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Banjarmasin City continues to develop rapidly. Malls and settlements are the newly built-up area that has reduced vegetation cover
leading to changes in surface temperature in Banjarmasin City. Analysis of temperature changes is needed to determine the efect of
increasing built-up areas and decreasing vegetation cover. Te surface temperature can be detected and analyzed using satellite
imagery.Te study aimed to analyze the built-up area and vegetation density index and their efect on changes in surface temperature
in Banjarmasin City from 2015 to 2019. We employed remote sensing and surveys to monitor and detect regional changes in urban
areas due to rapid development. Built-up areas can be mapped using the Normalized Diference Built-Up Index (NDBI) algorithm,
and vegetation density can be mapped using the Normalized Diference Vegetation Index (NDVI) algorithm. Te correlation value
between building density and surface temperature in 2015 was 0.826, and in 2019, it was 0.969.Tis means that the NDBI of the built-
up area density in 2015 and 2019 strongly correlates with surface temperature. Correlation values between the vegetation density
score and the surface temperature were -0.860 in 2015 and -0.949 in 2019. All correlation results are negative, which means that the
vegetation density has an inverse ratio to surface temperature; in other words, high vegetation density causes low surface temperature.

1. Introduction

Increasing temperature has been a concern in urban areas,
mainly during the daytime, since it reached 38.8°C in Oc-
tober 2019. Te rapid population growth in urban areas due
to natural growth and urbanization has led to changes in
natural characteristics, which are changes in land use or land
cover; this phenomenon then causes changes in surface
temperature [1–4] because of changes in the wavelength of
solar radiation refected into the atmosphere. As a result,
urban areas are now marked by higher air temperature and
surface temperature compared to rural areas [5–13].

Changes in land cover afect ecosystem functions, bio-
diversity, and climate, increasing or decreasing ambient
surface temperature due to the diferent responses of each
object or material in receiving, absorbing, and re-emitting
sunlight. Te surface temperature of materials in built-up

areas difers from the ones in nonbuilt-up areas; thus, there
is a relationship between land cover and surface tempera-
ture. Built-up surface areas have a positive exponential re-
lationship with the land surface temperature rather than a
simple linear one. As such, an ecological evaluation index
can be calculated to reveal the impact of overgrown land
surface and built-up surface areas on urban heat island
[14–17].

Decreasing vegetation and built-up areas full of over-
lapping high buildings in urban areas have reduced solar
radiation and carbon dioxide absorption, which poses a risk
of increasing air temperature. In addition to the increasing
number of solar heat-refecting elements, the heat from
human activities also produces greenhouse gases, such as
carbon dioxide, carbon monoxide, and methane. Increased
air temperature in urban areas forms heat islands compared
to suburban air temperatures, so urban warming contributes
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to global warming [18–21]. Vegetation can provide micro-
climate control and thermal comfort because trees help to
create more thermally comfortable environmental condi-
tions or lower air temperature [22]. Vegetation cover re-
duces thermal discomfort duration by more than half and
limits excess heat from solar radiation. Vegetation can re-
duce the efect of urban heat islands and improve air quality
and quality of life [23–25].

Remote sensing techniques can identify changes in land
cover to surface temperatures [26]. Landsat satellite imagery
can be used to determine the efect of land cover on surface
temperature [27]. Landsat 8 OLI TIRS is widely used to
observe land use changes and build models to monitor soil
surface biophysical features, including ground surface
temperature (ESG) [28]. Te Landsat satellite series has the
potential to provide ESG estimates at a high spatial reso-
lution, which are particularly suitable for local or small-scale
studies [29], including also heterogeneous and dynamic
urban areas [30].

Banjarmasin City covers an area of 98.46 km2. It is the
government center and the city of trade, industry, tourism,
and harbor. In October 2019, the city reached a temperature
of 39°C.Te Central Bureau of Statistics of Banjarmasin City
reported a population density of 7,118 people per km2, with
a total population of 700,870 people and an average growth
rate of 1.38% per year from 2011 to 2018. Built-up land
continues to increase due to higher population growth.
Meanwhile, vegetation cover has decreased signifcantly
[31–33]. Tese changes have the opportunity to increase the
temperature of the soil surface. Te existence of the Ban-
jarmasin city government’s policy regarding the increase in
green open space or urban forests in Banjarmasin can have
the opportunity to reduce the temperature of the land
surface. Terefore, this study examined the efect of the
built-up area and vegetation density index on changes in
surface temperature in Banjarmasin City in 2015 and 2019.
Te study aimed to analyze the built-up area and vegetation
density index and their efect on changes in surface tem-
perature in Banjarmasin City from 2015 to 2019.

2. Materials and Methods

Tis research was carried out in Banjarmasin City, South
Kalimantan, Indonesia. Banjarmasin City is South Kali-
mantan Province’s capital, with the highest population
density compared to other cities in South Kalimantan. Tis
city is a wetland area with a tidal swamp [34, 35].

Tis study used Landsat 8 OLI TIRS imagery. Tis study
used Landsat 8 OLI TIRS on August 19, 2015 , and on
August, 14, 2019. Te extracted image data consisted of 11
separate channels; bands 1, 2, 4, 5, 6, and 10 were combined
for research purposes. Bands 4, 5, 6, and 10 were used for
processing vegetation index, built-up area density index, and
land surface temperature (LST). In addition, bands 1 and 2
were used to determine the bias (ofset) of the atmosphere
infuence. Geometric correction of Landsat 8 OLI TIRS
images was performed using the ground control point
(GCP) transformation method with a polynomial interpo-
lation order 3, so coordinates in the image had feld

coordinates. Image radiometric correction included the
histogram adjustment method, calibration of digital number
values to radiance values, calibration of object values to
refectance values, correction of sun position, and atmo-
spheric correction (dark subtract). Te corrected image
underwent a spectral transformation, including NDVI,
NDBI, and LST.

NDVI �
NIR − RED
NIR + RED

. (1)

Note: red represents the red spectral band in the Landsat
8 OLI TIRS image, and NIR is the near-infrared band in the
Landsat 8 OLI TIRS image [36, 37].

NDBI �
SWIR 1 − RED
SWIR 1 + RED

. (2)

Note: red represents the red spectral band in the Landsat
8 OLI TIRS image, and SWIR 1 is the short-wave infrared
band in the Landsat 8 OLI TIRS image [38, 39].

Lc � ML∗QCal + AL. (3)

Note: Lc represents the TOA spectral radiance (watts/
(m2∗ srad ∗ μm)), ML is the band-specifc (Radiance_-
Mult_Band_x, where x is the band number), AL is band-
specifc (Radiance_Mult_Band_x, where x is the band
number), and QCal is the image pixel value of DN (digital
number) [40].

T �
K2

In(K1/Lλ + 1)
. (4)

Note: T represents the TOA brightness temperature (K),
Lλ represents the TOA spectral radiance (watts/(m2∗ srad
∗ μm)), K1 represents the band-specifc thermal conversion
constant, and K2 represents the band-specifc thermal
conversion constant [40].

LSE � εs∗ (1 − FVC) + εv∗ FVC. (5)

Note: LSE refers to land surface emissivity, FVC rep-
resents the FVC value obtained previously, εs represents the
emissivity of the soil surface of band 10, and εv represents
the emissivity of the vegetation of band 10.

Y � a − bX. (6)

Note: Y is the subject in the predicted dependent var-
iable, a is the value of Y when X� 0 (constant), b is the
regression coefcient, which shows the increase or decrease
in the dependent variable based on changes in the inde-
pendent variable, (+) means an increase and (−) represents a
decrease, and X is the subject of the independent variable
with a specifc value [41].

Prefeld visits aimed to fnd locations of vegetation
density, built-up area density, and surface temperature on
the map resulting from the NDVI, NDBI, and LST spectral
transformations. During the feld visit, 100 samples of
vegetation density were measured, consisting of 50 samples
to build the model and 50 samples to test the accuracy using
a camera to analyze the density of the vegetation canopy;
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measurement of surface temperature on the feld employed a
digital thermometer and laser thermometer. In addition, we
examined the density of the built-up area using a tentative
NDBI map validated by the number of buildings in Ban-
jarmasin City. Furthermore, the 2015 and 2019 surface
temperature maps were normalized using the maximum and
minimum temperature parameters and then classifed into 4
(four) classes of surface temperature based on the average
value and standard deviation [31, 42]. Finally, GPS was used
to analyze the distribution of sample plots in the area; the
extracted scores of the analysis were regressed through
NDVI, NDBI, and LSTmaps, resulting in vegetation density
maps, built-up area density maps, and surface temperature
maps. Using the maps, we chose 21 samples randomly to
extract the score of vegetation density, built-up area density,
and surface temperature. Te extraction results were ana-
lyzed using Pearson correlation to reveal (a) the relationship
between surface temperature and built-up area density and
(b) the relationship between surface temperature and veg-
etation density.

3. Results and Discussion

3.1. Built-UpAreaDensity of the Study Sites. We obtained the
built-up area density from the NDBI classifcation results on
the image of Landsat 8 OLI TIRS on August 19, 2015, and the
idea of Landsat 8 OLI TIRS on August 14, 2019. Te higher
the NDBI score or close to 1, the higher the density of the
built-up area. Te results of the NDBI image of Landsat 8
OLI TIRS on August 19, 2015, and the image of Landsat 8
OLI TIRS on August 14, 2019, are presented in Figure 1.

Te NDBI spectral transformation shows that the built-up
area density of Banjarmasin City in 2015 has a score of −0.72954
(blue) to 0.43045 (red) centered in the downtown area of the city,
which was Banjarmasin Tengah District, and marked with
reddish yellow color; the built-up area density of Banjarmasin
City in 2019 has a score of −0.760237 (blue) to 0.42407 (red).
Higher scores on NDBI represent a denser built-up area. Te
built-up area density spatial pattern did not change signifcantly
between 2015 and 2019. Te built-up area density is inversely
proportional to vegetation density because every pixel with a low
built-up area density will have a high vegetation density.
Changes in the built-up area density between 2015 and 2019
from NDBI spectral transformation were analyzed using image
analysis (diference) to determine the signifcant changes in the
built-up area density over fve years. Te image analysis (dif-
ference) results show that the lowest score is −0.759919 and the
highest is 0.752987; higher scores indicate a signifcant change in
the built-up area density in fve years, as depicted in red in
Figure 2.

3.2. Vegetation Density of the Study Sites. We obtained the
vegetation density from the image interpretation results
classifed by NDVI. Te image analysis of Landsat 8 OLI
TIRS in 2015 and 2019 resulted in four classes of vegetation
density, as presented in Table 1. Te classifcation results of
the vegetation density and the area of each classifcation are
shown in Figure 3 and Table 2.

Table 2 shows that the area of nonvegetation land cover
increases by 250.11 hectares or 2.54%, and the area of low
vegetation density increases by 264.42 hectares or 2.69%.
However, the area of medium vegetation density decreases by
499.32 hectares or 5.07%, and the area of high vegetation density
reduces by 15.21 hectares or 0.16%. Te low vegetation density
dominated the vegetation density in 2015 and 2019 because the
built-up area dominated Banjarmasin City. In addition, high
vegetation density was only found in specifc areas, such as the
city forest and the suburban regions.

Image analysis (diference) is needed to analyze changes
in vegetation density between 2015 and 2019 from the NDVI
transformation. Te research study helped to spatially reveal
the areas experiencing signifcant changes in vegetation
density within fve years. Te image analysis results are
presented in Figure 4.

Figure 4 presents the image analysis results; the lowest
score is −0.41284, and the highest score is 0.3970; the higher
value indicates a signifcant change in vegetation density in
fve years, depicted in green.

3.3. Surface Temperature of the Study Sites. Te surface
temperature in the study sites was known from the LST
spectral transformation, which was applied to the Landsat 8
Oli TIRS image on August 19, 2015, and the Landsat 8 Oli
TIRS image on August 14, 2019, as presented in Figure 5.

Figure 5 shows the LST results of Banjarmasin City in
2015 and 2019. Figure 5 confrms the high surface tem-
perature centered in the city’s downtown area (Banjarmasin
Tengah District), which is reddish. Te LST ranged from
20.6031°C (blue) to 38.1345°C (red) in 2015 and from
21.746°C (blue) to 30.4851°C (red) in 2019. Te highest
surface temperature happened in the densely populated
downtown area with many high buildings and public ac-
tivities with low vegetation cover. On the other hand, the
suburbs of Banjarmasin City had a relatively lower surface
temperature than the downtown area, and this was because
the suburbs had lower built-up area density and fewer public
activities added with high vegetation cover.

Image analysis (diference) is needed to analyze changes
in surface temperature between 2015 and 2019 from the LST
transformation. Te research study helped to spatially reveal
the areas experiencing signifcant changes in surface tem-
perature within fve years. Te image analysis results are
presented in Figure 6.

Figure 6 shows the LST results of Banjarmasin City in
2015 and 2019. Figure 6 confrms that the surface temper-
ature has the lowest score of −3.27682 and the highest score
of 9.34878, and higher scores show signifcant changes in
surface temperature within fve years, represented by red
color. Te most signifcant changes in surface temperature
happened in the city’s downtown area (Banjarmasin Tengah
District) because the area is the center of public activities
with densely packed buildings. LST results confrm surface
temperature within four classes [42], as presented in Table 3.
Te classifcation results of surface temperature in 2015 and
2019 are shown in Figure 7, and each classifcation area is
presented in Table 4.
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Table 3 shows that within fve years, the class of very low
temperature has decreased by 124 hectares or 1.26%, the low
temperature class has increased by 885 hectares or 8.98%, the

medium temperature class has reduced by 116 hectares or
1.22%, and the high temperature class has decreased by 642
hectares or 6.5%.

3.4. Spatial Analysis of Surface Temperature. We employed
Pearson correlation analysis to fnd the relationship between
surface temperature and vegetation density and built-up
area density based on the sample sites’ scores on surface
temperature, vegetation density, and built-up area density.

3.4.1. Te Relationship of Surface Temperature and the Built-
Up Area Density in 2015 and 2019. Maps on the built-up
area density and surface temperature showed that high
temperature occurred in areas with high built-up density,
which was in the city’s downtown. In addition, there were
diferences in surface temperature of the built-up areas in the
city’s downtown and suburbs because the city’s downtown
had low vegetation density than the suburbs (such as
Banjarmasin Utara, Selatan, Timur, and Barat District).

Te built-up area density was concentrated in the city’s
downtown (Banjarmasin Tengah District), causing the area’s
surface temperature to be higher than its surrounding areas.
Te farther the area from the city’s downtown, the lower the
surface temperature of the area, following the pattern of the
built-up area density. Te correlation between surface
temperature and built-up area density in Banjarmasin City
in 2015 and 2019 is presented in Tables 5 and 6.

Tables 5 and 6 show that in 2015, the average temper-
ature in the study sites was 30.02°C, and the average NDBI
for the built-up area was −0.784; with a 99% signifcance
level, we obtained an r-value of 0.826. Tis means that the
NDBI of the built-up area density in 2015 strongly correlated
with surface temperature. Ten, in 2019, the average tem-
perature in the study sites was 26.68°C, and the average
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Figure 1: Built-up area density of Banjarmasin City in 2015 and 2019.
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Figure 2: Changes in the built-up area density in Banjarmasin City
in 2015 and 2019.

Table 1: NDVI classifcation based on vegetation density.

No. Class Score Note
1 1 >0.2 Nonvegetation
2 2 0.2–0.35 Low vegetation density
3 3 0.36–0.5 Medium vegetation density
4 4 >0.5 High vegetation density
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NDBI for the built-up area was −0.1150; with a 99% sig-
nifcance level, we obtained an r-value of 0.969. Again, this
means that the NDBI of the built-up area density in 2019
strongly correlated with surface temperature.

Te built-up area density index is the opposite of the
vegetation density index. If the built-up area density index is
high, the vegetation density index will be low or vice versa.
Te Pearson product-moment correlation results show that
the surface temperature and the built-up area density were
0.826 in 2015 and 0.969 in 2019. All the correlation results
were positive, meaning a very strong relationship existed
between surface temperature and the built-up area.

Te development of the built-up area in Banjarmasin
City has signifcantly increased surface temperature.
Building materials that cannot reduce emissions from the
sun cause the temperature to be higher in the city’s

downtown than suburbs. Ultimately, this increasing tem-
perature causes the urban climate to be more uncomfortable
and hotter, leading to urban heat islands in Banjarmasin
City.

3.4.2. Te Correlation between Surface Temperature and
Vegetation Density in Banjarmasin City in 2015 and 2019.
Vegetation can reduce the daily temperature amplitude;
vegetation canopy can reduce solar radiation, and the hu-
midity resulting from vegetation transpiration afects the
surrounding environment. Banjarmasin City has a higher
temperature than the surrounding area because it has fewer
vegetated areas. A city government policy regarding adding
green open space in the form of city parks is expected to
increase the city’s vegetation density and reduce the city’s
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Figure 3: Vegetation density in Banjarmasin city in 2015 and 2019.

Table 2: Te area of vegetation density in Banjarmasin City in 2015 and 2019.

No. Types of land cover
Year

2015 2019
Area (hectares) Percentage (%) Area (hectares) Percentage (%)

1 Nonvegetation 3842.55 39.02 4092.66 41, 56
2 Low vegetation density 3215.07 32.65 3479.49 35, 34
3 Medium vegetation density 2769.66 28.13 2270.34 23, 06
4 High vegetation density 19.62 0.20 4.41 0, 04

Total 9849.33 100 9849.33 100
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surface temperature [31]. Te list of city parks in Banjar-
masin City in 2013 is presented in Table 7.

Table 7 shows that Banjarmasin City has a narrow park
area and the total area is below the minimum standard; this
causes discomfort during the daytime because of the low
amount of vegetation that can reduce heat. Maps of vege-
tation density and surface temperature confrm that high
surface temperature occurs in nonvegetated areas in the
city’s downtown. In contrast, low surface temperature oc-
curs in highly vegetated areas in the city’s suburbs.

Te Pearson product-moment correlation examined the
correlation between surface temperature and vegetation
density in 2015 and 2019. Te correlation results are pre-
sented in Tables 8 and 9.

Tables 7 and 8 show that in 2015, the average temper-
ature in the study sites was 30.02°C, and the average veg-
etation index was 0.2619; with a 99% signifcance level, we
obtained an r-value of −0.86. Tis means that the vegetation
density in 2015 had a strong negative correlation with
surface temperature. Ten, in 2019, the average temperature

114°32′30″E 114°35′0″E 114°37′30″E

114°32′30″E 114°35′0″E 114°37′30″E

3°
22
′3

0″
S

3°
20
′0
″

S
3°

17
′3

0″
S

3°
22
′3

0″
S

3°
20
′0
″

S
3°

17
′3

0″
S

Vegetation Density Changes in Banjarmasin 2015 and 2019

Value
High : 0.397032

Low : -0.41284

N

S

EW

Figure 4: Changes in vegetation density in Banjarmasin City in 2015 and 2019.
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Figure 5: LST of Banjarmasin City in 2015 and 2019.
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Table 3: Classifcation of the surface temperature.

No. Temperature classes Class ranges
1 Very low temperature T≤Tmean − 1.5STD
2 Low temperature T mean − 1.5STD<T≤Tmean − STD
3 Medium temperature T mean − STD<T≤Tmean + STD
4 High temperature T mean + STD<T≤Tmean + 1.5STD
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Figure 7: Surface temperature classifcation results in 2015 and 2019 in Banjarmasin city.
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in the study sites was 26.68°C, and the average vegetation
index was 0.2431; with a 99% signifcance level, we obtained
an r-value of −0.949. Again, this means that vegetation
density had a strong negative correlation with surface
temperature.

Te Pearson product-moment correlation results show
that the surface temperature and vegetation density score
was −0.860 in 2015 and −0.949 in 2019. All correlation

results are negative, which means that the vegetation density
has an inverse ratio to surface temperature; in other words,
high vegetation density causes low surface temperature.

Vegetation cover is very infuential in reducing the heat
of Banjarmasin City because the vegetation can reduce heat
through the absorption of solar radiation and transpiration,
which increases humidity for the surrounding environment.
Vegetation covered 60.9% of the area in Banjarmasin City in

Table 4: Area of surface temperature classifcation in Banjarmasin City in 2015 and 2019.

No. Temperature classes
Year

2015 2019
Area (hectares) Percentage (%) Area (hectares) Percentage (%)

1 Very low temperature 124 1.26 0 0
2 Low temperature 327 3.32 1212 12.3
3 Medium temperature 8745 88.82 8626 87.6
4 High temperature 650 6.60 8 0.1

Total 9846 100 9846 100

Table 5: Te correlation between surface temperature and built-up area density in Banjarmasin City in 2015.

Descriptive statistics
Mean Std. deviation N

Temperature 30.0173 3.78176 21
Built-up area density −0.0784 0.31567 21

Correlations
Temperature Built-up area density

Temperature

Pearson correlation 1 0.826∗∗

Sig. (2-tailed) 0.000
Sum of squares and crossproducts 286.035 19.717

Covariance 14.302 0.986
N 21 21

Built-up area density

Pearson correlation 0.826∗∗ 1
Sig. (2-tailed) 0.000

Sum of squares and crossproducts 19.717 1.993
Covariance 0.986 0.100

N 21 21
∗∗Correlation is signifcant at the 0.01 level (2-tailed).

Table 6: Te correlation between surface temperature and built-up area density in Banjarmasin City in 2019.

Mean Std. deviation N
Temperature 26.6834 3.00599 21
Built-up area density −0.1150 0.28174 21

Correlations
Temperature Built-up area density

Temperature

Pearson correlation 1 0.969∗∗

Sig. (2-tailed) 0.000
Sum of squares and cross-products 180.720 16.417

Covariance 9.036 0.821
N 21 21

Built-up area density

Pearson correlation 0.969∗∗ 1
Sig. (2-tailed) 0.000

Sum of squares and cross-products 16.417 1.588
Covariance 0.821 .079

N 21 21
∗∗Correlation is signifcant at the 0.01 level (2-tailed).
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2015, yet it decreased by 58.4% in 2019. Te decrease in the
vegetated areas and their uneven distribution happens much
in the suburbs.

Findings confrmed that the built-up area density and
surface temperature were highly correlated. Our results
support the study in Huabei, China, and Dhaka, India,
stating that urban areas can afect LST with a strong cor-
relation [43–45]. Increased built-up areas lead to surface

physical characteristics that ultimately cause surface and air
temperature changes [46].

Vegetation density and surface temperature were found
to be highly correlated. Te fnding supports the study in
Sardinia, Italy. In Songnen, China, it is stated that forests are
the most efective vegetated areas to reduce LST, and veg-
etation density tends to become a crucial factor in reducing
air and surface temperature [47, 48]. In addition, decreased

Table 7: Te list of city parks in Banjarmasin city in 2013.

No. Names of city parks Location District Area (m2)
1 Taman sabilal Jl. Jend. Sudirman Banjarmasin Tengah 30,100
2 Taman ULM Jl. H. B Kayu Tangi Banjarmasin Utara 5,000
3 Taman Kota Korem Jl. Lambung Mangkurat Banjarmasin Tengah 2,000
4 Taman Kamboja Jl. H. Anang Adenansi Banjarmasin Tengah 15,216
5 Taman Percontohan PKK Jl. Djok Mentaya Banjarmasin Tengah 4,460
6 Taman Jahri Saleh Jl. Jahri Saleh Banjarmasin Utara 14,000
7 Taman Tower PDAM Jl. Sutoyo S Banjarmasin Tengah 1,430
8 Taman Basirih Jl. Tembus Mantuil Banjarmasin Selatan 360

Table 8: Te correlation between surface temperature and vegetation density in Banjarmasin city in 2015.

Mean Std. Deviation N
Temperature 30.0173 3.78176 21
Vegetation density 0.2619 0.19264 21

Correlations
Temperature Vegetation density

Temperature

Pearson correlation 1 −0.860∗∗

Sig. (2-tailed) 0.000
Sum of squares and crossproducts 286.035 −12.538

Covariance 14.302 −0.627
N 21 21

Vegetation density

Pearson correlation −0.860∗∗ 1
Sig. (2-tailed) 0.000

Sum of squares and crossproducts −12.538 .742
Covariance −0.627 .037

N 21 21
∗∗Correlation is signifcant at the 0.01 level (2-tailed).

Table 9: Te correlation between surface temperature and vegetation density in Banjarmasin City in 2019.

Mean Std. Deviation N
Temperature 26.6834 3.00599 21
Vegetation density 0.2431 0.18561 21

Correlations
Temperature Vegetation density

Temperature

Pearson correlation 1 −0.949∗∗

Sig. (2-tailed) 0.000
Sum of squares and crossproducts 180.720 −10.591

Covariance 9.036 −0.530
N 21 21

Vegetation density

Pearson correlation −0.949∗∗ 1
Sig. (2-tailed) 0.000

Sum of squares and crossproducts −10.591 0.689
Covariance −0.530 0.034

N 21 21
∗∗Correlation is signifcant at the 0.01 level (2-tailed).
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vegetated areas can lead to changes in surface physical
characteristics that ultimately cause changes in surface
temperature and air temperature [46].

Several studies show that increased surface temper-
atures happen due to changes in the urban environment,
namely, more built-up areas [49–53]. However, our
fndings contradict the previous studies. We found that
the surface temperature in 2015 was higher than in 2019,
although more built-up areas and less vegetated areas
were found in 2019; this happened because of El Nino.
Te 2015 El Nino in Indonesia was very strong and
happened at the worst scale throughout history [54], yet
the 2019 EL Nino was weak [55]. Tus, an increase or
decrease in land surface temperature in Indonesia, es-
pecially in Banjarmasin City in 2015 and 2019, was
strongly afected by El Nino, not by changes in the built-
up area density and urban vegetation density;the latter
was only at a micro level.

4. Conclusions

Tebuilt-up area density index and vegetation index afected
the surface temperature of Banjarmasin City in 2015 and
2019 at a micro level. Building density increased in the
2015–2019 period while vegetated areas decreased. Te
density of the building correlates with surface temperature.
Te higher the strength of the building, the more the surface
temperature will increase. Te correlation value between
building density and ground surface temperature in 2015
was 0.826; in 2019, it was 0.969. Meanwhile, the density of
vegetation with surface temperature has a negative corre-
lation, meaning that the higher the density of vegetation, the
lower the surface temperature. Te existence of a city
government policy by increasing green open space or urban
forests can reduce the surface temperature in the city.
However, it turns out that the green open space in Ban-
jarmasin City is still not widespread. Furthermore, eforts to
control the surface temperature of urban areas in Indonesia
are urgently needed by implementing land cover arrange-
ments that allocate 30% of the urban area for green open
spaces.
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