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ABSTRACT 

Urban coastal planning in North Jakarta's Muara Angke–Kapuk requires clear evidence of how land-

cover composition influences Land Surface Temperature (LST). This study maps two decades of land-

cover change using Object-Based Image Analysis (OBIA), derives LST from Landsat, and applies multiple 

linear regression across 242 uniform grids (150×150 m) to quantify the LST responses to the built-up area, 

mangroves, water, ponds, open land, and non-mangrove vegetation. The built-up area expanded from 

716.1 to 1,525.1 ha, mangroves increased by 76.7% (183.7ha-324.6 ha), and mean LST increased by 7.5 °C 

(20.2°C-27.7 °C). The regression achieved a high fit (R2 = 0.951), with warming associations for the built-up 

area (B = 1.619 °C), open land (B = 1.139 °C), and cooling associations for mangroves (B = −0.960 °C), 

water bodies (B = −0.478 °C), ponds (B = −0.275 °C), and non-mangrove vegetation (B = −0.469 °C). These 

findings indicate that integrating mangrove conservation/restoration with broader green–blue planning 

can help moderate surface heat along Jakarta's coastal fringe. The OBIA–Landsat workflow provides a 

transferable, cost-effective basis for routine monitoring and supports climate-resilient urban development 

by linking land-cover management to LST mitigation in data-limited tropical megacities. 
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I. INTRODUCTION  

Mangrove forests underpin key coastal services—shoreline 
protection, carbon sequestration, habitat, water purification, 
fisheries, and ecotourism [1]—yet have declined substantially 
due to urban expansion, land conversion, aquaculture, and 
climate pressures [2], weakening coastal resilience and blue-
carbon capacity [1, 2]. Remote sensing and GIS offer 
consistent, multi-scale monitoring of the mangrove extent and 
condition [3]. In coastal North Jakarta (Jakarta Bay), the fast 
reclamation and infrastructure development have transformed 
land use, replacing natural cover with impervious surfaces and 
intensifying the urban heat island effects, evident in rising land-
surface temperatures [4, 5]. North Jakarta exemplifies these 
dynamics, with research reporting measurable temperature 
increases [6].  

Despite the numerous global assessments of mangrove loss 
and urbanization, integrated, site-specific analyses that link 
long-term land-cover trajectories with LST in urban mangrove 
systems remain limited. Addressing this gap, the current study 
provides a joint assessment for the Muara Angke Kapuk 
(MAK) mangrove system across 2005, 2010, 2015, 2020, and 

2024, coupling high-resolution object-based land-cover 
mapping with Landsat-derived LST. 

The contributions of this study are: (i) a harmonized, multi-
epoch land-cover dataset for a rapidly urbanizing coastal 
fringe, (ii) a spatiotemporal characterization of LST change, 
and (iii) a quantitative assessment of the relationships between 
land-cover composition and LST. The results inform climate-
resilient coastal planning by documenting the moderating role 
of mangroves and other green-blue covers on surface heat in a 
tropical megacity context. 

II. MATERIALS AND METHODS 

A. Satellite Data Sources and Processing Workflow 

Analyses were conducted at five epochs (2005, 2010, 2015, 
2020, 2024). Land cover was delineated from Google Earth Pro 
mosaics (approximately 2 m) using OBIA. LST was retrieved 
from Landsat-7 ETM+ Band 6 (2005, 2010; 60 m resampled to 
30 m, SLC-off gaps gap-filled) and Landsat-8 TIRS Band 10 
(2015, 2020, 2024; 100 m resampled to 30 m), with emissivity 
derived from OLI-based NDVI. The satellite data sources used 
in this study are presented in Table I. All imagery underwent 
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geometric/radiometric pre-processing; OBIA in eCognition and 
spatial analyses in ArcGIS/QGIS. The Workflow for land-
cover mapping and LST retrieval is shown in Figure 1. 

B. Study Area 

The study area spans the coastal fringe of Penjaringan, 
North Jakarta, including newly reclaimed islands, built-up 
areas, water bodies, aquaculture ponds, open land, and the 
approximately 4,248.6 ha Muara Angke–Kapuk mangroves. 
Rapid urban growth and reclamation since the 1990s make it a 
representative urban–ecological interface of Southeast Asian 
megacities. Satellite images from 2005, 2010, 2015, 2020, and 
2024 were analyzed to assess the land-cover change and land-
surface temperature before and after reclamation, as depicted in 
Figure 2. 

 

 

Fig. 1.  Workflow for land-cover mapping and LST retrieval. 

C. Satellite Imagery Pre-Processing 

All scenes underwent geometric/radiometric correction and 
atmospheric correction to TOA/BOA reflectance [7]. For post-
2003 Landsat-7 ETM+, multi-date SLC-off gap-filling was 
applied to reconstruct the approximately 22% missing data per 
scene (notably along image edges) and reduce bias [8]. Despite 

this, LST from ETM+ (2005 –2010) remains less accurate 

compared to Landsat-8 OLI/TIRS (≥2013), especially over 

highly heterogeneous areas; this gap-filling dependency is 
acknowledged as a study limitation. 

D. Land Surface Temperature  

LST—widely used for assessing drought, LULC change, 
land degradation, urban heat, and broader climate signals—was 
derived from Landsat-7 ETM+ Band 6 (2005, 2010; 60 m 
resampled to 30 m) and Landsat-8 TIRS Band 10 (2015, 2020, 
2024; 100 m resampled to 30 m) [9, 10]. Radiance was 
converted to brightness temperature and corrected for land-
surface emissivity via an NDVI-based method (°C). The 
uncertainty in LSE (often NDVI-derived) and coarse native 
TIR resolution can introduce mixed-pixel effects and bias in 
heterogeneous urban mosaics [11, 12]. Processing in 
ArcGIS/QGIS produced spatiotemporal LST maps for the 
MAK mangroves across pre- and post-reclamation periods. 

 

 

Fig. 2.  Location of the MAK mangrove in Penjaringan, North Jakarta. 

E. Land Cover Classification 

Land cover was mapped at five epochs (2005, 2010, 2015, 
2020, 2024) using OBIA on Google Earth Pro mosaics 
(approximately 2 m) in eCognition, integrating spectral–spatial 
features for segmentation and class assignment [13, 14] 
(workflow in Figure 3). While GE imagery offers broad 
coverage, fine detail, and free access, its multi-sensor mosaic 
and limited metadata reduce spectral consistency and 
complicate multitemporal/radiometric analyses; thus, it is best 
suited to visualization and manual interpretation [3, 15]. For 
quantitative, larger-scale analyses, Sentinel-2 (10–20 m, 

approximately 5-day revisit, full metadata) provides higher 
inter-temporal spectral consistency. 

The workflow for OBIA land-cover classification is 
illustrated in Figure 3. 

F. Classification Accuracy Assessment 

OBIA maps were validated against independent Google 
Earth Pro (approximately 2 m resolution) reference points 
using stratified random sampling per class and year (50 
points/class; 300 total per epoch, 2005–2024). The Overall 
Accuracy (OA), Cohen's k, and class-wise F1 were computed, 
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as presented in Table II. The results yielded OA = 83.06–
93.69% and k = 0.76–0.91. 

G. Regression Analysis 

The association between LST and land-cover composition 
was modeled via multiple linear regression [16], with 
predictors such as the areal fractions of the built-up area, 
mangrove, non-mangrove vegetation, open land, water, and 
ponds: 

� = �� + ��. �� + �	. �	 + … + �� . ��  (1) 

where an and xn are coefficients and land-cover variables, 
respectively. Estimation and basic diagnostics were performed 

in SPSS, and the coefficients were interpreted to quantify each 
land-cover class's marginal effect on LST. 

H. Spatial Analysis Unit (150×150 m Grid) 

A 150 m × 150 m grid was adopted because (i) Landsat-8's 
30 m TIR permits 25 LST pixels per cell, stabilizing cell means 
and aligning with 5×5 smoothing windows [17], and (ii) the 
size is a multiple of the native resolution, aiding replication and 
LST-based spatial analysis. Empirical evidence also indicates 
that LST–urban morphology relations are stable at 
approximately 150 m, capturing local variability effectively 
[18]. 

 

 

Fig. 3.  OBIA workflow for land-cover classification. 

TABLE I.  SATELLITE DATA SOURCES 

Platform Bands Variable 
Native resolution 

(resampled) 
Epochs 

Landsat-7 ETM+ Band 6 (thermal) LST 60 m to 30 m) 2005, 2010 

Landsat 8 OLI/TIRS Band 10; OLI LST, NDVI 100 m to 30 m; 30 m 2015, 2020, 2024 

Google Earth Pro RGB mosaic Land cover (OBIA) ≈2 m 2005–2024 (selected years) 

TABLE II.  RESULTS OF LAND COVER CLASSIFICATION ACCURACY TESTS 

Year 2005 2010 2015 2020 2024 

OA 83.06% 90.46% 87.67% 88.00% 93.69% 

Cohen's k 0.762394 0.865753 0.836733 0.835831 0.91265 

 Per-class F1 

Built-up land 0.6977 0.9048 0.8862 0.8478 0.9565 

Mangrove 0.9286 0.9677 0.8485 0.8571 0.9674 

Water 0.9318 0.9395 0.9479 0.9264 0.9345 

Pond 0.5817 0.7797 0.8571 0.8800 0.9285 

Open land 0.7090 0.5600 0.7692 0.6977 0.7333 

Non-mangrove vegetation 0.9083 0.9535 0.8070 0.9459 0.9275 

 

III. RESULTS AND DISCUSSION 

A. Land-Cover Dynamics (2005–2024) 

The high-resolution OBIA classification from Google Earth 
Pro produced reliable land-cover maps for MAK and enabled 
temporal comparison across 2005, 2010, 2015, 2020, and 2024 
[19, 20]. The built-up area increased from 716.1 ha (2005) to 
1,525.1 ha (2024), while mangroves expanded and water 
bodies/ponds declined. The open land peaked in 2015 and then 

decreased thereafter, with non-mangrove vegetation fluctuating 
moderately, as displayed in Figure 4 and Table III. 

B. LST Trends 

Landsat-derived LST shows sustained warming: mean LST 
increased from 20.2 °C in 2005 to 27.7 °C in 2024, with 
minima–maxima up to 23.6–36.0 °C. The sharpest rise 
occurred in 2010–2015, coincident with intensive land 
conversion and consistent with the heat amplification from 
impervious cover [21], as portrayed in Figure 5 and Table IV. 
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C. Thermal Behavior by Class 

By land-cover class, the built-up areas consistently record 
the highest mean LST, followed by open land, whereas water 
bodies and mangroves are the coolest—reflecting the thermal 
behavior of impervious materials and the cooling effects of 
green–blue infrastructure [22, 23]. Mangroves additionally 
contribute to climate regulation via carbon sequestration, 
reinforcing their value as cooling "hot-spots" [24, 25], as 

depicted in Figure 6. These patterns are consistent with other 
tropical systems, notably the Sundarbans (Bangladesh–India), 
where NDVI increases are negatively correlated with LST [26]. 
Dense vegetation (e.g., mangroves) cools surface temperatures, 
yet cover transitions, degradation, and ecological stress can 
dampen this effect. Despite the cooling role of vegetation, year-
to-year warming persists as land-use change and environmental 
variability co-drive thermal dynamics.  

 

 

Fig. 4.  Land cover changes from 2005 to 2024. 

TABLE III.  AREA OF LAND COVER TYPES IN 2005-2024 AT RESEARCH SITES 

Land Cover 
Area (ha) 

2005 2010 2015 2020 2024 

Built-up land 716.10 940.20 1,211.60 1,340.50 1,525.10 

Mangrove 183.70 230.00 247.20 283.50 324.60 

Water bodies 2,046.80 2,054.80 1,474.90 1,606.50 1,520.40 

Pond 520.60 325.60 223.00 197.30 194.60 

Open land 211.10 74.60 638.50 303.40 164.90 

Non-mangrove vegetations 570.00 623.20 453.00 517.10 518.80 

TABLE IV.  LST STATISTICS (MIN-MAX-MEAN) FROM 2005 TO 2024 

Years 
LST value 

LST min LST max LST mean 

2005 17.10 27.00 20.20 

2010 19.30 30.40 23.20 

2015 21.80 30.40 24.90 

2020 20.20 34.00 26.06 

2024 23.60 36.00 27.70 
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Fig. 5.  LST changes from 2005 to 2024. 

 

Fig. 6.  Average temperature of each type of land cover. 

D. Regression Evidence for Green–Blue Cooling 

Multiple linear regressions, over 242 grids (150×150 m), 
show positive associations for the built-up area (B = 1.619) and 
open land (B = 1.139), and negative for mangroves (B = 
−0.960), water (B = −0.478), ponds (B = −0.275), and non-
mangrove vegetation (B = −0.469). The model explains 95.1% 
of spatial LST variance (R² = 0.951, all p < 0.001, Variance 
Inflation Factor (VIF) = 1.153–2.613), confirming the cooling 
role of green–blue covers [27-29]. Table V presents the model 
summary and coefficients B, SE, t, p, and VIF. 

The obtained regression model is: 

�
�� = 28.086 � 1.619���� � 0.960��	� � 1.139���� �
0.478���� � 0.275�� � � 0.469��!��  

where X1 is the built-up land, X2 is the mangrove area, X3 is the 
open land, X4 is the water body area, X5 is the pond area, and X6 
is the non-mangrove vegetation. When this model is applied to 
the coastal fringe of Penjaringan (MAK), the results imply that 
integrating mangrove conservation/restoration and wider 
green–blue planning can moderate LST, aligning with evidence 
from Rotterdam in Netherlands [30], Gandhinagar in India 
[28], Malang in Indonesia [4, 14, 19, 31], and Jakarta's long-
term urban warming context [6], while the wider ecosystem-
service/blue-carbon co-benefits of mangroves strengthen 
coastal resilience [1, 2, 25], and relate to thermal 
comfort/public-health considerations in tropical cities [9].  

E. Study Limitations 

This study has the following limitations:  

 A multi-temporal design using one Landsat scene per epoch 
(2005, 2010, 2015, 2020, and 2024), which captures long-
term trends but may miss seasonal variability (monsoon 
cycles, soil moisture, cloud contamination); thus, the 
reported LST values are single-date snapshots rather than 
annual conditions. Future work should adopt multi-date 
sampling per year or higher-temporal products (e.g., 
MODIS, Sentinel-3).  
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 The absence of field ground truth means that validation 
relied on visual interpretation, increasing uncertainty in 
spectrally similar or heterogeneous areas. 

 Image-based limitations can bias classification and LST 
estimation—atmospheric effects, mixed pixels, and the 

coarse native thermal resolution—potentially reducing 
precision. The findings should, therefore, be interpreted 
with appropriate caution.  

TABLE V.  REGRESSION TEST RESULTS FOR LST PREDICTION 

 B Standard errors t-Values p-Values VIF 

(Constant) 28.086 0.094 298.77 <0.001 - 

Built-up land 1.619 0.069 23.46 <0.001 1.707 

Mangrove -0.960 0.059 -16.27 <0.001 1.810 

Open land 1.139 0.095 11.99 <0.001 1.153 

Water body -0.478 0.069 -6.93 <0.001 2.130 

Pond -0.275 0.070 -3.93 <0.001 1.606 

Non-mangrove vegetation -0.469 0.072 -6.51 <0.001 2.613 

 

IV. CONCLUSION 

This two-decade assessment demonstrates that an Object-
Based Image Analysis (OBIA) land-cover workflow combined 
with Landsat-derived Land Surface Temperature (LST) 
captures rapid coastal urbanization in Muara Angke–Kapuk 
(MAK), North Jakarta, and its thermal consequences. The 
study found that the built-up area expanded from 716.1 to 
1,525.1 ha, while mangroves increased by 76.7% (183.7 ha-
324.6 ha). Simultaneously, mean LST increased by 7.5 °C 

(20.2°C-27.7 °C). A multiple regression over 242 grids (150×

150 m) explained 95.1% of spatial LST variance (R2 = 0.951), 
with warming associations for the built-up area (B = 1.619 °C), 
open land (B = 1.139 °C), and cooling associations for 
mangroves (B = −0.960 °C), water bodies (B = −0.478 °C), 
ponds (B = −0.275 °C), and non-mangrove vegetation (B = 
−0.469 °C).  

These results support the case for integrating mangrove 
conservation/restoration and broader green–blue planning to 
help moderate land-surface temperature along Jakarta's coastal 
fringe. The study limitations include the reliance on the 
available land-cover classes and the chosen grid resolution. 
Future work should analyze seasonal dynamics, incorporate 
texture/morphological predictors, and apply spatial-block 
validation to strengthen generalization. 
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