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ABSTRACT 

 

The urban heat island phenomenon has become a major concern for 

medium-sized tropical coastal cities, driven by interactions among land-
use change, increasing building density, and the effectiveness of spatial 

planning. This paper examines how urban forest distribution and building 

density relate to urban heat island intensity using an urban ecology 
framework, remote sensing-based spatial analysis, including normalized 

difference vegetation index (NDVI), normalized difference built-up index 

(NDBI), and land surface temperature (LST), and spatial planning policy 

evaluation. The study combines Landsat imagery (2015–2023) with spatial 
planning documents, green space data, and stakeholder interviews. LST 

was obtained from NDVI-based emissivity-corrected digital number 

temperature-radiation-brightness conversion, and linear regression was 
used to determine the impact of NDVI and NDBI on LST. Based on the 

research findings, the two cities show different LST patterns. In Baubau, 

the temperature rise is largely influenced by building density, meaning the 

denser the buildings, the hotter the city becomes. In Kendari, on the other 
hand, temperature changes are more strongly influenced by vegetation 

density. Important ecological features, such as urban forests, mangrove 

forests, and coastal vegetation, remain scattered along the city’s outskirts. 
Their existence has not been fully integrated into the urban spatial 

planning. As a follow-up to these findings, we emphasize the need for 

ecosystem-based measures to tackle the urban heat island effect. This 
includes tightening regulations on building density and green open spaces 

through permitting systems, as well as preserving remaining vegetation 

while developing well-integrated green corridors.

 

1. Introduction 

The urban heat island effect (UHI) is a condition in which urban areas experience 

significantly higher temperatures than surrounding rural areas. This phenomenon arises in 

response to critical global environmental conditions. The dynamics of growing anthropogenic 

activity, land-cover changes, and climate change are driving an increase in the UHI, leading to 

increased energy consumption, air pollution, and heightened risks to public health and the 

sustainability of urban development worldwide. (Fajary et al. 2024; Mirzaei 2015; Wang et al. 
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2016a; Yadav and Singh 2024). Various studies have been conducted, but they have mostly 

focused on large metropolitan cities, while research in medium-sized cities remains limited. 

Studies of medium-sized cities are important because these areas are experiencing rapid 

urbanization. In particular, the coastal regions of eastern Indonesia have rarely been studied, 

creating a knowledge gap that needs to be addressed (Asfiya and Indah 2024; Husen et al. 2016; 

Ishak et al. 2025; Santamouris et al. 2019).  

Various scientific communities and urban planners have proposed nature-based urban 

planning as a response to the growing threat of the urban heat island effect, which is worsening 

each year. Nature-based approaches, such as urban forest ecosystems, offer a promising strategy 

for climate regulation. Urban forests have a highly complex vegetation system, making them a 

multifunctional solution that provides shade, lowers city temperatures, absorbs carbon emissions, 

and improves urban air quality, thereby simultaneously cooling the city's thermal environment 

(Masoudi et al. 2021; Rizki et al. 2024; Sanju 2025). Current research is no longer limited to just 

the benefits of urban forests. Instead, it focuses on how the spatial patterns and distribution of 

urban forests interact with urban morphology, including building density, to model the city's 

surface environment at a local scale (Estoque et al. 2017; Yilmaz and Ozturk 2024). 

This study focuses on Kendari and Baubau, two cities in Southeast Sulawesi Province, 

Indonesia. Both are medium-sized tropical coastal cities under environmental pressure from urban 

growth and rising human activity. Since 2015, the urbanization rate of 4.2% has led to changes in 

land use, particularly in green open space. Green open space in Kendari has shrunk by 28% (Otto 

et al. 2024). These results are supported by spatial-temporal analysis of Landsat 8 imagery, which 

shows a significant increase in land surface temperature (LST) in the Bau-Bau region, with an 

average increase of 2.8°C from 2015 to 2023 (Aldiansyah and Risna 2024; Alwi et al. 2022). The 

increase in urban temperatures is caused by the low proportion of green open space, which ranges 

from 11% to 12% in the cities of Kendari and Bau-Bau, far from the mandatory spatial planning 

regulations requiring at least 30% of the total area (Arifin 2020; Husen et al. 2023). In addition to 

the area that remains far from the target, the distribution of green open space remains uneven. In 

the city's growth centers, green cover accounts for less than 5% of the area, while the rest is 

distributed on the outskirts. As a result, the function of urban forests becomes fragmented and 

ineffective (Husen et al. 2023). This phenomenon of uneven spatial distribution, combined with 

increasing urbanization, creates the UHI effect, with significant consequences. These include a 

15–20% increase in energy demand for air conditioning, higher air emissions, and an increased 

risk of diseases related to extreme climate conditions (Santamouris et al. 2019; Wang et al. 2016b). 

Empirically, urban forests can reduce urban surface temperatures. However, there remains 

a gap between scientific understanding and policy implementation. Although empirical evidence 

and regulations have positioned urban forest ecosystems as strategic infrastructure for mitigating 

the UHI effect, their implementation has not yet been adopted in the current spatial planning of 

Kendari and Baubau. Current research on UHI mitigation is exploring the use of green roofs and 

cool pavements (Santamouris and Yun 2020; Wang et al. 2016b). However, implementing urban 

forest ecosystem strategies is considered a suitable approach to take in the early stages of planning 

and policy in urban areas. Topography and a humid tropical climate interact in complex ways; 

these factors support the formation of different heat center patterns that cannot be addressed with 

general mitigation plans (Du et al. 2024). 

The purpose of this study is to provide a holistic assessment of the potential of urban forest 

ecosystems to mitigate UHI in cities in Southeast Sulawesi Province. The methodology integrates 
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urban forest ecology, geospatial analysis, and evaluation of government policy (Latifah et al. 2025; 

Utomo et al. 2025). The objectives of this study are: (1) to understand the relationship between 

urban forest distribution, building density, and UHI intensity; (2) to evaluate the implementation 

of spatial planning policies (Darmawan and Santoso 2024; Kiswanto et al. 2025); and (3) to 

formulate ecosystem-based management strategies in the context of urban forests. Urban forests 

serve as green infrastructure, mitigating the UHI and providing ecosystem services. This study 

provides empirical evidence to encourage the sustainable development of climate-resilient cities 

in medium-sized tropical cities in Indonesia  (Ng et al. 2021; Pratomo et al. 2024; Rushayati et al. 

2025). 

 

2. Materials and Methods 

2.1. Research Location 

The research was conducted in the cities of Kendari and Bau-Bau in Southeast Sulawesi 

Province. These two cities, located on the coast, enjoy strategic positions and serve as regional 

centers with distinct geographic and socio-economic characteristics (Fig. 1).  

 
Fig. 1. Sulawesi Island: (a) Kendari City and (b) Baubau City. 

 

Kendari, the capital city of the province, is situated at approximately 3°58′20″ S and 

122°30′54″ E (−3.9722°, 122.5149°), and it has an area of roughly 270 km2 (Fig. 1a). The city is 

on the east coast of Sulawesi Island, adjacent to Kendari Bay. The city’s coastal area is mainly 

lowlands, mangrove forests, and hills reaching 450 meters in height. Baubau is at about 5°28′37″ 

S and 122°36′60″ E (−5.4770°, 122.6166°), and the city is on the southwest coast of Buton Island 

(Fig. 1b). Its area is close to 295 km2, of which nearly 30 km2 is sea, and the city is next to the 
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Buton Strait. The city is characterized by a mixture of coastal plains and hills that turn into low 

mountains. Baubau is the economic center of Buton Island. It is evolving into a maritime hub, with 

port facilities that are continuously expanding and offer sea connections to the eastern part of 

Indonesia that are very convenient and efficient. 

 

2.2. Data and Variables 

The research employs three principal variable groups to examine the urban heat island (UHI) 

effect in the locality. The initial variable is the earth’s surface temperature (SST/LST), which 

serves as a unit of measure for UHI intensity. In fact, this variable has been widely used, and its 

validity has been confirmed in numerous studies on urban heating (Bisht et al. 2024; Çetin et al. 

2024; Li and Jiang 2017; Wang et al. 2016a). 

The normalized difference vegetation index (NDVI) is a measure of the distribution of urban 

forests and green open spaces. The vegetation density index is a key component in vegetation 

mapping and UHI mitigation studies in urban areas (Degerli and Çetin 2022; Estoque et al. 2017; 

Lin and Li 2025). The next variable is the normalized difference built-up index (NDBI), which 

measures the density distribution of buildings or built-up areas. Building density also empirically 

influences surface temperature due to different albedo types (Nasrul et al. 2025a; Nasrul et al. 

2025b). 

The topographic imagery was obtained from Landsat 7 and Landsat 8/9, covering the period 

from 2015 to 2023. Secondary data includes spatial planning documents, green open space 

availability and other policy documents. The variables were created based on the studies; thus, 

they can be used in instrument testing to confirm the validity and reliability of the research results 

(Alwi et al. 2022; Bhaskara and Pratomo 2023; Hasyim et al. 2025). 

 

2.3. Land Surface Temperature (LST) Measurement 

Land surface temperature (LST) is an essential factor in understanding exchanges between 

the surface and the atmosphere and the UHI effect. The LST mapping is based on Landsat thermal 

data (10.40–12.50 µm for Landsat 7; 10.60–11.19 µm for Landsat 8/9). The LST calculation 

method comprises various stages (Li and Jiang 2017). 

Digital number (DN) values were converted to spectral radiance using Equation 1. 

𝐿𝜆 = 𝑀𝐿. 𝑄𝑐𝑎𝑙 + 𝐴𝐿 (1) 

where Lλ is the spectral radiance (W·m-2·sr-1·µm-1), ML and AL are multiplicative and additive 

rescaling factors, and Qcal is the calibrated DN. 

Spectral radiance was converted to brightness temperature (T_b) using Equation 2. 

𝑇𝑏 =
𝐾2

ln (
𝐾1

𝐿𝜆
+ 1)

 
(2) 

where K1 and K2 are band-specific thermal constants. 

The LST correction using land surface emissivity (LSE) based on vegetation fraction was 

performed using Equation 3 (Wang et al. 2016a). 

LST = 
𝑇𝑏

1+(
𝑋𝑇𝑏

𝜌
) 𝑙𝑛 𝜀

 − 273.15 (3) 
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where λ is the effective wavelength of thermal infrared sensor (TIRS) Band 10 (10.8 µm), 𝜌 =
ℎ.𝑐

𝜎
 

=1.438×10−2 mK is a constant derived from Planck’s law (h: Planck constant, c: speed of light, σ: 

Boltzmann constant), and ε is land surface emissivity.  

Emissivity (ε) is typically estimated from vegetation fraction, using the NDVI-based 

approach proposed by Wang et al. (2016a) (Equation 4).  

ε = m. Pv+ n (4) 

where m is the soil emissivity (0.004), n is the vegetation emissivity (0.986), and Pv is the 

proportion of vegetation cover, given by Equation 5. 

𝑃𝜈 = (
𝑁𝐷𝑉𝐼 −  𝑁𝐷𝑉𝐼𝑚𝑖𝑛

𝑁𝐷𝑉𝐼𝑚𝑎𝑥 −  𝑁𝐷𝑉𝐼𝑚𝑖𝑛
)

2

 (5) 

The NDVI is calculated from Landsat OLI bands using Equation 6. 

𝑁𝐷𝑉𝐼 =  
𝜌𝑁𝐼𝑅 − 𝜌𝑟𝑒𝑑

𝜌𝑁𝐼𝑅 + 𝜌𝑟𝑒𝑑
 (6) 

where ρNIR and ρred correspond to surface reflectance in the near-infrared (Band 5) and red (Band 

4) bands, respectively. 

Essentially, the LST getting back the data stage is associated with the following operations: 

Thermal DN → Spectral radiance → Brightness temperature → Emissivity correction → LST 

(°C). This NIR-based emissivity method has been consistently used in urban heat research and has 

been verified to improve retrieval precision beyond that of the conventional mono-window and 

single-channel methods (Bisht et al. 2024; Yin et al. 2020). 

 

2.4. Normalized Difference Built-up Index (NDBI) 

Normalized difference built-up index (NDBI) is designed to highlight built-up and 

impervious surfaces by exploiting the spectral difference between shortwave infrared (SWIR) and 

near-infrared (NIR) reflectance and is computed using Equation 7. 

𝑁𝐷𝐵𝐼 =  
𝜌𝑆𝑊𝐼𝑅 −  𝜌𝑁𝐼𝑅

𝜌𝑆𝑊𝐼𝑅 +  𝜌𝑁𝐼𝑅
 (7) 

where ρSWIR is the reflectance in the shortwave infrared band (Band 6, Landsat 8/9 OLI), and 

ρNIR is the reflectance in the near-infrared band (Band 5, Landsat 8/9 OLI). Positive NDBI values 

generally correspond to impervious or built-up areas, while negative values correspond to 

vegetated or water-covered surfaces. 

 

2.5.  Regression Analysis between Vegetation and Building Density on LST 

The relationships among vegetation density, building density, and surface thermal patterns 

are quantitatively analyzed using a multiple linear regression model. This model assesses the 

contribution of independent variables to the dependent variable. This method is also widely used 

in urban climate research to model the contribution of land-cover indicators to changes in urban 

surface temperatures. 

The regression model is formulated using Equation 8 (Degerli and Çetin 2022). 

LST = 𝛽0 + 𝛽1 x NDVI + 𝛽2 x NDBI (8) 

where  LST is the land surface temperature (°C), β0 is the intercept term, and β1 and β2 are the 

regression coefficients for NDVI and NDBI, respectively.  
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A regression analysis aimed at determining the relationships among NDVI, NDBI, and LST 

used a random sample of 100 points to ensure the data reflected the characteristics of the two cities. 

The sampling technique used a grid system. The sample points were distributed proportionally 

across land cover types, including open land, vegetation, and urban built-up areas, to capture the 

full spectrum of urban temperature variability. The research sample uses a 30 m × 30 m grid based 

on Landsat 8/9 imagery to minimize spatial autocorrelation; sample points are spaced at least 150 

meters apart to ensure statistical independence of each observation. This resolution can identify 

building blocks and vegetation data maps by maintaining the derived indices NDVI, NDBI, and 

LST. The sampling technique can better illustrate the influence of vegetation cover (NDVI) and 

building density (NDBI) on surface temperature (LST) at the local scale. Furthermore, a sample 

size of 100 points per city is sufficient for multiple linear regression, as it meets the recommended 

minimum of 15–20 observations per predictor variable. 

 

2.6. Spatial Planning and Green Open Space Policy Analysis 

To achieve the second research objective, this study conducted a comprehensive policy 

evaluation using a mixed-methods approach, combining document analysis with semi-structured 

interviews. These include: a) Regional spatial plans or Rencana Tata Ruang Wilayah (RTRW) for 

both Kendari and Baubau, along with local regulations concerning green open space or Ruang 

Terbuka Hijau (RTH) implementation, which were systematically reviewed. The analysis focused 

on: (i) alignment with national mandates (Law Number 26 of 2007 requiring 30% green open 

space); (ii) spatial distribution targets for green space; (iii) building density regulations (building 

coverage ratio/KDB); and (iv) integration of ecological indicators in planning instruments.); b) 

Semi-structured interviews were conducted with 15 key informants purposively selected based on 

their direct involvement in urban planning and green space management. The informants 

comprised: five city planning officials from the Development Planning Agency (Bappeda) and 

Public Works Agency (Dinas Pekerjaan Umum) in each city (Kendari and Baubau); three 

environmental agency staff responsible for green space maintenance; four academic experts in 

urban ecology and regional planning from local universities (Halu Oleo University and 

Muhammadiyah University of Buton); and three community representatives from neighborhood 

associations in areas with varying green space coverage.  

Interviews were conducted in Kendari and Baubau from August to September 2025, with 

each session lasting 45–60 minutes. The interviews used a semi-structured method, structured 

around several key themes, including challenges in policy implementation, obstacles to achieving 

green open space targets, enforcement of regulations on building density, and the level of 

understanding of the UHI phenomenon in planning decision-making. All interviews were recorded 

with the respondents' consent and then transcribed verbatim. Data analysis was then conducted 

using a gap analysis approach, comparing the policy objectives stated in the RTRW documents 

and regulations with the field implementation conditions, derived from spatial analysis and 

interview results. Interview transcripts were analyzed using thematic analysis, following the Braun 

and Clarke (2006) framework. This involves several stages: understanding the data through 

repeated readings, developing initial codes, identifying themes, revisiting themes, defining and 

naming themes, and producing final interpretations. The coding process was conducted manually, 

grouping themes by regulatory gaps, law enforcement challenges, and obstacles to implementing 

evidence-based planning. To increase the reliability of the results, triangulation was conducted by 
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comparing interview findings with document analysis and with spatial data, including NDVI, 

NDBI, and LST patterns. Furthermore, all findings were synthesized using a SWOT analysis 

framework to identify strategic positions for UHI mitigation efforts, as described in Section 3.3. 

 

2.7. Developing an Ecosystem-Based Strategy 

This research resulted in an urban forest management plan based on an ecosystem approach, 

utilizing spatial analysis results (NDVI, NDBI, LST) and evaluation of existing policies. The focus 

of the study was to a) Identify priority locations for tree planting and increase green cover, 

particularly in areas most in need, such as the city center and points with high UHI intensity; b) 

Linking green open spaces and city vegetation with spatial planning norms to make the best use 

of ecosystem services (micro-cooling, carbon sequestration, and air quality); and c) Suggestions 

for local UHI abatement scenarios for Kendari and Baubau by considering the topographic 

features, tropical climate, and built-up density. This method combines quantitative and qualitative 

analysis to identify empirically grounded urban forest management strategies for sustainable urban 

development and climate resilience. 

 

3. Results and Discussion  

3.1. Configuration  and Distribution of Green Open Spaces  

The geographical conditions of Kendari and Baubau differ significantly in their effects on 

urban heat island (UHI) dynamics. Kendari City, located on the mainland of Sulawesi Island, has 

a hilly topography and extensive land connectivity. This connectivity encourages urban 

development to spread to the city's outskirts (Nurgiantoro et al. 2025). The second city research 

location, Baubau, is on Buton Island, with a relatively limited land area and an archipelagic 

character that limits horizontal development. Consequently, urban activity and development are 

more concentrated, especially in city centers such as Wolio, Merhum, and Betoambari Regencies 

(Aldiansyah and Risna 2024). 

Kendari and Baubau exhibit distinct spatial patterns due to their respective geographical 

conditions. Kendari has a diffuse pattern, while Baubau has a centralized pattern, resulting in 

different UHI distributions. Research conducted by Nurgiantoro et al. (2025) revealed that UHI 

changes in Kendari City spread to the west and south, following the expansion of built-up land. In 

contrast, in Baubau City, they were relatively concentrated in the city's activity centers. This 

finding is supported by Aldiansyah and Risna (2024), who reported that UHI distribution and 

intensity in Baubau were concentrated in the city center, with UHI intensity increasing by up to 

2°C between 2018 and 2023. 

Southeast Sulawesi is characterized by hilly topography and a humid tropical climate, which 

tends to exacerbate the uneven distribution of heat across the two cities (Husen et al. 2026). 

Kendari's varied topography results in heat centers of varying intensity. Meanwhile, in Baubau, 

the island's limited land area causes heat to accumulate in the city center. These differences in 

characteristics indicate that UHI mitigation efforts through an urban forest ecosystem approach 

cannot be implemented uniformly. Instead, the strategies implemented need to be tailored to each 

city’s geographic conditions and spatial configuration. 

Based on a spatial analysis of green open space (RTH) in Baubau City, it was revealed that 

its ecological structure is largely composed of natural forest vegetation. Green open space in 
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Baubau covers an area of 11,300.22 ha, or 38.30% of the city's total area (29,507 ha).  Public RTH 

accounts for the majority, at 11,073 ha (97.99%), of which primary and secondary forests make 

up the largest share, covering 9,617.52 ha (85.11%). The next significant components are certified 

urban forests (441.75 ha; 3.91%), riversides (413.81 ha; 3.66%), and coastal/mangrove areas 

(197.13 ha; 1.74%) (Hasddin 2023). 

By comparison, the coverage of managed RTH, e.g., city parks (148.03 ha; 1.31%) and 

village parks (37.21 ha; 0.33%), is just a fraction of the area of natural forest. The private green 

space portion is only 227.25 ha (2.01%), mainly residential yards (180.25 ha; 1.60%), indicating 

a very low level of household-based vegetation. Table 1 shows the complete breakdown of the 

green area in Baubau City. 

 

Table 1. Composition of green open space in Baubau City 

Type of green open space (RTH) Area (ha) RTH area (%) 

City parks 148.03 1.31 

Sub-district parks 37.21 0.33 

Designated urban forest 441.75 3.91 

Primary–secondary forest 9,617.52 85.11 

Green belts 144.59 1.28 

Roadside green strips 0.63 0.01 

Pedestrian green strips 1.26 0.01 

Public cemeteries (TPU) 6.71 0.06 

Archaeological park areas 24.29 0.21 

River buffer zones 413.81 3.66 

Coastal buffers (include mangroves) 197.13 1.74 

Raw water buffer zones 40.06 0.35 

Office yards 34.70 0.31 

Commercial/business yards 12.28 0.11 

Residential yards 180.25 1.60 

Total RTH in Baubau City 11,300.22 
38.30 

Total area of Baubau City 29,507 

Note: The 38.30% represents the proportion of RTH relative to Baubau City’s total administrative area. 

 

The spatial distribution indicates that green open space is largely concentrated in the city's 

forest-dominated areas, in both the central and northern parts, and along the coastal corridor. On 

the other hand, densely populated residential areas, especially those in the southwest sector, have 

low green open space coverage and high levels of fragmentation. This configuration aligns with 

the higher NDBI and LST values in these areas, and the lack of green open space is cited as a 

contributing factor to increased surface temperatures. Consequently, densely populated residential 

areas with a shortage of green open space were pinpointed as the primary target areas for the 

intervention of tree planting, the creation of neighborhood parks, and the development of green 

corridors. 

At the same time, Kendari City has a green space composition that is not only more extensive 

but also more structurally diverse than that of Baubau. The total green area amounts to 13,558.71 

ha, which is 49.89% of the city’s total area of 27,176 ha. The most significant part is the primary 

and secondary forests, which cover 11,020 ha (81.28%) and, by definition, make them the city's 
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ecological core. The green belts along the streets, on the other hand, make up 1,341 ha (9.89%), 

and after that, the mangrove forest is at 525 ha (3.87%) and hence plays a crucial role in both the 

stabilization of the shore and in the reduction of the surface temperatures of the coastal zone. 

Managed green spaces additionally include botanical gardens (118 ha; 0.87%), nature 

tourism parks (65.20 ha; 0.48%), river green belts (168.89 ha; 1.25%), and coastal green belts 

(102.85 ha; 0.76%). At the city level, green open spaces, such as city parks (6.16 ha; 0.05%) and 

village parks (0.64 ha; 0.00%), make a quite limited contribution compared to the ecological 

benefits of greened areas. The private components, such as institutional yards and other non-formal 

green spaces, account for 56.02 ha (0.41%), indicating that community involvement in green 

spaces remains quite minimal across the city. 

This spatial pattern reveals two main ecological clusters. First, the coastal green belt, 

consisting of mangrove forests and other coastal vegetation. Second, the forest complex in the 

north-central region forms the backbone of the city's ecological network. Part of these areas has 

also been urbanized and is surrounded by fragmented green space, with high LNDVI and LST 

values. The distant sub-districts have plenty of green space but are mostly low-lying, with mostly 

low-growing vegetation such as shrubs and grass. The temperature reduction is lower than in areas 

with mature canopy forests. The complete distribution of green space by typology in Kendari City 

is depicted in Table 2. 

 

Table 2. Composition of green open space in Kendari City 

Type of green open space (RTH) Area (ha) RTH area (%) 

Urban forest 74.62 0.55 

Mangrove forest 525.00 3.87 

Primary-secondary forest 11,020.00 81.28 

City park 6.16 0.05 

Nature tourism park 65.20 0.48 

Botanical garden 118.00 0.87 

Roadside green strips 1,341.00 9.89 

Coastal green strips 102.85 0.76 

River green strips 168.89 1.25 

Sports fields 56.78 0.42 

Cemeteries 23.55 0.17 

Sub-district Park 0.64 0.00 

Other private RTH 56.02 0.41 

Total RTH in Kendari City 13,558.71 
49.89 

Total area of Kendari City 27,176 

Note: The 49.89% represents the proportion of RTH relative to Kendari City’s total administrative area. 

 

Taking into consideration these spatial patterns, Kendari’s foremost strategies are (i) 

bolstering the conservation of mangroves, (ii) improving the quality of vegetation in the residential 

areas with high population density, and (iii) interlinking the green islands in the different districts 

into ecological corridors to strengthen the control of the urban heat island effect. 

Baubau and Kendari similarly rely on natural forests to meet their green space needs; 

however, the arrangements and operational effectiveness vary. Built-up residential areas of 

Baubau exhibit even greater fragmentation of green space. However, Kendari has a more 
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integrated ecological network within the coastal zone and northern forest complex (Agil et al. 

2025; Iskandar et al. 2024; Zulkarnain et al. 2025). These differences result in varied LST 

sensitivities to NDVI and NDBI across the two cities, as corroborated by the following regression 

analysis. The results demonstrate that to mitigate UHI effectively, cities need more than adequate 

green space. The green space must be organized in a specific spatial pattern and of high ecological 

quality (Ulfa and Fazriyas 2020; Zulkarnaen et al. 2021). 

The study of green space composition and spatial distribution in Baubau and Kendari has 

shown that changes in vegetation cover and the degree of green space fragmentation strongly 

influence urban surface temperature patterns. The variations in tree canopy density, ecological 

corridor continuity, and built-up area size across districts are evident in NDVI and NDBI values, 

which directly affect LST changes (Amru et al. 2022; Salsabila et al. 2021; Zulkarnaen et al. 2021). 

Consequently, the green space layout not only helps identify the level of ecological sustainability 

but also serves as a principal factor in urban thermal behavior (Massiri 2023). Hence, to determine 

the extent to which these biophysical factors contribute to the rise of the UHI, the next chapter 

elucidates the spatial patterns of LST, UHI intensity, and the quantitative relationships among the 

variables that determine these factors through statistical analysis and thematic mapping (Tarmizi 

and Rizwan 2024). 

 

3.2. Land Surface Temperature (LST) Patterns and UHI Intensity 

The results of the LST distribution analysis in both cities are shown in Fig. 2. The LST 

analyses in Kendari and Baubau indicate that the thermal patterns differ, which aligns with the 

distinct urban land cover in the two cities. The city centers in both cities show higher LST than the 

suburban areas, indicating that heat concentration is in the most densely populated areas. The 

downtown area of Baubau has a high population density and a high LST, indicating that heat has 

been concentrated by building materials that absorb and store heat. Meanwhile, in Kendari City, 

the increase in LST occurs in new growth areas, driven by urbanization that requires commercial 

housing, which spreads outside the city center and puts pressure on suburban areas, leading to 

vegetation loss. Therefore, according to research conducted by Isnanto and Priyana (2024), the 

arrangement of LST depends on building density and vegetation distribution. This shows that the 

land's physical characteristics are the main factors determining air temperature in urban areas. 

To determine the statistical relationship between LST and land cover, multiple linear 

regression analyses were conducted for NDBI and NDVI. The findings showed that each city 

showed a different pattern of relationship. In Baubau, LST was significantly affected by NDBI; a 

1-unit increase in NDBI was associated with a 9.51°C increase in LST. On the other hand, NDVI 

did not have a significant effect, possibly because secondary forests and large open areas still 

reduce thermal differences. In Kendari, LST was more strongly influenced by vegetation density; 

a 1-unit increase in NDVI resulted in a 4.75°C decrease in LST, while the impact of NDBI was 

not significant, indicating that the UHI phenomenon in Kendari is significant if there is vegetation 

loss and land conversion in new areas caused by land use change. Then, the R² values of the 

regressions (0.14 for Baubau and 0.29 for Kendari) indicate that other factors, such as urban 

morphology, surface material, energy consumption and anthropogenic factors, still influence LST 

variations (Song et al. 2025).  
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(a) 

 
(b) 

Fig. 2. Spatial distribution of LST: (a) Kendari City and (b) Baubau City. 

 

These findings indicate that the UHI phenomenon is highly complex and cannot be explained 

by two land-cover indicators alone. Therefore, further research needs to consider additional 

variables. Factors such as urban morphology, the three-dimensional configuration of buildings and 

open spaces—including the street canyon aspect ratio and skyview factor play a significant role in 

influencing radiation trapping and radiative cooling (Morakinyo et al. 2020; Voogt and Oke 2003). 
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In this context, Baubau, with its high density and relatively narrow street canyons, may experience 

a stronger radiation-trapping effect, thereby strengthening the influence of the NDBI on LST. On 

the other hand, the NDBI itself has limitations: it represents buildings in two dimensions and 

cannot capture their height or volume. High-rise buildings can provide shading during the day but 

also trap heat at night, while low-rise buildings with high-thermal capacity materials tend to retain 

heat longer (Yang et al. 2019). In fact, studies show that dense, low-lying residential areas can 

have ambient temperatures up to 1.3°C higher than those with other spatial patterns (Chen et al. 

2022). Urban heat sources from human activities, such as motor vehicles, industry, and air 

conditioning, also contribute to urban heat, especially in city centers like Baubau and along the 

main transportation routes in Kendari City. Research in Guangzhou shows that anthropogenic heat 

emissions increase air temperatures by up to 2.3°C and contribute up to 54% to the intensity of 

urban heating, especially in the morning (Chen et al. 2022; Santamouris and Yun 2020). 

Surface material composition, along with urban morphology, plays a significant role in 

determining how much heat is absorbed and released through thermal properties such as albedo, 

heat capacity, and thermal conductivity. Low-albedo materials, such as dark asphalt and metal 

roofs common in downtown Baubau, absorb and retain more heat than reflective materials or 

vegetation. Research has shown that increasing albedo from 0.12 to 0.50 can reduce surface 

temperatures by up to 12°C  (Li et al. 2020). Further research in Greece in July 2023 found that 

asphalt temperatures reached 58.9°C, while grass surfaces were only around 38.3°C, underscoring 

the importance of material selection for temperature control (Giannaros et al. 2024). In addition to 

material composition and local climate, land-sea winds, which are common in coastal cities, also 

influence spatial heat distribution. Areas with limited ventilation, such as valleys in Kendari or 

dense road canyons in Baubau, tend to trap heat and form local hotspots (Yu et al. 2025). On the 

other hand, the analysis's low coefficient of determination (R²) values may also reflect nonlinear 

relationships between the variables, which multiple linear regression models cannot capture. For 

example, the link between NDVI and LST often shows a cooling effect that becomes less important 

after a certain level of vegetation cover is reached. At very high building densities, the effect of 

NDVI on LST can reach saturation (Estoque et al. 2017; Li and Jiang 2017). This means that 

strategies to reduce UHI cannot rely on a single method; they need to use a combination of methods 

that account for the city's shape, material choices, how to manage heat from people, and how to 

protect natural ventilation corridors. Ecosystem approaches remain important, but they must be 

combined with urban design that responds to climate change and with building codes that require 

high thermal performance. The complete regression statistics are available in Table 3. 

 

Table 3. LST regression statistics against NDVI and NDBI 

City Multiple R R² Adjusted R² Std. error Observations 

Baubau 0.38 0.14 0.12 1.94 100 

Kendari 0.54 0.29 0.27 1.36 100 

Note: Multiple R, R², and Adjusted R² show the combined contribution of NDVI and NDBI variables to LST variation in each city. 

 

Moreover, the changes in the dependent variable based on independent variables reveal the 

way and the extent of the impact of NDVI and NDBI on LST (Table 4). In Baubau, LST was 

positively affected by NDBI at a high level of significance, whereas NDVI was not. In Kendari, a 

significant negative effect was observed for NDVI, while NDBI remained insignificant. These 

findings are consistent with the statement of Husen et al. (2026) that the density of buildings 



Husen et al. (2026)   Jurnal Sylva Lestari 14(2): 267-294 

 

 279 

mainly dominates the UHI intensity in Baubau, whereas in Kendari, it is a distribution of 

vegetation that has a greater influence. 

 

Table 4. Regression coefficients of LST (°C) on NDVI and NDBI 

City Variable Coefficient (B) Significance (p-value) 

Baubau NDVI −2.06 0.338 (not significant) 

Baubau NDBI 9.51 0.003 (significant) 

Kendari NDVI −4.75 0.000 (significant) 

Kendari NDBI 0.56 0.717 (not significant) 
Note: The B coefficient indicates the expected LST change due to a one-unit change in NDVI or NDBI. Significance was tested at 

p<0.05. 

 

In fact, the UHI hotspots might be singled out through the characteristics of a city from the 

regression outcomes. It can be said that Baubau's compact city center made a major contribution 

to the UHI hotspot, most likely due to its high building density, whereas the urbanized area of 

Kendari, which is still new, became a hotspot because of its very low vegetation coverage (NDVI). 

Table 5 shows these hotspot indicators. 

 

Table 5. UHI hotspot indications based on LST analysis 

City UHI Hotspot Dominant Factor 

Baubau Dense city center High building density (NDBI) 

Kendari New urban area Loss of vegetation (low NDVI) 
Note: Shows hotspot locations and dominant factors causing UHI in each city. 

 

Such results offer precise recommendations for UHI mitigation at the level of a single city. 

For instance, in Baubau, the implementation of mitigation measures should primarily focus on 

regulating building density, maximizing green open space and applying high-albedo materials. In 

Kendari, on the other hand, mitigation would be better achieved by focusing on conserving 

vegetation and urban reforestation to reduce extremely hot areas resulting from urban expansion. 

This strategy emphasizes the interplay of natural and anthropogenic factors as determinants of 

urban thermal conditions; consequently, UHI mitigation measures must be customized to the 

characteristics of urbanization and the distribution of vegetation in each city (Fajary et al. 2024; 

Syeda et al. 2025). 

The findings from spatial analysis and LST regression in the cities of Kendari and Baubau 

demonstrate that each city's unique characteristics influence the intensity of the urban heat island 

(UHI) in distinct ways. The high LST in Baubau is due to many buildings in the city center. On 

the other hand, in Kendari, the LST rises more often in new areas where the vegetation cover is 

changing. This difference in patterns shows that the UHI phenomenon does not occur in the same 

way everywhere; instead, it is influenced by a mix of built-up areas and vegetation. In this case, 

NDBI is a more dominant factor in Baubau, while NDVI plays a larger role in explaining LST 

variations in Kendari. The somewhat moderate R2 values indicate that other factors, such as urban 

morphology, surface materials, and anthropogenic heat emissions, may be contributing to the 

observed thermal variations (Akbari et al. 2016; Aldiansyah and Risna 2024; Lin and Li 2025). 

Such results call for different local UHI mitigation measures. In Baubau, the measures 

should primarily focus on managing building density, developing green open space and using 

materials with high albedo to prevent heat storage. On the other hand, Kendari could be more 

advantageous through urban reforestation, vegetation protection, and the planning of interventions 
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to mitigate the thermal effects of urban expansion (Alwi et al. 2022; Hasyim et al. 2025; Rushayati 

et al. 2025). The city-specific evidence is that successful UHI mitigation depends on considering 

not only natural but also anthropogenic factors in urban planning, thereby making the measures 

compatible with cities' spatial and developmental characteristics. 

 

3.3. Relationships between Vegetation, Built-up Density, and UHI 

The first step was to evaluate the effect of vegetation cover (NDVI) and building density 

(NDBI) on land surface temperature (LST) through separate multivariate regression analyses for 

the cities of Baubau and Kendari. The total regression model for each city was statistically 

significant (F test, p < 0.005), showing that NDVI and NDBI together affect LST. The coefficient 

of determination (R²) was not very high: 0.14 for Baubau and 0.29 for Kendari. This means that 

the model's variables cannot fully explain the changes in LST. In other words, other factors could 

have a bigger effect, such as the city's shape, the properties of the surface material, and the heat 

generated by people, which were not included in the analysis. This finding is consistent with the 

research outcomes of Nurgiantoro et al. (2025) and Li et al. (2019). 

The regression results for Baubau City (Table 6) show that building density (NDBI) is the 

most important factor affecting LST. For every unit increase in NDBI, LST goes up by 9.51°C. 

This shows that heat is building up and being released in the dense city core. On the other hand, 

NDVI did not have a statistically significant effect (B = −2.06; p = 0.338). This is probably because 

there are secondary forests, plantations, and large, fairly saturated open areas, which make 

vegetation less important in shaping thermal patterns. These results show that in cities like Baubau, 

where population density is high, managing urban heat is more effective when it focuses on 

controlling building density and using high-albedo materials rather than simply increasing the 

number of plants (Husen et al. 2026; Rajasekar and Weng 2009). 

 

Table 6. Coefficients Regression of NDVI and NDBI on LST in Baubau City 

Variable 
Coefficient 

(B) 
Std. error t stat P-value 

95% CI 

Lower 

95% CI 

upper 

Intercept 36.16 0.98 37.11 0.000 34.23 38.09 

NDVI −2.06 2.14 -0.96 0.338 -6.31 2.19 

NDBI 9.51 3.11 3.06 0.003 3.35 15.68 
Note: NDBI significantly increases LST, whereas NDVI shows no significant effect, reflecting the influence of dense urban cores 
on heat accumulation. 
 

The spatial representation of NDVI, NDBI, and LST values in Baubau City, as seen in Fig. 

3, is a complete depiction of how the cellular nature of the earth's surface regulates the temperature 

of the city. A stark difference is evident on this map between the forested areas in the north and 

east that are characterized by high NDVI values and the densely populated residential areas and 

the city center that show high NDBI values and warmer LST. This spatial representation confirms 

the regression analysis's quantitative results. 

The distribution maps in Fig. 3 support the findings of the regressions, which show that 

building density (NDBI) is the main factor of LST in Baubau, while the effect of vegetation 

(NDVI) is quite limited because of the prevalence of secondary forests and open areas. This picture 

makes it clear that UHI mitigation strategies in Baubau should not only focus on managing built-

up intensity, re-districting dense areas, and applying high-albedo surface materials, but also on 

greening areas most exposed to heat (Husen et al. 2026; Yadav and Singh 2024). 
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(a) 

 
(b) 

Fig. 3. (a) NDBI and (b) NDVI BauBau City. 

 

Besides this, the regression coefficients for Kendari City (Table 7) reveal the contrary, with 

LST in Kendari being much more dependent on vegetation distribution. The NDVI coefficient (B 

= −4.75, p < 0.001) indicates that a 1-unit increase in vegetation cover can lower LST by about 

4.75°C. The impact of NDBI on Kendari was insignificant (B = 0.56, p = 0.717), indicating that 

building density has not become the main factor in newly urbanized areas. This situation indicates 

that rapid urban expansion, accompanied by vegetation loss, is the primary cause of UHI in 

Kendari. Hence, the most effective mitigation strategy will be to implement urban greening and 
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prevent the disappearance of green open spaces to avoid the formation of hotspots (Alwan et al. 

2025; Kumar et al. 2024; Kuncoro and Sari 2026). 

 

Table 7. Regression coefficients of NDVI and NDBI on LST in Kendari City 

Variable 
Coefficient 

(B) 
Std. error t stat P-value 

95% CI 

lower 

95% CI 

upper 

Intercept 28.04 0.50 56.20 0.000 27.05 29.03 

NDVI −4.75 0.79 −5.99 0.000 −6.32 −3.18 

NDBI 0.56 1.55 0.36 0.717 −2.51 3.64 
Note: NDVI significantly reduces LST in Kendari, emphasizing the critical role of vegetation in mitigating UHI in rapidly 

urbanizing areas. 

 

The visualization of the NDVI and NDBI regression coefficients against LST in Kendari 

City, illustrated in Fig. 3, reveals the surface temperature sensitivity to the changes in land cover 

of the city, which is growing rapidly. This diagram explains the differences in the impacts of 

vegetation and building density on temperature, particularly given the spatial transformation 

resulting from the growth of new settlements and the conversion of green areas (Gherraz et al. 

2020; Kumar et al. 2024; Kuncoro and Sari 2026; Maheng et al. 2024). Fig. 4 is an intermediate 

stage between the spatial patterns of NDVI–NDBI and the numerical results in Table 5, as well as 

a visual representation of which variables are the primary drivers of thermal dynamics in Kendari. 

The coefficient pattern in Fig. 4 identifies vegetation as the dominant element in the 

regulation of LST in Kendari, which is very well illustrated by the most significant and negative 

NDVI coefficient. On the other hand, the minimal effect of NDBI indicates that densification has 

not been a significant contributor to warming; thus, the loss of vegetation cover due to urban 

expansion is the main cause of hotspots. The results here are an excellent demonstration of the 

necessity of UHI abatement measures fuelled by urban greening, green space conservation, and 

the protection of existing vegetation in the progression of urban growth in Kendari (Frosini et al. 

2024; Husen et al. 2026; Yu et al. 2025). 

Urban forests and green open areas are vital for lowering surface temperatures through 

evapotranspiration; they also provide shading and alter surface albedo. In Kendari, the very strong 

negative correlation between NDVI and LST shows that vegetation can lower surface temperature 

to a very large extent, thus giving a clear signal of the necessity of the conservation of the already 

existing green spaces and the combining of the reforestation or urban greening programs in the 

city (Alwi et al. 2022; Huang et al. 2025; Rushayati et al. 2025). Consequently, these policies align 

with extensive research indicating that green urban areas are a potent tool for dissipating the heat 

that builds up in cities, especially those undergoing rapid expansion and urbanization (Fajary et al. 

2024; Nurgiantoro et al. 2025; Yadav and Singh 2024). 

In Baubau, the green open spaces identified by NDVI did not have a direct, statistically 

significant effect on LST; however, they still served as thermal buffers by reducing local heat 

peaks, especially in the outskirts (Aldiansyah and Risna 2024; Arifin 2020). The predominance of 

NDBI in determining LST indicates that plant-based solutions alone are not enough in tightly 

packed urban cores; thus, alongside building density control and the use of reflective or high-

albedo materials, the application of these methods is equally necessary to alleviate urban heat 

(Atianta et al. 2025; Husen et al. 2025; Pratomo et al. 2024). 
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(a) 

 
(b) 

Fig. 4. (a) NDBI and (b) NDVI Kendari City. 

 

These results highlight the highly local character of the UHI problem across cities, requiring 

distinct solutions. In Baubau, interventions need to focus heavily on the control of building density 

and the upgrading of urban infrastructure to the extent that heat retention in dense cores is reduced, 

while Kendari gains most from the planting and conserving of urban trees to neutralize the effects 

of fast land-use change (Bhaskara and Pratomo 2023; Hasyim et al. 2025). By putting into practice 

locally relevant, nature-based measures, both cities will be able to adaptively handle the problem 

of urban heat while giving back to nature and making their areas more attractive. 

 



Husen et al. (2026)   Jurnal Sylva Lestari 14(2): 267-294 

 

 284 

3.4.  Evaluation of Spatial Planning Policies and Green Open Space Regulations 

The evaluation of the Regional Spatial Planning (RTRW) documents and regulations 

regarding green open space in Kendari and Baubau reveals a discrepancy between the defined 

policy objectives and the prevailing conditions. According to Law No. 26 of 2007, both cities must 

set aside at least 30% of their urban areas for green open spaces. However, the actual achievements 

of Kendari and Baubau are only 11.81% and 12.30%, respectively. Moreover, these areas are 

located in the outskirts, so the city center, with its high population density and economic activities, 

has less than 5% vegetation, although the cooling effect of urban green spaces is well known (Rizki 

et al. 2024). 

The enforcement of rules covering building density is also not very strong. The downtown 

area of Kendari regularly exceeds the building coverage ratio or rasio koefisien bangunan (RKB) 

of 70%, resulting in the disappearance of green spaces, while Baubau is witnessing unchecked 

overdevelopment of its city core. The results of spatial regression confirm these conclusions: 

NDVI in Kendari substantially lowered land surface temperature (–4.75°C), whereas NDBI in 

Baubau significantly increased LST (+9.51°C). Nevertheless, these indicators have not been 

officially recognized as part of planning instruments (Ariani et al. 2021). The complete table 

summarizing the comparison of local policies with UN-Habitat standards and empirical gaps is 

presented in Table 8. 

 

Table 8. Comparison of green open space policies and urban planning implementation in Kendari 

and Baubau Cities 

Policy aspect Kendari City Baubau City 
UN-habitat 

standards 
Empirical gaps 

Proportion of 
green open space 

(RTH) 

11.81%; target 
30% 

12.30%; target 
30% 

Minimum 45% 
open space; 15–

20% public green 

space 

Both cities fail to 
meet national and 

international 

targets 

Distribution and 
Accessibility 

Peripheral; <5% 
in the city center 

Symbolic, uneven; 
low inclusivity 

Access within 400 
m of residence 

Severely limited 
access, below 

global standards 

Building density 
(BCR) 

Core zones >70% 
BCR; vegetation 

loss 

Overbuilding; 
uncontrolled high 

density 

Density control + 
green 

infrastructure 

Local policies fail 
to regulate land-

use intensity 

Evidence-based 

policy 

Normative; NDVI 

reduces LST 

Normative; NDBI 

increases LST 

Policy informed 

by spatial data 
(NDVI, LST) 

Regulations 

ignore available 
scientific evidence 

 

A SWOT-based assessment detailed in the SWOT matrix in Fig. 5 helps to understand the 

strategic positioning of Baubau and Kendari for the reduction of urban heat and the management 

of green spaces. The cities internally reflect a balance between strengths, for instance, established 

regulatory frameworks and institutional support, and weaknesses, such as the low achievement of 

RTH targets and the weak enforcement of building density controls, which have led to a neutral 

internal score. On the other hand, the threats posed by increasing urbanization, unplanned land-

use conversion, and intensifying UHI effects outweigh the opportunities offered by UN-Habitat 

guidelines and urban innovation initiatives, resulting in a negative external score of –0.80. As a 

result, the two cities are in a strategic position between the WO (turnaround) and ST (defensive) 

quadrants of the SWOT matrix, indicating that integrated strategies are needed that simultaneously 
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leverage opportunities to address internal weaknesses and strengthen existing strengths to resist 

external threats. WO strategies that embrace technology might include redistributing RTH to 

densely populated areas of the city through vertical gardens, green corridors, and optimized private 

yards, all facilitated by spatially explicit data. The strength-threat (ST) strategy, on the other hand, 

could mean stricter enforcement of building density rules, more supervision of KDB/KLB, and 

making city parks more useful for people and the environment. This integrated approach ensures 

that UHI mitigation efforts are data-driven and account for conditions in each area. Therefore, 

Kendari City's recommendation focuses on preserving vegetation and strengthening urban 

greening, while Baubau focuses more on controlling building density and on stricter regulatory 

enforcement (Pratomo et al. 2024; Rushayati et al. 2025). 

 

Fig. 5. SWOT quadrant analysis. 

 

The present results are consistent with earlier studies that point to the significant contribution 

of urban green spaces to reducing surface urban heat. Akbari et al. (2016) argued that urban 

vegetation is the most effective means of local climate regulation, and Rizki et al. (2024), as well 

as Lin and Li (2025), went on to show that greening based on NDVI leads to a considerable 

decrease in land surface temperatures in highly populated urban areas. In the same vein, 

Aldiansyah and Risna (2024) and Alwi et al. (2022) found that insufficient green coverage 

intensifies the UHI problem in Indonesian cities, thereby calling for a planning process grounded 

in solid spatial evidence. On the whole, these pieces of research provide strong backing for the 

current advice to embed scientific indicators such as NDVI and LST into policy instruments, 

allowing both Kendari and Baubau to not only put urban thermal management on a sustainable 

track but also to lessen the negative impacts of rapid urbanization. 
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3.5. Ecosystem-Based Urban Forest Management Opportunities 

The spatial and regression analyses of land surface temperature (LST), vegetation cover 

(NDVI), and built-up density (NDBI) have provided a quantitative basis for identifying priority 

areas for ecosystem-based urban forest interventions in Baubau and Kendari. In Baubau, the dense 

city center shows the highest LST, and LST is highly correlated with building density (NDBI = 

9.51, p = 0.003), whereas NDVI has an insignificant effect (B = −2.06, p = 0.338). It implies that 

thermal relief in Baubau is a matter of increasing plant cover through interventions such as green 

roofs, vertical gardens, urban green corridors, and pocket parks, especially in the densest core areas 

where natural green spaces are scarce. 

Newly urbanized areas in Kendari are the primary sources of the local UHI, with very low 

vegetation cover (NDVI coefficient = −4.75, p < 0.001). Consequently, building density does not 

have a significant effect on surface temperature (B = 0.56, p = 0.717). The statement above 

emphasizes the heat problem, which can be addressed by preserving nature and using trees for 

urban greening in rapidly expanding urban districts. Solutions may consist of tree planting, 

development of pocket parks, and retention of existing vegetated areas to facilitate 

evapotranspiration and shading. 

Assessing local spatial planning documents (RTRW) and green open space (RTH) rules has 

revealed that the existing urban greenery is mainly in the outskirts, leaving the city centers very 

hot. In Baubau, the vegetated area in the city center is less than 5%, and the new urban areas of 

Kendari have lost significant vegetation due to rapid development. The results highlight the need 

to embed such strategies in the forest, as a natural source of the urban ecosystem, into planning 

instruments, so that interventions can be geographically targeted to the most deprived areas (Biella 

et al. 2025; Khan and Shahid 2024). 

Table 9 summarizes these priority areas and corresponding city mitigation strategies based 

on the spatial distribution of LST, NDVI, and NDBI. Such an evidence-based method provides a 

transparent basis for implementing locally relevant urban forest interventions directly targeted at 

UHI hotspots. 

 

Table 9. Priority areas and ecosystem-based mitigation strategies for UHI 

City UHI hotspot Dominant factor 
Suggested ecosystem-based 

interventions 

Baubau City center 
High building density 

(NDBI) 

Green roofs, vertical gardens, urban 

green corridors, pocket parks 

Kendari New urban area Low vegetation (NDVI) 
Tree planting, pocket parks, 
preservation of remnant vegetation, 

urban reforestation 
Note: Interventions are based on spatial and regression analyses of LST, NDVI, and NDBI to target mitigation of urban heat in 
areas with the highest thermal risk. 

 

The integration of spatial and regression analyses constitutes compelling evidence for 

Baubau and Kendari's ecosystem-based urban forest management. The results clearly show that 

UHI conditions differ between these two cities: the thermal stress in Baubau is driven by the 

densely built, high-rise city center, whereas the newly urbanized zones of Kendari are most 

affected by vegetation loss. Therefore, the goal of any intervention is to use a variety of 

measures—from green roofs and vertical gardens in dense cores to tree planting and remnant 

vegetation preservation in expanding areas—to eliminate the heat efficiently. This approach not 
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only directly targets UHI hotspots but also aligns with broader goals for urban sustainability, such 

as improving green infrastructure, enhancing microclimates, and making ecosystems more 

resilient. Incorporating specific, context-specific actions into spatial planning tools will be an 

important step toward ensuring that urban greening efforts are focused and useful, so that both the 

community and the urban environment can get the most out of them. 

 

4. Conclusions 

This study verifies that the dynamics of the urban heat island (UHI) phenomenon in Baubau 

and Kendari are influenced by unique interactions among ecological conditions, land cover 

attributes, and spatial planning governance. These findings also meet the research goals, which 

were to measure the relationships among these variables, assess the effectiveness of policies, and 

identify ways to reduce the impact of urban forest ecosystems. The results of the spatial analysis 

show that both cities have abundant green resources, including primary and secondary forests, 

coastal areas, and mangroves. However, they are still mostly found in areas on the outskirts of the 

city that are not well connected to the center. Because of this, the urban core has very little 

vegetation cover (<5%) and is highly fragmented, making it harder for the urban landscape to 

withstand heat stress. Statistically, the factors that affect surface temperature (LST) in the two 

cities are also very different. In Baubau, building density had a greater effect on LST (NDBI 

coefficient = +9.51°C; p < 0.003), whereas in Kendari, vegetation cover had a greater effect. This 

confirms that strategies to reduce UHI cannot be applied the same way across all cities; they must 

be tailored to each city's unique ecological features and layout. This study identified substantial 

implementation deficiencies from a policy standpoint. Neither city has met the national goal of 

30% green open space. Kendari has 11.81%, and Baubau has 12.30%. Also, there is still an uneven 

distribution of green open space, and planners rarely use spatial data such as NDVI, NDBI, and 

LST. The SWOT analysis also shows that both cities are in the WO and ST quadrants. This means 

they need to make the most of their internal resources and manage their strategies to address 

external pressures, especially uncontrolled land conversion. This research scientifically advances 

understanding of UHI in tropical secondary cities by illustrating the impact of land-cover changes 

on urban thermal conditions and emphasizing the need to incorporate remote-sensing-derived 

ecological indicators into spatial planning. The findings of this study suggest distinct strategies for 

each city. Baubau should focus on controlling building density, raising surface albedo, and targeted 

reforestation in areas that need it most. At the same time, Kendari should focus on protecting 

mangroves, preserving plants, and building green corridors that follow the path of urban growth. 

Additional research is advised to amalgamate terrestrial microclimate measurements, multi-

temporal satellite imagery analysis, predictive modeling, and assessments of anthropogenic and 

socio-economic vulnerability. This method will enable more thorough monitoring of thermal 

dynamics, simulation of different mitigation scenarios, and the development of more focused 

adaptation strategies. Thus, both cities can direct their urbanization toward more climate-

conscious, sustainable development through an ecosystem-based approach supported by spatial 

evidence. 

 

Acknowledgments 

 The authors would like to thank the Ministry of Education, Culture, Research, and Technology 

(Kemendikbudristek) of the Republic of Indonesia for funding this research. They also thank the Baubau and Kendari 



Husen et al. (2026)   Jurnal Sylva Lestari 14(2): 267-294 

 

 288 

City Governments for facilitating and collaborating during the research process. They also thank those who provided 

technical and scientific support in processing the green open space and Urban Heat Island (UHI) data. 

 

Author Contributions 

 O.O.H.: Conceptualization, Methodology, Resources, Writing – Original Draft Preparation, Writing – Review 
and Editing, Supervision; H.: Conceptualization, Methodology, Writing – Original Draft Preparation, Writing – 

Review and Editing, Supervision; A.I.: Conceptualization; A.H.T.: Software; J.H.: Software; D.N.Y.F.S.: 

Investigation; J.A.: Data Curation. 

 

Conflict of Interest 

 The authors declare no conflict of interest. 
 

Declaration of Generative AI And AI-Assisted Technologies in the Manuscript Preparation 

The use of AI in the preparation of this manuscript was limited to basic tools for checking grammar, spelling, 

referencing, and formatting. No generative or AI-assisted AI technology was used in the writing, analysis, or 

interpretation of this research. 
 

References 

Agil, M., Hidayah, M. U., and Kadir, M. 2025. Ecological Value of Bird Diversity in the Buffer 

City Area of Indonesia’s New Capital, East Kalimantan. Jurnal Sylva Lestari 13(2): 537–

553. DOI: 10.23960/jsl.v13i2.1107 

Akbari, H., Cartalis, C., Kolokotsa, D., Muscio, A., Pisello, A. L., Rossi, F., Santamouris, M., 

Synnefa, A., Wong, N. H., and Zinzi, M. 2016. Local Climate Change and Urban Heat Island 

Mitigation Techniques - The State of the Art. Journal of Civil Engineering and Management 

22(1): 1–16. DOI: 10.3846/13923730.2015.1111934 

Aldiansyah, S., and Risna. 2024. Deteksi Urban Heat Island terhadap Perkembangan Perkotaan 

Menggunakan Penginderaan Jauh di Kota Baubau [Urban Heat Island Detection on Urban 

Development Using Remote Sensing in Baubau City]. Jurnal Geomatika 30(1): 1–10. DOI: 

10.24895/gm.v30i1.142 

Alwan, Muhibuddin, A., Latief, R., and Syafri. 2025. Analisis Spasial-Temporal Hubungan LST 

dan NDVI terhadap Pembentukan Urban Heat Island di Kota Kendari [Spatial-Temporal 

Analysis of the Relationship between LST and NDVI on the Formation of Urban Heat 

Islands in Kendari City]. Geodika: Jurnal Kajian Ilmu dan Pendidikan Geografi 9(3): 299–

308. DOI: 10.29408/geodika.v9i3.31052 

Amru, K., Fahmi, S., Ningrum, M. H., Laksmita, A. N., and Jati, E. D. 2022. Identification of 

Environmental Issues on the Ecoregion of Volcanic and Fluvio-Volcanic Landform in 

Badung Regency. Jurnal Sylva Lestari 10(3): 333–344. DOI: 10.23960/jsl.v10i3.589 

Ariani, N. M., Wijaya, M. I. H., and Priambudi, B. N. 2021. Understanding Spatial Planning 

Policies in Responding to Urban Heat Island Using GIS Analysis in The Kendal Industrial 

Area. IOP Conference Series: Earth and Environmental Science 887(1): 012021. DOI: 

10.1088/1755-1315/887/1/012021 

Arifin, A. 2020. Analisis Lokasi Potensial Ruang Terbuka Hijau di Kota Baubau [Analysis of 

Potential Green Open Space Locations in Baubau City]. Sang Pencerah: Jurnal Ilmiah 

Universitas Muhammadiyah Buton 6(2): 97–106. DOI: 10.35326/pencerah.v6i2.707 

Asfiya, N., and Indah, F. P. 2024. Systematic Literature Review: The Impact of Urban Heat Island 

(UHI) on Air Quality. Journal of Climate Change Society 2(2): 75–84. DOI: 

10.24036/jccs/vol2-iss2/38 

https://doi.org/10.24895/gm.v30i1.142


Husen et al. (2026)   Jurnal Sylva Lestari 14(2): 267-294 

 

 289 

Atianta, L., Mumtaz, L. Z., and Geminastiti, E. A. 2025. Konsep Perancangan untuk Mitigasi 

Surface Urban Heat Island (SUHI) di Indonesia: Sebuah Tinjauan Literatur [Design Concept 

for Surface Urban Heat Island (SUHI) Mitigation in Indonesia: A Literature Review]. Jurnal 

Pembangunan Wilayah dan Kota 21(1): 1–18. DOI: 10.14710/pwk.v21i1.65142 

Bhaskara, B. E., and Pratomo, R. A. 2023. Perkembangan Fenomena Urban Heat Island di Kota 

Samarinda [The Development of the Urban Heat Island Phenomenon in Samarinda City]. 

Jurnal Wilayah dan Lingkungan 11(1): 22–35. DOI: 10.14710/jwl.11.1.22-35 

Biella, P., Bani, L., Caprio, E., Cochis, F., Dondina, O., Fiorilli, V., Genre, A., Gentili, R., Orioli, 

V., Ranalli, R., Tirozzi, P., and Labra, M. 2025. Biodiversity-Friendly Practices to Support 

Urban Nature Across Ecosystem Levels in Green Areas at Different Scales. Urban Forestry 

and Urban Greening 105: 128682. DOI: 10.1016/j.ufug.2025.128682 

Bisht, P., Deswal, S., and Pal, M. 2024. Land Surface Temperature Extraction Using Landsat Data 

Over Dehradun, India: Assessment of Various Retrieval Algorithms and Emissivity Models. 

Suranaree Journal of Science and Technology 30(6): 1–11. DOI: 10.55766/sujst-2023-06-

e02912 

Braun, V., and Clarke, V. 2006. Using Thematic Analysis in Psychology. Qualitative Research in 

Psychology 3(2): 77–101. DOI: 10.1191/1478088706qp063oa 

Cetin, M., Ozenen Kavlak, M., Senyel Kurkcuoglu, M. A., Bilge Ozturk, G., Cabuk, S. N., and 

Cabuk, A. 2024. Determination of Land Surface Temperature and Urban Heat Island Effects 

with Remote Sensing Capabilities: The Case of Kayseri, Türkiye. Natural Hazards 120(6): 

5509–5536. DOI: 10.1007/s11069-024-06431-5 

Chen, J., Zhan, W., Du, P., Li, L., Li, J., Liu, Z., and Huang, F. 2022. Seasonally Disparate 

Responses of Surface Thermal Environment to 2D/3D Urban Morphology. Building and 

Environment 214: 108928. DOI: 10.1016/j.buildenv.2022.108928 

Darmawan, A., and Santoso, T. 2024. Mapping Urban Transformation: The Random Forest 

Algorithm to Monitor Land Use and Land Cover Change in Bandar Lampung City. Jurnal 

Sylva Lestari 12(3): 980–997. DOI: 10.23960/jsl.v12i3.960 

Degerli, B., and Çetin, M. 2022. Evaluation from Rural to Urban Scale for the Effect of NDVI-

NDBI Indices on Land Surface Temperature in Samsun, Türkiye. Turkish Journal of 

Agriculture - Food Science and Technology 10(12): 2446–2452. DOI: 

10.24925/turjaf.v10i12.2446-2452.5535 

Du, R., Liu, C. H., Li, X., and Lin, C. Y. 2024. Interaction among Local Flows, UHI, Coastal 

Winds, and Complex Terrain: Effect on Urban-Scale Temperature and Building Energy 

Consumption During Heatwaves. Energy and Buildings 303(10): 113763. DOI: 

10.1016/j.enbuild.2023.113763 

Estoque, R. C., Murayama, Y., and Myint, S. W. 2017. Effects of Landscape Composition and 

Pattern on Land Surface Temperature: An Urban Heat Island Study in the Megacities of 

Southeast Asia. Science of The Total Environment 577: 349–359. DOI: 

10.1016/j.scitotenv.2016.10.195 

Fajary, F. R., Lee, H. S., Kubota, T., Bhanage, V., Pradana, R. P., Nimiya, H., and Putra, I. D. G. 

A. 2024. Comprehensive Spatiotemporal Evaluation of Urban Growth, Surface Urban Heat 

Island, and Urban Thermal Conditions on Java Island of Indonesia and Implications for 

Urban Planning. Heliyon 10(13): e33708. DOI: 10.1016/j.heliyon.2024.e33708 



Husen et al. (2026)   Jurnal Sylva Lestari 14(2): 267-294 

 

 290 

Frosini, G., Amato, A., Mugnai, F., and Cinelli, F. 2024. The Impact of Trees on the UHI Effect 

and Urban Environment Quality: A Case Study of a District in Pisa, Italy. Atmosphere 15(1): 

123. DOI: 10.3390/atmos15010123 

Gherraz, H., Guechi, I., and Alkama, D. 2020. Quantifying the Effects of Spatial Patterns of Green 

Spaces on Urban Climate and Urban Heat Island in a Semi-Arid Climate. Bulletin de la 

Société Royale des Sciences de Liège 89(1):164–185. DOI: 10.25518/0037-9565.9821 

Giannaros, C., Galanaki, E., and Agathangelidis, I. 2024. Climatology and Long-Term Trends in 

Population Exposure to Urban Heat Stress Considering Variable Demographic and Thermo–

Physiological Attributes. Climate 12(12): 210. DOI: 10.3390/cli12120210 

Hasddin. 2023. Pengembangan Kota Berkelanjutan Berdasarkan Konsep Green City pada Kota 

Berskala Sedang di Sulawesi Tenggara [Sustainable City Development Based on the Green 

City Concept in Medium-Scale Cities in Southeast Sulawesi].  [Thesis]. Halu Oleo 

University. Kendari. 

Hasyim, A. W., Sukojo, B. M., Fatahillah, E. R., Anggraini, I. A., and Isdianto, A. 2025. Assessing 

the Impact of Population Density and Land Use on Land Surface Temperature for 

Sustainable Urban Planning in Malang City, Indonesia. International Journal of Sustainable 

Development and Planning 20(5): 1679–2197. DOI: 10.18280/ijsdp.200533 

Huang, C., Liu, K., Ma, T., Xue, H., Wang, P., and Li, L. 2025. Analysis of the Impact Mechanisms 

and Driving Factors of Urban Spatial Morphology on Urban Heat Islands. Scientific Reports 

15(1): 18589. DOI: 10.1038/s41598-025-04025-0 

Husen, O. O., Hasddin, H., Ishak, A., Ismar, M., Ivan, M., Akeo, J., and Tiro, A. H. 2025. Mitigasi 

Urban Heat Island: Menyelamatkan Kota-Kota di Sultra Lewat Tata Ruang dan Ruang 

Hijau [Urban Heat Island Mitigation: Saving Cities in Southeast Sulawesi Through Spatial 

Planning and Green Spaces]. <https://sultra.antaranews.com/berita/521217/mitigasiurban-

heat-island-menyelamatkan-kota-kota-di-sultra-lewat-tata-ruang-dan-ruang-hijau> (Mar. 

02, 2026) 

Husen, O. O., Hasddin, H., Ishak, A., and Tiro, A. H. 2026. Mitigating Urban Heat Island Effects 

via Spatial Planning Integration and Optimization of Urban Green Spaces and Built-Up 

Density in Southeast Sulawesi. International Journal of Geoinformatics 22(2): 139. DOI: 

10.52939/ijg.v22i2.4797 

Husen, O. O., Iswandi, M., and Santiaji, L. O. 2016. Pengaruh Kepadatan Lalu Lintas terhadap 

Kualitas Lingkungan Udara di Kota Kendari [The Effect of Traffic Density on Air Quality 

in Kendari City]. Jurnal Perencanaan Wilayah 1(1): 472. DOI: 10.33772/jpw.v1i1.472 

Husen, O. O., Mukaddas, J., and Ishak, A. 2023. Analisis Karbonmonoksida (CO), Oksida 

Nitrogen (NOx) dan Sulfurdioksida (SO2) pada Kualitas Lingkungan Udara Ambien Jalan 

Raya Kota Kendari [Analysis of Carbon Monoxide (CO), Nitrogen Oxides (NOx) and Sulfur 

Dioxide (SO2) on the Ambient Air Quality of Kendari City Highways]. Sang Pencerah: 

Jurnal Ilmiah Universitas Muhammadiyah Buton 9(2): 411–418. DOI: 

10.35326/pencerah.v9i2.3021 

Ishak, N. M., Khan, A., Abdullah, J., Salleh, S. A., and Santamouris, M. 2025. Optimizing 

Seasonal Performance of Advanced Heat Mitigation Solutions for City-Scale Thermal 

Management in Greater Kuala Lumpur. City and Environment Interactions 28: 100219. 

DOI: 10.1016/j.cacint.2025.100219 

https://sultra.antaranews.com/berita/521217/mitigasiurban-heat-island-menyelamatkan-kota-kota-di-sultra-lewat-tata-ruang-dan-ruang-hijau
https://sultra.antaranews.com/berita/521217/mitigasiurban-heat-island-menyelamatkan-kota-kota-di-sultra-lewat-tata-ruang-dan-ruang-hijau


Husen et al. (2026)   Jurnal Sylva Lestari 14(2): 267-294 

 

 291 

Iskandar, B., Saidah, S., Kurnia, A. A., Jauhari, A., and Zannah, F. 2024. Modeling Land Cover 

Change Using MOLUSCE in Kahayan Tengah Forest Management Unit, Kalimantan 

Tengah. Jurnal Sylva Lestari 12(2): 242–257. DOI: 10.23960/jsl.v12i2.865 

Isnanto, Y. A., and Priyana, Y. 2024. Multitemporal Analysis of the Relationship Between 

Vegetation Density and Built-Up Land to the Urban Heat Island Phenomenon in Cirebon 

City. IOP Conference Series: Earth and Environmental Science 1357(1): 011001. DOI: 

10.1088/1755-1315/1357/1/011001 

Khan, N., and Shahid, S. 2024. Urban Heat Island Effect and Its Drivers in Large Cities of 

Pakistan. Theoretical and Applied Climatology 155(6): 5433–5452. DOI: 10.1007/s00704-

024-04959-x 

Kiswanto, K., Mardiany, M., Gunawan, I. A., Nurrachmawati, A., Pramono, D. A., and Widyasasi, 

D. 2025. Spatiotemporal Detection of Land Cover Dynamics in Forests and Food Sources in 

Supporting the Nusantara Capital City of Indonesia. Jurnal Sylva Lestari 13(2): 422–440. 

DOI: 10.23960/jsl.v13i2.1098 

Kumar, P., Debele, S. E., Khalili, S., Halios, C. H., Sahani, J., Aghamohammadi, N., Andrade, M. 

de F., Athanassiadou, M., Bhui, K., Calvillo, N., Cao, S.-J., Coulon, F., Edmondson, J. L., 

Fletcher, D., Dias de Freitas, E., Guo, H., Hort, M. C., Katti, M., Kjeldsen, T. R., and Jones, 

L. 2024. Urban Heat Mitigation by Green and Blue Infrastructure: Drivers, Effectiveness, 

and Future Needs. The Innovation 5(2): 100588. DOI: 10.1016/j.xinn.2024.100588 

Kuncoro, S. A., and Sari, D. N. 2026. Spatio-Temporal Analysis of Urban Heat Island (UHI) 

Phenomenon on the Availability of Green Open Space in Makassar City. IOP Conference 

Series: Earth and Environmental Science 1586(1): 012070. DOI: 10.1088/1755-

1315/1586/1/012070 

Latifah, S., Gandaseca, S., Afifi, M., Prasetyo, A. R., Purnama, M. I., Kertalam, L. R. A., and 

Pratama, R. P. 2025. Three Decades of Forest Biomass Estimation in Southeast Asia: A 

Systematic Review of Field, Remote Sensing, and Machine Learning Approaches (1995–

2025). Jurnal Sylva Lestari 13(3): 728–746. DOI: 10.23960/jsl.v13i3.1162 

Li, L., Zha, Y., and Zhang, J. 2020. Spatially Non-Stationary Effect of Underlying Driving Factors 

on Surface Urban Heat Islands in Global Major Cities. International Journal of Applied 

Earth Observation and Geoinformation 90(3): 102131. DOI: 10.1016/j.jag.2020.102131 

Li, S., and Jiang, G. M. 2017. Land Surface Temperature Retrieval from Landsat-8 Data. 

International Geoscience and Remote Sensing Symposium (IGARSS) 6: 4837–4840. DOI: 

10.1109/igarss.2017.8128085 

Li, X., Du, J., and Long, H. 2019. Dynamic Analysis of International Green Behavior from the 

Perspective of the Mapping Knowledge Domain. Environmental Science and Pollution 

Research 26(6): 6087–6098. DOI: 10.1007/s11356-018-04090-1 

Lin, H., and Li, X. 2025. The Role of Urban Green Spaces in Mitigating the Urban Heat Island 

Effect: A Systematic Review from the Perspective of Types and Mechanisms. Sustainability 

17(13): 6132. DOI: 10.3390/su17136132 

Maheng, D., Pathirana, A., Bhattacharya, B., Zevenbergen, C., Lauwaet, D., Siswanto, S., and 

Suwondo, A. 2024. Impact of Land Use Land Cover Changes on Urban Temperature in 

Jakarta: Insights from an Urban Boundary Layer Climate Model. Frontiers in Environmental 

Science 12: 1399041. DOI: 10.3389/fenvs.2024.1399041 



Husen et al. (2026)   Jurnal Sylva Lestari 14(2): 267-294 

 

 292 

Masoudi, M., Tan, P. Y., and Fadaei, M. 2021. The Effects of Land Use on Spatial Pattern of 

Urban Green Spaces and Their Cooling Ability. Urban Climate 35: 100743. DOI: 

10.1016/j.uclim.2020.100743 

Massiri, S. D. 2023. Implications of Forest Policy Changes on Investment Program Strengthening 

Forest Management Unit in Central Sulawesi. Jurnal Sylva Lestari 11(3): 473–490. DOI: 

10.23960/jsl.v11i3.709 

Mirzaei, P. A. 2015. Recent Challenges in Modeling of Urban Heat Island. Sustainable Cities and 

Society 19: 200–206. DOI: 10.1016/j.scs.2015.04.001 

Morakinyo, T. E., Ouyang, W., Lau, K. K.-L., Ren, C., and Ng, E. 2020. Right Tree, Right Place 

(Urban Canyon): Tree Species Selection Approach for Optimum Urban Heat Mitigation - 

Development and Evaluation. Science of The Total Environment 719: 137461. DOI: 

10.1016/j.scitotenv.2020.137461 

Nasrul, N., M Nur, M., Nurfatimah, N., Vera, M., Sulistia Ningsih, I., Nur Alwiyah, T., 

Muhammad, Z., and Maru, R. 2025a. Impact of Built Area on Increasing Surface 

Temperatures in Makassar City. Indonesian Journal of Fundamental and Applied 

Geography 3(1): 1–5. DOI: 10.61220/9rt99354 

Nasrul, N., Maru, R., Rasul, M., Rifaldi, R., Wahyuni, R. S., Faizin, S. A., and Nuryadi, N. 2025b. 

Impact of Land Use on Urban Heat Island Phenomenon: A Spatial Analysis of Pare-pare 

City, South Sulawesi. Jambura Geoscience Review 7(1): 13–24. DOI: 

10.37905/jgeosrev.v7i1.27362 

Ng, Y., Astiani, D., and Ekamawanti, H. A. 2021. Estimation of Tree Carbon Stocks in the Green 

Open Space of the Faculty of Forestry, Tanjungpura University. Jurnal Sylva Lestari 9(3): 

434–443. DOI: 10.23960/jsl.v9i3.517 

Nurgiantoro, N., Hadini, L. O., Jahidin, J., Alfat, S., Zulfikar, Z., Uslinawaty, U., Mokui, H. T., 

and Aris, A. 2025. Spatio-Temporal Characteristics of UHI in Coastal Urban Area and Its 

Impact on Land Unit: A Case Study in the Southeast Sulawesi Province, Indonesia. 

International Journal of Geoinformatics 21(2): 123–140. DOI: 10.52939/ijg.v21i2.3945 

Otto, M., Mukaddas, J., Hasddin., and Jasman. 2024. Dinamika dan Faktor Penyebab Perubahan 

Tutupan Lahan dengan Citra Satelit Landsat TM/ETM di Kecamatan Kendari Barat, Kota 

Kendari [Dynamics and Factors Causing Land Cover Changes with Landsat TM/ETM 

Satellite Imagery in West Kendari District, Kendari City]. SCEJ (Shell Civil Engineering 

Journal) 9(1): 35–45. DOI: 10.35326/scej.v9i1.6171 

Pratomo, R. A., Islamiah, Z., and Bhaskara, B. E. 2024. A Pathway to Urban Resilience: 

Investigating Green Open Space Priority Areas to Mitigate the Urban Heat Island 

Phenomenon in Samarinda City, Indonesia. International Journal of Disaster Resilience in 

the Built Environment 15(4): 591–616. DOI: 10.1108/ijdrbe-02-2023-0047 

Rajasekar, U., and Weng, Q. 2009. Spatio-Temporal Modelling and Analysis of Urban Heat 

Islands by Using Landsat TM and ETM+ Imagery. International Journal of Remote Sensing 

30(13): 3531–3548. DOI: 10.1080/01431160802562289 

Rizki, A. R., Tumuyu, S. S., and Rushayati, S. B. 2024. The Impact of Urban Green Space on the 

Urban Heat Island Phenomenon – A Study Case in East Jakarta, Indonesia. Geoplanning 

11(1): 31–42. DOI: 10.14710/geoplanning.11.1.31-42 

Rushayati, S. B., Nur Annisa, N., Setiawan, Y., and Condro, A. A. 2025. Climate Change 

Mitigation Towards the Lens of Urban Heat Island under Urban Forest Development. Jurnal 

Sylva Lestari 13(2): 406–421. DOI: 10.23960/jsl.v13i2.1090 



Husen et al. (2026)   Jurnal Sylva Lestari 14(2): 267-294 

 

 293 

Salsabila, R., Hariyadi, H., and Santoso, N. 2021. Tree Health Management Strategy in Cianjur 

Urban Forest. Jurnal Sylva Lestari 9(1): 86–103. DOI: 10.23960/jsl1986-103 

Sanju, P. 2025. The Role of Urban Green Spaces in Mitigating Urban Heat Island Effect Amidst 

Climate Change. Research Journal of Chemistry and Environment 29(1): 75–84. DOI: 

10.25303/291rjce075084 

Santamouris, M., Ding, L., and Osmond, P. 2019. Urban Heat Island Mitigation. Decarbonising 

the Built Environment pp. 337–355. DOI: 10.1007/978-981-13-7940-6_18 

Santamouris, M., and Yun, G. Y. 2020. Recent Development and Research Priorities on Cool and 

Super Cool Materials to Mitigate Urban Heat Island. Renewable Energy 161: 792–807. DOI: 

10.1016/j.renene.2020.07.109 

Song, Y., Xu, H., Liu, T., Xu, J., and Song, X. 2025. Linking Spatiotemporal Variations in Urban 

Land Surface Temperature to Land Use and Land Cover: A Case Study in Hangzhou City, 

China. Ecological Indicators 173: 113336. DOI: 10.1016/j.ecolind.2025.113336 

Syeda, A. Q., Castillo-Villar, K. K., and Alaeddini, A. 2025. Sustainable Urban Heat Island 

Mitigation Through Machine Learning: Integrating Physical and Social Determinants for 

Evidence-Based Urban Policy. Sustainability 17(15): 7040. DOI: 10.3390/su17157040 

Tarmizi, N. M., and Rizwan, N. I. 2024. Integrated Supervised Classification of LULC in 

Identifying Musang King Durian Illegal Farming Location. Jurnal Sylva Lestari 12(2): 459–

479. DOI: 10.23960/jsl.v12i2.856 

Ulfa, M., and Fazriyas, F. 2020. Ruang Terbuka Hijau Publik di Kota Jambi Berbasis Jumlah 

Penduduk dan Kebutuhan Oksigen [Public Green Open Spaces in Jambi City Based on 

Population and Oxygen Needs]. Jurnal Sylva Lestari 8(3): 366–377. DOI: 

10.23960/jsl38366-377 

Utomo, A. A. W., Kamarudin, N., Samdin, Z., Razali, S. M., and Ruzana Adibah. 2025. Land Use 

Mapping of Areas with Intense Socio-Economic Activities using Integrated Unmanned 

Aerial Vehicle and Geographic Information System. Jurnal Sylva Lestari 13(3): 824–848. 

DOI: 10.23960/jsl.v13i3.1217 

Voogt, J. A., and Oke, T. R. 2003. Thermal Remote Sensing of Urban Climates. Remote Sensing 

of Environment 86(3): 370–384. DOI: 10.1016/s0034-4257(03)00079-8 

Wang, M., Zhang, Z., He, G., Wang, G., Long, T., and Peng, Y. 2016a. An Enhanced Single-

Channel Algorithm for Retrieving Land Surface Temperature from Landsat Series Data. 

Journal of Geophysical Research 121(19): 11712–11722. DOI: 10.1002/2016jd025270 

Wang, Y., Berardi, U., and Akbari, H. 2016b. Comparing the Effects of Urban Heat Island 

Mitigation Strategies for Toronto, Canada. Energy and Buildings 114: 2–19. DOI: 

10.1016/j.enbuild.2015.06.046 

Yadav, A., and Singh, J. 2024. A Study on Urban Heat Island (UHI): Challenges and Opportunities 

for Mitigation. Current World Environment 19(1): 436–453. DOI: 10.12944/cwe.19.1.37 

Yang, Z., Chen, Y., Wu, Z., Zheng, Z., and Li, J. 2019. Spatial Pattern of Urban Heat Island and 

Multivariate Modeling of Impact Factors in the Guangdong-Hong Kong-Macao Greater Bay 

Area. Resources Science 41(6): 1154–1166. DOI: 10.18402/resci.2019.06.14 

Yilmaz, D., and Ozturk, S. 2024. Evaluation of Urban Land Cover Indices Affecting Urban Heat 

Island Formation Using Advanced Geospatial Techniques. Research Square pp. 1–29. DOI: 

10.21203/rs.3.rs-3845861/v1 



Husen et al. (2026)   Jurnal Sylva Lestari 14(2): 267-294 

 

 294 

Yin, C. L., Meng, F., and Yu, Q. R. 2020. Calculation of Land Surface Emissivity and Retrieval 

of Land Surface Temperature Based on a Spectral Mixing Model. Infrared Physics and 

Technology 108: 103333. DOI: 10.1016/j.infrared.2020.103333 

Yu, B., Luo, Z., Chen, F., Xie, P., Miao, S., and Zhong, Y. 2025. How Complex Terrains Reshape 

Urban Wind Patterns and Cooling Effects: Evidence from a High-Density Weather 

Observation Network in Hangzhou Bay, China. Sustainable Cities and Society 130: 106526. 

DOI: 10.1016/j.scs.2025.106526 

Zulkarnaen, R. N., Wardani, F. F., Hutabarat, P. W. K., Martiansyah, I., and Hariri, M. R. 2021. 

Tree Health Assessment of Lauraceae Collections in Bogor Botanic Gardens using Forest 

Health Monitoring Method. Jurnal Sylva Lestari 9(3): 411–423. DOI: 10.23960/jsl.v9i3.527 

Zulkarnain, Z., Saleh, M. B., Kuncahyo, B., Tiryana, T., and Puspaningsih, N. 2025. Model 

Development of the Forest Quality Assessment using Second-Order Confirmatory Factor 

Analysis. Jurnal Sylva Lestari 13(2): 617–641. DOI: 10.23960/jsl.v13i2.1064 

 


	The authors would like to thank the Ministry of Education, Culture, Research, and Technology (Kemendikbudristek) of the Republic of Indonesia for funding this research. They also thank the Baubau and Kendari City Governments for facilitating and coll...
	O.O.H.: Conceptualization, Methodology, Resources, Writing – Original Draft Preparation, Writing – Review and Editing, Supervision; H.: Conceptualization, Methodology, Writing – Original Draft Preparation, Writing – Review and Editing, Supervision; A...
	The authors declare no conflict of interest.
	The use of AI in the preparation of this manuscript was limited to basic tools for checking grammar, spelling, referencing, and formatting. No generative or AI-assisted AI technology was used in the writing, analysis, or interpretation of this research.

