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The Oelsonbai Forest Area in Kupang City, East Nusa Tenggara,
represents the only science-based forest tourism destination in the city.
The management of this area holds significant potential for optimization
through a circular economy approach to support ecosystem
sustainability and improve local community welfare. This study aims to
(1) analyze the level of community participation in the ecotourism
management of Oelsonbai Forest, (2) estimate the economic value of
the area using the Travel Cost Method (TCM), and (3) evaluate the
implementation of circular economy principles in area governance. The
study was conducted in May and November 2021 using a mixed methods
approach, combining structured questionnaire surveys with 142
respondents, in-depth interviews with stakeholders, and field
observations. Results indicate that 70.59% of community respondents
exhibited low participation in area management. The estimated
consumer surplus was approximately IDR 2,070,415 per visit. Using
1,344 recorded visits during 2011-2020, the aggregate recreational
economic value was estimated at approximately IDR 2.78 billion. This
estimate provides an economic reference for informing, but not
independently determining, non-tax state revenue (PNBP)-based
entrance-fee policy. Evaluation of circular economy practices revealed
measurable gaps in waste and water management: 49% of respondents
reported that waste sorting had not been implemented, while 0% of
nursery irrigation demand was met from non-groundwater sources
because irrigation relied entirely on groundwater. This study
recommends strengthening community participation through
empowerment as certified tour guides, establishing economically based
retribution systems, and adopting closed-loop resource management.
These findings contribute to the development of an urban forest
ecotourism model integrated with circular economy principles as a
foundation for sustainable forest area management.
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1. Introduction

Pressure on global natural resources continues to
increase alongside population growth, urbanization,
and economic expansion that drive massive
increases in material consumption. The linear
economic model dominated by a take-make-dispose
pattern has resulted in excessive exploitation of
natural resources, increased waste production, and
ecosystem degradation that is increasingly difficult to
reverse (Kirchherr et al.,, 2017). Conventional
development approaches oriented towards resource
extraction without considering ecological carrying
capacity are considered incapable of guaranteeing
long-term environmental sustainability. Within this
context, the circular economy has emerged as an
alternative paradigm that emphasizes resource-use
efficiency, waste reduction, material cycle extension,
and the regeneration of natural systems through a
closed-loop system approach (Ellen MacArthur,
2013). This paradigm is increasingly adopted across
various development sectors because it is considered
capable of simultaneously integrating economic,
social, and environmental objectives.

In the tourism sector, the urgency of implementing a
circular economy is becoming increasingly
important, as tourism activities frequently generate
ecological pressure in the form of increased waste
generation, high energy and water consumption,
landscape change, and degradation of the
environmental quality of tourist destinations
(Erdiaw-Kwasie et al., 2023; Rodriguez et al., 2020;
UNWTO, 2022). In many developing countries,
tourism sector growth that is not accompanied by
adequate environmental governance instead
increases the risk of ecosystem damage and conflicts
over natural resource utilization (Baloch et al., 2023;
Cui, 2025; Nathaniel & Adedoyin, 2022).
Consequently, various studies have begun to
emphasize the importance of transforming tourism
governance toward a more sustainable and
regenerative approach through the integration of
circular economy principles into destination
management (Tomassini & Cavagnaro, 2022).
Ecotourism represents one form of tourism with the
greatest potential to internalize circular economy
principles. The International Ecotourism Society
defines ecotourism as responsible travel to natural
areas that supports environmental conservation,
improves the well-being of local communities, and
involves interpretation and environmental education
(Beeton, 2025). As part of sustainable tourism,
ecotourism is not only oriented toward recreational
and aesthetic value but also integrates conservation
functions, community economic empowerment, and
local cultural preservation (Stronza et al., 2019). In
the context of a megadiverse country such as
Indonesia, ecotourism holds a strategic position as
an alternative approach to conservation area
management capable of generating economic
benefits while minimizing pressure on ecosystems
(Birawa & Sukarna, 2016).

Numerous studies indicate that the success of
ecotourism management is strongly influenced by
the quality of natural resources, the institutional
capacity of managers, and the level of local
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community participation in area management
(Stronza et al.,, 2019; Wearing & Schweinsberg,
2018). Ecotourism destinations that successfully
engage communities within the tourism value chain
tend to exhibit higher levels of sustainability, as
communities derive direct economic benefits from
the existence of the conservation area. Conversely,
weak community participation often results in a
diminished sense of ownership toward the area,
thereby triggering weak social support for
conservation programs (Ramadoan et al., 2013).
Consequently, the social dimension of ecotourism
management constitutes a critical element
determining the long-term effectiveness of area
governance.

In recent years, the concept of the circular economy
has begun to be integrated into ecotourism
management practices. Several studies state that
circular economy principles in ecotourism can be
implemented through 3R-based (reduce, reuse,
recycle) waste management, efficient energy and
water use, the utilization of sustainable local
products, and the reinvestment of tourism revenue
to support ecosystem conservation (Hutsaliuk et al.,
2021; Manniche et al., 2021; Strippoli et al., 2024;
Wiryawan et al.,, 2025). A meta-synthesis study
demonstrates that the integration of the circular
economy into destination management is positively
correlated with increased regional economic
resilience, resource-use efficiency, and long-term
visitor satisfaction (Motevali et al., 2022). In forest-
based tourism areas, circular economy
implementation can be realized through the
utilization of organic waste as compost, rainwater
harvesting systems, the use of renewable energy,
and the sustainable optimization of local resources
(Kurtagi¢, 2018; Pan et al., 2018). This approach is
particularly important because forest tourism areas
are fundamentally socio-ecological systems highly
dependent on maintaining a balance between
conservation functions and economic utilization.
Indonesia possesses substantial potential for the
development of conservation-based ecotourism,
supported by its high biodiversity and the presence
of various conservation forest areas distributed
across the country (Kementrian Pariwisata dan
Ekonomi Kreatif, 2023). One area with unique
characteristics is the Oelsonbai Forest Area in
Kupang City, East Nusa Tenggara (NTT) Province.
Covering 20.25 hectares, this area constitutes the
only forest-based scientific tourism destination
within the urban area of Kupang, functioning as a

living laboratory for forestry research, ex-situ
conservation, environmental education, and the
development of conservation-based scientific

tourism (Aryantie et al., 2023; BPKH, 2020). These
characteristics render the Oelsonbai Forest Area not
only ecologically important but also strategically
significant as a space for environmental learning and
the development of a sustainable urban forest
management model.

The primary attractions of the Oelsonbai Forest Area
include a Timor deer (Rusa timorensis) breeding
facility, conservation of the critically endangered Roti
Island snake-necked turtle (Chelodina mccordi), a
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sandalwood (Santalum album) nursery, and a
birdwatching trail that has recorded 41 bird species
from 23 families, of which approximately 23% are
endemic to Timor (Aryantie et al.,, 2023; Hidayat,
2016; IUCN, 2018). This biodiversity potential offers
substantial opportunities for the development of
conservation-based educational tourism, particularly
within the still relatively limited context of urban
forest ecotourism in Indonesia (Ardiansyah et al.,
2025; Sari et al., 2025). In addition to its
conservation function, the area also holds potential
to support local economic development through the
expansion of nature tourism services, environmental
education, and research activities. According to
regulations (SNI 8513:2018, Ministry of
Environment and Forestry Decree No. 7/2021), the
management of KHDTK areas is not based on zoning.
However, for specific research purposes, managers
designate restricted areas, such as animal breeding
enclosures, that are close to visitors. These areas are
accessible only to researchers and interns, whereas
general tourists can enjoy visiting open enclosures or
display ponds.

Despite its high ecological and educational potential,
the management of the Oelsonbai Forest Area
continues to face various structural challenges.
Previous studies indicate low involvement of
surrounding communities in area governance, the
underdeveloped nature of financing mechanisms
based on the area's economic value, and limited
implementation of circular economy principles in
area operations, including waste management,
water-use efficiency, and the productive utilization of
organic waste (Aryantie et al., 2021). Deficiencies in
cleanliness (waste management) were also reported
in a previous study (Herningtyas et al., 2022). These
conditions indicate a gap between the area's
ecological potential and its management capacity to
support long-term sustainability. Within the context
of urban conservation areas, this challenge becomes
increasingly complex given the high pressure from
human activity and the limited ecological space
available in urban regions.

Beyond governance aspects, the development of
ecotourism areas also requires an understanding of
the economic value of the environmental services the
area generates. Economic valuation of natural
tourism areas constitutes an important instrument in
supporting the justification of conservation
investment, the development of retribution policies,
and the formulation of sustainability-based
management strategies (Champ et al., 2017). One
widely used approach is the Travel Cost Method
(TCM), a revealed-preference method that estimates
the economic value of an area based on the costs
incurred by visitors to obtain a tourism experience
(Freeman III et al., 2014). Within the context of
conservation areas, economic value estimation
through TCM can serve as an empirical basis for
developing conservation financing policies and
optimizing non-tax  state revenue  (PNBP/
Penerimaan Negara Bukan Pajak).

Research on the Oelsonbai Forest Area has thus far
remained sectoral and partial in nature. Several
studies have focused on biodiversity potential and
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birdwatching as tourist attractions (Aryantie et al.,
2023; Hidayat, 2016), while other research has
examined visitor characteristics and the area's
scientific tourism potential (Aryantie et al., 2021;
Herningtyas et al., 2022). However, no study has yet
comprehensively integrated the social, economic,
and environmental dimensions into a single
analytical framework for circular-economy-based
ecotourism management. Most prior studies have
also failed to connect community participation, area
economic  valuation, and circular economy
implementation as interlinked elements within the
urban conservation area management system. The
absence of this integrative approach has caused area
management strategies to proceed fragmentarily,
unable to produce an adaptive and sustainable
governance model.

Based on these conditions, this study develops an
integrative analytical framework connecting three
primary dimensions of sustainable ecotourism
management: the social dimension, through analysis
of local community participation; the economic
dimension, through estimation of the area's
recreational economic value using the Travel Cost
Method (TCM); and the environmental dimension,
through evaluation of circular economy principal
implementation in area operations. The integration
of these three dimensions constitutes the primary
contribution of this study in extending the urban
forest ecotourism management approach,
particularly in scientific conservation areas within
semi-arid regions such as East Nusa Tenggara. Thus,
this study offers not only an empirical contribution to
the development of a circular-economy-based
ecotourism management model but also strengthens
a forest area governance approach that
simultaneously integrates ecological, economic, and
social aspects.

The urgency of this research is increasingly relevant
within the context of achieving the Sustainable
Development Goals (SDGs), particularly SDG 11
concerning sustainable cities and communities and
SDG 15 concerning the protection of terrestrial
ecosystems (United Nations, 2024). The
development of a circular-economy-based
ecotourism management model in urban forest areas
is expected to serve as an alternative strategy for
maintaining urban ecosystem sustainability while
enhancing economic benefits for local communities.
Accordingly, the findings of this study are expected
to provide a theoretical contribution to the
development of sustainable ecotourism and circular
economy studies, while also providing an empirical
basis for formulating more participatory, adaptive,
and sustainable  urban conservation area
management policies.

2. Research Method

1) Research Location and Time

This study was conducted in the Oelsonbai Forest
Area, Fatukoa Sub-district, Kupang City, East Nusa
Tenggara Province (10°10’S, 123°37’E) (Figure 1).
Covering 20.25 hectares, the area is in the northern
part of Kupang City and functions as a forest area for
education and training managed by the Ministry of
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Forestry. Data collection was conducted in two
stages: the first in May 2021 (initial post-pandemic
conditions) and the second in November 2021 (data
verification and completion).

to estimate the aggregate recreational economic
value (Table 1).

Table 1. Recorded visits to Oelsonbai Forest, 2011-

a L] Mapped Location w}

[} Mapped Location

Figure 1. Research location.

2) Research Design and Approach

This study employed mixed methods of research
design with a sequential explanatory approach
(Creswell & Creswell, 2018). In the first stage,
quantitative data was collected through a structured
questionnaire survey, which were subsequently
interpreted and elaborated using qualitative data
obtained from in-depth interviews and field
observations conducted in the second stage.

3) Data Collection

e Sample and Respondents

This study involved two primary respondent groups.
First, visitors to the Oelsonbai Forest Area (n = 142),
selected using on-site accidental sampling for
economic value analysis and facility evaluation.
Because visitors were sampled at the destination, the
visitor sample is subject to potential left truncation
of the visit-frequency distribution (V = 1) and
endogenous stratification, whereby visitors with
higher visitation frequency may have a greater
probability of being sampled. Second, communities
residing around the area (n = 34), selected using
purposive sampling based on the proximity of their
residence to the area boundary, for participation
analysis.

e Data Collection Instruments

Primary data were collected through: (a) a
structured questionnaire covering questions on
sociodemographic characteristics, travel costs, visit
frequency, perceptions of the area, and evaluations
of area facilities and management; (b) semi-
structured interviews with area managers and
relevant stakeholders; and (c) field observations of
facility conditions and management practices.
Secondary data were sourced from the Oelsonbai
Forest Area 2020-2039 long-term management plan
document (BPKH, 2020) and historical visitation data
for 2011-2020. The historical visitation records were
used to obtain the total number of recorded visits
during the 2011-2020 valuation period. The
observed total of 1,344 visits was subsequently used

Article Vol 13 No.2

2020
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A 2013 34
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Legenda 20 15 171
2016 119
2017 90
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2019 445
2020 124
B Total 1,344
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4) Data Analysis
e Community Participation Analysis
Community participation was assessed using a
structured questionnaire adapted from (Ramadoan
et al., 2013). The questionnaire captured
respondents’ involvement in activities and
management discussions at Oelsonbai Forest, as well
as the benefits they received. Participation in
activities and discussions was measured using a five-
point ordinal scale, from 1 (never involved) to 5 (very
frequently involved). The responses were analyzed
descriptively to characterize the level and pattern of
community participation.
e Economic Value Analysis (Travel Cost Method)
Estimation of the recreational economic value of
Oelsonbai Forest employed the Individual Travel Cost
Method (ITCM). Because the dependent variable
represents a positive count of visits (V = 1) obtained
from on-site visitor sampling, a zero-truncated
Poisson (ZTP) regression model was specified. The
conditional expected number of visits was expressed
as (Hellerstein, 1991):
E(Vi/Xi,Vi=1)=exp(BO+B1TCi+B2AGEi+B3INCi+p4
EDUi+B5DURI+B6PERI) (1)
where V; is the number of visits by respondent i, TC; is
travel cost, AGE;is age, INC;is income, EDU;is
education, DUR; is visit duration, and PER;is visitor
perception. The dependent variable was assumed to
follow a zero-truncated Poisson distribution
conditional on the explanatory variables.
The ZTP specification was selected after assessing
the dispersion of the visit-frequency data against a
Negative Binomial alternative. The likelihood-ratio
test of the Negative Binomial dispersion parameter
did not provide evidence of overdispersion;
therefore, the Negative Binomial specification was
not retained.
Travel cost represents the price of access to the
recreation site and was defined according to the
monetary  travel expenditure reported by
respondents. The treatment of travel time and any
associated opportunity cost is reported explicitly to
ensure transparency of the travel-cost construction
(Parsons, 2017).
Because the survey did not collect travel costs or
other price measures for substitute recreation sites,
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an explicit substitute-site price variable could not be
included. This omission may introduce omitted-
variable bias in the estimated travel-cost coefficient
and may result in an upward bias in the estimated
recreational welfare value if substitute-site costs are
positively correlated with own-site travel costs
(Parsons, 2017).

Given the on-site sampling design, the estimated
visit-frequency model may also be affected by
truncation and endogenous stratification. No
retrospective correction was applied because the
study did not collect the sampling-frame information
required to identify the corresponding population
distribution. Accordingly, the estimated travel-cost
coefficient and derived welfare estimates are
interpreted as sample-based estimates subject to
these limitations.

e Evaluation of Circular Economy Implementation
The evaluation was conducted using a standards-
based audit matrix developed from the Community
Service Standards for Natural Tourism Public
Facilities (KLHK, 2017) and SNI 8513:2018 for the
Management of Forest Areas with Special Purposes
(KHDTK/ Kawasan Hutan dengan Tujuan Khusus)
(BSN, 2018). The audit assessed waste
management, water management, energy use, and
organic-resource utilization. For each parameter, the
applicable standard or clause, observed field
condition, compliance status, and evidence source
were recorded. Compliance was classified as
compliant, partially compliant, or non-compliant
based on the correspondence between observed
conditions and the applicable standard.

3. Result and Discussion

1) Respondent Characteristics

Of the 142 visitor respondents, the majority
belonged to the productive age group (18-35 years,
63.4%), were male (58.5%), and held a bachelor's
degree (47.2%). Visitors were dominated by
researchers and students, consistent with the
scientific-tourism character of the destination. The
observed Vvisit-frequency distribution ranged from
one to six visits, with 40.14% of respondents
reporting one or two visits. The average visit
duration was 2.4 hours, with an average travel
distance of 8.7 km from place of residence.
Meanwhile, of the 34 surrounding community
respondents, 82.4% were male, aged 25-55 years,
with the majority working as farmers or informal
laborers.

2) Community Participation in Oelsonbai Forest
Management

The results indicate limited community involvement
in the management of Oelsonbai Forest (Table 2).
Among the 34 respondents, 24 (70.59%) reported
never having participated in discussions or meetings
organized by the forest managers. Ten respondents
(29.41%) reported some degree of participation,
although none reported very frequent involvement.
These findings suggest that opportunities for direct
community involvement in forest management
remained limited during the study period.

Table 2. Level of community participation surrounding the Oelsonbai Forest Area

Participation Category

Number of Respondents (n)

Percentage (%)

Low 24 70.59%
Moderate 10 29.41%
High 0 0.00%
Total 34 100.00%
This low level of participation reflects minimal A relevant empowerment model could adapt to a co-

integration of surrounding communities within the
area management chain. Based on interview results,
at least three primary contributing factors were
identified: first, the limited formal mechanisms
providing opportunities for community involvement
in decision-making; second, the community's
insufficient knowledge of the potential economic
benefits obtainable from the area; and third, the
absence of a structured empowerment program to
convert local labor potential into productive capacity.
This finding is consistent with previous studies
identifying low community participation in forest
area management as a systemic challenge requiring
institutional intervention rather than merely
socialization efforts (Stronza et al., 2019). Based on
interviews conducted, the Oelsonbai Forest Area
managers themselves have identified the need for
four additional operational staff, which could
concretely be fulfilled through the recruitment and
training of residents as certified tour guides in
accordance with SNI 8513:2018 (BSN, 2018).
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management approach, in which communities are
not merely objects of benefit reception but act as
active partners in management (Wearing &
Schweinsberg, 2018). Institutionally, the manager of
KHDTK is required to involve the community in the
management of the area (Ministry of Environment
and Forestry Decree No. 7/2021, Article 448,
Paragraph (2)) and may collaborate with the
community (Article 455, Paragraph (3)). Cooperation
agreements are subject to approval by an official
from the Ministry of Forestry. Previous studies
indicate that community engagement can take
various forms. (Waskitho, 2022) involved residents
in selecting agroforestry crops, specifically coffee, for
cultivation within KHDTK Universitas Muhammadiyah
Malang (UMM). Ariyanto et al. (2021) engaged
residents in honeybee farming at KHDTK Universitas
Negeri Surakarta (UNS) Gunung Bromo in
Karanganyar. Pujihartati and Wijaya (2023) noted
that the presence of KHDTK Gunung Bromo has an
amplifying effect, attracting tourists and boosting the
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income of the surrounding community. Within the
Oelsonbai context, empowerment could begin with
training in nature interpretation and birdwatching
guiding, given that the birdwatching trail represents
a new ecotourism product requiring specialized
human resource knowledge (Aryantie et al., 2023).

Table 3. Estimation results of the travel cost model

3) Economic Value of the Area: Travel Cost
Method Estimation

The results of the TCM regression model estimation

using 142 visitor respondents are presented in Table

3. The model was statistically significant overall

(McFadden Pseudo-R2 = 0.0790; LR test, p < 0.001)

Variable Coefficient (B) Std. Error p-value Sig.
Travel Cost (TC) —-4.830 x 1077 2.131 x 1077 0.023 ok
Age (AGE) 0.00938 0.005002 0.061 *
Income (INC) 0.042223 0.034516 0.221 ns
Education (EDU) —-0.013208 0.069388 0.849 ns
Duration of Visit (DUR) 0.296602 0.086886 <0.001 *oxok
Perception (PER) —0.017953 0.007564 0.018 **
Constant 0.809118 0.423027 0.056 *

Note: *** significant at a = 1%, ** significant at a = 5%, * significant at a = 10%; ns = not significant; n

= 142; McFadden Pseudo-R2 = 0.0790.

Four variables exhibited significant effects on visit
frequency: travel cost (TC, p < 0.05), age (p < 0.10),
duration of visit (p < 0.01), and visitor perception (p
< 0.05). The negative travel cost coefficient (BTC =
—4.830 x 1077) is consistent with the law of demand.
In the log-link count model, an increase in travel cost
of IDR 1,000,000 is associated with a multiplicative

factor of exp (—0.483) = 0.617 in expected visit
frequency, corresponding to an estimated 38.3%
decrease, ceteris paribus. The positive and
significant duration-of-visit coefficient (B = 0.297)
indicates that longer visits are associated with higher
expected visit frequency, ceteris paribus.

Table 4. Estimated consumer surplus and recreational economic value of Oelsonbai Forest visitors, 2011-

2020
Indicator Value
TCM respondents (n) 142

Total recorded visits, 2011-2020 (N) 1,344

Travel-cost coefficient (BTC) —-4.830 x 1077
Consumer surplus per visit (IDR) 2,070,415

Aggregate recreational economic value (IDR) 2,782,637,760

Aggregate recreational economic value (IDR billion) 2.78

The estimated consumer surplus was approximately
IDR 2,070,415 per visit, based on the negative
travel-cost coefficient obtained from the zero-
truncated Poisson model. Using the 1,344 actual
visits recorded during 2011-2020, the aggregate
recreational economic value of Oelsonbai Forest was
estimated at approximately IDR 2.78 billion. This
estimate represents the recreational welfare value
associated with visits to the site as revealed through
the travel-cost model.

From a policy perspective, the estimated consumer
surplus provides an economic reference for entrance-
fee policy, but it should not be interpreted as a
directly applicable tariff or as a stated willingness-to-
pay value. Any entrance fee level should be assessed
against the estimated welfare value, the applicable
price base, site-management costs, conservation
requirements, and visitor carrying capacity. Revenue
generated from an entrance fee could potentially be
reinvested in site operations, community
empowerment, and infrastructure improvements,
thereby supporting a value-retention cycle consistent
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with circular economy principles. Determining the fee

also requires consideration of the Oelsonbai
environmental carrying capacity. Aryantie et al.
(2021)  calculated visitor limits based on the

reproductive periods of the Rote turtle and the Timor
deer. Aryantie et al. (2021) also categorized visitors
into general tourists (sightseers) and scientific
visitors (researchers/ students). The effective
carrying capacity (ECC) results indicate that the Rote
turtle sites can accommodate 2-9 visitors per day,
while the Timor deer sites can accommodate 3-20
visitors per day. However, both attractions are closed
to the public during mating and reproductive
seasons.

Visitor perception was negatively associated with
visit frequency (B = —0.018, p < 0.05). This finding
should be interpreted cautiously and does not
support the inference that improving visitor
satisfaction would necessarily increase repeat visits.
Further investigation is required to identify the
mechanisms underlying this negative association and
to determine whether improvements in service
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quality and facilities would increase visitation

frequency.

4) Evaluation of Circular Economy
Implementation in Oelsonbai Forest

The implementation of circular economy principles in

the Oelsonbai Forest Area was evaluated using a

standards-based audit that compared observed

management conditions with the Community Service

Standards for Natural Tourism Public Facilities (SPM-

FP) and SNI 8513:2018 for the KHDTK. The
assessment focused on waste management, water
management, energy use, and organic-resource
utilization, with each parameter evaluated based on
the applicable standard, observed field condition,
compliance status, and available evidence. The
results provide a structured baseline for identifying
management gaps and opportunities for
strengthening circular resource flows within the area.

Table 5. Standards-based audit of circular economy-related management practices at Oelsonbai Forest

Para:nete SPM-FP/SNI clause Observed condition Co:;zltljsnce Evidence
Waste-bin 68% respondents perceived waste Survey +
il SPM-FP 3.8 bins as insufficient; 13% reported Non-compliant field
provision . .
no proper waste bins observation
Waste SPM-FP 3.8 Waste was collected and disposed Non-compliant Field
sorting of in one area without sorting observation
Compostin N.Ot expl|_C|tIy specified 64% reported absence of a Not Sur_vey +
g facility in the cited SPM-FP composting facility implemented fleld
clause observation
Water- _— .
saving SPM-FP 3.6 No water_—eff|C|ent taps or Non-compliant Field _
faciliti automatic flush systems observation
acilities
Ra|nwa’Fer SPM-FP 3.6 No rainwater harvesting system Non-compliant Field .
harvesting observation
Not explicitly specified .
Wastew_ate in the cited SPM-FP No wastewater recycling system . Not Field .
r recycling clause implemented  observation
Toilet Only one toilet unit with manual Survey +
facility SNI 8513:2018 handwashing facility; 68% Non-compliant field

considered facilities inadequate

observation

¢ Waste Management
Evaluation of waste management indicates
conditions that remain far from the standards for

sustainability-based natural tourism area
management. Visitor perceptions indicated that
waste-bin provision was inadequate: 68% of

respondents perceived the number of available waste
bins as insufficient, while 13% reported that no
proper waste bins were available during their visit.
More critically, 49% of respondents confirmed that
waste sorting by type (organic, recyclable inorganic,
and hazardous) had not been implemented. Based
on field observations conducted in May and
November 2021, collected waste was observed to be
disposed of in a single area without sorting, directly
contravening SPM-FP standard point 3.8, which
requires separate containment, sorting, and
transport of waste (KLHK, 2017).

From a circular economy perspective, this condition
represents a significant loss of residual value.
Organic waste generated from area activities,
including animal feed residue, vegetation biomass,
and visitor waste, holds potential for conversion into
quality compost usable in the nursery and area
greening efforts (Koul et al., 2022). The present
study did not measure manure production, nutrient
content, nursery fertilizer demand, or fertilizer
prices; therefore, the potential fertilizer-saving effect
of composting is identified as a management
opportunity rather than quantified.
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As many as 64% of respondents confirmed the
absence of a composting area at the Oelsonbai
Forest. Establishing a small-scale (area-level)
composting  facility represents a low-cost
intervention with compounding benefits: reducing
the volume of waste requiring transport, producing
organic fertilizer for the nursery, and serving as an
additional educational object for visitors, particularly
the student group that constitutes the largest visitor
segment.

¢ Water Management

Water management conditions at the Oelsonbai
Forest present a more positive profile compared to
waste management, though substantial
improvement is still required. As many as 62% of
respondents gave a positive assessment of clean
water availability, sourced from local groundwater.
However, 68% of respondents considered the
existing toilet facilities inadequate, while field
observations confirmed the availability of only one
toilet unit with manual handwashing facilities.

From an efficiency perspective, as required under
SPM-FP point 3.6, the area has not implemented
measurable water-saving measures: there are no
water-efficient taps or automatic flush systems, no
wastewater recycling system, and no rainwater
harvesting system (KLHK, 2017). Yet Kupang, with
an average annual rainfall of 1,000-1,250 mm
concentrated during the rainy season (November-
March), possesses rainwater harvesting potential
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that could reduce pressure on groundwater sources
(Sani et al., 2026).
Within a circular economy framework, a rainwater
harvesting system could be integrated as a
component of the nursery irrigation system, which
currently relies entirely on groundwater sources. A
simple system using gutters and storage tanks on
the roof of the management building could collect a
significant volume of water during the rainy season,
reducing operational costs and enhancing the area's
resilience to climate variability.
e Circular Economy Opportunities from the
Breeding and Nursery Systems
The area's two primary assets, the Timor deer
breeding facility and the endemic plant nursery, hold
circular potential that remains underdeveloped. Deer
manure is known to contain high levels of nitrogen,
phosphorus, and potassium, making it a quality
organic fertilizer that can be directly applied to the
nursery (Moe & Wegge, 2008; Wang et al., 2019).
Integrating this system positions breeding waste as
an input for the nursery, representing a concrete
implementation of the closed-loop principle within
the circular economy.
On the nursery side, circular principles could be
applied through: (1) the use of local organic
compost-based growing media in place of
commercial media; (2) the application of botanical
pesticides derived from local plants to reduce
dependence on chemical pesticides; and (3) a
rainwater harvesting system for irrigation needs
(Booth et al., 2022; Taufik et al.,, 2020). The
combination of these three practices could
significantly reduce nursery operational costs while
enhancing the area's educational value as a living
laboratory for sustainable agriculture.

5) Synthesis: An Integrated Circular-Economy-
Based Management Model
Based on the findings above, this study proposes an
integrated management model for the Oelsonbai
Forest Area that combines the three analytical
dimensions into a single, cohesive policy framework.
This model is built upon three main pillars.
The first pillar is the strengthening of social capital
through community empowerment. Surrounding
communities need to be integrated into the
ecotourism value chain through structured training
as certified tour guides, nature interpretation facility
managers, and producers of forest-based products
(handicrafts and local culinary products). A
transparent and equitable revenue-sharing
mechanism needs to be developed to ensure that
communities have real economic incentives to
actively participate in area conservation.
The second pillar is the optimization of economic
value through evidence-based retribution policy. The
estimated consumer surplus of IDR 2,070,415 per
visit provides an economic benchmark for evaluating
alternative entrance-fee scenarios. A differentiated
fee scheme could be considered, such as lower fees
for student groups and premium fees for specialized
research tourists, to optimize accessibility while
maximizing area revenue.
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The third pillar is operational transformation toward
a circular  system. A circular economy
implementation roadmap should be developed in
stages: short-term (0-1 vyear), including the
installation of three-category waste-sorting facilities
and construction of an area-scale composting unit;
medium-term (1-3 years), including integration of a
breeding-waste recycling system into the nursery
and installation of a rainwater harvesting system;
and long-term (3-5 years), including area eco-label
certification and the development of a forest-
conservation-based carbon sequestration program.

4. Conclusion

This study produces three complementary key
findings that build a comprehensive understanding of
ecotourism management in the Oelsonbai Forest
Area. First, the level of community participation in
area management remains very low (70.59% in the
low category), caused by the absence of formal
mechanisms for community involvement and the lack
of economic incentives that would encourage active
participation. This condition represents a significant
untapped opportunity for building the area's social
capital.

Second, economic valuation using the TCM yielded
an estimated consumer surplus of approximately IDR
2,070,415 per visit. Based on 1,344 recorded visits
during 2011-2020, the aggregate recreational
economic value was estimated at approximately IDR
2.78 billion. This estimate provides an economic
benchmark for evaluating entrance-fee options and
potential reinvestment in site management and
conservation.

Third, evaluation of circular economy
implementation reveals substantial implementation
gaps in waste management (absence of sorting and
composting), water efficiency (absence of rainwater
harvesting and wastewater recycling systems), and
material flow integration within the area (breeding
waste-nursery). These gaps simultaneously
represent real opportunities to improve operational
efficiency and the area's educational value.
Recommendations for future research include
updating visitation data, particularly for the post-
COVID-19 period, as this data would alter
calculations regarding economic value. Research into
the supply and demand regarding community
participation is also necessary; while the study
identified opportunities for working as tour guides,
the feasibility of residents performing these roles
requires further investigation. Finally, regarding the
improvement of circular economy implementation, it
is most appropriate to direct recommendations to the
management of KHDTK Oelsonbai.
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