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ABSTRACT

Cold Surge (CS) events are often associated with rainfall occurrences in the Jakarta area. However, there is still
limited literature on how CS affects other parameters in Indonesia. This study aims to contribute to this literature,
particularly regarding the crucial role of CS in the interaction between the ocean and the atmosphere. This research
uses the composite difference method to compare changes in Wind Speed (WS), Latent Heat Flux (LHF), Sensible
Heat Flux (SHF), Shortwave Radiation (SWR), Longwave Radiation (LWR), and Net Surface Heat Flux (NSHF)
during CS phases versus neutral conditions no CS (nCS). The composite difference results indicate an increase in
wind speed in the study area, Natuna Sea, with values of 1.17 m/s, 1.45 m/s, and 1.69 m/s for December, January,
and February, respectively. This finding explains that the increase in wind speed significantly influences LHF in
the negative direction, meaning more LHF is transferred from the ocean to the atmosphere during the CS phase.
LHF also predominantly affects NSHF in the study area during the CS period, indicating that more NSHF is
leaving the ocean and entering the atmosphere compared to the amount entering the ocean from the atmosphere

during the CS phase.
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1. Introduction

Cold Surge (CS) is a phenomenon that frequently
occurs in East Asia and Southeast Asia during the
boreal winter [1]. CS can cause an increase in mean
sea level pressure (MSLP), which in turn leads to an
increase in wind speed [2, 3]. CS can lead to drops in
air temperature and increased precipitation in many
locations [4]. In the process, winds from the Northern
Hemisphere carry cold air from the Arctic region to
East Asia, which can cause a rapid drop in
temperature in the areas they pass through [5]. CS is
related to the spread of cold air masses originating
from the Siberian region, which then move into
Mongolia and can extend as far as northern China [6].
Siberian High (SH) is a significant anticyclone
activity that plays a crucial role in the distribution of
cold air from the Northern Hemisphere to East Asia
during Boreal Winter, the winter season in the
Northern Hemisphere [7]. The occurrence of strong
CS is closely related to the intensity of SH, meaning
that SH events associated with the increased mean sea
level pressure over Siberia are the primary factor
causing CS [8].

The latest approach for analyzing the onset of cold
surges (CS) involves examining the Mean Sea Level
Pressure (MSLP) in the region of 18°N-22°N and
105°E—122°E, which must be above 1020 hPa, as
well as the average wind speed in the area of 5°N-—
10°N and 107°E-115°E, which must exceed 9.65 m/s
[9]. Cold surges can also extend to Southeast Asia and
trigger numerous convective activities [10]. A CS that
extends across the equator in western Indonesia is
known as the Cross-Equatorial Northerly Surge
(CENS) [11]. CENS was first introduced by Hattori
et al. (2011) [12], characterized by an increase in the
average meridional wind speed in the region of 105°E
to 115°E to more than 5 m/s. CS and CENS events
are often associated with increased precipitation and
a higher frequency of rainfall events, which can lead
to flooding [13, 14, 15].

CENS originates from the southward spread of CS.
Rainfall in Jakarta associated with CENS can occur
due to moisture transport from the South China Sea
to Jakarta. This rainfall is linked to the formation of
high convective clouds and results in an increased
frequency of rainfall events in Jakarta [16]. Rainfall
events in the North Coast of West Java also associated
with CENS, particularly those occurring during the
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Early Morning (EM) phase, typically between 01:00
and 04:00 WIB (Waktu Indonesia Barat: Western
Indonesia Time is UTC +7 hours). EM phase rainfall
may be due to the increased frequency of convective
cloud movement from the sea to the land in the North
Coast of West Java during this period [17].

CS and CENS events are associated with increases in
wind speed. This increase in wind speed can affect
changes in latent heat flux (LHF). LHF can influence
Net Surface Heat Flux (NSHF). Wind speed
variability and the difference in specific humidity
between the near-surface ocean layer and the
atmosphere play a major role in influencing SST [18].
Based on the analysis of wind speed and the
difference in specific humidity between the near-
surface ocean and the atmosphere, it can be concluded
that during an increase in SST, there is a significant
decrease in wind speed, which is followed by a
reduction in LHF from the ocean to the atmosphere
[19]. In tropical regions globally, changes in wind
speed can affect SST. As wind speed increases, the
transfer of LHF from the ocean to the atmosphere also
increases, indicating that the ocean is losing latent
heat. This change in LHF can influence NHF, which
in turn can affect the rate of change of SST over time
[20].

The decrease in SST in the Java Sea is influenced by
the release of LHF from the ocean to the atmosphere.
The release of LHF from the ocean to the atmosphere
in the Java Sea will increase with increasing wind
speed. Conversely, the lower the wind speed in the
Java Sea, the LHF from the ocean to the atmosphere
will also decrease, causing a decrease in heat release
and can increase SST [21]. This study analyzes the
impact of cold surge (CS) events closely associated
with increased wind speed. The research will
investigate how changes in wind speed resulting from
CS events can influence latent heat flux (LHF),
sensible heat flux (SHF), and net surface heat flux
(NSHF) in the Natuna Sea. This study seeks to
examine the extent to which the parameters of heat
exchange between the ocean and the atmosphere in
the research area are affected by variations in wind
speed. Additionally, it aims to serve as a reference for
further studies in understanding the long-term
impacts of CS on changes in SST.

2. Methods

The study area is located in the Natuna Sea,
geographically situated between 105°-110°E and
2.5°N-5°N. The study area is marked with a red line
in Figure 1. The reason for selecting this area is that
it is the northernmost part of Indonesia, making it the
region with the most significant influence on cold
surge (CS) events.
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Figure 1. The study area is marked by a red box
outline

The parameters to be analyzed in this study are Wind
Speed (WS), Latent Heat Flux (LHF), Sensible Heat
Flux (SHF), Shortwave Radiation (SWR), Longwave
Radiation (LWR), and Net Surface Heat Flux (NSHF)
during cold surge (CS) events.

The data used in this study are reanalysis data from
ERAS with a spatial resolution of 0.25° x 0.25°, or
approximately 27.7 km x 27.7 km. This data includes
wind speed at 850 mb, MSLP, surface wind speed,
LHF, SHF, SWR, LWR, and SST. The reason for
choosing ERAS reanalysis data is that reanalysis data
are an improved type of data derived from existing
datasets, providing more representative results of
actual environmental conditions.

Removing Data Related to ENSO, IOD, and MJO.
The first step in this study is to filter the data for the
phases of ENSO (EI Nifio Southern Oscillation), IOD
(Indian Ocean Dipole), and MJO (Madden-Julian
Oscillation) (Phases 3, 4, and 5) from 2000 to 2023 to
better understand the impact of cold surges (CS).
Ultimately, the dates selected for further analysis
include only those when CS events occurred without
any other coinciding events.

El Nifio is characterized by an increase in SST in the
Nifio 3.4 zone with an anomaly value greater than
0.5 °C for five consecutive months. Conversely, La
Nifia is the opposite of El Nifio, occurring when the
SST anomaly in the Nifio 3.4 zone is less than -0.5 °C
for five consecutive months [22, 23].

In contrast, the IOD can be identified based on the
SST anomaly values in the eastern and western
regions of the Indian Ocean. A Dipole Mode Index
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(DMI) anomaly value greater than 0.4°C indicates a
positive IOD condition, while an SST anomaly value
less than -0.4°C indicates a negative 10D [24].

The propagation of oscillatory waves moving
eastward with a duration of about 30 to 90 days is
known as the MJO [25]. MJO is one of the most
dominant oscillations occurring in tropical regions
[26].

Detection of CS. Following Lim et al. (2017) [9], we
identify CS events based on MSLP and average wind
speed. CS can be considered if the MSLP value at D2
(18°N—22°N and 105°E-122°E), is greater than 1020
hPa at H-2 or H-1 (H-2 refers to two days before the
CS event, while H-1 refers to one day before the CS
event). Beside MSLP value, an average wind speed at
D1 (5°N-10°N and 107°E-115°E), should be greater
than 9.65 m/s at H-1 or H (H refers to the day during
the CS event). If the both condition (MSLP and wind
speed) is satisfied, then it can be categorized as a CS.

Wind Speed Evaluation. The wind speed calculation
is performed using the zonal wind component (u) and
the meridional wind component (v), which are then
combined to compute the magnitude of the wind
speed using the following equation:

V =+u? +v? (1)

From equation (1), u is the zonal wind component in
m/s, v is the meridional wind component in m/s, and
V is the magnitude of the wind speed in m/s.

NSHF Evaluation. NSHF is a key parameter in the
process of sea-atmosphere interactions in Indonesian
waters. A positive value indicates a net transfer of
heat from the atmosphere to the sea, while a negative
value indicates that the sea is losing heat to the
atmosphere [27]. NSHF is the total heat exchange
between the sea and the atmosphere, derived from the
sum of SWR, LWR, SHF, and LHF. NSHF can
influence both meteorological and oceanographic
processes occurring in the sea and the atmosphere
[28]. To calculate the Net Surface Heat Flux (NSHF),
the following equation can be used:

QNSHF = QSWR + QLWR + QSHF + QLHF (2)

Oswr is shortwave radiation (W/m?), Qiwr is
longwave radiation flux (W/m?), Ossr is sensible heat
flux (W/m?), Quwur is latent heat flux (W/m?), and
Qnsyr 1s net surface heat flux (W/m?). Shortwave
radiation is the radiation derived from solar energy,
consisting of incoming radiation and radiation
reflected back to the atmosphere [29]. The equation
used for calculating shortwave radiation is as
follows:

Qswr =S-(1—a) 3)

S is the solar radiation reaching the Earth's surface
before any is reflected back to the atmosphere (W/m?),
o is the albedo that reflects radiation back to the
atmosphere from the Earth's surface, and Oswr is the
shortwave radiation (W/m?). Longwave radiation is
the thermal radiation emitted from the land surface or
the sea surface to the atmosphere. Longwave
radiation is related to the surface temperature of the
land or sea. The higher the temperature of an object
emitting longwave radiation, the greater the intensity
of the longwave radiation [30]. The equation used to
calculate the intensity of longwave radiation is as
follows:

Quwr = 0.97 - (5.67 - 1078) - (SST + 273.15)* — L
4)

Equation (4) relates to the Stefan-Boltzmann Law,
which states that the intensity of radiation depends on
the surface temperature of the object emitting the
radiation [31]. 5.67-1078 is Stefan-Boltzmann
constant, SS7T is Sea Surface Temperature (°C),
273.15 is conversion factor from Celsius to Kelvin,
L is the thermal radiation emitted by the earth surface
or the ocean surface (W/m?), and Q;z is longwave
radiation (W/m?).

Sensible heat flux is the transfer of heat between the
ocean and the atmosphere without any accompanying
phase changes in the substance. The equation used to
calculate sensible heat flux can be written as follows:

QSHF = pCpCs(Ua - Us)(Ts - Ta) (5)

where p is the air density (kg/m?), Cpis heat capacity
of air (J/Kg K), U, — Us is the difference in wind
speed between the surface layer and the layer close to
the sea surface (m/s), T, — T, is the difference in
temperature between the surface layer and the layer
close to the sea surface (°C), and Qg is sensible heat
flux (W/m?). Latent Heat Flux can be defined as the
transfer of latent heat between the Earth's surface or
the ocean surface and the atmosphere, associated with
the processes of water evaporation at the surface and
condensation of water vapor in the troposphere.
Latent Heat Flux reflects the phase change of a
substance from liquid (water) to gas (water vapor)
and vice versa [32]. The equation used to calculate
LHF can be expressed as follows:

Quur = PLC,(Ug — Us)(Qs — Qo) (6)

where p is the air density (kg/m?), L is the latent heat
of water vapor (2.25x10° J/kg), U, — U is the
difference in wind speed between the surface layer
(10-m) and the ocean near-surface layer (m/s), and Qs
— Q. is the difference in specific humidity between
the surface layer and the layer close to the sea surface
(kg/kg), and Q, y is latent heat flux (W/m?).
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LHF is explained by the differences between U, — U

and Q; — Q,, which demonstrate how wind speed
and specific humidity can influence LHF. Since LHF
is related to the evaporation process, wind speed plays
a crucial role. An increase in wind speed over the
ocean surface facilitates evaporation. Therefore, a
negative value of U, — U, indicates a higher wind
speed near the ocean surface, which supports the
evaporation process and thus influences LHF, and
vice versa.

The value of Qg — Q, represents the difference in
specific humidity between the layer near the ocean
surface and the layer above it. The positive value of
Qs — Q, indicates that the layer above the ocean
surface has a higher specific humidity. This condition
also supports the evaporation process because the
water vapor content in the atmospheric layer has not
yet reached saturation, resulting in increased
evaporation, which is related to LHF.

Composite Difference. The composite difference
method is used to compare two different datasets.
This method involves calculating the difference
between the composite data during nCS (no CS)
phase and the composite data during the CS phase. It
is utilized to assess how the variability parameters
such as WS, LHF, SHF, SWR, LWR, and NSHF
relative to their neutral conditions.

3. Result and Discussion

Table 1 shows the results of filtering ENSO, 10D, and
MJO (Phases 3, 4, 5) from the year 2000 to 2023 for
the months of December, January, and February.
Based on Table 1, it can be concluded that there are
13 neutral periods, with 3 periods in December, 4
periods in January, and 6 periods in February.

Figure 2 shows the MSLP on (a) December 26, 2001,
(b) December 27, 2001, (c) December 28, 2001, (d)

December 29, 2001, (e) December 30, 2001, and (f)
December 31, 2001. On all these dates, the MSLP
values in the D2 region (18°N-22°N and 105°E-
122°E), indicated by the red outline boxes, are greater
than 1020 hPa, indicating high-pressure conditions in
that area. Since wind moves from high pressure to
low pressure, the high pressure in this region leads to
an increase in wind speed in the D1 region (5°N—
10°N and 107°E—~115°E), as shown in Figure 3, where
the average wind speed must exceed 9.65 m/s at H-1
or H. From Figure 3, it can be seen that wind speeds
greater than 9.65 m/s occurred on December 28, 2001,
with an average wind speed of 11.11 m/s. Therefore,
it can be concluded that the CS period began on
December 28, 2001 and weaken on December 31,
2001, with an average wind speed anomaly in the D1
region of 6.72 m/s. The grouping of CS and nCS
event dates is shown in Table 2 and Table 3.

Table 2 shows the number of CS events during neutral
periods. In the neutral periods, there were 6 CS events
in December, 7 CS events in January, and 5 CS event
in February.This result is consistent with the previous
study that showed that CS events are more frequent
in January than in December [33]. However, there is
a slight difference in approach in this study, as all CS
events are considered without considering other
phenomena such as the Cross-Equatorial Northerly
Surge (CENYS).

Meanwhile, Table 3 shows the number of nCS events
during neutral periods. In the neutral periods, there
were 6 nCS events in December, 8 nCS events in
January, and 9 nCS events in February. The values on
the CS and nCS events will be composited for each
phase and further analyzed using the composite
difference method. Tabel 3 shows the anomalies of
parameters such as WS, LHF, SHF, SWR, LWR, and
NSHF during the CS phase compare to those during
the nCS (neutral) phase.

Table 1. Neutral Periods Without ENSO, 10D, and MJO (Phases 3, 4, and 5) during December,
January, and February

Neutral Periods

No December January February
1 December 8-31, 2001 January 1-20, 2002 February 21-28, 2002
2 December 1-6, 2003 January 1-27, 2004 February 12-25, 2004
3 December 23-31, 2003 January 11-13, 2013 February 1-14, 2013
4 January 3-11, 2014 February 25-28, 2013
5 February 1-5, 2014
6 February 13-28, 2014
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Figure 2 Mean Sea Level Pressure on (a) December 26, 2001, (b) December 27, 2001, (¢) December 28, 2001,
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Figure 3 Same as Figure 2 but for wind speed at the 850 hPa level
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Table 2. Dates of CS events

No December

January

February

1 December 8, 2001

2 December 11-12, 2001
3 December 19-20, 2001
4 December 28-31, 2001
5 December 23, 2003

6 December 27-31, 2003
7

January 3-9, 2002
January 20, 2002
January 11, 2013

January 8, 2004
January 21-27, 2004
January 5-6, 2014
January 9, 2014

February 12—-13, 2004
February 1-3, 2013

February 9-14, 2013

February 21-23, 2013
February 25, 2013

Table 3. Same as Table 2 but for nCS events

January

February

January 1-3, 2002
January 10-14, 2002
January 15-19, 2002

January 1-2, 2004

January 5-7, 2004
January 10-20, 2004
January 12-23, 2013
January 10-11, 2014

February 22-28, 2002
February 14-21, 2003
February 14-25, 2004
February 4-8, 2013
February 26-28, 2013
February 3-4, 2014
February 7-8, 2014
February 13-20, 2014

No December

1 December 9-10, 2001
2 December 13-17, 2001
3 December 18, 2001
4 December 21-27, 2001
5 December 1-6, 2003
6 December 24-26, 2003
7

8

9

February 24-28, 2014

The composite difference method is used to examine
how CS events deviate from nCS conditions. Figure
4 shows the composite difference between CS and
nCS events. During the CS period, the average wind
speed in the study area increased by 1.17 m/s in
December, 1.45 m/s in January, and 1.69 m/s in
February. This increase in wind speed is accompanied
by latent heat flux (LHF) shifting from the ocean to
the atmosphere, as shown in Table 4, with a
correlation value of -0.66. The correlation calculated
by averaged spatial correlation in the research area. It
indicates that an increase in wind speed will cause an
increase in LHF in the negative direction, from the
ocean to the atmosphere. This result is consistent with
the research conducted by Zhang and Rossow (1997)
[34] that wind speed is an important factor
influencing LHF during the winter season in the Indo-
Western Pacific region.

In the tropics, shortwave radiation from the sun is the
dominant energy input received by the land or sea
surface. While latent heat flux is the dominant energy
output that influences net surface heat flux in the
region [35]. The research by Tomita and Kubota,
(2004) [36] explains that latent heat flux and
shortwave radiation predominantly contribute to
influencing net surface heat flux in an area located in
Indonesia where its climate variability is influenced
by monsoon patterns. However, this study shows that

an increase in wind speed can enhance latent heat flux
in a negative direction, ultimately making the
contribution of latent heat flux more dominant than
that of shortwave radiation to net surface heat flux.
As shown in Table 4, the anomaly of shortwave
radiation in the study area during the CS phase tends
to be negative. It indicates that less heat is absorbed
by the ocean from sunlight during this period. The
SWR anomaly observed during January and February
presents negative values, indicating reduced solar
radiation reaching the ocean surface, caused by cloud
cover.

The research by Feng et al. (2016) [37] also states that
LHF component is the most dominant factor
influencing NSHF in the South China Sea. This
finding is consistent with the correlation value of 0.94
between LHF and NSHF in the Natuna Sea. It
indicates a strong relationship between NSHF and
LHF, meaning that LHF predominantly influences
NSHF. The average anomaly value of NSHF for
December, January, and February is -25.26 W/m?,
indicating that more heat is being transferred from the
ocean to the atmosphere, influenced by LHF, during
the CS period. Meanwhile, the average anomaly
values for SHF and LWR are relatively low in
December, January, and February, as shown in Table
4. These values indicate that SHF and LWR
anomalies have a minor impact on changes in NSHF.
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Figure 4. Composite difference (CS and nCS) for surface wind speed (a) December, (b) January, and (c)
February

Table 4. Average composite difference values for WS, LHF, SHF, SWR, LWR, and NSHF parameters
in the study area.

WS LHF SHF SWR LWR NSHF
Month ms)  (Wm?) (Wm?) (Wmd (Wmd)  (Wmd)
December 1.17 -10.20 2.66 54.42 -8.08 38.80
January 1.45 -20.63 -3.18 -41.37 5.89 -59.29
February 1.69 -16.81 -3.39 -44.74 9.64 -55.30
4. Conclusion
References

NSHF plays a crucial role in heat energy exchange
between the ocean and the atmosphere. This study
explains that during the CS period, there is an
increase in wind speed in the study area. This increase
in wind speed is significant in enhancing latent heat
flux from the ocean to the atmosphere. The
correlation between wind speed and latent heat flux is
-0.66, indicating a strong relationship. LHF also
predominantly affects latent heat flux, with a
correlation value of 0.94. Latent heat flux largely
influences the net heat exchange between the ocean
and the atmosphere. Therefore, wind speed plays a
role in enhancing latent heat flux during the CS phase,
affecting the net heat flux between the ocean and the
atmosphere. SWR during cold surge (CS) events in
January and February exhibits negative values
typically associated with cloud cover. Negative SWR
values indicate a reduction in shortwave radiation
reaching the Earth's surface, suggesting an increase in
cloud cover over the region. Future studies should
aim to elucidate the effects of CS events in relation to
cloud cover and examine their influence on variations
in both shortwave and longwave radiation, as this
research area still needs to be explored.
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