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Abstract. Natural and anthropogenic factors, such as volcanic eruptions and land use, are indirect causes of
changes in the micro-scale climate. Over the past 30 years, climate change has been detected with
increased air surface temperature (AST) above 30.0°C, a phenomenon of Urban Heat Island. Therefore, this
study aimed to create a spatial model to see changes in AST in Bandar Lampung City from1990 to 2020. The
spatial and temporal analysis uses Landsat data to produce land surface temperature (LST) and AST models.
The results showed a temperature rise in the LST area, which tends to be the northern part of Bandar
Lampung City, by 25.0°C and above for 30 years. Compare LST and AST from two stations between 30 years
is 5.0°C. In 1990, the LST concentrated on the spatial distribution of the AST model with a temperature
above 30.0°C, while in 2020, it diffused to the northern part of Bandar Lampung City. The results concluded
that the air temperature in the city has warmed up to 0.46°C (+1°C), which is in line with the findings of
IPPC and various world cities. It is also in occurrence with the UHI phenomenon since 2014 that climate
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change is part of climate change mitigation.
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1. Introduction

Changes in surface coverage and landscape patterns
caused by rapid urbanization increase land Surface
Temperature (LST). Land-cover change is one of the most
visible outcomes of ecosystem modification, which
significantly impacts the local, regional, and global
environment (Xiao & Weng, 2007). According to Dong et al.
(2013), changes in land cover impact two aspects, natural
variations of the earth system and human activities. It is
caused by human activities such as converting vacant and
vegetated lands into impermeable areas comprising
buildings of varying heights and densities (Adulkongkaew et
al., 2020; Wang et al.,, 2020). Preliminary studies stated
higher temperatures in the central urban location and non-
vegetated areas (Oke, 1987; Streutker, 2002; Dorigon &
Amorim, 2019). According, previous study stated that Land
cover change will impact higher temperatures in non-
vegetated areas.

The Fifth Assessment Report released by the UN
Intergovernmental Panel on Climate Change (IPCC)
indicated an increase in global mean temperature by 1-2°C
at the end of this century (Wibowo & Salleh, 2018). The
report further confirmed that 2016 was the warmest year
on record, with a global mean temperature of 1.1°C above
the pre-industrial period, which was 0.06°C higher than the
previous record set in 2015 (WMO, 2017). Over the past few
decades, climatic elements such as temperature and
precipitation have recorded significant changes (Mukhtar et
al., 2021). Samson and Olorunnimbe (2011) stated that

climate change poses increasing challenges for cities,
placing tremendous stress and impacts on multiple social
and biophysical systems, including urban infrastructure,
water, and energy demand. Impacts of climate change have
been widely discussed, with only a few kinds of study
revealing its effect on temperature (Harmantyo, 2008).
Based on previous study stated that climate changed with
indication as increased temperature between 1-2°C caused
impact on environrmnrt and effect on human.

The variation of activities dynamically changes land
cover, creating variations in LST with the highest increase in
developing areas. The LST impacts the thermal comfort of
human activity, specifically when it reaches more than 30°C
in tropical climates (Ichinose et al.,, 2008; Srivanit and
Hokao, 2013, Wibowo et al., 2017). The land cover changes
were primarily observed in developed areas with
temperatures above 30°C, such as Seoul (Kim and Baik
2005), Singapore (Wong and Yu 2005), Tokyo (Suzuki 2008),
Wuhan (Li and Yu 2008), and Hong Kong (Memon et al.
2009), Jakarta, Bandung, Semarang, and Surabaya
(Tursilowati et al. 2012). Changes to land cover led to
extreme temperature and precipitation index trends in
Padang (Hermon, 2014). The increase in LST is an indication
of the UHI phenomenon, which has occurred in several
major cities in Indonesia, such as Bandung (Ningrum &
Narulita, 2018), Surabaya (Sobirin & Fatimah, 2015),
Tangerang (Wibowo et al., 2016), and Jakarta (Fitriani et al.,
2019). Therefore, the UHI phenomenon regarding LST and
Air Surface Temperature (AST) was generally influenced by
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anthropogenic factors, such as human activities (Fabrizy et
al., 2010; Priyankara et al., 2019) and the development of
urban areas due to overcrowding (Wibowo et al., 2020;
Zhang et al., 2018).

Bathiany et al. (2018) used 30-year data to detect
climate change by examining the monthly temperature
anomalies, where each value represents the deviation
associated with global warming. Meanwhile, Olsson et al.
(2015) conducted study to reveal the underlying change in
patterns, using a period above 30 years. The Climatological
Practice Guide (WMO, 2018), Technical Regulations (WMO,
2011), and a book on CLIMAT TEMP reporting (WMO, 2009)
recommend a 30-year reference period of available data
standardized to detect the typical climate change. The
Seventeenth World Meteorological Congress (WMO, 2017)
defined a climatological standard using the last 30-year
period divided into 10 years each (Nazarudin, 2021). For
example, Makassar City, studied from 1972 to 2002, had a
positive trendline with an average increase in temperature
at 0.018°C/year and 0.082°C/year every January and June
(Aldrian et al.,, 2011). Furthermore, in South Sumatra
Province, the temperature increase was between 0.4 to
0.6°C, while at Malang Raya, its range was 0.7 to 0.8°C
(Ruminta et al., 2018). The remaining sections of this study
detected climate change using a 30-year timeframe.

The limitation of the temperature study regarding spatial
and temporal data is due to the distribution of the Landsat
thermal band with only one-time departure data. Berg and
Kucharik  (2021) studied the relationship between

105°150"E
1

temperature using AST and LST and found that LST fit with a
parabolic (R2) distribution of 0,7. Wibowo et al. (2017)
examined the relationship between LST and AST using RMSE
and obtained a minor error. The results stated that LST from
satellite thermal can be used to compete with AST. Fauzan
et al. (2022) used LST to estimate the spatial cover of
Landsat data to answer the limitation of the spatial
distribution climate station.

Climate change terms globally and local area or Local
Climate Zone as spatial urban area or city. This was carried
out to determine climate change in Bandar Lampung City,
located on Sumatera and near Java Island. It is the fifth most
populous city on Sumatra Island after Medan, Palembang,
Pekanbaru, and Batam, which comprises 2,279,894,
1,662,893, 1,149,359, and 1,107,551 people, respectively.
The city is a strategic area because it is a transit of economic
activities between Sumatra and Java Islands, making it
profitable as a center of trade industry and tourism (BPS
Bandar Lampung City, 2020). The study on climate change
due to mitigation were conducted globally, but there are still
limitations in its empirical and modeling temperature with
remote sensing. The 30 vyears study is significant for
determining the characteristics and behavior of AST and the
impact of solar heating on the land surface.

2. Methods
Study Area

Bandar Lampung City is the capital of Lampung Province
(Figure 1) and the center of social, political, educational,
cultural, and economic activities. It is located strategically
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because it is a transit route for economic activities between
the islands of Sumatra and Java, making it profitable for the
growth and development of trade, industry, and tourism.
This city's Spatial Planning Regulation (RTRW) from 2011 to
2030 explained that the existing potential and development
trends were due to its strategic location, natural potential,
population, and supporting areas. The city can be developed
as a growth center for Southern Sumatra and a national
production commodity (sippa.ciptakarya.pu.go.id). This
condition led to a population increase of 1.71% from 2018 to
2019 (BPS Bandar Lampung City, 2020).

Method

This study used Landsat 5, 7, and 8 to collect this
temporal chosen time with the lowes cloud covered. AST
from Station Indonesian Agency for Meteorological,
Climatological, and Geophysics. Google Earth Data and AST
from the field survey is shown in Table 1. Geographic
Information System (GIS) used tools from NDVI (Normalized
Difference Vegetation Index) and LST. NDVI determined the
vegetation density classification based on remote sensing
data, NIR is the Near Infrared band, and R is the Red band.

The following is the formula for NDVI, the proportion of
vegetation:

NDVI = (NIR -R)/(NIR + R) (1)

LST analysis was used to determine the classification of LST
based on remote sensing data and interpreted to obtain
temperature differences. The digital numbers (DN) value is
converted to spectral radians using the following Equation
(2), where M_L represents the band-specific multiplicative
rescaling factor, Q_cal is the Band 10 image, and A_L is the
band-specific additive rescaling factor:

LA=M_L*Q_cal+A L (2)
After converting the DN to reflection, the TIRS band data is
changed from spectral radiance to brightness temperature
(BT) using the thermal constants

BT = —2=
L provided in the metadata file:

ln(L—;+ 1}

— 273.15

(3)

K_1 and K_2 stand for the band-specific thermal conversion
constants from the metadata using the Google Earth Engine
application (GEE apps).

The Air Surface Temperature Model (M-AST) used a
simple linear regression to obtain LST from the image

processing and AST from field survey measurements. The
simple linear regression formula is determined using the
following Equation: = (4), where Y and X are the dependent
and independent variables, a is constant (value of Y when X
=0), and b is the regression coefficient (positive or negative
effect). The M-AST map is then developed using the ArcGIS
10.3 raster calculator model before testing the M-AST for
accuracy. The Root Mean Square Error (RMSE) method is a
statistical calculation used in study to test the accuracy of
the data between the M-AST value and AST. The air
temperature for 30 years is compared with Urban Heat
Island phenomena in Bandar Lampung City to determine
climate change.

3. Results and Discussion
Spatial-Temporal Vegetation Coverage

Figure 1 shows the distribution of spatial-temporal
vegetation with none, low, moderate, and high coverage
from 1990 to 2020. The vegetation-covered categories are
deficient, while the non-vegetation is increasingly
widespread. Furthermore, from 1990 to 2020, the
vegetation cover area with moderate and high coverage
decreased. Figure 2 explains the increasing trend of land
cover with no vegetation in the northern part of Bandar
Lampung City. In the north-South cross-section, the
coverage decreased to the north with the index value less
than 0.3 in 2020, compared to 1990, which was mostly 0.4,
as illustrated in Figure 3.

From 1990 to 2020, shallow and no vegetation density
became widespread. On the other hand, those in the
moderate and high coverage decreased in 2020. Table 2
shows that Bandar Lampung City had moderate vegetation
density with the most expansive height in 1990, compared
to 2005 and 2020. Approximately 53.63% of the city in 1990
consisted of medium to high-density vegetation, while in
2005, it reduced to 42.41%. Conversely, in 2020 the area
with moderate to high vegetation density decreased by
35.03%. In 2020, moderate vegetation was the lowest with
2,518.37 ha, followed by the broadest non-rotating land of
2,072.35 Ha compared to 1990 and 2005.

The result showed that the landcover change during 30
years period increased without vegetation coverage or
building and reduced from 33.54% in 1990 to 14.03% in
2020. This is in accordance with the preliminary studies by

Table 1. Data Used

Data

Landsat 5 (1990)

Landsat 14 June

Path 123 dan Row 64 16 July

07 December
Administration Map
Air Surface Temperature

Meteorology Station
Air Surface Temperature
Raden Inten Il (30 years)

Landsat 7 (2005) Landsat 8 (2020)

11 March 03 August
06 November 06 October

08 December 25 December

Indonesian Agency of Geospatial Data
Data Acquisition (Field survey)

Climatology Station

Pesawaran (25 years)

Indonesian Agency for Meteorological, Climatological and Geophysics

Land Cover Existing

Survey and Google Earth Data

Sources: Data Collecting
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Xiao & Weng (2007), Dong et al. (2013), Adulkongkaew et al.
(2020), and Wang et al. (2020). In 2003, Jakarta City had a
vegetation coverage of 30%, which is a 70% decrease from
its value in 1940, due to the impact on temperature rise to
32.00°C (Wibowo, 2005). The land cover changed in the city,
hence, it will impact higher temperatures in non-vegetated
areas.

Spatial-Temporal Land Surface Temperature

In 1990, 2005, and 2020, LST >25.0°C expanded further
northwards, as shown in Figure 4. LST tended to be
distributed from the centre to the southern and northern
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city of Bandar Lampung at a temperature >25.0°C in 1990
and 2005, as indicated in Figure 4. In North and south
transverse cross-sections from 1990 to 2020, the changes
generally increase towards the north (Figure 5). Figure 5
further showed that the profile cross-section of the
southern part of City (A) did not experience a significant
increase in LST, as opposed to City (B), at a temperature of
27.2°C.

The period 1990-2020 explained that LST increased and
decreased at temperatures >25.0°C and <20°C, respectively.
In 1990, 65.29% or 11,723.92 ha of Bandar Lampung City
had LST with temperature <25.00C, where at >25.0°C, it
covered 6.76% or 1,214.53 ha. Furthermore, the value
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increased by 45.26% between 2005 and 2020, as illustrated
in Table 3.

The result showed that the landcover changed (30 years)
from 6.76% in 1990 to 45.26% in 2020 with a temperature
>25.0°C. The result is similar to the previous study that land
cover changed impact on increasing a higher temperature as
temporal and extension of the covered area. The studies by
Oke (1987), Streutker (2002), and Dorigon & Amorim (2019)
defined the higher temperatures of the central urban area.
Studies in Indonesia, Jakarta (Wibowo, A. 2005), Makassar
City (Aldrian et al., 2011), Sumatera Selatan Province and
Malang Raya (Ruminta et al., 2018) concluded that there
was an increased temperature for 30 years due to
decreased vegetated area. LST will affect environments,
specifically AST, regarding each urban heat signature of land
cover types.

Spatial-Temporal of Model Air Surface Temperature

The station climatology or meteorology has few
locations and a minimal area to cover one of the stats. This
study uses AST distribution in a simple model of AST
generated from LST to validate the distribution of AST in
Bandar Lampung City based on two station observation
points, namely Radin Inten Il and Lampung Climatology. Due
to the lack of sample points where only two temperature
observation points were used in this study, the difference
between LST and AST was considered the same in all points
of the Lampung region in the same year.

Table 4 explains calculations performed to determine
the average difference between LST data and AST from
Raden Inten Il and Pesawaran, which act as Meteorology
and Climatology Stations. The result showed that the
average delta change between 1990 and 2020 was 5.02°C
and 4.54°C. The LST is the average maximum temperature
of three years in 1990, 2005, and 2020, estimated with AST
model M-AST.

The average delta temperature added to LST using the
mathematical model of M-AST 0C= LST 0C+ 5.0°C was based
on Fauzan et al. (2021). Table 5 shows the ground and AST,
with a difference of approximately 0.3°C. The RMSE test
was carried out on the M-AST in 2020 to determine the
accuracy and correctness of the modeling data from field
measurements. The trendline results were calculated with
y = 0.057x-1.0719, where R2 equals 0.1036 obtained an
error r of 0.05 in the model of air surface. This means that
the most significant possible deviation value is 0.05 from
LST to AST in the field, as shown in Figure 5.

Figure 6 explains that in 1990, very few areas with
temperatures above 30.00C were south of Bandar Lampung
City. However, its development in 2005 with a temperature
>30.0°C continued expanding to the north until 2020. Based
on Table 6, the area Model of AST with temperature <25.0°C
declined in 1990 and increased t0>30.0°C. Result of a model
of AST with temperature <25.0°C is 1,960.98 ha or 10.91% in
2020 and 6,282.21 ha or 34.93% in 1990. Table 7 showed
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Figure 4. Map of Land Surface Temperature 1990 and 2020 at Bandar Lampung City

Table 2. Area of Vegetation Coverage in Bandar Lampung City years 1990, 2005 and 2020

Vegetation density 1990 2005 2020
Area (Ha) (%) Area (Ha) (%) Area (Ha) (%)
no vegetation 1,246.25 6.94 2,592.53 14.44 3,318.60 18.49
Very Low Vegetation 2,561.16 14.27 3,575.05 19.92 4,263.30 23.75
Low Vegetation 4,514.74 25.15 4,168.98 23.23 4,079.47 22.73
Moderate Vegetation 5,401.37 30.09 4,056.75 22.60 3,769.54 21.00
High Vegetation 4,226.06 23.54 3,554,.1 19.81 2,518.37 14.03

Sources: Data Processing, 2021
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Table 3. Temporal changed Land Surface Temperature in Bandar Lampung City

LST (°C) Area Area Area Area Area Area
LST (OC) 1990 1990 2005 2005 2020 2020
LST (°) Ha % Ha % Ha %
<20.0 11,731.65 65.25 6,289.40 34.98 4,900.95 27.26
20.0-25.0 5,024.99 27.95 5,939.00 33.04 4,942.79 27.49
>25.0 1,222.26 6.8 5,750.50 31.98 8,135.16 45.25

Source: Data Processing, 2021
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Figure 6. Map the Distribution Model of AST in 1990, 2005 and 2020

that AST area with temperature <25.0°C decreased by
4,319.43 ha or 24.02% from 1990 to 2020. MAST with
temperature >30°C from 1990 has 1,281.91 ha or 7.13%,
which expanded in 2020 to 3,245.08 ha or 18.05%. This
means that for 30 years, only a temperature range of 1 to
5°C was added.

Mitigation of Climate Changed based on 30 years Spatial-
Temporal of Urban Heat Island

The study analyzed the changes in temperature from
1990 to 2020 to determine their effect on global warming

285

from previous studies conducted by WMO (2011), Olson et
al. (2015), and Bathiany et al. (2018). It also examined
climatology for 10 years based on Nazarudin's (2021)
analysis. This study regarding mitigation of climate change in
urban areas or city morphology referred to the global
temperature that experienced a positive trend of 0.85°C
from 1880 to 2012, and 0.05°C per decade from 1998 to
2012 (IPCC AR5, 2014). The result showed that climate
change in Bandar Lampung City from the perspective of air
temperature was due to a rise of 0.47°C, thereby leading to
a positive trend of Urban Heat Island AST at a warming rate
of 0.23°C from 1990 to 2020. Based on the AST models in
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Table 4. Delta Comparative between AST dan LST from 1990 until 2020

Year Meteorology Meteorology Delta 1 Climatology  Climatology Sta- Delta 2 Delta Avg.
Station Station Station Pe- tion Pesawaran  (°C) °c)
Radin Inten Il Radin Inten II sawaran
Year AST (°C) LsT(°C) Delta 1 AST (°C) LST (°C)
1990 26.31 21.29 5.02 20.90 4.80
1991 26.30 21.69 461 22,51 461
1992 26.22 20.51 5.72 20.09 5.72
1993 26.86 19.62 7.25 21.02 7.25
1994 26.74 25.24 1.50 24.98 1.50
1995 26.42 18.27 8.15 17.85 8.15
1996 26.37 20.45 5.92 26.55 21.07 5.48 5.70
1997 26.72 24.02 2.70 26.87 24.25 2.62 2.66
1998 26.95 18.92 8.03 26.91 19.39 7.52 7.78
1999 26.28 21.36 4.92 26.21 20.82 5.39 5,.5
2000 26.49 19.15 7.34 26.38 20.57 5.81 6.58
2001 26.50 21.13 5.37 26.59 19.79 6.80 6.08
2002 26.97 21.38 5.60 26.88 22.32 4.56 5.08
2003 26.60 19.53 7.07 26.70 20.50 6.20 6.64
2004 26.65 21.70 4.95 26.88 21.62 5.27 5.11
2005 26.61 21.40 5.21 26.86 21.09 5.76 4.78
2006 26.50 21.76 4.74 26.79 21.27 5.52 5.13
2007 26.67 20.34 6.33 26.82 22.13 4,69 5.51
2008 26.38 21.66 4.72 26.38 19.46 6.92 5.82
2009 26.76 21.62 5.14 26.92 22.23 4.69 491
2010 26.69 21.98 4.71 26.74 21.48 5.26 4.99
2011 26.80 22.87 3.93 26.87 22.85 4.01 3.97
2012 26.83 23.00 3.83 26.99 22.06 4.93 4.38
2013 26.68 20.47 6.20 26.93 21.54 5.39 5.80
2014 27.09 20.91 6.18 26.72 20.07 6.65 6.42
2015 27.29 23.82 3.47 27.03 23.13 3.90 3.69
2016 27.18 22.11 5.08 27.13 20.69 6.44 5.76
2017 26.91 22.28 4.63 26.79 20.34 6.45 5.54
2018 26.86 22.34 4.52 26.80 23.31 3.49 4.00
2019 27.22 23.95 3.28 27.26 23.37 3.89 3.59
2020 26.98 22.94 4.04 27.04 22.00 5.04 4.54

(Source: Data Analysis, 2021)
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Table 5. Validation model AST with AST from di Station Climatology and Meteorology

Year LST (°C) A"(%rca)ge M(;ﬁ)ST ?OSCT) Validated Model-AST
1990 21.29 5.00 26.29 26.31 -0.02
1991 21.69 5.00 26.69 26.30 0.36
1992 2051 5.00 25.51 26.22 -0.72
1993 19.62 5.00 24.62 26.86 2.24
1994 25.24 5.00 30.24 26.74 3.50
1995 18.27 5.00 2327 26.42 3.15
1996 20.45 5.00 25.45 26.55 -1.10
1997 24.02 5.00 29.02 26.87 2.15
1998 18.92 5.00 23.92 26.91 -2.99
1999 21.36 5.00 26.36 26.21 0.15
2000 19.15 5.00 24.15 26.38 2.23
2001 21.13 5.00 26.13 26.59 -0.46
2002 21.38 5.00 26.38 26.88 -0.50
2003 19.53 5.00 24.53 26.70 2.17
2004 21.70 5.00 26.70 26.88 -0.18
2005 21.40 5.00 25.40 26.86 -1.46
2006 21.76 5.00 26.76 26.79 -0.03
2007 20.34 5.00 25.34 26.82 -1.48
2008 21.66 5.00 26.66 26.38 0.28
2009 21.62 5.00 26.62 26.92 -0.30
2010 21.98 5.00 26.98 26.74 0.24
2011 22.87 5.00 27.87 26.87 1.00
2012 23.00 5.00 28.00 26.99 2.11
2013 20.47 5.00 25.47 26.93 -0.54
2014 20.91 5.00 25.91 26.72 -0.24
2015 23.82 5.00 28.82 27.03 1.59
2016 22.11 5.00 27.11 27.13 -0.09
2017 2228 5.00 27.28 26.79 0.48
2018 2234 5.00 27.34 26.80 0.54
2019 23.95 5.00 28.95 27.26 1.69
2020 22.94 5.00 27.94 27.04 0.90
30 years +1.65 +1.65 +0.73 0.01

Sources: Data analysis, 2021

Table 6. Model AST year 1990, 2005 and 2020 in Bandar Lampung City

Area
AST (°C) 1990 2005 2020
Ha % Ha % Ha %
<25.0 6,282.21 34.93 4,776.47 26.57 1,960.93 10.91
25-30.0 11,637.50 64.74 11,861.23 65.97 12,713.70 70.71
>30.0 59.19 0.33 1,341.20 7.46 3,304.27 18.38
17,978.90 100.00 17,978.90 100.00 17,978.90 100.00

Source: Data analysis, 2021

Table 7. Changes area of AST in Bandar Lampung during the decade

Area
'(AE,S;)— 1990 - 2005 2005 - 2020 1990 -2020
A (Ha) % A (Ha) % A (Ha) %
<25 -1,503.94 -8.37 -2,815.49 -15.66 -4,319.43 -24.02
25-30 223.40 1.24 852.60 4.74 1,076.00 5.98
>30 1,281.91 7.13 1,963.17 10.92 3,245.08 18.05

Source: Data analysis, 2021
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the city, it was found to obtain a temperature of >30.0°C in
urban areas north-south according to the UHI profile,
indicating its occurrence.

4. Conclusion

In conclusion, the LST increase indicated the occurrence
of UHI phenomenon. Furthermore, the Raden Inten II
Meteorological Station air temperature experienced a
positive trend for 30 years, namely from 1990 to 2020 with
an increase at a warming rate of 0.0218°C per year, with a
difference of 0.66°C. The results showed an expansion of the
LST area of temperature >25.00C in the northern part of
Bandar Lampung City, compared to AST at 5.0°C. The LST
expansion impacts the spatial distribution of model AST with
temperature >30.0°C, which is concentrated in the center
and northern part of the city at the beginning and of the
timeframe. This study further concluded that the air
temperature in the city has warmed up to 0.46°C (+1°C),
which is in line with the findings of IPPC and various world
cities. The temperature detections for 30 years occurred in
accordance with the UHI phenomenon since 2014,
indicating a part of climate change mitigation.

Acknowledgement

This research supported Research Grant from the
Faculty Mathematics and Natural Sciences of Universitas
Indonesia year 2021 based on contract number: NKB-002/
UN2.F3/HKP.05.00/2021.

References

Adulkongkaew, T., Satapanajaru, T., Charoenhirunyingyos, S. &
Singhirunnusorn, W. (2020). Effect of land cover composition
and building configuration on land surface temperature in an
urbansprawl city, a case study in Bangkok Metropolitan Area,
Thailand. Heliyon, 6, e0448.

Aldrian, E., Karmini, M., & Budiman. (2011). Adaptasi dan Mitigasi
Perubahan Iklim di Indonesia. Pusat Perubahan Iklim dan
Kualitas Udara Kedeputian Bidang Klimatologi Badan
Meteorologi, Klimatologi, dan Geofisika (BMKG)

Bathiany, S., Dakos, V., Scheffer, M., & Lenton, T. M. (2018).
Climate models predict increasing temperature variability in
poor countries. Science advances, 4(5), eaar5809.

Berg, E. & Kucharik, C. (2020). The Dynamic Relationship between
Air and Land Surface Temperature within the Madison,
Wisconsin Urban Heat Island. Remote Sens., 14, 165.

BPS Bandar Lampung City, (2020), Bandar Lampung dalam Angka

Dong, S., Yan, X., & Xiong, Z. (2013). Varying responses in mean
surface air temperature from land use/cover change in
different seasons over northern China. Acta Ecol. Sin., 33, 167—
71.

Dorigon, L. P., & Amorim, M. C. C. T. (2019). Spatial Modelling of
An Urban Brazilian Heat Island in A Tropical Continent Climate.
Urban Climate, 28, 100461. https://doi.org/10.1016/
j.uclim.2019.100461

Fabrizi, R., Bonafoni, S., & Biondi, R. (2010). Satellite and ground-
based sensors for the Urban Heat Island analysis in the city of
Rome. Remote Sens., 2, 1400-1415. https://doi.org/10.3390/
rs2051400

Fauzan, N. F., Wibowo, A., & Shidiqg, I. P. A. (2022). Spatial analysis
of air surface temperature using M-AST model in a complex
sub-urban area. In IOP Conference Series: Earth and
Environmental Science, 986(1), 012070.

Fitriani, A. N., Dewi, K., & Tursilowati, L. (2019). Identification Of
Urban Heat Island Spreading To Concentration Of NO 2, 03,

288

and PM 10 Pollutant In Dki Jakarta. Journal of Urban and
Environmental Engineering, 13(1), 125-133.

Harmantyo, D. (2008). Climates Role In Changing The Face Of The
Earth And The Spatial Conflict Problems: A Preliminary Study
On The Cimanuk Watershed. Indonesian Journal of
Geography, 40(2), 187-195.

Hermon, D. (2014). Impacts of land cover change on climate trend
in Padang Indonesia. Indonesian Journal of Geography, 46(2),
138-142.

Ichinose T, Matsumoto F, Kataoka K (2008) Urban thermal
environment and it is mitigation through the urban planning
process. Geogr Rep Tokyo Metrop Univ 43:33-40.

Kim, Y. H., & Baik, J. J. (2005). Spatial and temporal structure of the
urban heat island in Seoul. J Appl Meteorol, 44(5), 591-605.

Li K., & Yu, Z. (2008). Comparative and combinative study of urban
heat island in wuhan city with remote sensing and cfd
simulation. Sensors, 8(10), 6692—-6703.

Memon, R. A, Leung, D. Y., & Liu, C.H. (2009). An investigation of
urban heat island intensity (UHII) as an indicator of urban
heating. Atmos Res, 94(3), 491-500.

Mukhtar, Z., Haq, F., Naqvi, S., & Afreen, M. (2021). Climatic
Anomalies and Glacial Dynamics in the Himalayan Region
Northern Pakistan: A Spatial-Statistical Approach. Indonesian
Journal of Geography, 53(2), 216-225.

Ningrum, W., & Narulita, |. (2018). Deteksi Perubahan Suhu
Permukaan Menggunakan Data Satelit Landsat Multi-Waktu.
Jurnal Teknologi Lingkungan, 19(2), 145-154.

Nazarudin, L. (2021). Deteksi Efek Pulau Panas Perkotaan Di Kota
Pekanbaru: Kajian Menggunakan Trend Suhu Dan DTR. Jurnal
Widya Climago, 3(2), 1-9.

Oke, T. R. (1987). Boundary-Layer Climates, 2nd ed. Methuen and
Co.: New York, NY, USA, 262—-303.

Olsson, T., Jakkila, J., Veijalainen, N., Backman, L., Kaurola, J.,
Vehvildinen, B. (2015). Impacts of climate change on
temperature, precipitation and hydrology in Finland-studies
using bias-corrected Regional Climate Model data. Hydrol
Earth Syst Sci., 19, 3217-3238.

Priyankara, P., Ranagalage, M., Dissanayake, D. M. S. L. B.,
Morimoto, T., & Murayama, Y. (2019). Spatial process of
surface urban heat island in rapidly growing Seoul
Metropolitan area for sustainable urban planning using Landsat
data (1996-2017). Climate, 7(9), 110.

Ruminta, H., & Nurmala, T. (2018). Indikasi perubahan iklim dan
dampaknya terhadap produksi padi di Indonesia (Studi kasus:
Sumatera Selatan dan Malang Raya). Jurnal Agro, 5(1), 48-60.

Samson, A. O., & Olorunnimbe, R. O. (2011). Conceptualization of
urbanization structure and climate change in Lagos
Nigeria. Indonesian Journal of Geography, 43(2), 181-194.

Sobirin & Fatimah, R. N. (2015). Urban Heat Island Kota Surabaya.
Depok, Departemen Geografi, FMIPA — Universitas Indonesia.

Srivanit, M., & Hokao, K. (2013). Evaluating the cooling effects of
greening for improving the outdoor thermal environmental an
institutional campus in the summer. Build Environ 66, 158-172.

Streutker, D. R., (2002). A remote sensing study of the urban heat
island of Houston, Texas. Int J Remote Sensing, 23(13), 2595—
2608.

Suarma, U., Hizbaron, D. R., Sudibyakto, S., & Nurjani, E. (2018).
Participatory implementation within climate change-related
policies in urbanized areas of Indonesia. Indonesian Journal of
Geography, 50(2), 121-132.

Suzuki, C. (2008). Improvements of heats Island monitoring
network in Tokyo. Geogr Rep Tokyo Univ, 43, 33—-40.

Tursilowati, L., Sumantyo, J. T. S., Kuze, H., Adiningsih, E. S. (2012).
Relationship between urban heat island phenomenon and land
use/land cover changes in Jakarta- Indonesia. J Emerg Trends
Eng Appl Sci, 3(4), 645-653.

Wang, L., Tian, F., Wang, X., Yang, Y., & Wei, Z. (2020). Attribution
of the land surface temperature response to land-use



30-YEAR SPATIAL-TEMPORAL ANALYSIS

Adi Wibowo, et al.

conversions from bare land. Glob. Planet. Change 193
103268.

Wibowo, A. (2005). Evaluasi Daya Dukung Lingkungan Hidup DKI
Jakarta, Tesis Magister Illmu Lingkungan, Pasca Sarjana
Universitas Indonesia.

Wibowo, A., Kuswantoro, Ardiansyah, Rustanto, A., & Shidig, I. P.
A. (2016). Spatial, temporal analysis of urban heat hazard in
Tangerang City. IOP Conference Series: Earth and
Environmental Science, 47(1), [012039]. https://
doi.org/10.1088/1755-1315/47/1/012039

Wibowo, A., Semedi, J. M., & Salleh, K. O. (2017). Spatial, temporal
analysis of urban heat hazard on education Area (University of
Indonesia). The Indonesian Journal of Geography, 49(1), 1-10.

Wibowo, A., & Salleh, K. O. (2018). Landscape features and
potential heat hazard threat: a spatial-temporal analysis of two
urban universities. Natural Hazards, 92(3), 1267-1286.

Wibowo, A., & Salleh K. O. (2018). Land Cover Types and Their
Effect on the Urban Heat Signature of University Campuses
using Remote Sensing. International Journal of Technology, 9
(3), 479-490.

Wibowo, A., Yusoff, M. M., & Salleh, K. O. (2020). Monitoring
urban heat signature and profiles of a localized urban
environment in the University of Malaya. 10P Conf. Ser. Earth
Environ. Sci. 481

WMO. (2009). Guidelines on analysis of extremes in changing
climate support informed decisions for adaptation. World
Meteorological Organization.

WMO. (2017). Statement on the State of the Global Climate in
2016, WMO No. 1189

WMO. (2017_a). WMO Guidelines on the Calculation of Climate
Normals. Juli 31, 2021 https://library.wmo.int/doc_num.php?
explnum_id=4166

WMO. (2018). Guide to climatological practices. Switzerland,
Geneva

Wong, N., H., & Yu, C. (2005) Study of green areas and urban heat
island in a tropical city. Habitat Int 29(3):547-558

Xiao, H., & Weng, Q. (2007). The impact of land use and land cover
changes on land surface temperature in a karst area of China.
J. Environ. Manage., 85, 245-57.

Zhang, Y., Su, Z., Li, G., Zhuo, Y., & Xu, Z. (2018). Spatial-temporal
evolution of sustainable urbanization development: A
perspective of the coupling coordination development based
on population, industry, and built-up land spatial
agglomeration. Sustain., 10, 1-20.

289



