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Abstract

The study was conducted with the aim of analysing the seasonal sea surface temperature (SST) characteristics in SGB waters
during the neutral phase, when El Nifio and La Nifia are not occurring. Data were processed using Ocean Data View and
analysed through descriptive statistics and cluster analysis. The results showed that the Madura Strait has seasonal sea surface
temperature variability that is strongly influenced by the monsoon system. Sea surface temperature fluctuations form a
bimodal pattern, with the narrow and shallow western side relatively warm throughout the season compared to the eastern side
of the sea waters which are relatively wide, deep and open to the ocean. The eastern season is a cold period in the waters of all
three loci with SSTs of ~30.05 oC. The SST distribution pattern shows that the deep areas of the strait are relatively warmer
compared to the waters of the northern side of the strait. The western season with an average SST of 31.17°C has a strong
seasonal segregation from Bangkalan to Surabaya waters with SST values of 31.60°C, 31.20°C and 30.70°C respectively. The
western season is also characterised by the largest SST range difference of 0.90 oC. SST segregation still occurs in the early
spring with a decreasing gradient of 0.20 oC from Bangkalan to Surabaya with an average SST of 31.40 oC. The eastern
season which has an average SST of 30.90 oC with a range of 30.90-31.00 oC marks the coldest period of the season. The late
transitional period is characterised by the highest average SST throughout the season at 31.57 oC in addition to being
characterised by the smallest SST range at 0.10 oC. Spatially, Surabaya SST has similar characteristics with Gresik SST

compared to Bangkalan SST.
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Introduction

The waters of East Java, of which Surabaya, Gresik and
Bangkalan are part, have the highest fisheries production in
Indonesia as of 2021. This condition is supported by the
presence of fishermen, fishing boats and fishing ports to the
production of captured fisheries in this province (Aida et al.,
2023). Fisheries in the waters of Surabaya, Gresik and
Bangkalan (hereafter SGB) themselves present complex
interactions involving ecological factors, in addition to
economic and health factors. Ecologically, research by
Mahmudiono et al. (2020) 71 showed the presence of
significant levels of mercury in fish from Kenjeran beach in
Surabaya. In line with that, the results of water quality
research using temperature and COD parameters as
indicators conducted by Maulana & Kuntjoro (2023) 28 in
Kali Surabaya, Wringinanom, Gresik as one of the rivers
that empties into SGB waters, showed the effect of pollution
on macrobenthos biodiversity which was at a moderate
index.

Temperature influences biological and chemical processes
and thus significantly affects the growth and survival of
contaminants in various environments (Bhatt et al., 2024;
Garzén, 2004; Raths et al., 2022) ® & 21 Temperature
effects on marine ecosystems are profound and diverse,
affecting metabolic rates, community structure, and overall
ecosystem health. The results of Archibald et al. (2022) @,
for example, showed that increasing ocean temperatures
directly affect marine ecosystems by increasing metabolic
rates, leading to higher productivity followed by lower
biomass stocks. Correspondingly, Venegas et al. (2023) [
stated that ocean warming affects marine ecosystems by
altering the physiology, abundance and distribution of
species, while reducing oxygen availability which in turn

impacts trophic interactions. Chabrerie & Arenas (2024) B,
added that increasing temperatures in marine ecosystems
especially in coastal areas, as stated by Chabrerie & Arenas
(2024) Bl significantly increase respiration rates and
decrease productivity, especially in canopy-forming species
such as seaweeds. This leads to compositional shifts and a
potential decline in overall ecosystem health and services.
Overfishing is also an important fisheries management issue
in the region. Overfishing in the waters of the SGB and the
Madura Strait in general has reached critical levels, thus
significantly impacting local fish populations and the
livelihoods of fishing communities. Research shows that
overfishing with various fish species exploited beyond
sustainable limits has been a persistent problem since at
least 1997 (Muhsonim & Nuraini, 2006; Hidayah et al.,
2020) [%. 191,

This condition is also exacerbated by the increase in global
temperature caused by climate change which is intensifying
with impacts that are increasingly widespread and
penetrating various regions, especially in coastal waters that
are directly adjacent to the sea. The increase in global
temperature, which is currently about 1 oC above pre-
industrial levels, has posed a significant threat to ecosystems
(‘Interactions between Climate Change and Contaminants’,
2022; Gagnon, 2022; MacCracken, 2009) [ 1 Li &
Convertino's (2021) research in Maizuru Bay, Japan
confirms this. Their results showed a 25% decrease in fish
diversity due to a 20% increase in local temperature. In
addition, changes in species interactions due to temperature
fluctuations can disrupt fish communities, leading to critical
slowdowns and decreased ecosystem resilience. Liu (2024)
%] stated that rising ocean temperatures due to global
warming affect physical, chemical and biological processes
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in marine ecosystems, leading to significant changes such as
ocean acidification, which impacts marine life and fish
catches.

The above review emphasises the importance of
understanding the characteristics of sea surface temperature
in SGB waters, not only because it is related to its existence
as one of the main supporters of high fisheries production in
Indonesia (East Java) which is experiencing overfishing
practices; but also the threat of degradative environmental
aspects that are increasingly worrying along with the
ongoing impacts of global warming due to climate change
that are increasingly threatening and diverse. The objective
to be achieved in this study is to analyse the seasonal sea
surface temperature variability in the Madura Strait as well
as the waters of Surabaya, Gresik and Bangkalan as a
narrow and shallow part of the Madura Strait during the
Neutral phase, when ENSO is not occurring.

Research Methods
This research was conducted in two research areas. The first
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area is located on the coast of the Madura Strait, which
stretches from the narrow and shallow west side to the wide
and deep east side with a geographic coverage between
6.40°-7.55° N and 112.30°-114.20° East. This division
considers significant spatial heterogeneity, both in terms of
seabed topography and the influence of regional
oceanographic dynamics. The location of the study is shown
in Figure 1A. The second area is on the north-west side of
the ‘swan neck’ of the strait, which includes the waters of
Surabaya, Gresik and Bangkalan. Geographically, the
second study site covers an area with boundaries: 7.55°-
7.75°N; 112.50°-112.60°E. The study sites represent a semi-
enclosed area on the western side of the narrow strait; while
on the eastern side lies the wide strait mouth facing the
oceanic region of the Java Sea to the east of the Madura
Strait (Figure 1B). The study locus includes three waters at
the entrance to the northern side of the Madura Strait,
namely the waters of Surabaya, Gresik and Bangkalan with
each having geographic coordinates: 7.25°N, 112.833°E;
7.155°N, 112.677°E and 6.917°N, 112.75°E.
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Fig 1: The research location covers the waters of the Madura Strait in general from the relatively closed and shallow western side to the wide and open
eastern side (A), as well as the narrow and shallow waters of the western side of the strait with the study locus in the coastal waters of Surabaya, Gresik and
Bangkalan (B).

The data used in this study are sourced from the Copernicus
Marine Environment Monitoring Service (CMEMS) and are
secondary. The data consists of sea surface temperature in
two periods of neutral phase which is continuous, that is, in
one seasonal cycle in a year not interrupted by global
climatic phenomena such as ENSO, either EIl Nifio or La
Nifia or Indian Ocean Dipole (I0OD), both positive and
negative. The Neutral phase used has an Oceanic Nifio
Index (NOI) value of 0.2-0.5. The two Neutral phases
include:
=  The Neutral Phase from June 2019 to May 2020 is used
as data to describe the overall surface temperature
distribution of the Madura Strait,
= the Neutral Phase from December 2015 to November
2016 which is used as a comparison to strengthen
and/or weaken the surface temperature distribution at
the same location as part of the overall Madura Strait
and a different Neutral period.

The year-long data were further grouped quarterly to
represent the seasonal period. The western season has a
temporal span of December, January and February (DJF),
the Early transition spans March, April, May (MAM), and
so on. Data collection is emphasised during this period to
eliminate global climatic effects caused by ENSO and 10D.

Thus, a relatively ‘natural and clean’ picture of sea surface
temperature fluctuations will be obtained from neighbouring
global climatic influences. The data were processed with
Ocean Data View (ODV) to obtain seasonal SST
distribution maps supplemented with descriptive statistical
analyses. In addition, to understand the similarity of
seasonal SSTs between the three loci, the data were also
multivariate analysed using hierachical cluster analysis
displayed through heat maps with dendrograms.

Results and Discussion

Madura Strait Waters

In general, sea surface temperature (hereinafter abbreviated
as SST) in the Madura Strait waters in the neutral phase, as
shown in Figure 2, has a range of about 30 oC to 32 oC. The
west season is the season with the hottest SST distribution,
while the coldest SST distribution is found in the east
season although with relatively small inter-seasonal SST
differences. In the western season, SST ranges from about
30.5-32.5 oC (Figure 2A). The hottest area is centred on the
western side of the strait, particularly in the Bangkalan-
Surabaya-Sidoarjo region, and it extends upwards to the
northern coast of the strait. Lower SSTs are generally found
on the southern side of the strait and the eastern areas that
are relatively open to the open sea.
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The following season in the early transitional season, the
SST pattern of the western season experienced a
strengthening of zonation segregation. The Bangkalan-
Surabaya-Sidoarjo area up to the north coast of the strait is
more prominent than the south-east side. A different pattern
is found in the eastern season. As shown in Figure 2B, in
contrast to the previous two seasons, this season's SST
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shows a high-temperature area (~31.5 oC) on the southern
side of the strait (Sidoarjo to Situbondo). In the eastern area,
especially in the area of Sapudi Island and its surroundings,
SST experienced its nadir value throughout the season with
~30 oC. This decrease in SST is thought to be caused by the
influx of cold-water masses from cold Australian waters
carried by the east monsoon current.

Fig 2: Surface temperature distribution in Madura Strait waters during the neutral phase: west monsoon (A), Early transition (B), east
monsoon (C) and Late transition (D).

After cooling during the eastern season, the strain isotherm
in the Madura Strait water body began to spread evenly with
a high SST zoning pattern that began to form on the west
side of the strait and gradually decreased SST on the east
side (Figure 5.2D). The cold area indicates that there is still
an influx of cold-water masses that are now weakening
during the Late transition. A prelude to the maturation of the
isotherm distribution as it will occur in the western season.
It can thus be stated that the SST distribution during the
neutral phase of the Madura Strait characterises a relatively
strong monsoonal zonation with relatively small inter-
seasonal variations (1.00-2.00 oC) typical of tropical
temperature variations.

The monsoon system, characterised by seasonal wind
reversals, plays an important role in the Java Sea and
Madura Strait. In the Java Sea, the monsoon significantly
affects SST. The southeast monsoon is associated with
cooler SSTs due to increased mixing and wind-induced
upwelling, while the northwest monsoon leads to warmer
SSTs. This seasonal SST variability is a direct result of the
influence of the monsoon on wind patterns and ocean
currents (Haryanto et al., 2019; Hafiz et al., 2024) [% 101,

In the Madura Strait, significant seasonal SST variations are
mainly due to the influence of the monsoon cycle. During
the western monsoon SST tends to increase and decrease
during the eastern monsoon (Yuliardi et al., 2024) [,
Meanwhile, during the southeast monsoon (May to
September), the region experiences strong winds from the
southeast, leading to increased salinity and decreased SST
compared to the northwest monsoon period (Siregar et al.,
2017; Haryanto et al., 2019) [ 221,

Furthermore, although not specifically mentioning the
Madura Strait, the results of Siregar et al. (2017) 22 and
Kok et al. (2021) [*31 mentioned that the rainy season affects
the exchange of water masses in the Java Sea. During the

southeast monsoon, the Indonesian Throughflow (ITF) is
strengthened, bringing water masses from the Makassar
Strait to the Java Sea. This results in higher salinity levels
and cooler temperatures. In contrast, during the northwest
monsoon, water masses from the South China Sea dominate,
causing different oceanographic conditions. In addition to
the monsoon system, the oceanographic conditions of the
Madura Strait including its surface temperature are
influenced by regional climatic phenomena. The influence
of the monsoon is interconnected with other climatic
phenomena such as the El Nifio-Southern Oscillation
(ENSO) and the Indian Ocean Dipole (I0OD). These
interactions can strengthen or reduce the monsoon effect in
the Java Sea and Madura Strait, further affecting regional
climate variability (Hafiz et al., 2024; Xu & Xu, 2014) [°
24]

The western side of the Madura Strait, which is more
exposed to the open Java Sea, may experience different
temperature dynamics compared to the more enclosed
eastern side. The western side is likely to be influenced by
the wider oceanic conditions in the Java Sea, which can lead
to higher temperatures during certain seasons (Yuliardi et
al., 2024) [,

Surabaya-Gresik-Bangkalan Waters

The seasonal distribution of sea surface temperature
(hereafter abbreviated as SST) in the waters of Surabaya,
Gresik and Bangkalan (hereafter abbreviated as SGB)
during the neutral phase shows quite distinct distribution
patterns. As shown in Figure 3, the eastern season marks the
seasonal cold period when SGB waters are dominated by
SSTs of ~30.05 oC. The colder region during this season is
found on the inner side of the strait, i.e. on the eastern side
of Surabaya.
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In other seasons, in general, the SST horizoantal distribution
pattern can be said to be divided into two general zones,
namely a warm zone that dominates the southeastern waters
of the swan-necked strait, namely the coastal waters of
Surabaya and Gresik; while a relatively higher zone is found
in the coastal waters and Bangkalan to the north-northwest
which is an open area in the southern Java Sea. The
segregation of these two zones is more clearly recorded in
the west season with the warm zone having temperatures in
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the range of about 31.00-31.60 oC in the Surabaya-Gresik
waters, while the coastal waters of Bangkalan to the north-
northwest have a relatively cooler and narrower range of
SST in the range of about 30.50-30.30 oC. During the Early
transition, the waters in the three loci became warmer with
the spread of warm SST to the mouth of the strait on the
north-northwest side. The peak warming of the Madura
Strait in the SGB water area occurred during the Late
transition with higher TLP values (~31.50 oC).
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Fig 3: Seasonal SST distribution in Surabaya-Gresik-Bangkalan waters during the western season (A), early spring (B), eastern season (C)
and late spring (D). The eastern season marks the cold period throughout the locus area.

Seasonal fluctuations at each locus as shown in Figure 4
show a sharp decrease in SST from the southern waters of
the locus (Surabaya) to the northern side (Bangkalan) with a
degree of decrease reaching 4.1997 in the first degree of the
polynomial. Respectively, SST in SGB waters was recorded
at 31.60°C, 31.20°C and 30.70°C with an average seasonal
SST of 31.17°C. These fluctuations in SST values reaffirm
the horizontal distribution of SST as shown in Figure 2A. A
decrease in SST in the south-north direction was also found
two seasons later (Early transition and eastern season) with
a smaller third-degree polynomial (-0.3519). The mean SST
of the eastern season only reached 30.90°C which was the
smallest mean throughout the season. In this season SST in
SGB waters only reached 31.00 oC, 30.80 oC and 30.90 oC
respectively.

Seasonal fluctuations at each locus as shown in Figure 4 show a
sharp decrease in SST from the southern waters of the locus
(Surabaya) to the northern side (Bangkalan) with a degree of
decrease reaching 4.1997 in the first degree of the polynomial.
Respectively, SST in SGB waters was recorded at 31.60°C,
31.20°C and 30.70°C with an average seasonal SST of 31.17°C.
These fluctuations in SST values reaffirm the horizontal
distribution of SST as shown in Figure 2A. A decrease in SST in
the south-north direction was also found two seasons later (Early
transition and eastern season) with a smaller third-degree
polynomial (-0.3519). The mean SST of the eastern season only
reached 30.90°C which was the smallest mean throughout the
season. In this season SST in SGB waters only reached 31.00 oC,
30.80 oC and 30.90 oC respectively.
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Fig 4: SST fluctuations in the coastal waters of Surabaya, Gresik and Bangkalan which generally show relatively high SST in Surabaya
waters and relatively low SST during the eastern season in all three loci.
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Furthermore, the trend of SST increased from the early east-mid-
year season to the late-year season (+0.0295 in the fourth degree).
During the end of the year SST in the south - north direction of
SGB waters showed a slight decrease with SST values of 31.60°C,
31.60°C and 31.50°C respectively with an average SST of
31.60°C. The mean SST was the highest mean throughout the
season. This condition also confirms the peak of the warm period
of SGB waters that occurred at the end of the year. Seasonal
fluctuations in SST also confirm the relatively high SST of
Surabaya coastal waters throughout the season at 31.60 oC. An
exception occurs in the eastern season which marks the coldest
period of SGB waters. During this period of seasonal SST decline
Surabaya coastal waters reached 31.00 oC. Although this SST
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value is relatively lower by 0.60 oC than other seasons, in the
eastern season the SST is 0.01-0.02 higher compared to Bangkalan
and Gresik waters.

The seasonal range of SST in SGB waters also shows a specific
pattern. During the western season the SST range reached 0.90°C
with a maximum mean SST range of 31.60 and a minimum mean
SST range of 30.70°C. This value was the highest SST range
throughout the season (Figure 5). Uniquely, this SST range
narrows to its lowest value during the early transitional period
when the SST range reaches only 0.1 oC (31.60 oC - 31.50 oC).
This range is smaller when compared to the SST range of the
eastern season (0.20 oC) and Early transition (0.40 oC).

32.00

31.80

31.60 O
3140 31.60
O

31.60 31.60 31.60 31.60

=)

= 31.20
=

31.20 31.20

3
® 31.00

2
2 3080

)
= 3060

30.70 30.70 30.70

30.40

30.20
0.80 0.40

30.00

Gresik

BARAT

Surabaya Bangkalan = Surabaya

PANCARCBA AWAL

Fa
31.60

31.20

Gresik  Bangkalan = Surabaya

Kisaran temperatur emOmss Temperatur maksimum e=O== Temperatur minimum

1.00

0.90
3160

3L.60

31.60

S
3150

31.50 31.50

300 31.00 0.60

\A

2

o

3
Temperatur (°C

0.40
s
30.80 30.80 30.80 020 &
]
020 ¥
0.10
010
0.20
.00
Gresik  Bangkalan Surabaya  Gresik  Bangkalan
TIMUR PANCARDBA AKHIR

Fig 5: Inter-seasonal comparison of maximum and minimum SSTs at the three aquatic loci generally confirms the relatively high range of
SSTs during the western and early transitional seasons and the low range of SSTs during the early transitional and eastern seasons.

The high range of SSTs, characterised by higher maximum and
minimum SSTs, indicates a dynamic process of ocean-atmosphere
interaction resulting in intensive warming. The boreal winds due to
the barometric difference from Asia to Australia that mark the dry
period are thought to play a major role (discuss). As the monsoonal
wind system weakens, entering the Early transition that marks the
end of the west monsoon, the SST warming trigger also weakens
with the maximum and minimum SST differences also shrinking.

The high range of SSTs, characterised by higher maximum and
minimum SSTs, indicates a dynamic process of ocean-atmosphere
interaction resulting in intensive warming. The boreal winds due to
the barometric difference from Asia to Australia that mark the dry
period are thought to play a major role (discuss). As the monsoonal
wind system weakens, entering the Early transition that marks the
end of the west monsoon, the SST warming trigger also weakens
with the maximum and minimum SST differences also shrinking.
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Fig 6: Heatmap of SSTs in SGB waters showing temporal cluster proximity of inter-transitional SSTs and spatial cluster proximity of
Surabaya-Gresik SSTs.

Spatially based on the level of difference in the SST range,
Surabaya waters with a SST range of 30.70-30.81 oC actually have
more in common with Bangkalan waters which have a SST range
of 30.81-30.93 oC than with Gresik waters whose SST range is

30.93-31.04 oC. However, the cluster analysis results show that the
Surabaya-Gresik SST spatial cluster is closer than the Surabaya-
Bangkalan SST spatial cluster. This is accompanied by
consideration of all spatial and temporal axes that unequivocally
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show the prominence of relatively cold SSTs in Bangkalan waters
in the west monsoon, while warmer SST conditions are closer
together in Surabaya-Gresik waters. The relatively close SST range
of Surabaya-Gresik compared to Surabaya-Bangkalan also
occurred during the Early transition. During the late transitional
period warm SSTs with a range of 31.49-31.60 oC occurred in the
waters of the three loci. Therefore, spatially the SSTs of Surabaya
and Gresik waters are closer in forming a cluster. The Surabaya-
Gresik SST cluster further completes the overall spatial cluster by
building a new SST cluster with Bangkalan waters. SST cluster
analysis through heapmaps also reaffirmed the relatively cold SST
of the eastern season with a long range of 30.70-31.04 oC; while
the late spring marked the warmest period of the season at all loci
with SSTs that had a short range of 31.49-31.60.

Spatially based on the level of difference in the TPL range,
Surabaya waters with a TPL range of 30.70-30.81 oC actually
have a closer proximity to Bangkalan waters which have a TPL
range of 30.81-30.93 oC than to Gresik waters which have a TPL
range of 30.93-31.04 oC. However, the results of the cluster
analysis show that the Surabaya—Gresik TPL spatial cluster is
closer than the Surabaya—Bangkalan TPL spatial cluster. This is
accompanied by consideration of all spatial and temporal axes
which clearly show the relatively cold TPL in Bangkalan waters
during the west season, while warmer TPL conditions occur in
Surabaya—Gresik waters. The relatively close range of Surabaya—
Gresik TPL compared to Surabaya—Bangkalan also occurs in the
early transition season. During the late transition season, warm
TPL with a range of 31.49-31.60 oC occurs in the waters of the
three loci. Therefore, spatially, the TPL of Surabaya and Gresik
waters are closer in forming one cluster. The Surabaya-Gresik TPL
cluster then completes the entire spatial cluster by building a new
TPL cluster with Bangkalan waters.

TPL cluster analysis through heapmap also reaffirms the relatively
cold TPL of the east season with a long range of 30.70-31.04 oC;
while the final transition period marks the warmest period
throughout the season at all loci with TPL that has a short range of
31.49-31.60 oC. Meanwhile, the west season clearly shows a very
strong segregation through the increasingly warm TPL gradient
from the northern waters (Bangkalan) which is the entry point for
water masses from the Java Sea in the north to the Surabaya waters
which are part of the "deep waters" of the Madura Strait on the
southeast side.

The results of the above study are in accordance with the results of
research by Yuliardi et al. (2024) 2! and Ayu (2015) ¥l who found
that TPL in the Madura Strait increased during the west season.
This is associated with the position of the sun in the southern
hemisphere, which results in higher solar radiation and warmer
temperatures in the region. Complementing this, Yuliardi et al.
(2024) 3 also highlighted that TPL increased during the west
season, influenced by the monsoon cycle and river discharge,
which also affected salinity levels. The west season is
characterized by higher SST values, with temperatures reaching up
to 30.17° C during the early transition period, as noted in research
in the Madura Strait ("Salinity and Surface Temperature
Distribution Based on Wind and Currents in the Madura Strait",
2023). East Season or Southeast Monsoon TPL decreased. This is
due to reduced solar radiation as the sun moves north, which
causes cooler temperatures in the region. The east monsoon is
characterized by lower TPL values, with the lowest average
temperature recorded at around 28.38°C (“Salinity and Surface
Temperature Distribution Based on Wind and Current in Madura
Strait", 2023). The influence of the southeast monsoon results in a
cooler TPL, as observed in various studies focusing on the Madura
Strait and its surrounding areas (Raihan et al., 2024) 2%,

Conclusion

The Madura Strait has seasonal sea surface temperature variability
that is strongly influenced by the monsoon system. Sea surface
temperature fluctuations form a bimodal pattern, with the narrow
and shallow western side relatively warm throughout the season
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compared to the relatively wide, deep and open eastern side of the
sea waters to the ocean.

The TPL of the SGB waters has characteristics that are responsive
to the season. The east season marks the cold period in the waters
of the three loci with a TPL of ~30.05 oC. The seasonal TPL
distribution of these waters is also marked by the inner area of the
strait, namely the waters on the east-southeast side of Surabaya,
which are relatively warmer compared to the waters on the north
side of the strait.

The west season which has an average TPL of 31.17 oC is marked
by a clear TPL segregation. A wider TPL gradient is formed from
the waters of Bangkalan to Surabaya with TPL values of 31.60 oC,
31.20 oC and 30.70 oC respectively. The west season is marked by
the largest difference in TPL range throughout the season of 0.90
oC (30.70-31.60 oC). A season later, TPL segregation still occurs
with a decreasing gradient of 0.20 oC from Bangkalan to Surabaya.
The average TPL in this early transition season reaches 31.40 oC.
TPL occurs in the east season with a TPL range of 30.90-31.00 oC
with an average of 30.90 oC. This is thought to be due to the entry
of water masses from the cold waters around Australia which are
carried to the Madura Strait along with the monsoon winds. The
final transition season is marked by the highest average TPL
throughout the season of 31.57 oC. In addition, with a TPL of 0.10
oC, the final transition season also marks the season with the
smallest TPL range (31.50-31.60 oC) that has ever occurred
season after season. Spatially, Surabaya TPL has similar
characteristics with Gresik TPL which is located closer, compared
to Bangkalan TPL. Meanwhile, temporally, TPL between
transition seasons has strong similarity in TPL characteristics. The
cluster with the early and late transition seasons then forms a new,
larger cluster with the west season. The hierarchy of these three
seasons then completes the cluster hierarchy by forming a new
cluster with the east season. The cold period of the east season
with the lowest TPL throughout the season in all three loci makes
the east season the most different season and at the same time
becomes the final component of the cluster that complements the
temporal hierarchy.
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