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INTISARI
Penelitian ini bertujuan untuk mengetahui karakteristik komponen biofisik bentang 
alam dan elemen fisik lingkungan, khususnya iklim mikro, serta jenis vegetasi 
digunakan untuk mengidentifikasi lokasi hutan penyembuhan ( ) di healing forest
Taman Hutan Raya Bunder. Identifikasi karakteristik lingkungan menggunakan 
metode observasi lapangan dan analisis spasial. Hasil analisis menunjukkan bahwa 
Tahura Bunder mempunyai keragaman hayati yang tinggi dan bentang alam yang 
khas sehingga berpotensi untuk memberikan kenyamanan bagi pengunjung dalam 
melakukan wisata hutan untuk terapi kesehatan. Tahura Bunder juga memenuhi 
kriteria biofisik lingkungan yang sesuai dengan SNI 9006:2021 dengan tingkat 
kenyamanan sedang. Pengayaan vegetasi perlu ditingkatkan untuk mengurangi 
tingkat kebisingan dan meningkatkan kenyamanan termal di kawasan Tahura Bunder. 
Unsur air, batuan karst, dan vegetasi hutan campuran dapat dimanfaatkan sebagai 
media stimulasi pancaindra untuk terapi kesehatan.

ABSTRACT
Healing forests maintain health through preservative practices, allowing benefits to 
emerge when site conditions support the practices. Therefore, this research aimed to 
identify the biophysical components and physical elements of the healing forests in 
Bunder Grand Forest Park (GFP). This research adopted observation methods and 
spatial analysis to characterize the healing forests' biophysical components and 
physical elements. The results showed that Bunder GFP had a diverse biodiversity and 
a distinctive landscape with the potential to provide comfort for visitors. It also met 
the criteria outlined in SNI 9006:2021, with medium thermal comfort levels. This 
research suggested vegetation enrichment to enhance the park's therapeutic 
potential, decrease noise, and increase thermal comfort. Additionally, the existing 
water features, karst rocks, and mixed forest vegetation can be used as media for 
sensory stimulation, further supporting health therapy. 
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randomly selected 15 observation points. These 

include temperature, humidity, wind speed, noise 

level, negative ion content, sunlight intensity, and 

vegetation type. The sample collection across 

utilization, protection, collection, and traditional 

blocks referred to in the document on the 

restructuring of the Bunder GFP management blocks, 

outlined in the Decree of the Director General of 

Natural Resources and Ecosystem Conservation 

Number SK.57/KSDAE/RKK/KSA.0/3/2023. Over four 

weeks, we measured temperature and humidity by 

taking readings every 10 minutes for 24 hours. Other 

physical environment parameters were measured 10 

times with three repetitions at intervals during the 

morning, afternoon, and evening under sunny 

weather conditions.

The secondary data includes administrative maps 

of Gunungkidul Regency (scale 1:25,000), DEMNAS 

data, and Landsat 8 and 9 imageries (path 120 row 065) 

recorded on April 22, 2022. Additional resources 

included the GFP Bunder area map 2023, the Bunder 

GFP Flora and Fauna Inventory Report, and the Long-

Term Plan for Area Development and Management. 

The measurement instruments were temperature and 

humidity data loggers (Elitech RC-4HC), digital hand 

sound level meters (Uni-T UT 353), digital hand 

anemometers (Uni-T UT 363), digital hand lux meters 

(Uni-T UT 383), air ion tester K401, smartphones, tally 

sheets, stationery, and laptops equipped with 

Quantum GIS software and Microsoft Office.

Analysis

Vegetation Density

The standard Normalized Difference Vegetation 

Index (NDVI) method was applied to analyze the 

vegetation density levels, using Landsat 8 and 9 

satellite imageries recorded on April 22, 2022. The 

NDVI values range from -1, representing non-

vegetation, to 1, showing vegetation objects. 

According to the Ministry of Forestry (2003), the 

NDVI values -1 to 0.32, 0.32 to 0.42, and 0.42 to 1 

signified sparse, medium, and high density, 

respectively. The NDVI calculation used Equation 1 

(Huete et al. 2002; Li et al. 2021).

Description:

NDVI = vegetation density index value

NIR = value of near-infrared spectral channel 

RED = value of red spectral channel 

Slope 

Land slope level data was processed using DEM 

data analyzed by Quantum GIS software (Figure 1). 

The slope was classified using Arsyad (2010) 

classification, as depicted in Table 1.
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Introduction

The forest ecosystem supports human life and 

enhances human health (Miyazaki 2018). The forest 

environment affects a range of sensory responses, 

engaging touch (skin), smell (nose), hearing (ears), 

sight (eyes), and taste (tongue) (Li 2018). Nature 

tourism is gaining popularity as public awareness rises 

regarding a new lifestyle after the COVID-19 

pandemic, emphasizing physical and mental well-

being through outdoor activities. Indonesia's Ministry 

of Environment and Forestry (MoEF) reported a 

remarkable 200% increase in visits to conservation 

areas in 2022, compared to the 5.29 million visitors 

recorded the previous year. As awareness grows, 

further visits to these conservation areas are 

anticipated.

Healing forest as a health therapy activity has been 

developed in various Asian countries, including Japan, 

China, and Korea, and has provided significant results 

on the human body's physiological response (Hong et 

al. 2021; Zhang & Ye 2022). The therapy prioritizes the 

connection between humans and nature, such as 

forests. Furthermore, it requires a forest location with 

a comfortable physical environment that helps cure 

diseases or improve physiology and psychology (Li 

2018). Kang et al. (2024) identified forest biophysical 

characteristics suitable for forest therapy with 

indicators of predominant tree species, forest area, 

and water presence, which is considered to be the 

focus of forest therapy activities in the future. 

Therefore, a healing forest location should possess 

physical qualities that can provide healing services 

(Ramdan et al. 2021). Indonesia's extensive forest 

conservation areas have the potential for healing 

forest development, particularly in promoting 

ecotourism or nature tourism within conservation 

areas. The healing forest falls into the cultural category 

of environmental services.

Researchers have conducted numerous analyses 

on the biophysical potential of the healing forest 

environment across Indonesia. Baroqah et al. (2021) 

studied the protected forest area of Perum Perhutani 

in West Java. Similarly, Ramdan et al. (2021) studied 

the Cisamaya village area within Gunung Ceremai 

National Park. Both studies aimed to identify 

potential healing forest sites, which involved a spatial 

examination of the physical environment and an 

evaluation of health responses at the surveyed 

locations. According to SNI 9006:2021, the physical 

environment parameters of the forest ecosystem 

include slope vegetation density, temperature and 

relative humidity, wind speed, noise, and air negative 

ion content. Bunder Grand Forest Park (GFP), a 

conservation forest in the Special Region of 

Yogyakarta, is known for its rich and unique 

biodiversity and is a crucial tourist attraction 

(Suwandoko et al. 2022). Efforts to enhance forestry 

potential in the region include developing forest areas 

based on cultural ecosystem services. The healing 

forest concept offers a promising alternative as a 

specialized tourism concept to support the potential 

of Bunder GFP. Therefore, this research aimed to 

identify the biophysical components and physical 

elements of the healing forests in Bunder GFP, 

specifically the microclimate and vegetation types.

Materials and Methods

Location 

The research location was Bunder Grand Forest 

Park, Gunungkidul, Special Region of Yogyakarta, 

with an area of  6  34.1 ha geographically and 

coordinates of 110 ° 32'55'' - 110 ° 34'35'' BT and 7 ° 53'25'' 

- 7 ° 55'10'' LS. Administratively, the area was bordered 

on the north by Ngelegi and Ngalang Villages in the 

Patuk and Gedangsari Sub-districts, respectively. It 

was also bothered to the east by Gading Village in the 

Playen Sub-district, the south by Gading and the 

Banaran Villages, Playen Sub-district, and the west by 

Bunder Village, Patuk Sub-district. Furthermore, the 

location was 100-240 meters above sea level, classified 

as climate type C based on the Schmidt and Ferguson 

climate classification system. The region experiences 

dry months annually, with rainfall falling below 60 

mm for two to six months. The average number of 

rainy days was 80 annually between October and 

April, with an average rainfall of 200 mm/month.

Data and Tools 

This research used primary data from field 

observation and secondary data from various sources. 

Primary data collection occurred in May-June 2023 in 
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NDVI = 
NIR-RED

NIR+RED
....................................................... (1)

Figure 1. DEMNAS data processing process

Table 1. Slope classification based on slope angle

Slope classification
Slope gradient 

(%)

Flat

Gentle/wavy

Slightly sloping/wavy

Sloping/hilly

Slightly steep/mountainous

Steep

Very steep

≤3

4-7

8-15

16-30

31-45

46-65

>65

Source: Arsyad (2010)
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Noise Level, Wind Speed, Sunlight Intensity, Negative 

Ion Content

Measurements of noise levels, wind speed, light 

intensity, and negative ion content were conducted at 

the following times: 7—9 am (morning), 11 am—1 pm 

(afternoon), and 3—5 pm (evening). These observa-

tions adhered to the area's operational hours and were 

carried out exclusively on sunny days. A total of 10 

observations were recorded for each time slot, 

conducted three times throughout the study period. 

The average measurements for wind speed, light 

intensity, noise level, and harmful ion content will be 

compared to standard wind speed values in a healing 

forest environment, as detailed in SNI 9006:2021. The 

determination in the healing forest environmental 

criteria followed SNI 9006:2021, as presented in    

Table 2. 

Temperature and Humidity 

This research calculated and classified the level of 

environmental thermal comfort in tropical climates 

using the Thermal Comfort Index (THI) formula 

proposed by Nieuwolt (1975) in Equation 2 and     

Table 3. 

Description:

THI = Thermal Humidity Index

RH = Relative humidity (%)

T = Air temperature (°C)

Flora and Fauna

This research employed a counting method to 

analyze the flora and fauna data from secondary 

sources and field verification in the research area.

Nature and Artificial Objects 

Natural interpretation is an art that involves area 

managers elucidating the state of the environment to 

visitors, encompassing aspects such as flora, fauna, 

geological processes, and both biotic and abiotic 

factors. The aim is to inspire innovation and 

encourage thoughtful engagement, enabling visitors 

to become more aware, educated, and motivated to 

participate in environmental protection or further 

explore ecological topics (Rachmawati et al. 2021). 

This research investigated physical objects as 

interpretive elements for healing forests by examining 

flora and fauna surrounding designated observation 

points, conducting literature reviews of previous 

studies, and performing field validations to assess the 

current condition of these objects.

Results and Discussion

Vegetation Density

The vegetation index, determined using a 

mathematical combination of red and NIR (Near-

Infrared Radiation) channels, indicated vegetation 

health by representing the level of greenness. Active 

photosynthetics reflected near-infrared wavelengths 

and absorbed most of the red wavelengths of sunlight. 

In contrast, dead or stressed vegetation (less healthy) 

54

THI = 0,8 T + {              }
(RH x T)

500
........................................... (2)

Table 2. Forest environmental criteria for health therapy

Criteria Description

Vegetation density
Temperature and relative humidity

Slope level
Noise
Wind speed
Negative ion content in the air

Medium to dense density
Provides a comfortable effect for the body. Temperature ranges from ± 10% 
of the standard temperature above sea level (asl)
0% to 15% (flat to sloping)
< 50 dB
< 1 m/s

3>1.000 ion/cm

Source: SNI 9006:2021

Table 3. Classification of comfort based on THI

THI (°C) Comfort level classification

< 27°C
27-29 °C
> 29 °C

Comfortable
Somewhat uncomfortable

Uncomfortable

Source: Nieuwolt, 1975

reflected less near-infrared wavelengths and absorbed 

less infrared wavelengths (Lillesand & Kiefer 1997; 

Prasetyo et al. 2016). The NDVI values of Bunder GFP 

ranged between 0.0199 and 0.4661, indicating low to 

high vegetation density (Figure 2). The size of the 

medium to high-density area was 576.18 ha, or around 

90.87% of the area, while the low-density area was 

57.92 ha. This result is in line with the results of 

Panuntun (2022), where the Bunder GFP area was 

dominated by moderate to dense vegetation index 

values. The Flora Inventory in 2021 indicated that 

cajuput (Melaleuca leucadendron L.) species 

dominated the sapling and pole levels, while cajuput 

(Melaleuca leucadendron L.), mahogany (Swietenia 

mahagoni), acacia (Acacia sp.), and teak (Tectona 

grandis) species dominated the tree level.

Slope

The SNI 9006:2021 required flat to gentle slopes 

(0-15%) for healing forests. Around 291.86 ha, or 

46.03% of Bunder GFP, met the requirement, while 

43.97% featured unsuitable slopes ranging from 

moderately sloping to steep (Figure 3). Bunder GFP is 

part of the Batur Agung Mountains and has a karst 

geomorphology. 

Temperature and Humidity

Elevation, or altitude above sea level, is the most 

significant climate-controlling factor in tropical 

regions, particularly rainfall and air temperature 

(Lesik et al. 2020). Altitude influences the variation in 

air temperature in Indonesia. The average altitude of 

the Bunder GFP area is 180 meters above sea level, and 

the altitude of the Special Region of Yogyakarta (DIY) 

is 115 meters above sea level. The average temperature 

in DIY in May 2023 is 26.6°C with a humidity of 40-95% 

(Badan Perencanaan dan Pembangunan Daerah 

Istimewa Yogyakarta, 2023). According to SNI 

9006:2021, a comfortable body temperature effect 

ranges from ± 10% of the standard temperature above 

sea level. In the Bunder GFP area, the standard 

comfort temperature is 27 ± 2.7 °C, which means the 

comfortable temperature range is between 24.3 °C and 

29.7 °C. The average daily temperature in the Bunder 

GFP area exhibited a relatively stable pattern, ranging 

from 24.1ºC to 27.7ºC. This daily variation is considered 

Figure 2. Distribution of NDVI in the Bunder Grand Forest Park (source: Landsat Image Analysis)
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optimal for thermal comfort in tropical regions. The 

daily relative humidity in the Bunder GFP area varied 

significantly, ranging from 80.3% to 93.3% (Figure 4). 

Typically, lower temperatures are recorded in the 

morning, gradually increasing throughout the day to a 

peak of 31.2ºC at noon before declining in the 

afternoon. Humidity levels also fluctuate throughout 

the day, with peaks in the morning and afternoon. The 

lowest recorded humidity, 65.1%, occurred at noon 

(Figure 5). These observations aligned with Wiweka 

(2014), who indicated that maximum temperatures 

are reached during the day due to the highest intensity 

of sunlight, particularly when sunlight strikes 

perpendicularly at noon. Gases and particles in the 

atmosphere effectively absorb most solar radiation, 

increasing air temperature as they capture light 

energy. Furthermore, energy exchange within the 

atmosphere significantly influences air temperature 

(Anuar & Karyati 2019). As sunlight intensifies 

throughout the day, the resulting increase in air 

temperature contributes to a reduction in relative 

water content.

Noise Level 

The highest average noise levels recorded were 

between 49.6 and 54.3 dB in the morning, which then 

decreased to a range of 49.0 to 54.1 dB during the day. 

The lowest noise levels occurred in the afternoon, 

registering between 47.2 and 53.0 dB, as illustrated in 

Figure 6. The collection block exhibited the highest 

average noise level at 53.8 dB. In contrast, the 

utilization, protection, and traditional blocks 

maintained noise levels that adhered to the SNI 9006 

2021 standards, ranging from 49.3 to 50.0 dB. The noise 

levels in the Bunder GFP showed significant 

variability; while the central region remained within 

acceptable limits, the edges of the area exceeded the 

threshold. The composition of vegetation in the 

forests plays a crucial role in determining the noise 

level and enhancing comfort by absorbing and 

blocking sound (Putra et al. 2018). Factors such as 

vegetation type, density, lushness, location, and 

sound frequency influence the capacity for noise 

reduction. Trees absorb sound waves through their 

leaves, branches, and twigs. Notably, plants with thick 

canopies and broad leaves are particularly effective at 

sound reduction, with absorption rates reaching up to 

95%. Furthermore, combining broadleaf trees or a mix 

of broadleaf and coniferous trees should have a 

minimum density of 0.25 trees per m², significantly 

reducing noise levels (Defrance et al. 2021). This 

finding aligned with Dzhambov et al. (2018), who 

revealed that areas with higher vegetation density 

experience lower noise disturbances. Instead, the 

larger spacing between trees can diminish their noise-

reducing ability (Zhao et al. 2021).

76

Figure 4. Observed average temperature and humidity in Bunder Grand Forest Park 

Figure 3. Slope classification of the Bunder Grand Forest Park area (source DEMNAS Analysis)

Figure 5. Observed average temperature and humidity fluctuations within 24 hours in Bunder Grand Forest Park

Pertiwi et al. (2025)/ Jurnal Ilmu Kehutanan 19(1):1-15 Pertiwi et al. (2025)/ Jurnal Ilmu Kehutanan 19(1):1-15



optimal for thermal comfort in tropical regions. The 

daily relative humidity in the Bunder GFP area varied 

significantly, ranging from 80.3% to 93.3% (Figure 4). 

Typically, lower temperatures are recorded in the 

morning, gradually increasing throughout the day to a 

peak of 31.2ºC at noon before declining in the 

afternoon. Humidity levels also fluctuate throughout 

the day, with peaks in the morning and afternoon. The 

lowest recorded humidity, 65.1%, occurred at noon 

(Figure 5). These observations aligned with Wiweka 

(2014), who indicated that maximum temperatures 

are reached during the day due to the highest intensity 

of sunlight, particularly when sunlight strikes 

perpendicularly at noon. Gases and particles in the 

atmosphere effectively absorb most solar radiation, 

increasing air temperature as they capture light 

energy. Furthermore, energy exchange within the 

atmosphere significantly influences air temperature 

(Anuar & Karyati 2019). As sunlight intensifies 

throughout the day, the resulting increase in air 

temperature contributes to a reduction in relative 

water content.

Noise Level 

The highest average noise levels recorded were 

between 49.6 and 54.3 dB in the morning, which then 

decreased to a range of 49.0 to 54.1 dB during the day. 

The lowest noise levels occurred in the afternoon, 

registering between 47.2 and 53.0 dB, as illustrated in 

Figure 6. The collection block exhibited the highest 

average noise level at 53.8 dB. In contrast, the 

utilization, protection, and traditional blocks 

maintained noise levels that adhered to the SNI 9006 

2021 standards, ranging from 49.3 to 50.0 dB. The noise 

levels in the Bunder GFP showed significant 

variability; while the central region remained within 

acceptable limits, the edges of the area exceeded the 

threshold. The composition of vegetation in the 

forests plays a crucial role in determining the noise 

level and enhancing comfort by absorbing and 

blocking sound (Putra et al. 2018). Factors such as 

vegetation type, density, lushness, location, and 

sound frequency influence the capacity for noise 

reduction. Trees absorb sound waves through their 

leaves, branches, and twigs. Notably, plants with thick 

canopies and broad leaves are particularly effective at 

sound reduction, with absorption rates reaching up to 

95%. Furthermore, combining broadleaf trees or a mix 

of broadleaf and coniferous trees should have a 

minimum density of 0.25 trees per m², significantly 

reducing noise levels (Defrance et al. 2021). This 

finding aligned with Dzhambov et al. (2018), who 

revealed that areas with higher vegetation density 

experience lower noise disturbances. Instead, the 

larger spacing between trees can diminish their noise-

reducing ability (Zhao et al. 2021).

76

Figure 4. Observed average temperature and humidity in Bunder Grand Forest Park 

Figure 3. Slope classification of the Bunder Grand Forest Park area (source DEMNAS Analysis)

Figure 5. Observed average temperature and humidity fluctuations within 24 hours in Bunder Grand Forest Park

Pertiwi et al. (2025)/ Jurnal Ilmu Kehutanan 19(1):1-15 Pertiwi et al. (2025)/ Jurnal Ilmu Kehutanan 19(1):1-15



Cajuput (Melaleuca leucadendron L.) species were 

prevalent at the pole and stake levels. In contrast, 

cajuput (Melaleuca leucadendron L.), mahogany 

(Swietenia mahagoni), acacia (Acacia sp.), and teak 

(Tectona grandis) dominated the tree level. The 

cajuput (Melaleuca leucadendron L.) species featured 

narrow leaf areas with thin leaves, facilitating sound 

energy transmission. The Bunder GFP is situated 

along the main Yogyakarta – Wonosari road and is 

directly adjacent to community settlements, elevating 

noise levels due to vehicle traffic during peak mobility 

hours. The natural sounds from the nearby river and 

rustling leaves also contributed to the noise. The 

presence of animals, such as chirping birds, insects, 

and deer (Rusa timorensis), also increased the noise 

levels in the Bunder GFP area.

Wind Speed 

The highest average wind speed in the Bunder GFP 

area occurred from day to evening, averaging 0.2 m/s. 

The speeds across all blocks tended to increase during 

the day, with the highest recorded in the utilization 

block due to its location in the adjacent Oyo River, 

where vegetation density was low, intensifying wind 

gusts (Figure 7). With this average wind speed, the 

Bunder GFP area met the biophysical criteria of a 

healing forest environment according to SNI 

9006:2001, which set a wind speed of <1 m/second.

Sunlight Intensity

The utilization block exhibited the highest 

average light intensity, ranging from 5,027 to 10,681 

lux, whereas the collection block recorded the lowest 

intensity, falling between 2,102 and 3,887 lux (Figure 

8). Sunlight intensity typically increases throughout 

the day and diminishes in the afternoon. Topography, 

slope, and aspect significantly influence the daily 

microclimate. Uneven land surfaces heighten 

variations in the microclimate both spatially and 

temporally. The configuration of slopes and aspects 

determines the angle at which sunlight strikes the 

terrain. As a result, uneven terrain varies in the 

amount of radiation it receives, leading to temporal 

differences. Areas with aspects oriented towards 

incoming sunlight generally absorb more radiation. 

This variation in received light energy results in 

differences in emitted energy and thermal flux within 

forest ecosystems. Theoretically, forests with undula-

ting topography possess a more diverse microclimate 

than those with flat terrain (Medellu 2012).

Negative Ion Content

The highest average concentration of negative 

ions in Bunder GFP was observed during the day, 

ranging from 27,250 to 44,583 ions/cm³. The 

concentrations in the morning and afternoon were 

21,667 to 34,883 ions/cm³ and 18,750 to 23,208 

ions/cm³, respectively (Figure 9). The utilization 

block recorded the highest peak of negative ion 

content at 39,708 ions/cm³, while the collection block 

had the lowest value at 24,458 ions/cm³. The negative 

ion levels in Bunder GFP exceeded the threshold of 

>1,000 ions/cm³ specified in SNI 9006:2021. Negative 

ions are known to benefit air quality and human 

health.

The interaction of water, air, sunlight, and Earth's 

radiation forms negative air ions increased during the 

day and decreased in the afternoon (Ulfa & Muslimin 

2022; Pan et al. 2011; Zhang et al. 2016). Temperature 

and humidity had a positive correlation and 

significantly influenced the concentration of negative 

ions. Notably, the levels of negative ions rose 

considerably within the temperature range of 30ºC to 

40ºC (Li et al. 2022), peaking at 78.8% humidity (Pan 

et al. 2012). Higher temperatures increase atomic and 

molecular motion, resulting in more collisions and the 

ionization of negative air ions (Miao et al. 2018).

In addition to temperature and humidity, 

vegetation significantly affects the concentration of 

negative ions in the air. According to Feng et al. (2023) 

Figure 8. Observed average sunlight intensity in Bunder Grand Forest Park

Figure 7. Observed average wind speed in Bunder Grand Forest Park

Figure 6. Observed average noise levels in Bunder Grand Forest Park
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deciduous trees have greater water transport 

efficiency and photosynthetic capacity. Thus, they 

have a greater potential to produce negative ions in the 

air, which greatly impacts ecological health. Moreover, 

the type of  tree-shrub-herb community also 

demonstrated lower levels of atmospheric air particles 

and higher concentrations of negative air ions 

compared to other plant communities. The Bunder 

GFP area exhibited moderate vegetation diversity, 

ranging from shrubs to trees. Specifically, plots 11, 19, 

21, and 22 recorded moderate diversity values, while 

plots 15, 23, and 24 displayed lower diversity at the pole 

level. Additionally, plot 15 was noted for its low 

diversity at the tree level (Balai Tahura 2021).

Thermal Comfort Level

The thermal comfort level reflects the heat effects 

of the interaction between temperature and humidity. 

This research calculated the THI comfort index using 

each block's average temperature and humidity data. 

The results indicated that the Bunder GFP area 

experienced thermal comfort levels ranging from 

comfortable to uncomfortable (see Table 4). In the 

morning, the THI fell within the comfortable range, 

with an index of 26.1-26.6. However, during the day, it 

rose to an uncomfortable level, reaching 29.8-31.0, 

while offering partial comfort in the afternoon with an 

index of 27.4-28.5. Temperature (T) and relative 

humidity (RH) are key factors influencing thermal 

comfort in an area (Nieuwolt 1975). In the morning, 

the average daily air temperature and humidity in the 

Bunder GFP area were 27.3°C and 81.4%, respectively. 

These values increased to 33.2°C and 59.2% RH during 

the day, then dropped to 29.8°C and 68.3% RH in the 

afternoon. An increase of 5°C, notably exceeding 31°C, 

resulted in discomfort, categorizing the microclimate 

as very hot during the day (Fitriani et al., 2016). 

Table 4 presents the THI values for all blocks 

within the Bunder GFP area, indicating a partially 

comfortable range, with averages ranging from 27.8 to 

28.6. This data reveals that while some areas of Bunder 

GFP experienced uncomfortable thermal conditions, 

others maintained a more comfortable environment. 

Fluctuating air temperatures throughout the region 

largely determine the variation in thermal comfort. 

For human comfort in low-latitude areas, optimal 

temperatures are between 24-28°C with relative 

humidity levels of 40-60% (Sulistyana et al. 2017). The 

forest structure, characterized by woody vegetation, 

was inadequate in regulating the microclimate to 

sustain these comfortable conditions. The area 

predominantly comprises diverse tree species, with 

Cajuput (Melaleuca leucadendron L.) being the most 

prevalent. The narrow leaves and short crowns of 

cajuput (Melaleuca leucadendron L.) trees aid in solar 

radiat ion absorption,  s l ightly reducing air 

temperatures. However, with an open canopy and 

moderate vegetation density (vegetation index of 

0.32-0.42), the cajuput (Melaleuca leucadendron L.) 

stands fail to provide adequate shade to mitigate 

sunlight exposure, consequently contributing to 

elevated air temperatures. This insufficient shading 

has led to a partially uncomfortable thermal 

environment, with temperatures of 29°C and THI 

values between 27 and 29.

Flora and Fauna

The cajuput (Melaleuca leucadendron L.) species 

is the dominant land cover in the Bunder GFP area. 

Notable dominance at the tree level was recorded in 

plots 11, 15, 21, and 24, while the sapling level prevailed 

in plots 19, 22, and 23 (Balai Tahura 2021). As a member 

of  the Myrtaceae family, cajuput (Melaleuca 

leucadendron L.) is an aromatic plant that yields oil 

with potential medicinal applications. Among the 32 

active compounds identified in the leaves, seven 

primary components include cineole (26.28%), α-

terpineol (9.77%), caryophyllene (3.38%), andelemol 

(3.14%), α-caryophyllene (2.76%), Ledol (2.27%) 

andα-pinene (1.23%), (Joen 2020). Being an evergreen 

species, cajuput (Melaleuca leucadendron L.) emits 

aromatic phytoncides that promote healing within 

forest environments. Phytoncides are natural 

compounds released by plants to defend against 

bacteria, insects, and fungi, acting as natural 

deterrents. These substances facilitate plant 

communication and influence their interactions with 

humans (Li 2018). According to the 2021 Flora 

Inventory Data from Balai Bunder GFP, 118 plant 

species were identified, with cajuput (Melaleuca 

leucadendron L.) dominating each block. Table 5 

presents a selection of plants observed across 15 

sampling points. Additionally, field observations 

revealed various fauna, including jungle fowl (Gallus 

gallus), leaf snakes (Ahaetulla prasina), monitor 

lizards (Varanus sp.), and numerous birds such as 

gemak (Turnix suscitator), turtle doves (Streptopelia 

chinensis), cekakak (Halcyon cyanoventris), and 

srigunting (Dicrucus leucogastra). Bunder GFP 

exhibits s ignificant wildl i fe diversity,  with 

approximately 46 animal species documented in the 

area, encompassing 37 bird species and nine reptiles, 

mammals, and butterflies (Balai Tahura 2021).

Natural and Artificial Objects

Interpretation objects were crucial in ensuring 

visitors received adequate information to engage in 

safe and effective activities. Their presence enhanced 

the overall experience and mitigated the impact on 

natural resources. In the healing forest, these 

interpretation objects served as a bridge between 

humans and nature, encompassing natural elements 

(flora and fauna) and artificial components. This 

research identified various interpretation objects, 

including natural features from forest ecosystems 

such as rivers, karst rocks, landscapes, and artificial 

structures (see Figures 10-15). The rivers identified 

include the Oyo River, which runs alongside plots 23, 

Figure 9. Observed negative ion content in Bunder Grand Forest Park

Table 4. Temperature Humidity Index (THI) in the Bunder Grand Forest Park 

Description: *) = Nieuwolt, 1975; Wati and Nasution 2018; Isnoor et al. 2021.

Block Time 
THI factors

Utilization

Protection

Collection

Traditional

THI Criteria*
T (°C) RH (%)

Morning
Afternoon
Evening
Average

Morning
Afternoon
Evening
Average

Morning
Afternoon
Evening
Average

Morning
Afternoon
Evening
Average

27,5
33,4
30,0
29,6

27,5
33,0
29,4
29,4

27,1
34,0
29,1
29,1

27,3
34,0
30,6
29,4

82,5
58,4
67,5
72,9

80,5
59,9
69,0
72,5

82,9
62,8
70,8
74,8

79,4
55,7
65,8
70,1

26,6
30,6
28,1
28,4

26,4
30,4
27,6
28,1

26,1
29,8
27,4
27,8

26,2
31,0
28,5
28,6

Comfortable
Uncomfortable
Partially comfortable
Partially comfortable

Comfortable
Uncomfortable
Partially comfortable
Partially comfortable

Comfortable
Uncomfortable
Partially comfortable
Partially comfortable

Comfortable
Uncomfortable
Partially comfortable
Partially comfortable
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19, and 15, and tributaries found on plot 22 and 

seasonal river flows on plots 19 and 23. The karst rocks 

featured the Watu Payung karst in Plot 11, the floor 

karst rocks in Plots 19 and 21, and Watu Sipat in Plot 22. 

The landscape elements comprise the hilly terrain in 

plots 11, 20, and 21, the ancient mountain landscape 

visible in the northern part of plot 21, and the Oyo 

River, as seen in plot 15. The artificial structures 

include a camping ground, an outbound area, a 

gazebo, a work hut, and the Sendang Mole Cajuput oil 

factory.

Conclusion

In conclusion, the Bunder GFP area generally 

satisfies the biophysical criteria for a healing forest 

environment conducive to health maintenance. It 

features characteristics such as flat to gentle slopes, 

moderate vegetation density, temperatures ranging 

from 24.1 to 31.2 ºC, relative humidity between 65.1 and 

93.3%, noise levels of 48.9 to 51.7 dB, wind speeds of 0 

to 0.2 m/s, and ion content varying from 18,917 to 

41,683 ions/cm³ made the area as partially 

comfortable, with visitors experiencing optimal 
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Figure 10. The natural object of the Oyo River in the protection block of plot 23 (a) and the utilization block of plot 15 (b)
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Figure 11. The Ancient Mountains landscape as seen from the protection block of plot 21
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Figure 12. The appearance of the natural object Watu Payung in the protection block of plot 11 (a), Watu Sipat in the 
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Figure 14. The facilities and infrastructures in the form of a work hut and toilet in the utilization block of plot 15 (a) and 
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Figure 15. The camping ground (a) and outbound area (b) in protection block 19
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19, and 15, and tributaries found on plot 22 and 

seasonal river flows on plots 19 and 23. The karst rocks 
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karst rocks in Plots 19 and 21, and Watu Sipat in Plot 22. 

The landscape elements comprise the hilly terrain in 
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visible in the northern part of plot 21, and the Oyo 

River, as seen in plot 15. The artificial structures 

include a camping ground, an outbound area, a 

gazebo, a work hut, and the Sendang Mole Cajuput oil 

factory.
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comfort in the morning hours. The utilization block 

could serve as a location focused on health 

maintenance or a preservative healing forest by 

considering the suitability of its biophysical potential. 

To enhance the thermal comfort and uniqueness of 

the Bunder GFP area, the manager should consider 

enriching the vegetation, selecting natural 

interpretation objects, and modifying existing 

infrastructure. The distinct biophysical characte-

ristics of this healing forest environment can 

effectively stimulate the senses of touch, smell, sight, 

and hearing. Natural features such as the waters from 

the Oyo River, karst rocks, mixed forest vegetation, 

and aromatic cajuput (Melaleuca leucadendron L.) 

plants can evoke these sensory responses. This 

research also recommends further investigation into 

how the environmental characteristics of healing 

forests impact the health responses of Bunder GFP 

visitors through various therapeutic activities. 

Developing the healing forest will require a well-

considered site plan to align with the area's 

management objectives.

Acknowledgments

The author is grateful to the Special Region of 

Yogyakarta Government for funding this research and 

to the Bunder GFP Center team and other parties who 

contributed.

References

Anuar AFA, Karyati. 2019. Karakteristik iklim mikro di 
bawah tegakan sengon-kacang panjang dan jabon-
buncis. Jurnal Hutan Tropika 3(2):70—77. DOI: 
10.32522/ujht.v3i2.2919.

Arsyad S. 2010. Konservasi tanah dan air. IPB Press, Bogor.
Badan Perencanaan dan Pembangunan Daerah Istimewa 

Yogyakarta. 2023. Jogjadataku: Data vertikal Badan 
Meteorologi Klimatologi dan Geofisika. https:// 
bappeda.jogjaprov.go.id/dataku/data_dasar/index/710
-iklim.

Balai Taman Hutan Raya Bunder. 2021. Inventarisasi 
tumbuhan Taman Hutan Raya Bunder. Halaman 8—42. 
Pemerintah Daerah Daerah Istimewa Yogyakarta, 
Yogyakarta.

Baroqah, B, Sudjata RGG, Irawan DJ. 2021. The benefits of 
stress relieving treatment in a Healing Forest Program: 
A pilot project at Ranca Upas, Ciwidey, West Java. IOP 
Conference Series: Earth and Environmental Science 
918: 012009.

Defrance J, Jean P, Barrière N. 2019. Les arbres et les forêts 

peuvent-ils contribuer à l'amélioration de l'environ-
nement sonore?. Santé Publique (1):187—195. DOI: 
10.3917/spub.190.0187.

Dzhambov AM, Marcevch I, Tilov B, Arabadzhiev Z, Gatseva 
P, Dimitrova DD. 2018. Lower noise annoyance 
associated with GIS-derived greenspace: pathways 
through perceived greenspace and residential noise. 
International Journal Environmental Research and 
Public Health 15(7):15—33. DOI: 10.3390/ijerph 
15071533.

Feng H, An J, Wang H, Miao X, Yang G, Feng H, Wu Y, Ma X. 
2023. The ecological healthcare benefits and influences 
of plant communities in urban wetland parks. Forest 
14(11):2257. DOI: https://doi.org/10.3390/f14112257.

Fitriani A, Hatta GM, Asrar K. 2016. Perbandingan iklim 
mikro pada hutan sekunder yang terjadi suksesi di 
Tahura Sultan Adam Mandiangin Kabupaten Banjar 
Kalimantan Selatan. Jurnal Hutan Tropis 4(2):154-166. 
DOI: http://dx.doi.org/10.20527/jht.v4i2.

Hong J, Park S, An M. 2021. Are forest healing programs 
useful in promoting children's emotional welfare? The 
interpersonal relationship of children in forest care. 
Urban Forestry and Urban Greening 59 (127034).  DOI: 
https://doi.org/10.1016/j.ufug.2021.127034.

Huete A, Kidan K, Miura T, Rodriguez EP, Gao X, Ferreira LG. 
2002. Overview of the radiometric and biophysical 
performance of the MODIS vegetation indices. Remote 
Sensing Environment 83(1-2) :  195-213.  DOI: 
https://doi.org/10.1016/S0034-4257(02)00096-2.  

Isnoor KFN, Putra AB, Firmantari MA. 2021. Analisis 
kenyamanan termal berdasarkan temperature 
humidity index dan pengaruhnya terhadap curah hujan 
di kota Tanjungpinang. Buletin GAW Bariri 2(1):1—6. 
DOI: 10.31172/bgb.v2i1.32.

Joen STN. 2020. Efektivitas ekstrak daun kayu putih 
(Melaleuca leucadendron L.) sebagai antibakteri secara 
invitro. Majority 9(2):45—48.

Kang J, Choi J, Lee K. 2024. Development of an evaluation 
index for forest therapy environment. International 
Journal Environmental Research and Public Health 
21(2):136. DOI: 10.3390/ijerph21020136. 

Lesik EM, Sianturi HL, Geru AS, Bernandus B. 2020. Analisis 
pola hujan dan distribusi hujan berdasarkan ketinggian 
tempat di Pulau Flores. Jurnal Fisika: Fisika Sains dan 
Aplikasinya 5(2):118—128. DOI: 10.35508/fisa.v5i2.2451.

Li A, Li Q, Zhou B, Ge X, Cao Y. 2022. Temporal dynamics of 
negative air ion concentration and its relationship with 
environmental factors: Results from long-term on-site 
monitoring. Science of The Total Environment 
832:155057. DOI: 10.1016/j.scitotenv.2022.155057.

Li S, Xu L, Jing Y, Yin H, Li X, Guan X. 2021. High-quality 
vegetation index product generation: A review of NDVI 
time series reconstruction techniques. International 
Journa l  o f  Appl ied  Ear th Obser vat ion and 
Geoinformation 105: 102640. DOI: https://doi.org/ 
10.1016/j.jag.2021.102640.

Li Q. 2018. Forest bathing: How trees help you find health 
and happiness. Penguin, New York.

Lillesand TM, Kiefer RW. 1997. Penginderaan jauh dan 
interpretasi citra. Diterjemahkan: Dulbahri, Prapto 
Suharsono, Hartono, Suharyadi. Gajah Mada 
University Press, Yogyakarta.

Medellu C. 2012. Dasar-dasar penelitan iklim mikro 
ekosistem hutan. Halaman 161-162. Kelompok 

Konsentrasi Fisika Lingkungan UNIMA, Manado.
Miao S, Zhango X, Han Y, Sun W, Liu C, Yin S. 2018. Random 

forest algorithm for the relationship between negative 
air ions and environmental factors in an urban park. 
Atmosphere 9(12):463. DOI: 10.3390/atmos9120463.

Miyazaki Y. 2018. Shinrin-yoku: The Japanese ways of forest 
bathing for health and relaxation. Octopus Publishing 
Group Ltd., London

Nieuwolt S. 1975. Tropical climatology: An introduction to 
the climates of the low latitudes. John Wiley & Sons, 
New York. 

Pan JB, Dong, L, Liao SX, Qiao L, Yan H., 2011. Negative air 
ion concentration and affecting factors in Beijing 
Olympic Forest Park. J. Beijing For. Univ. 33(2):59–64. 
Diambil  dari  https://www.researchgate.net/ 
publication/289101568_Negative_air_ion_concentrati
on_and_affecting_factors_in_Beijing_Olympic_Forest
_Park.

Pan JB, Dong L, Yan H. 2012. Seasonal and annual 
characteristics of concentration of negative air ions in 
Beijing Olympic Forest Park. J. Northeast. For. Univ. 
40(9): 44–50.

Panuntun MD. 2022. Kajian ekologi bentanglahan sebagai 
penentu potensi konektivitas kawasan konservasi di 
Kabupaten Gunungkidul Daerah Istimewa Yogyakarta. 
Tesis (Tidak Diterbitkan). Universitas Gadjah Mada.

Prasetyo NN, Sasmito B, Prasetyo Y. 2017. Analisis 
perubahan tutupan menggunakan metode NDVI dan 
EVI pada citra satelit Landsat 8 tahun 2013 dan 2016 
(Area studi: Kabupaten Semarang). Jurnal Geodesi 
Undip 6(3):21—34. DOI: 10.14710/jgundip.2017.17180. 

Putra IS, Rombang JA, Nurmawan W. 2018. Analisis 
kemampuan vegetasi dalam meredam kebisingan. 
Eugenia 24(3):105—115. DOI: 10.35791/eug.24.3. 
2018.22660.

Rachmawati E, Rahayuningsih T, Rahmaningtyas, 
Aminsyah A. 2021. Perencanaan interpretasi alam di 
kawasan wisata. Syiah Kuala University Press, Banda 
Aceh.

Ramdan H, Prameswari SA, Dwiartama A. 2021. Suitability 
analysis of Kampung Pasundan Cisamaya in Mount 
Ceremai National Park Area as healing forest site. BIO: 
Journal of Biological Science, Technology and 
Management 3(2): 85—91. DOI: 10.5614/3bio.2021.3.2.4.

Sulistyana MICD, Yuwono SB, Rusita. 2017. Kenyamanan 
hutan kota linaraberbasis keraptan vegetasi, iklim 
mikro, dan persepsi masyarakat di Kota Metro. Jurnal 
Sylva Lestari 5(2):78—87. DOI: 10.23960/jsl2578-87.

Suwandoko SYN, Simbolon RS, Nadiah DC, Angest E, 
Prastiyanti  BS, Chandra, Ardiyanto B. 2022. 
Implementasi pengelolaan pariwisata berbasis 
konservasi lingkungan hidup di Taman Hutan Raya 
Bunder. Literasi Hukum 6(1): 76—97. Diambil dari 
https://jurnal.untidar.ac.id/index.php/literasihukum/
article/view/5671.

SNI 9006:2021. Wisata hutan untuk kesehatan.
Ulfa M, Muslimin I. 2022. Standar wisata alam untuk terapi 

kesehatan.  Standar 1(6): 18-22.  Diambil  dari 
http://majalah.bsilhk.menlhk.go.id/index.php/STAN
DAR/article/view/80.

Wati T, Nasution RI. 2018. Analisis kenyamanan thermis 
kl imatologis di  wilayah DKI Jakarta dengan 
menggunakan indeks panas (Humidex). Widyariset 
4(1):89—102. DOI: 10.14203/widyariset.4.1.2018.89-102.

Wiweka. 2014.  Pola suhu permukaan dan udara 
menggunakan citra satelit landsat multitemporal. 
Ecolab 8(1): 11-22. DOI:10.20886/jklh.2014.8.1.11-22.

Zhang JG, Xu WJ, Cui HP, Mei YY, Cai BF. 2016. Air anions 
concentration variation in forest park of citrus groves in 
Quzhou. Journal of  Zhejiang A&F University 
33(3):26–32. DOI: 10.11833/j.issn.2095-0756.2016.01.004.

Zhang Z, Ye B. 2022. Forest teraphy in Germany, Japan and 
China: Proposal development status and future. Forests 
13(8):1289. DOI: https://doi.org/10.3390/f13081289.

Zhao N, Prieur JF, Liu Y, Kneeshaw D, Lapointe EM, Paquette 
A, Zinszer K, Dupras J, Villeneuve PJ, Rainham DG, 
Lavigne E, Chen H, Bosch MVD, Oiamo T, Smargiassi A. 
2021. Tree characteristics and environmental noise in 
complex urban settings - a case study from Monteral, 
Canada. Environmental Research 202:111887. DOI: 
10.1016/j.envres.2021.111887.

1514

Pertiwi et al. (2025)/ Jurnal Ilmu Kehutanan 19(1):1-15 Pertiwi et al. (2025)/ Jurnal Ilmu Kehutanan 19(1):1-15



comfort in the morning hours. The utilization block 

could serve as a location focused on health 

maintenance or a preservative healing forest by 

considering the suitability of its biophysical potential. 

To enhance the thermal comfort and uniqueness of 

the Bunder GFP area, the manager should consider 

enriching the vegetation, selecting natural 

interpretation objects, and modifying existing 

infrastructure. The distinct biophysical characte-

ristics of this healing forest environment can 

effectively stimulate the senses of touch, smell, sight, 

and hearing. Natural features such as the waters from 

the Oyo River, karst rocks, mixed forest vegetation, 

and aromatic cajuput (Melaleuca leucadendron L.) 

plants can evoke these sensory responses. This 

research also recommends further investigation into 

how the environmental characteristics of healing 

forests impact the health responses of Bunder GFP 

visitors through various therapeutic activities. 

Developing the healing forest will require a well-

considered site plan to align with the area's 

management objectives.
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