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Abstract. Introduction. Bali's rapid tourism expansion has accelerated land
conversion, raising concerns about long-term environmental and societal
sustainability. Methods. Four OLS regression models (2014-2025, n=12)
integrate Tri Hita Karana with Hartwick's Rule, using data from BPS Bali, BPN,
and the Bali Tourism Board, with COVID-19 structural break controls. Results.
International arrivals significantly drive hotel occupancy (B=5.556, p<0.001) and
occupancy drives GRDP growth (=0.337, p<0.001), confirming the tourism-to-
growth mechanism. Arrivals also robustly drive land conversion (f=26 ha per
million tourists, p<0.001), while economic growth is not a significant driver. The
OSS policy effect cannot be disentangled from COVID-19. Conclusions.
Findings reveal structural imbalance across Tri Hita Karana pillars and indicate
Hartwick non-compliance. Land conversion compounds societal longevity costs
through physical (pollution) and psychological (solastalgia) health pathways.
Tourism volume not economic growth is the primary environmental driver,
underscoring the need for stronger institutional governance.
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1 Introduction

Bali is one of the world’s leading tourism destinations, consistently recognized for its
strong tourism performance and economic contribution, including being awarded the
Top World Best of the Best Destination by the TripAdvisor Travelers’ Choice Award
2026[1]. According to BPS Bali, in 2025 Bali recorded 9.6 million tourists, supported
by 5,894 accommodations and 155,342 rooms, with an average occupancy rate of
60.62%. The tourism sector contributed 21.23% to Gross Regional Domestic Product
(GRDP) in the first quarter of 2025, with unemployment declining to 1.49% and eco-
nomic growth reaching 5.82% [2]. These indicators demonstrate that tourism plays a
central role in Bali’s economic performance.

Despite tourism's economic contributions, land conversion reaches 600—700 hec-
tares annually, raising concerns about environmental sustainability and long-term
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resilience[3]. This study examines whether Bali's tourism-driven development sus-
tainably supports intergenerational welfare, using four OLS regression models tracing
the chain from tourist arrivals through hotel occupancy and GRDP growth to land
conversion. Given the small sample (n=12), findings are interpreted as indicative
rather than definitive.

Tri Hita Karana, introduced in 1966 by Wayan Mertha and meaning “three causes
of well-being” provides a cultural sustainability framework emphasizing harmony
between humans and the divine (Parhyangan), among humans (Pawongan), and be-
tween humans and the environment (Palemahan) [4]. Beyond its cultural significance,
Tri Hita Karana serves as a normative framework for longevity, Parhyangan fosters
spiritual well-being associated with reduced existential risk [S], Pawongan sustains
cooperative economic structures including the irrigation system (subak), and
Palemahan preserves the ecological conditions essential for physical health, food
security, and long life [6-8]. In parallel, Hartwick’s Rule addresses intergenerational
equity by proposing that rents derived from exhaustible resources must be reinvested
into reproducible capital to maintain long-term welfare [9, 10]. Integrating Tri Hita
Karana with Hartwick's Rule bridges cultural sustainability and economic theory,
further extended here to incorporate physical (pollution) and psychological (solastal-
gia) health pathways. This study contributes a novel framework for assessing societal
longevity in tourism-dependent economies, demonstrating that land conversion is
driven by tourism volume rather than economic growth.

2 Literature and Research Framework

2.1 Tri Hita Karana and Longevity

The concept of Tri Hita Karana, as associated with Balinese wisdom, aims to harmo-
nize humans, the divine, and nature [11, 12]. The foundation of this concept consists
of three philosophical pillars Parhyangan (spiritual), Pawongan (social), and
Palemahan (environmental) widely adopted by the Balinese community as their mor-
al foundation for governing society [13]. The Parhyangan principle emphasizes spir-
itual devotion associated with lower hazard of mortality from despair [5]. Pawongan
sustains cooperative economic structures, including the subak, that support liveli-
hoods and food security. The Palemahan dimension provides the ecological condi-
tions necessary for the proper functioning of both Parhyangan and Pawongan [13,
14]. Empirical findings show that environmental quality significantly contributes to
life expectancy and long-term societal well-being [6—8], reinforcing the centrality of
Palemahan as a longevity prerequisite. Therefore, degradation of the natural envi-
ronment will directly weaken social harmony and spiritual life, confirming that
Palemahan is the essential enabling condition for the sustainability of the entire 77i
Hita Karana framework [13]. However, Tri Hita Karana is documented to be applied
selectively in practice, with environmental problems persisting despite the philoso-
phy’s emphasis on Palemahan stewardship [15], underscoring the need to examine
structural regulatory factors alongside cultural frameworks [16].
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2.2 Hartwick’s Rule, Intergenerational Welfare, and Psychological
Dimensions

Hartwick’s Rule is a concept for maintaining welfare across generations, requiring
that all economic rents derived from exhaustible resources be reinvested into repro-
ducible capital to maintain constant consumption over time [9], captured by the ac-
counting equation:

xX(1) = c(t) + Ak + ay(t) (9]

Subsequent studies argue that the Hartwick Rule should be viewed as a theoretical
framework explaining the conditions for maintaining constant consumption, rather
than as a direct policy prescription [14]. Importantly, this study applies Hartwick’s
Rule as a normative evaluative lens. However, a key limitation is that direct meas-
urement of resource rents and capital stock is not possible with currently available
data at the provincial level for Bali. As a result, the analysis is limited to noting that
the ongoing pattern of land conversion, coupled with the absence of a documented
reinvestment mechanism, provides observable signals consistent with non-compliance
as predicted by Hartwick’s framework [14, 17]. Future research should incorporate
adjusted net savings indicators as empirical proxies [18, 19].

Furthermore, this study extends the conventional framing of Hartwick’s Rule to
encompass psychological welfare. Li and Tao (2022) demonstrate that natural capital
depletion reduces happiness and psychological wellbeing independently of income
loss [20]. When natural capital is depleted without reinvestment, the resulting envi-
ronmental change produces ecological grief the mourning of lost ecosystems and
land-based ways of life which constitutes a measurable mental health burden [21].
Helm et al. (2022) quantify this empirically, finding depression and anxiety scores 2—
7.5 times above population averages in communities facing land degradation and
threatened resettlement [22]. Within the 7ri Hita Karana framework, this psychologi-
cal dimension maps directly onto Parhyangan and Pawongan, confirming that Hart-
wick non-compliance threatens not only intergenerational material welfare but the
psychological integrity of the present generation.

2.3  Tourism, Land Conversion, Human Health, and Comparative
Evidence

The tourism-led growth hypothesis is well established across Asian economies, with
panel analysis of eleven ASEAN nations confirming that tourism substantially im-
pacts economic growth [23], while hotel occupancy is documented as a key transmis-
sion mechanism [24]. Tourism demand modelling across post-pandemic periods con-
sistently identifies COVID-19 structural breaks that, if uncontrolled, subject regres-
sion models to omitted variable bias [24]. Land conversion is driven more by institu-
tional than market factors [25, 26], though tourism volume creates the demand pres-
sure that institutional frameworks must govern. Environmental degradation resulting
from land conversion carries documented longevity consequences: Rahman et al.
(2022) confirm increased mortality among vulnerable populations [8], while Beyene
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and Kotosz (2021) demonstrate that environmental quality improvements significant-
ly increase life expectancy [7]. Extending this evidence base, Patz et al. (2020) docu-
ment that land conversion generates particulate air pollution and groundwater nitrate
contamination producing chronic disease burdens [27]; Ahmad et al. (2021) corrobo-
rate this finding [28] and Mastel et al. (2018) estimate approximately one quarter of
the global disease burden attributable to environmental change operates through this
pathway [29]. Together, these pathways establish that land conversion is a compound
health stressor with direct longevity consequences. Comparative evidence from Phu-
ket (coastal mangrove loss), Lombok (Mandalika community displacement [25]), and
the Canary Islands (successful regulatory decoupling [26]) confirms that Bali’s trajec-
tory is neither inevitable nor unique.

2.4  Integrated Framework

Building on this literature, the integration of 7ri Hita Karana and Hartwick’s Rule
provides a comprehensive framework for evaluating sustainability by bridging cultur-
al philosophy and resource economics. Within this integrated framework, Palemahan
ensures the preservation of natural capital, while Hartwick’s Rule offsets resource
depletion through capital reinvestment. At the same time, Pawongan and Parhyangan
reinforce social cohesion and spiritual well-being as essential components of long-
term societal stability. Moreover, Hartwick non-compliance activates a full-spectrum
welfare failure material, physical through pollution pathways [27-29], and psycholog-
ical through ecological grief [20-22] that together threaten the structural conditions
for societal longevity. Together, these perspectives enable a holistic assessment ensur-
ing that economic growth does not compromise environmental integrity, social har-
mony, or the conditions necessary to support long-term societal well-being and lon-

gevity.

3 Research Approach

3.1 Data

Secondary data from BPS Bali, BPN, the Bali Tourism Board, and government publi-
cations cover 2014-2025 (n=12). Four OLS regression models examine structural
relationships among tourist arrivals, hotel occupancy, GRDP growth, and land con-
version, with findings contextualized within the Tri Hita Karana—Hartwick's Rule
framework. Macro-level data limitations mean community-level well-being and
health outcomes are incorporated interpretively rather than empirically.

3.2 Model Specification

Four OLS models examine tourism's environmental impact using: internation-
al/domestic arrivals (demand pressure), hotel occupancy (transmission mechanism),
GRDP growth (economic rent), and annual land conversion (natural capital deple-
tion). An OSS policy dummy captures the post-2019 regulatory shift. To address
COVID-19 confounding, a structural break dummy (COVID = 1 for 2020-2021) is
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included following Nunkoo et al. (2023) and Gossling et al. (2021) [30, 31]. Three
specifications are reported: (A) full sample without COVID control; (B) COVID
dummy added, n=12 [primary]; and (C) excluding COVID years, n=10. Durbin-
Watson and Shapiro-Wilk normality tests are reported for diagnostic adequacy.

4 Results and Discussion

4.1 Empirical Finding

International tourist arrivals significantly drive hotel occupancy (B = 5.556, p < 0.001,
R? = 0.893), while domestic tourism has no significant effect. Occupancy in turn sig-
nificantly drives GRDP growth ( = 0.337, p < 0.001, R? = 0.758), confirming tour-
ism as the key transmission mechanism between external demand and regional eco-
nomic performance. Results remain robust when controlling for COVID-19 (f =
0.282, p < 0.001, R? = 0.919). These findings highlight the structural dependence of
Bali’s economy on international tourism and are broadly consistent with the tourism-
led growth hypothesis documented across ASEAN economies [23].Each additional
million international tourists is associated with approximately 26 hectares of annual
land conversion ( =~ 26.0, p < 0.001, R* = 0.978), a relationship that remains stable
across all model specifications. Economic growth shows no significant effect on land
conversion, indicating that tourism volume not GDP is the direct environmental driv-
er. The apparent reduction in land conversion during 2020-2021 is attributable to the
COVID-19 shock rather than OSS policy, as the policy effect cannot be statistically
distinguished from the pandemic structural break.

4.2  Theoretical Interpretation and Human Health Consequences

Tourism effectively drives economic growth (Pawongan), yet land conversion is driv-
en by tourist volume rather than economic growth itself, revealing a structural
Pawongan—Palemahan imbalance. The absence of reinvestment conditionality is
broadly consistent with Hartwick non-compliance, though this remains normative
rather than formally proven [17, 18, 32]. More importantly, this imbalance reveals
consequences that extend beyond ecological accounting. The observed land conver-
sion of 600—730 hectares annually activate a dual health pathway. Physically, loss of
vegetative cover and permeable soil intensifies groundwater contamination and par-
ticulate air pollution, generating chronic respiratory, cardiovascular, and waterborne
disease burdens among resident populations [21, 22, 27-29]. Psychologically, the
displacement of farming communities from agricultural and sacred land produces
ecological grief a measurable mental health burden producing depression, anxiety,
and somatization scores 2—7.5 times above population averages [21, 22]. In Bali’s
context, where identity, spiritual practice, and social cohesion are inseparably tied to
agricultural land and the subak system, forced land conversion constitutes a form of
identity loss that directly undermines Parhyangan and Pawongan and through these,
the longevity conditions 77i Hita Karana is designed to preserve. As a result, the
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fundamental conditions required to maintain intergenerational welfare and societal
longevity are not fully achieved.

4.3  Structrural Imbalance and Longevity Implications

Together, these findings reveal structural imbalance across all three 7Tri Hita Karana
pillars, consistent with Hartwick non-compliance, suggesting intergenerational wel-
fare conditions for societal longevity are at risk [18, 19]. Hartwick non-compliance in
Bali threatens material, physical, and psychological welfare — the full spectrum upon
which societal longevity depends. Governance must treat community health as a core
sustainability metric alongside economic and environmental indicators. The Canary
Islands demonstrate that decoupling tourism growth from environmental degradation
is institutionally achievable [26], confirming Bali's trajectory reflects reformable
regulatory choices.

5 Conclusion

This study examined the sustainability of tourism-driven development in Bali by inte-
grating 7ri Hita Karana with Hartwick’s Rule, with a focus on structural conditions
for societal longevity. The results show that international tourist arrivals significantly
drive hotel occupancy (f = 5.556, p < 0.001) and occupancy significantly drives
GRDP growth (B = 0.337, p <0.001, R? = 0.758), confirming the Pawongan tourism-
to-growth transmission mechanism. Furthermore, international arrivals are a robust
and statistically significant driver of land conversion (B =~ 26.0 ha per million tourists,
p < 0.001 across all specifications), while economic growth is not a significant inde-
pendent driver and the OSS policy effect cannot be distinguished from the COVID-19
structural break. These findings reveal a structural imbalance across all three pillars of
Tri Hita Karana and are consistent with the signals of Hartwick non-compliance, indi-
cating that the conditions required to sustain intergenerational welfare and societal
longevity are not fully achieved. Moreover, land conversion activates two compound-
ing health pathways physical, through pollution-related morbidity [27-29, 33], and
psychological, through ecological grief and solastalgia [20—22] that together mean the
longevity costs of non-compliance extend far beyond economic accounting.

This study is constrained by a small dataset (n=12), normative rather than formal
application of Hartwick's Rule, and the absence of community-level health data. Bali's
sustainability requires managing tourism volume, not just revenue. Policy should
enforce carrying capacity limits, environmental conditionality in investment licensing,
and reinvestment of tourism rents into ecological and community health. These prin-
ciples apply broadly across tourism-dependent Asia-Pacific economies.



10.

11.

13.

Economic Sustainability and Land Conversion in Bali’s Tourism ... 11

References

Tripadvisor  (2026) Best of the Best Travel Destinations -  Tripadvisor.
https://www.tripadvisor.com/TravelersChoice-Destinations. Accessed 12 Mar 2026

Badan Pusat Statistik Provinsi Bali (2026) Jumlah Akomodasi, Kamar, dan Tempat Tidur yang
Tersedia pada Hotel Bintang Menurut Kabupaten/Kota di Provinsi Bali, 2025 - Statistical Data
- BPS-Statistics Indonesia Bali Province. https://bali.bps.go.id/en/statistics-
table/3/TjBWS1dsWklZVnBXU1RKcVIsVTNSRXhpU2tzclFUMDkjMyM 1 MTAw/number-
of-accommodations--available-rooms-and-beds-in-classified-hotel-by-regency-municipality-in-
bali-province.html?year=2025. Accessed 13 Mar 2026

Badan Pertanahan Nasional (2025) Alih Fungsi Lahan Sawah di Bali Masuk dalam Kategori
Tinggi, Menteri Nusron: Tugas GTRA Penting dan Mendesak.
https://www.atrbpn.go.id/berita/alih-fungsi-lahan-sawah-di-bali-masuk-dalam-kategori-tinggi-
menteri-nusron-tugas-gtra-penting-dan-mendesak. Accessed 6 Mar 2026

Wibisana AANA, Dewi AASL (2023) Tri Hita Karana as a Concept of Local Wisdom in The
Development of Sustainable Tourism in Bali. pp 65-72

Chen Y, Koh HK, Kawachi I, et al (2020) Religious Service Attendance and Deaths Related to
Drugs, Alcohol, and Suicide among US Health Care Professionals. JAMA Psychiatry 77:737—
744. https://doi.org/10.1001/jamapsychiatry.2020.0175

Azwardi, Sukanto, Suhel, Thamrin KMH (2025) Green Economy and Quality of Life in the
Future: Bibliometric Analysis Approach. International Journal of Sustainable Development and
Planning 20:411-420. https://doi.org/10.18280/ijsdp.200137

Beyene SD, Kotosz B (2021) Empirical Evidence for the Impact of Environmental Quality on
Life Expectancy in African Countries. J Health Pollut 11:210312. https://doi.org/10.5696/2156-
9614-11.29.210312

Rahman MM, Rana R, Khanam R (2022) Determinants of life expectancy in most polluted
countries: Exploring the effect of environmental degradation. PLoS One 17:0262802.
https://doi.org/10.1371/JOURNAL.PONE.0262802

Hartwick JM (1977) Intergenerational Equity and the Investing of Rents from Exhaustible
Resources

Withagen CAAM, Asheim GB, Buchholz W, Withagen C (2002) The Hartwick rule: Myths
and Facts

Sukarma IW (2016) Tri Hita Karana: Theoretical Basic of Moral Hindu. International Journal
of Linguistics, Literature and Culture 2:84. https://doi.org/10.21744/ijllc.v2i3.230

Kubontubuh CP (2023) Tri Hita Karana, a Spiritual Connection to Nature in Harmony

Dwi Lestari L, Kandia W, Santika GN, et al (2025) COEXISTING IN HARMONY: THE
ROLE OF TRI HITA KARANA PHILOSOPHY IN THE SOCIAL STRUCTURE OF
BALINESE SOCIETY ARTICLE HISTORY

Darma Sedana W, Wiranatha AS (2026) Tri Hita Karana Implementation Model in Sustainable
Tourist Lodge Management

dan Pengajarannya G, Lestari Sitohang L, Hari Purnomo N (2023) KEARIFAN LOKAL
DALAM KONTEKS PARIWISATA BERKELANJUTAN: FENOMENA DUA SISI
PENERAPAN TRI HITA KARANA DALAM KESEHARIAN KEGIATAN PARIWISATA
DI BALL. JURNAL GEOGRAFI  Geografi dan  Pengajarannya  21:1-18.
https://doi.org/10.26740/JGGP.V2IN1.P1-18



12

16.

17.

18.
19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

N. P. Mukti and C. Bi

Widhiasthini NW, Yanti NKW, Subawa NS, et al (2025) Pentahelix model and Tri Hita Karana
for Bali sustainable tourism. Tourism and Hospitality Research.
https://doi.org/10.1177/14673584251340046;,JOURNAL:JOURNAL:THRB;PAGE:STRING:A
RTICLE/CHAPTER

Cotrina-Teatino MA, Marquina-Araujo JJ, Mamani-Quispe JN, et al (2025) Bibliometric and
systematic analysis of the literature on the Hartwick rule in non-renewable resources. Re-
sources Policy 107:. https://doi.org/10.1016/j.resourpol.2025.105654

Hamilton K, Clemens M (1999) Genuine Savings Rates in Developing Countries

Boos A (2015) Genuine Savings as an Indicator for “Weak” Sustainability: Critical Survey and
Possible Ways forward in Practical Measuring. Sustainability 2015, Vol 7, Pages 4146-4182
7:4146-4182. https://doi.org/10.3390/SU7044146

Lu F, Sohail MT (2022) Exploring the Effects of Natural Capital Depletion and Natural
Disasters on Happiness and Human Wellbeing: A Study in China. Front Psychol 13:870623.
https://doi.org/10.3389/FPSYG.2022.870623

Comtesse H, Ertl V, Hengst SMC, et al (2021) Ecological Grief as a Response to
Environmental Change: A Mental Health Risk or Functional Response? Int J Environ Res Pub-
lic Health 18:734. https://doi.org/10.3390/IJERPH18020734

Kriiger T, Kraus T, Kaifie A (2022) A Changing Home: A Cross-Sectional Study on
Environmental Degradation, Resettlement and Psychological Distress in a Western German
Coal-Mining Region. Int J Environ Res Public Health 19:7143.
https://doi.org/10.3390/IJERPH19127143/S1

Fan F, Ha VT (2025) Tourism-led growth or economy-driven tourism growth in Southeast
Asian countries. Humanities and Social Sciences Communications 2025 12:1 12:1374-.
https://doi.org/10.1057/s41599-025-05594-1

Chen MH (2011) The response of hotel performance to international tourism development and
crisis events. Int ] Hosp Manag 30:200-212. https://doi.org/10.1016/J.1JHM.2010.06.005

Yasa INM, Suasih NNR, Mahaendrayasa MSA (2024) Polemic on the Agricultural Land
Conversion for Tourism Sector in the Province of Bali: Factors and Actors. Research on World
Agricultural Economy 5:270-282. https://doi.org/10.36956/RWAE.V514.1164

Ustaoglu E, Williams B (2022) Institutional Settings and Effects on Agricultural Land
Conversion: A Global and Spatial Analysis of European Regions. Land 2023, Vol 12, Page 47
12:47. https://doi.org/10.3390/LAND12010047

Davey TM, Selvey LA (2020) Relationship between Land Use/Land-Use Change and Human
Health in Australia: A Scoping Study. Int J Environ Res Public Health 17:8992.
https://doi.org/10.3390/IJERPH17238992

Ahmad W, Igbal J, Nasir MJ, et al (2021) Impact of land use/land cover changes on water
quality and human health in district Peshawar Pakistan. Sci Rep 1l:.
https://doi.org/10.1038/S41598-021-96075-3

Mastel M, Bussalleu A, Paz-Soldan VA, et al (2018) Critical linkages between land use change
and human health in the Amazon region: A scoping review. PLoS One 13:¢0196414.
https://doi.org/10.1371/JOURNAL.PONE.0196414

Kumar NN, Patel A (2024) Modelling structural breaks in the tourism-led growth hypothesis.
Current Issues in Tourism 27:701-709. https://doi.org/10.1080/13683500.2023.2245954



31.

32.

33.

Economic Sustainability and Land Conversion in Bali’s Tourism ... 13

Gossling S, Scott D, Hall CM (2020) Pandemics, tourism and global change: a rapid
assessment of COVID-19. Journal of Sustainable Tourism 1-20.
https://doi.org/10.1080/09669582.2020.1758708

Lodhi 1 (2024) Extract or conserve? The Hartwick-rule and sustainable environmental
governance. Heliyon 10:. https://doi.org/10.1016/j.heliyon.2024.e24631

Myers SS (2011) Land Use Change and Human Health. Integrating Ecology and Poverty
Reduction 9781441906335:167. https://doi.org/10.1007/978-1-4419-0633-5 11

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.


https://doi.org/10.1016/j.heliyon.2024.e24631
http://creativecommons.org/licenses/by-nc/4.0/

	Economic Sustainability and Land Conversion in Bali’s Tourism Sector: A Longevity Perspective through Tri Hita Karana and Hartwick’s Rule



