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1. Introduction 

The 21st century is characterized by a set of 

profound and interconnected "wicked problems," 

foremost among which are the dual crises of food and 

water security.1 The global population, projected to 

exceed 9.7 billion by 2050, places unprecedented 

stress on finite agricultural and water resources. In 

response, the international community adopted the 

2030 Agenda for Sustainable Development, 

establishing a set of 17 Sustainable Development 
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A B S T R A C T  

The global challenges of food insecurity (SDG 2) and water scarcity (SDG 6) 
require proven, sustainable governance models. Socio-ecological systems 

(SES) rooted in local wisdom (kearifan lokal) offer resilient alternatives. The 
Balinese Subak, a UNESCO World Heritage site guided by the Tri Hita Karana 
philosophy, is a pre-eminent example. This research employed a 10-year 

(2015-2025) longitudinal, mixed-methods, comparative case study of two 
Subak systems in Bali. We collected a comprehensive dataset including 
1,200 systematic water sampling events (yielding 7,200 analytical data 
points for pH, TSS, BOD, COD, NO3-N, PO4-P) and a 10-year rolling panel 

survey (n=2,000 completed survey-years) to assess agricultural and 
governance metrics. Qualitative data (n=60 interviews, n=24 meeting 
observations) were thematically analyzed. Generalized Linear Mixed-Effects 
Models (GLMMs) revealed a statistically significant time-dependent 

reduction in pollution, including Nitrate (β = -0.21 mg/L/year, p < .001) and 
BOD (β = -0.15 mg/L/year, p < .001), across both sites. This trend was 
strongly associated with a validated Social Governance Index (SGI). 
Critically, rice yields remained stable at a high-productivity average (6.2 

t/ha), while chemical pesticide use declined by 48% (p < .001). Qualitative 
analysis identified the core mechanisms: (1) Tri Hita Karana as an 
internalized moral framework, (2) ritual calendars as coordination 

mechanisms, and (3) awig-awig as an adaptive governance system. In 
conclusion, the Subak system demonstrates a proven, sophisticated, and 
data-driven framework that operationalizes kearifan lokal to achieve the non-
trade-off, simultaneous goals of sustainable agriculture (SDG 2) and clean 

water (SDG 6). These findings provide robust evidence that such systems are 
not relics but essential, adaptive governance models for global sustainability. 
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Goals (SDGs) as a "shared blueprint for peace and 

prosperity". At the heart of this agenda lie SDG 2 (Zero 

Hunger), which aims to end hunger, achieve food 

security, and promote sustainable agriculture, and 

SDG 6 (Clean Water and Sanitation), which seeks to 

ensure the availability and sustainable management 

of water.2 

However, the dominant 20th-century paradigms for 

addressing these goals are proving insufficient, and in 

many cases, counter-productive. The Green 

Revolution, while initially boosting yields, created a 

widespread dependency on chemical fertilizers and 

pesticides, leading to soil degradation, biodiversity 

loss, and the severe contamination of water 

resources.3 This "chemical treadmill" has, in many 

regions, decoupled food production from ecological 

health, creating a false choice between feeding the 

population and protecting the environment. 

Concurrently, conventional water governance, 

often characterized by centralized, top-down, and 

hard-infrastructure-based approaches, has frequently 

failed. These "command-and-control" systems are 

often disconnected from local ecological realities and 

social structures. They are slow to adapt, expensive to 

maintain, and can exacerbate conflicts over resource 

allocation, particularly in the face of increasing climate 

variability and socio-economic pressures. This has led 

to a paradigm shift in the academic and policy 

discourse, moving away from purely technocratic 

solutions and toward an understanding of complex, 

adaptive socio-ecological systems (SES).4 

An SES is a complex, integrated system of people 

and nature, where human and natural systems are 

inextricably linked, co-evolving, and mutually 

dependent.5 The central tenet of SES research, 

pioneered by scholars like Elinor Ostrom, Fikret 

Berkes, and Carl Folke, is that sustainability and 

resilience are emergent properties of the system as a 

whole, governed by feedback loops between social, 

economic, and ecological components. A critical, and 

often overlooked, component of resilient SESs is the 

role of traditional ecological knowledge and local 

wisdom—known in Indonesia as kearifan lokal. 

Kearifan lokal is a body of knowledge, practices, and 

beliefs, developed through generations of human-

environment interaction and adaptation.6 This 

"wisdom" is not static; it is a dynamic and evolving set 

of rules, norms, and ethics that governs community-

based resource management. These systems have, for 

centuries, provided solutions to complex collective 

action problems (such as managing a shared water 

source or preventing pest outbreaks) that modern, 

state-managed systems struggle to address. 

Indonesia, an archipelago of immense cultural and 

biological diversity, possesses a rich tapestry of 

kearifan lokal. Arguably, the most sophisticated and 

celebrated example is the Subak system of Bali. 

Recognized as a UNESCO World Heritage cultural 

landscape in 2012, the Subak is far more than a 

simple irrigation collective. It is a comprehensive, self-

governing, community-based socio-ecological 

framework that has sustainably managed rice terrace 

agriculture for over a millennium.7 The philosophical 

and spiritual core of the Subak is the Tri Hita Karana 

(THK) concept, a Balinese Hindu philosophy 

translating to the "Three Causes of Wellbeing". THK 

posits that harmony, prosperity, and well-being are 

achieved only through the maintenance of a balanced, 

reciprocal relationship between three core elements: 

(1) Parahyangan (Harmony with God/the Divine): This 

aspect embeds management within a sacred 

worldview. Water is not a mere commodity; it is tirta 

(holy water), a gift from the divine. Water temples (such 

as Pura Ulun Danu Batur at the crater lake, and local 

Pura Ulun Swi at the Subak level) are not just places of 

worship but are the central nodes of the hydrological 

and information network. Rituals and offerings are the 

mechanisms that coordinate the system. (2) Pawongan 

(Harmony among Humans): This is the social and 

institutional dimension. The Subak is a democratic 

organization. All members (krama Subak) have rights 

and responsibilities, governed by a set of customary 

laws known as awig-awig. These laws are 

democratically decided upon and enforced in regular 

meetings (sangkepan), led by an elected head, the 

Pekaseh. This system manages everything from water 
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allocation and canal maintenance to rapid conflict 

resolution; (3) Palemahan (Harmony with Nature/the 

Environment): This represents the physical and 

ecological dimension of the SES. It includes the rice 

terraces (sawah), the canals, the soil, and the deep, 

place-based ecological knowledge required to maintain 

the system's productivity and health. This includes 

coordinated pest management, soil conservation, and 

the protection of water quality.8 

Despite its celebrated history, the Subak system 

faces existential threats. The Green Revolution in the 

1970s introduced high-yield rice varieties that 

demanded high chemical inputs, disrupting the 

system's ecological balance and creating farmer 

dependency. More recently, the explosive growth of 

tourism, particularly in southern Bali, has created 

intense competition for water, driven rapid land 

conversion, and introduced significant non-

agricultural pollution, placing unprecedented stress 

on the Subak framework. These modern pressures 

have led some to dismiss the Subak as a cultural 

relic—a beautiful artifact for tourists, but not a viable 

model for modern development. This highlights a 

critical gap in the scientific literature. While the Subak 

is exceptionally well-documented in anthropological 

and historical studies, there is a distinct lack of 

empirical, longitudinal, quantitative research that 

directly and rigorously links the Subak's social, ritual, 

and governance mechanisms (kearifan lokal) to 

measurable ecological and agricultural outcomes.9 

It remains empirically unanswered: (1) How, and to 

what extent, do the awig-awig and ritual calendars 

quantifiably impact water quality (SDG 6)?; (2) Can a 

traditional system rooted in kearifan lokal maintain 

high agricultural productivity (SDG 2) in the 21st  

century without relying on the high-chemical-input 

model?; (3) How resilient and adaptive is this 

governance system when faced with novel, modern 

pressures like tourism? 

This 10-year longitudinal study (2015-2025) was 

designed to fill this critical gap. The primary aim of this 

research is to conduct a sophisticated, mixed-methods 

analysis to: (1) Identify and analyze the specific socio-

ecological mechanisms through which kearifan lokal is 

operationalized within the contemporary Subak 

system; (2) Quantitatively assess, using a 10-year 

panel dataset, the longitudinal impact of these 

community-based governance practices on water 

quality (SDG 6) and agricultural sustainability (SDG 

2); (3) Statistically test the linkage between the 

strength of social governance (a novel "Social 

Governance Index") and the measured ecological and 

agricultural outcomes.10  

The novelty of this research is four-fold. It is, to our 

knowledge, the first study on this topic to be (1) 

longitudinal over a full decade, capturing long-term 

trends; (2) mixed-methods in its integration of 

qualitative mechanisms with quantitative outcomes; 

(3) statistically robust, employing Generalized Linear 

Mixed-Effects Models (GLMMs) to link a validated 

governance index to empirical outcomes; and (4) 

comparative, analyzing the system's resilience under 

two different external pressure regimes. This research 

provides a scientifically grounded case for the 

imperative of recognizing, protecting, and integrating 

kearifan lokal into national and international policies 

for sustainable development. 

 

2. Methods 

This research employed a longitudinal, 

comparative, mixed-methods case study design. The 

10-year study period (January 2015 – December 2024) 

was chosen to capture long-term ecological and social 

trends, including multiple planting cycles, inter-

annual climate variability (such as El Niño/La Niña 

events), and the dynamic impacts of external drivers 

(such as tourism fluctuations, market price shifts). A 

mixed-methods approach was essential to integrate 

quantitative, objective measurements of ecological and 

agricultural performance with a deep qualitative 

understanding of the social, cultural, and governance 

mechanisms (kearifan lokal) that drive the system. 

To enhance the robustness and comparative power 

of the findings, two Subak systems in Bali were 

purposefully selected based on their contrasting socio-

economic contexts. This comparative design allows for 
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an analysis of how the Subak's kearifan lokal functions 

and adapts under different types and intensities of 

external stress; (1) Subak A was located in the 

Tabanan Regency, often referred to as Bali's "rice 

bowl." This is a large, "traditional" Subak (approx. 350 

hectares) located further from the primary southern 

tourism hubs. Its governance structure is very strong, 

and its primary external pressure is related to 

agricultural modernization and market price 

pressures for its high-yield rice; (2) Subak B was 

located in the Gianyar Regency, in close proximity to 

the major tourism center of Ubud. This is a smaller 

Subak (approx. 120 hectares) that faces intense, 

direct, and novel pressures from tourism. These 

include high competition for water (from hotels and 

villas), significant land-use change on its periphery, 

and non-agricultural (solid waste and wastewater) 

pollution sources. 

 

 

 

 

 

Qualitative data were collected iteratively 

throughout the 10-year period to build rapport and 

capture dynamic changes in governance and 

perception. A total of 60 semi-structured, in-depth 

interviews were conducted (30 in each Subak). 

Informants were selected through purposive and 

snowball sampling to include Pekaseh (Subak heads) 

(n=4, two per site over time), Pangliman (sub-unit 
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heads) (n=6), elder farmers (n=20, >60 years old), 

younger farmers (n=20, <40 years old), and female 

farmers (n=10). Interviews focused on: (a) perceptions 

of Tri Hita Karana; (b) the role and process of awig-

awig in governance; (c) the function of rituals in the 

agricultural calendar; (d) mechanisms for water 

allocation and conflict resolution; (e) perceived 

changes over the past decade; and (f) challenges from 

external pressures. Researchers spent approximately 

4-6 weeks in the field each year, participating in and 

observing community life. This included attending 24 

sangkepan (monthly Subak meetings) and 20 temple 

festivals/rituals. Detailed field notes focused on 

decision-making processes, conflict resolution, and 

the articulation of local knowledge. A comprehensive 

analysis of the written awig-awig (customary laws) 

from both Subak systems was conducted to identify 

specific rules, sanctions (sanksi), and management 

principles. 

Qualitative data analysis was performed using a 

thematic analysis approach, supported by NVivo 12 

software. An inductive-deductive process was used. To 

ensure rigor, two researchers independently coded 

20% of the interview transcripts. Inter-coder reliability 

was established (Cohen's Kappa = 0.84, indicating 

strong agreement), and any discrepancies were 

resolved through discussion to refine the final 

codebook. 

To provide a robust, long-term environmental 

dataset, water samples were collected monthly from 

January 2015 to December 2024 (120 consecutive 

months). Samples were collected at five strategic 

locations in each of the two Subak systems (10 

locations total): (S1) Main canal inlet (water entering 

the Subak); (S2) Upper-terrace paddy field; (S3) Mid-

terrace paddy field; (S4) Lower-terrace paddy field; (S5) 

Main canal outlet (water leaving the Subak). This 

sampling strategy yielded 1,200 unique sampling 

events (2 Subaks, 5 sites, 12 months, 10 years). 

Samples were analyzed at a certified laboratory in 

Denpasar for six key indicators relevant to SDG 6 and 

agriculture, following APHA standard methods (21). 

This resulted in a total dataset of 7,200 water quality 

data points: (1) pH (field measurement, APHA 4500-H+ 

B); (2) Total Suspended Solids (TSS, mg/L, APHA 2540 

D); (3) Biological Oxygen Demand (BOD5, mg/L, APHA 

5210 B); (4) Chemical Oxygen Demand (COD, mg/L, 

APHA 5220 D); (5) Nitrate (NO3-N, mg/L, APHA 4500-

NO3- E); (6) Phosphate (PO4-P, mg/L, APHA 4500-P E) 

A structured survey was administered annually (at 

the end of the main harvest season) to a panel of 100 

farmers in each Subak (n=200 surveys per year). Panel 

maintenance was designed as a rolling panel to 

maintain statistical power over the 10-year period. It 

was recognized that a true static panel would suffer 

from significant attrition. On average, the panel 

experienced an 8% attrition rate per year (e.g., due to 

retirement, death, or land sales). Farmers who left the 

panel were replaced using a matched-pair sampling 

strategy: a new farmer was identified from the same 

tempek (sub-unit) with a similar farm size (± 0.1 ha) 

and age (± 5 years) to the farmer who exited. This 

methodology resulted in a total of 2,000 completed 

survey-years (100 surveys/site, 2 sites,  10 years). The 

survey collected data on: (a) rice yield (t/ha), (b) rice 

variety, (c) use of chemical fertilizers (kg/ha), (d) use of 

chemical pesticides (L/ha or kg/ha), (e) use of organic 

inputs (kg/ha), (f) reported income, and (g) incidence 

of water-related conflicts. 

To statistically link the social and ecological 

datasets, we developed a novel "Social Governance 

Index" (SGI) from the annual farmer survey. This was 

essential to move kearifan lokal from a qualitative 

concept to a quantifiable, time-varying predictor. The 

SGI was a composite index derived from five key 

questions in the annual survey, rated on a 5-point 

Likert scale (1=Strongly Disagree, 5=Strongly Agree): 

(i) "I believe the awig-awig (customary laws) in my 

Subak are fair and effective." (Adherence/Legitimacy); 

(ii) "I attend the sangkepan (Subak meetings) 

regularly." (Participation); (iii) "I believe our Subak 

rituals are important for a good harvest." (Shared 

Worldview); (iv) "I actively participate in ngacag 

(collective canal maintenance)." (Collective Action); (v) 

"I trust our Pekaseh (Subak head) to manage water 

and conflicts fairly." (Institutional Trust). The scores 
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for these 5 items were summed, yielding a raw score 

from 5 to 25. This raw score was then normalized to a 

0-100 scale for clarity and ease of interpretation in 

modeling. The construct validity of the SGI was 

confirmed using Exploratory Factor Analysis (EFA) on 

the pooled 2,000 survey-years. A single dominant 

factor (eigenvalue = 3.42) emerged, explaining 68.4% 

of the total variance, confirming that these five items 

load onto a unidimensional "social governance" 

construct. The internal consistency and reliability of 

the SGI scale were excellent, with a Cronbach's Alpha 

of 0.89. 

All quantitative data were analyzed using R (version 

4.2.1). Means, standard deviations (SD), and ranges 

were calculated for all variables. To assess the 10-year 

trends and account for the nested, repeated-measures 

structure of the data, Generalized linear mixed-effects 

models (GLMMs) were constructed using the lme4 

package. For water quality data (e.g., NO3-N, BOD), 

models included Time (continuous variable, 1-120 

months), Site (categorical, Subak A vs. Subak B), and 

the Time x Site interaction term as fixed effects. 

Sampling Site (S1-S5) nested within Subak was 

included as a random intercept to account for non-

independence. For agricultural data (e.g., Pesticide 

Use, Yield), models included Time (continuous, 1-10 

years), Site, and the Time x Site interaction as fixed 

effects. Farmer ID was included as a random intercept. 

A Pearson correlation matrix was generated for a 

preliminary assessment of relationships between the 

SGI and key outcomes. To provide a more robust test, 

the SGI (as a time-varying covariate) was incorporated 

into the main GLMMs. This allowed us to test if 

changes in the SGI in a given year predicted changes 

in pollutant levels or pesticide use in that same year, 

while controlling for the underlying time trend and site 

differences. 

 

3. Results and Discussion 

This section integrates the findings from the 10-

year study, organized by the qualitative mechanisms, 

the quantitative longitudinal outcomes, and the 

integrated statistical models. Thematic analysis of 

interviews and observations revealed three dominant, 

interlocking mechanisms through which the Tri Hita 

Karana philosophy is operationalized. 

 

Qualitative mechanisms 

Mechanism 1: Parahyangan (human-God) as an 

internalized moral framework 

This was universally identified as the foundational 

principle. Farmers did not conceptualize water and 

land as mere "resources" but as sacred gifts. This 

worldview internalizes pro-environmental behavior.  

Ecological stewardship as sacred duty: Polluting the 

water is not just an ecological crime; it is cuntaka (a 

spiritual transgression) that disrespects the divine. 

This provides a powerful intrinsic motivation for 

stewardship."The water that flows here is tirta (holy 

water) from the temple. How can we poison it with 

chemicals? It is a sin. If we poison the water, we poison 

Dewi Sri (the rice goddess), and she will leave our 

fields. This is what our grandfathers taught us, and it 

is true." – Elder Farmer (72 y.o.), Subak A. 

The Temple as Management Hub: The water 

temples (Pura Ulun Swi) are critical nodes of the socio-

ecological infrastructure. The priests and elders who 

manage the ritual calendar are, in effect, the system's 

lead information managers, coordinating planting 

based on centuries of accumulated knowledge. 

 

Mechanism 2: Pawongan (human-human) as a 

coordination and governance system 

This social dimension is managed through two key 

sub-mechanisms: rituals for coordination and awig-

awig for governance. Ritual calendars as coordination: 

The Kerta Masa (agricultural calendar), announced by 

the temples, synchronizes planting and harvesting. 

Our analysis confirmed this is a highly sophisticated, 

watershed-scale pest management strategy. By 

coordinating planting, the Subak ensures a 

synchronized "fallow" period, breaking the life cycles of 

major pests (like the brown planthopper) and reducing 

the need for pesticides. "We must all plant padi Bali 

(traditional rice) at the same time, as the Pekaseh 

announces from the temple. If one person plants early, 



7 
 

the rats and insects will come to his field, and then to 

all our fields. The piodalan (temple festival) is our 

signal. It is about respect for each other." – Pekaseh 

(58 y.o.), Subak A. 

Awig-awig as adaptive governance: The customary 

laws proved to be a far more adaptive, rapid, and low-

cost governance system than state law. (1) Rules: The 

awig-awig contains highly specific, context-dependent 

rules for water allocation (especially during drought), 

pollution control (prohibitions against soap, trash), 

and canal maintenance; (2) Rapid conflict resolution: 

Unlike state courts, the Subak system is immediate. "If 

someone steals water... the Pekaseh calls a sangkepan 

that night... The sanction (sanksi) is usually a fine of 

rice or money for a mecaru (purification ceremony). It 

is fast. It restores harmony." – Farmer (45 y.o.), Subak 

B. We observed Subak B (the tourism-pressured site) 

adapting its awig-awig in 2018. Faced with pollution 

from nearby restaurants, they collectively added a new 

rule with a heavy fine (IDR 1,000,000) for any non-

Subak member caught dumping waste, and used the 

funds to build upstream trash screens. This 

demonstrates the system's capacity to evolve in 

response to new threats. 

 

 

 

Mechanism 3: Palemahan (human-environment) as 

ecological engineering 

This is the physical manifestation of the other two 

mechanisms. The Subak landscape itself is an 

engineered ecosystem. The rice terraces are not just 

farms; they are, in effect, a massive, constructed 

wetland. The continuous, slow-moving flow of water 

across the terraces, managed by the awig-awig, allows 

for sedimentation, denitrification, and the biological 

processing of pollutants. Farmers are not just 

"farmers"; they are the active managers of this 

bioreactor. 

 

Quantitative analysis 

The 10-year quantitative dataset provides empirical 

validation of the qualitative findings. Unlike the 

preliminary report, Table 2 and Figure 1 present the 

full 10-year annual data, revealing the inter-annual 

variability and true trends. Figure 1 visualizes the data 

from Table 2. Outlet Nitrate (NO3-N) levels, showing a 

steady decline in both Subaks, with Subak B 

remaining consistently higher. Outlet BOD levels, 

showing a similar decline. Chemical Pesticide Use, 

showing a sharp, near-linear reduction. Social 

Governance Index (SGI), showing a steady increase in 

both Subaks, with Subak B showing a notable increase 

after its 2018 awig-awig adaptation. 
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Figure 1. Ten-year longitudinal trends (2015-2024) for key sustainability indicators. 

 

 

 

Figure 2. Box-plot analysis of water pollutant buffering effect (2015-2024 Pooled Data). 
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Figure 2 confirms the Palemahan mechanism. It 

shows a comparison of pollutant concentrations at the 

Subak Inlet (S1) versus the Outlet (S5) for (A) Nitrate 

(NO3-N) and (B) BOD. In both cases, the median and 

interquartile range at the outlet are significantly lower 

than at the inlet (paired t-test, p < 0.001), 

demonstrating the significant filtering capacity and 

net positive ecosystem service of the terrace 

ecosystem. Key findings from longitudinal data are (1) 

Stable yields (SDG 2): Against the "Green Revolution" 

hypothesis that reducing chemicals would decimate 

yields, our 10-year data show remarkable stability. 

Yields remained high and stable (avg. 6.1-6.2 t/ha); (2) 

Drastic Agrochemical Reduction (SDG 2.4): The most 

significant finding is the community-driven 45-50% 

reduction in chemical pesticide use, mirrored by a 3-

4x increase in organic inputs; (3) Improved Water 

Quality (SDG 6.3): There was a significant, steady 

improvement in water quality, with a ~30-38% 

reduction in key pollutants (Nitrate, BOD) at the 

outlets; (4) Resilience in Subak B: Despite intense 

tourism pressure, Subak B also showed significant 

improvements (-29% BOD, -45% pesticide use), linked 

to a strengthening of its SGI (Table 2) after the 2018 

governance adaptation. 

The visual trends were confirmed by the GLMMs. 

The models provide a robust statistical test of the effect 

of Time (the 10-year trend), Site (the difference 

between A and B), and the Time*Site interaction 

(whether the trends differed). Table 3 shows there is a 

highly significant average annual decrease in NO3-N 

of 0.21 mg/L (p < 0.001). Subak B has significantly 

higher NO3-N levels (1.41 mg/L higher) than Subak A 

(p < 0.001). The interaction is not significant, meaning 

both Subaks improved at roughly the same rate. Table 

4 presents a highly significant average annual 

decrease in BOD of 0.15 mg/L (p < 0.001). Subak B is 

significantly higher in BOD (3.72 mg/L higher) than 

Subak A (p < 0.001). A highly significant average 

annual decrease in pesticide use of 0.25 L/ha (p < 

0.001). Subak B started slightly higher, but the 

difference was not statistically significant (Table 5). 
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A simple Pearson correlation (Table 6) confirms the 

hypothesized relationships. The SGI is strongly 

negatively correlated with pollutants and pesticide 

use, and (critically) has no correlation with yield. To 

provide a more robust test, we incorporated the SGI as 

a time-varying covariate into the main GLMMs (Table 

7). This tests if a change in governance predicts a 

change in the outcome, controlling for the underlying 

time trend. 
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Table 7 visualizes the most important statistical 

finding. When the SGI is added to the models (Table 

7), it is a highly significant predictor (p < 0.001) for 

both NO3-N and pesticide use. The underlying Time 

variable becomes non-significant. This strongly 

suggests that the improvements over the 10-year 

period were not just a simple function of "time," but 

were driven by the corresponding strengthening of 

social governance (SGI). For every 1-point increase in 

the SGI, the model predicts a 0.08 mg/L decrease in 

NO3-N and a 0.11 L/ha decrease in pesticide use. 

The results of this 10-year longitudinal study 

provide robust, multi-faceted evidence that the 

Balinese Subak system is a highly sophisticated and 

effective socio-ecological framework. Its kearifan lokal, 

operationalized through the Tri Hita Karana (THK) 

philosophy, provides a set of powerful, adaptive, and 

measurable mechanisms that directly contribute to 

the goals of sustainable agriculture (SDG 2) and clean 

water (SDG 6).11,12 Our discussion focuses on the 

integration of these mechanisms. 

A purely technocratic view might dismiss the 

Subak's elaborate ritual calendar (Kerta Masa) as 

cultural decoration. Our data show that it is the 

central nervous system of Subak's ecological 

management. As first theorized by Lansing and now 

confirmed by our 10-year quantitative data, the 

synchronized planting schedules announced from the 

water temples are a brilliant solution to a complex 

collective action problem: pest management. By 

coordinating the "fallow" period, the Subak system 

creates a watershed-wide "sanitary break," causing 

pest populations to crash without the use of 

chemicals.13,14 

This is the key to our "decoupling" finding. The 45-

50% reduction in pesticide use while maintaining 

stable, high yields (Table 2, Table 6) challenges the 

core premise of the Green Revolution. The Subak 

demonstrates an alternative, "information-based" 

pathway to productivity, where coordinated social 

action (driven by the Pawongan and Parahyangan 

dimensions) replaces chemical intervention. This is a 

form of ecological engineering where the software 

(social rules, shared information, ritual) is more 

important than the hardware (pesticides). The modern 

alternative to Subak's awig-awig is state-based 

environmental law. However, state law is often slow, 

expensive to enforce, and "one-size-fits-all," making it 

ill-suited to the micro-variations of a watershed. Our 

findings show that Subak's Pawongan dimension is a 

superior governance model for its context.15,16 

This is no longer just a qualitative claim. Our Social 

Governance Index (SGI), validated and tracked over 10 

years, provides the empirical evidence. The SGI's very 

strong negative correlation with reported water 

conflicts (r = -0.84) and pollutants (r = -0.71) (Table 6) 

shows that social cohesion and strong institutional 

trust are the bedrock of ecological health. 

Furthermore, our most advanced models (Table 7) 

show that the SGI is the primary driver of the 10-year 

improvements. The observed decline in pollution is not 

just an accident of time; it is a direct function of the 

Subak's capacity for self-governance. The 2018 

adaptation in Subak B is a prime example: faced with 

a new threat (tourism pollution), the community used 

its awig-awig to create and enforce a new rule, which 

corresponds to a marked increase in its SGI score 

(Table 2). This demonstrates that kearifan lokal is not 

a static relic, but a living, adaptive, and deliberative 

legal system capable of responding to novel, modern 

threats.17,18 

Perhaps the most powerful and unique mechanism 

is the Parahyangan philosophy, which internalizes 

ecological stewardship as a moral and sacred duty. In 

Western economic models, pollution is an "externality" 

to be managed by taxes or regulation. In the Subak 

worldview, as articulated by our informants, polluting 

the water is a cuntaka (spiritual transgression) that 

directly offends the divine and severs the harmonious 

relationship upon which life depends.19 

This worldview transforms the human-nature 

relationship from one of extraction to one of 

reciprocity. Our quantitative data on the "buffering 

effect" (Figure 2) shows the physical manifestation of 

this philosophy. The Subak terraces, as an expression 

of the Palemahan dimension, function as a massive, 
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community-managed bioreactor. The fact that water 

leaving the Subak system (S5) is significantly cleaner 

than the water entering it (S1) is a profound finding. It 

means the Subak is not a net polluter, but a net 

purifier; it provides a net positive ecosystem service 

(nutrient and sediment capture) to the downstream 

watershed. This is the Palemahan (nature) dimension, 

managed by the Pawongan (social rules), and 

motivated by the Parahyangan (sacred worldview). 

This synthesis—the integration of all three 

mechanisms—is what allows the Subak to achieve the 

"non-trade-off" goals. It does not maximize yield at the 

cost of water quality (the Green Revolution model), nor 

does it preserve water at the cost of food production. It 

optimizes for systemic harmony and resilience, the 

core principle of Tri Hita Karana.20 

While this 10-year study is, to our knowledge, the 

most comprehensive longitudinal analysis of its kind, 

it is not without limitations. The findings are from two 

case studies in Bali; while the comparative design is 

strong, the findings may not be generalizable to all 

1,200 Subak systems, or to other forms of kearifan 

lokal in different cultural contexts. The SGI, while 

rigorously validated, is still based on self-reported 

data. Future research should aim to complement this 

with more objective measures of governance strength. 

 

4. Conclusion 

This 10-year longitudinal, mixed-methods study 

set out to provide robust, empirical evidence for the 

contemporary relevance of the Balinese Subak system 

as a model for sustainable development. The findings 

demonstrate, in comprehensive and statistically 

significant detail, that the Subak is not a cultural relic 

but a living, adaptive, and highly effective socio-

ecological framework. Our research confirms that the 

Subak's local wisdom, operationalized through the Tri 

Hita Karana philosophy, provides a sophisticated set 

of interlocking mechanisms that build profound 

resilience. It provides a moral framework 

(Parahyangan) that internalizes environmental 

stewardship, transforming pollution from an 

externality into a spiritual transgression; provides an 

adaptive governance system (Pawongan and Awig-

awig) that is rapid, low-cost, and equitable, and which 

we have shown is a statistically significant predictor of 

positive ecological outcomes; and social coordination 

system (Pawongan and ritual) that solves complex 

collective action problems (e.g., pest management) 

through shared information and synchronized action. 

The tangible, 10-year results of these mechanisms 

are the simultaneous achievement of sustainable 

agriculture (SDG 2) and clean water (SDG 6). The 

Subak has successfully decoupled high agricultural 

yield from high chemical inputs, maintaining food 

security while significantly improving water quality 

and providing net-positive ecosystem services. This 

study provides a clear and urgent message for 

policymakers and development practitioners in 

Indonesia and beyond. The greatest threat to 

sustainability is not the failure of traditional systems, 

but the failure of modern systems to recognize, 

respect, and learn from them. The Subak is not a 

problem to be "modernized"; it is a solution to be 

protected and supported. Integrating kearifan lokal 

into national policy is not a matter of cultural 

preservation—it is a data-driven, empirically-

validated, and essential strategy for achieving a 

resilient and sustainable future. 
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