existenseof farmers will also continue
to be threatened.

If the govenrment of Denpasar intends to maintain sustainable subak development and improve the
artifact/material dimensions, the adequacy of operational costs and subak maintenance attributes must be
improved. If there is a decrease in this attribute, the quality and presence of farmers will be negatively
affected. If the quality of farmers from the artifact / material dimension decreases, then indirectly the
existence of farmers to manage agriculture will also decrease. This happens because the belief in the
development of subak in Bali, which is based on the philosophy of tri hita karana is no longer maintained in
balance.

4 Conclusion

Mindset is a belief that influences one's attitude and behavior. Those who have a negative mindset will behave
negatively, and vice versa. Awareness of the importance of changing mindsets for farmers will affect the
success in managing land owned, because without accompanied by changes in mindset, the chances of farmers
to succeed are very small. Various learning processes that change the mindset may be said to be a provision
for farmers to be empowered.

In the case of sustainable subak development, it seems that there is no mindset on the part of policy
makers that supports the sustainability of the existence of subak and the agricultural sector in general. Based
on BPS data in 2010 it is known that the conversion of paddy fields in the 2005-2009 period averaged more
than 1000 ha/year. Based on these data, it seems that strict implementation of spatial planning (following
applicable law) is necessary, namely by determining the number of fields that must remain in Bali (permanent
fields) which are explained in detail in each district/city in Bali. Furthermore, the number of rice fields
(minimum) that should exist in each region must also be determined, subaks are given adequate subsidies and
protection so that subaks can provide the best benefits for farmers (Windia, 2013).

Based on the results of testing with multi-dimensional scaling (MDS) the most sensitive dimension in the
results of this test is the mindset dimension, which is at the value of 59.92. This is the smallest value, so itis a
very sensitive dimension value. This means that when the mindset of policymakers in reducing land-use
change is not optimal, the sustainability of subak in Denpasar City will be impacted. Similarly in the case of the
internal mindset of farmers, if farmers feel that the land they are working on does not provide optimal results,
farmers will tend to sell or rent out agricultural land to provide results that suit their families' needs.

On the other hand, if the owners of agricultural lands still maintain their agricultural land, of course, the
existence of subaks can still be maintained. Therefore, internal factors and external factors in the development
of sustainable subaks must cooperate, so that the desire of farmers and the government to continue to
maintain subaks as water providers for irrigation could be achieved.
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