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Abstract

This paper focuses on the investigation of sea surface temperature (SST) and
the rainfall variations due to typhoon CHAN-HOM and Nangka occurred in
2015 over Northwest Pacific Ocean (NPO). On 7-13 July, the SST cooling area
occurred mainly in the middle of the two typhoons track, the maximum SST
decline reached more than 4°C during typhoon CHAN-HOM and Nangka
passage. Due to the collective effect of typhoon CHAN-HOM and Nangka, the
SST cooling phenomenon maintained for about 15 days. Typhoon CHAN-
HOM and Nangka produced heavy rainfall and the maximum daily rainfall
was 120 mm (8 July) and 130 mm (11 July). In al, c area, the average temper-
ature and rainfall basically showed a positive correlation with correlation
coefficient of 0.54, while on area a2, the correlation coefficient was —0.6.
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1. Introduction

Typhoons are extremely high wind events, which can produce strongest mixed
layer velocity, mixed layer deepening, strong mixing and entrainment, transient
upwelling, air-sea interaction, internal wave generation and so on. Typhoons are
highly occurring and most damaging type of natural disasters in the world, espe-
cially over North West Pacific. There are much research doing on the SST cool-
ing and rainfall (Lau and Zhou 2012 [1]; Kim ef a/, 2006 [2]). The SST decrease
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can affect storm forecasting (Cione et al, 2003 [3]) and it is also important in
climate research for estimating the ocean’s heat transport (Emanuel et a/, 2001
[4]). Depending on typhoon intensity, cooling of surface water can exceed 3°C
and in some cases even up to 7°C - 9°C (Price et al, 1981 [5]). The ocean’s re-
sponse processes to a typhoon includes forced and relaxation stages (Price ef al,
1994 [6]). Several researchers are paying more attention to the ocean environ-
ment response to the typhoon passing such as sea surface salinity, SST, budget of
moist static energy, kinetic energy, rain flux etc (Gray 1968 [7]; Merrill 1988 [8];
Titley and Elsberry 2000 [9]; Hanley et a/ 2001 [10]).

Previously, various satellite remote sensing data were widely used to study the
upper ocean responses to typhoons in recent years (Lin et al, 2003a [11]; Sun et
al, 2009 [12]; Yang et al, 2010 [13]; Sun et al, 2012 [14]). Variations in upper-
ocean conditions can elucidate the effect of typhoon intensity and affects the
magnitude of typhoon (Shay et al 2000 [15]; Wu et al 2007 [16]; Lin et al 2008,
2009 [17] [18]; Vincent et al 2014 [19]). Surface cooling strongly depends on
mixed layer depth and stratification in thermocline during pre-storm and also de-
pend on typhoon intensity and translation speed (Price 1981 [5]; Lin et a/ 2009b
[20]; Knaff et al 2013 [21]; Mei and Pasquero 2013 [22]). Typhoon-induced rain-
fall size and distribution are affected by many factors, such as typhoon moving
speed, track, latent heat of vaporization, and underlying conditions. Many stu-
dies have found that the rainfall distribution is asymmetric on both sides of the
typhoon track (Shapiro 1983 [23]; Bender 1997 [24]; Frank and Ritchie 1999
[25]; Lonfat et al 2004 [26]), which is due to the vertical shear. This paper stu-
dies the changes of ocean surface temperature and rainfall characteristics in the
northwest Pacific Ocean, and hopes to provide some effective basis for future
typhoon forecasting. The goal of this work is to reveal the SST cooling condi-
tions during the two typhoons passage. Besides providing insight into the SST
cooling and rainfall, it is of great scientific and practical significance to improve
the prediction accuracy of typhoon and understand the role of typhoon in the
climate system. Few people reveal the true relationship between rainfall and SST
cooling. The advantage of study method is to calculate the correlation coefficient
between rainfall and SST cooling, so it will clear to know the relationship (the

advantage of your research compared with the others).

2. Data and Methodology

In the study, we used the typhoon track information which is from JTWC (The
Joint Typhoon Warming Center). The impact of the East China Sea (ECS) ty-
phoon on upper ocean SST pattern was studied using OISST (Optimum Inter-
polation Sea Surface Temperature). The daily SST was used for this study with
the resolution of 0.25° x 0.25°and provided by NOAA’s Meteorological Center.
Rainfall data is obtained by a tropical rain sensor (TRMM) jointly developed by
the United States and Japan. The satellite is equipped with five remote sensing

instruments, VIRS (Visible and Infrared Scanner), TRMM Microwave Image
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TMI (TRMM Microwave Imager) and Precipitation Radar are the basic precipi-
tation measuring instruments for TRMM satellites. The time resolution is 0.25°
x 0.25°. This data is indicative of daily rainfall. We can use it to analyze how
much rainfall happened by typhoon CHAN-HOM and how SST decreased due
to rainfall.

The aim of this work is to check the SST cooling due to Typhoon CHAN-
HOM and Nangka, analyze the impact of rainfall on SST cooling in different
places. The data has been chosen with OISST and TRMM data for the study area
(10°N - 40°N; 110°E - 160°E). Both SST data and TRMM data have been plotted
for comparison. The relationship between SST and rainfall from June 30" to July
17" over study area will be checked. We choose 4 regains where represent typical
areas and consider rainfall variation. We have chosen three areas over the ty-
phoon track, Al and a2 were at the landfall area of Typhoon CHAN-HOM and
Nangka, over the coastal area. B was in the middle of the study area and two ty-
phoons passed this area with higher intensity. C was the genesis area of Typhoon
CHAN-HOM and Nangka. Variations of SST and rainfall have been checked at
the genesis of two typhoons, higher intensity and landfall area (coasta region).
Finally, find the relationship between rainfall and SST cooling over the 4 areas.

(the reason why the “four regions al, a2, b, ¢” are chosen as the research points).

3. Results
3.1. The Description of Typhoon CHAN-HOM and Nangka

The study area is within a range of 10°N - 40°N and 110°E - 160°E (Figure 1).
On 30 June, 2015, a tropical depression was generated on the Pacific Ocean. At
21:00 on 1 July, tropical cyclone at 11.7°N, 154°E upgraded to the tropical storm
which was named typhoon CHAN-HOM. The center pressure was 985 hPa. On
3 July, typhoon CHAN-HOM appeared center reorganization phenomenon and
intensified into a strong tropical storm. On July 4, typhoon Nangka was gener-
ated on the Pacific Ocean (9.9°N, 170.3°E) with a maximum wind speed of 18
m/s and gradually moved northwest. On 7 July, typhoon Nangka developed into
a super typhoon, the maximum wind speed was 58 m/s. On 10 July at 20:00, ty-
phoon CHAN-HOM strengthened with high wind speed 90 m/s which was the
largest in its life period. From Zhejiang Meteorological Observatory message, on
10 July, typhoon CHAN-HOM gradually closed to the coastal Zhejiang Province,
and would be held in Wenling around Zhoushan coastal area where was near the
center of the maximum wind speed 45 m/s. Under the influence of the southwest
monsoon, there was sufficient water vapor transport, so the rainfall induced by
typhoon CHAN-HOM increased in Zhejiang Province and Fujian Province, re-
sulting in direct economic losses of 1.947 billion yuan. After landing, the inten-
sity of typhoon CHAN-HOM gradually weakened. However, it changed its di-
rection and moved to northeast. At last, Typhoon CHAN-HOM weakened to
tropical low pressure in the southwest of Korea on the morning of July 13™. Ty-
phoon CHAN-HOM experienced a total of 12 days, was a long period of life in
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Figure 1. Typhoon tracks of CHAN-HOM and Nangka. The colors within the circles indicating central pressure
of the typhoon at each position from JTWC. al, a2, b, c are four regions. The domain of al is 27°N - 31°N; 134°E -
126°E; The domain of a2 is 30°N - 34°N; 132°E - 137°E; The domain of b is 15°N - 20°N; 134°E - 142°E; The do-
main of cis 10°N - 14°N; 153°E - 158°E.

history. On 12 July, the maximum wind speed near typhoon Nangka’s core was
42 m/s at the location 137.4°E; 18.8°N with the central pressure of 955 hPa, next
it moved northward. In addition, the intensity of typhoon Nangka enhanced to
super typhoon. On 17 July, typhoon Nangka moved into the Sea of Japan and
caused heavy rainfall.

3.2. The Response of Sea Surface Temperature to Typhoon
CHAN-HOM and Nangka

In this paper, the sea surface temperature from 1 July to 17 July, 2015 is sub-
tracted from the temperature of 27°C. The response of the sea surface tempera-
ture of typhoons was studied based on the remote temperature dataset shown in
Figure 2. It was very clear that there was SST cooling phenomenon (Figure 2)
induced by typhoon CHAN-HOM and Nangka. During the period of 1 July to 6
July, water temperature in the south of the Taiwan Strait was basically higher
than 27°C, which provided sufficient heat for the development of typhoon at the
beginning of typhoon period. Typhoon CHAN-HOM has a strong intensity,
long life, and bulky body and also has been connected with the southwest mon-
soon, which had more adequate water vapor transport. On 7 July, Typhoon
CHAN-HOM moved faster, we could find that there happened a cold patch be-
low 27°C at 13.8°N, 145.2°E. It was because the marine upper environment car-

ried out a strong disturbance and let the bottom of the cold sea water rise up re-
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Figure 2. Variation of OISST (°C) (color shading) on 1 to 17 July 2015 during the passage of two typhoons CHAN-HOM and
Nangka. The colors within the circles indicate the central pressure of the typhoon at each position along the best track.

sulting in upwelling. On the 8", there was a patch of significant SST drop of 1°C
around the typhoon CHAN-HOM center (Fig omitted) because of upwelling
and rainfall. On 9 July, in the middle of the two typhoon path area, although the
typhoon moving speed weakened, SST cooling phenomenon became more ob-
vious with maximum 4°C decrease, the range was also expanded, which was
mainly the impact of typhoon CHAN-HOM. The longer typhoon effected on the
sea, the more obvious the phenomenon of SST cooling. The moving speed of the
typhoon determined the wind stress acting length time on the ocean, so the SST
change magnitude and range were very sensitive to the speed. On 10 July, the
typhoon CHAN-HOM moved to the vicinity of the Ryukyu Islands, the right
side of the cooling area extended to the north (Fig omitted). The Taiwan Strait
and the north sea area showed lower amplitude of the SST cooling phenomenon,
about 3°C. In the west side of Philippines, there was a cooling area because ty-
phoon Nangka acted on the ocean. On 11 July, the typhoon CHAN-HOM
landed in Zhoushan, cooling area still maintained on the right side of the ty-
phoon path, did not disappear. On 12 July, after typhoon CHAN-HOM landing,
it did not move to the northwest and cyclone did not dissipate, but changed the
track to the northeast direction through the Yellow Sea. This anomalous phe-
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nomenon may be related to the unique island terrain of Zhoushan. According to
the sea surface temperature display, we can conclude that the cooling phenome-
non can be maintained for nearly 15 days after the typhoon passage (Figure 2).
For typhoon Nangka, SST cooling occurred on the left side of its track and it was
the first time that appeared on the right side on 11, 13 July. On 17 July, due to
the role of two typhoons, the average temperature of the upper ocean reached to

minimum.

3.3. Characteristics of Rainfall Influenced by Typhoon CHAN-HOM
and Nangka

Typhoon-induced rainfall distribution is affected by internal power and external
environmental flow (Chen et al, 2006 [27]; Miller 1958 [28]; Marks 1985 [29];
Burpee and Black 1989 [30]). Figure 3 shows the daily rainfall distribution for
the period from 1 July to 17 July. It can be seen from the Figure 3, on the 3,
typhoon CHAN-HOM through sea area brought rainfall more than 80 mm, and
mainly distributed on the left of the typhoon track. On 5 July, at the Bashi

34°N

22°N

10°N

34°N

22°N

10°N

34°N

22°N

—

115°E 130°E 145°E 160°E 115°E 130°E 145°E 160°E 115°E 130°E 145°E 160°E

10°N

I I
10 20 30 40 50 60 70 80
Figure 3. Variation of TRMM precipitation (color shading) on 1 to 17 July 2015 during the passage of two typhoons CHAN-HOM
and Nangka. The two lines indicate the central pressure of the typhoon at each position along the best track. The unit is mm/d.

DOI: 10.4236/0alib.1103967 6 Open Access Library Journal


https://doi.org/10.4236/oalib.1103967

S.Y.Yu, M. V. Subrahmanyam

Channe, there also appeared heavy rainfall which was induced by typhoon Linfa.
Typhoon Linfa brought great uncertainty to the development of typhoon
CHAN-HOM. On 7 July, three typhoons (CHAN-HOM, Linfa and Nangka) ap-
peared in the Northwest Pacific Ocean, this phenomenon was extremely rare in
history. With the increase of center wind speed for typhoon CHAN-HOM, a
large number of water vapor evaporation resulted in rainfall. Due to the role of
typhoon Nangka, the rainfall area was mainly distributed on the right side of its
track. However, rainfall caused by typhoon CHAN-HOM was mainly distributed
on the left side of its track. On 8 to 10 July, the maximum rainfall 120 mm hap-
pened, which located in the southeast of the Ryukyu Islands (Fig omitted). On
11 July, typhoon CHAN-HOM landed Zhoushan and carried heavy rainfall. On
11 July, the position of rainfall area caused by typhoon Nangka was basically the
same with that caused by typhoon CHAN-HOM on the 7 July and was mainly
on the left side of Nangka’s track. And the rainfall induced by typhoon Nangka
reached 130 mm which was the maximum. After 11 July, with the weakness of

typhoon Nangka’s intensity, the daily rainfall decreased.

3.4. The Relationship of Rainfall and SST

In order to analyze the relationship between SST cooling and rainfall, four rep-
resentative regions al, a2, b and c are selected to show the rainfall and tempera-
ture of each region, as shown in Figure 4. In the (al), (c) region, the average
temperature and rainfall basically showed a positive correlation and the correla-
tion coefficient were both 0.54 which meant the sea surface temperature roused
with the increase of rainfall (Figure 4(al) & Figure 4(c)). In regain (a2) (coastal
area), rain on the ocean played a mixed role, probably because the heavy rainfall
delivered the mechanical energy to the ocean, so that the flow velocity in the
right oceanic mixing layer increased, resulting in a vertical mixing in the upper
ocean, causing a entrainment effect, the entrainment and aspiration of the lower
water into the mixed layer, So that SST reduced, so the sea surface temperature
decreased. The correlation coefficient between SST and rainfall was —0.38.
However, in the b region, the correlation between mean temperature and rainfall
was not very obvious, which indicated the impact of rainfall on sea surface tem-
perature was not very large on the open ocean, the rainfall factor was not the
main factor of causing sea surface cooling. It was generally believed that the sea
surface cooling was mainly caused by upwelling or the vertical mixing caused by
typhoon (D’Asaro 2003 [31]; Subrahmanyam 2002 [32]; Price et al, 1981 [5]).
On the whole, in the high latitude of coastal area (a2), rainfall can cause and en-
hance SST cooling. In the low latitude of coastal area (al) and typhoon started
area (c), rainfall can restrain the intensity of SST cooling. (relationship between
of the “Variation of OISST and TRMM precipitation”) On 7 and 11 July, Ty-
phoon CHAN-HOM and Nangka brought rainfall more than 80 mm in the same
area, and a large amount of rain released much latent heat which provided suffi-

cient energy for the maintenance of typhoon intensity.
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Figure 4. Variation of rainfall and SST on 30 June to 17 July 2015, dashed line indicates rainfall and solid line indicates SST. The
domain of (al), (a2), (b), (c) is same in Figure 1 shown.

4. Discussion

There has been a lot of research on SST cooling phenomenon caused by typhoon
(Price 1994 [6]; Tsai et al, 2008 [33]; Lin et al, 2003a [11]). Typhoon is a great
strong wind event. Air-sea fluxes will reduce the SST cooling happened due to ty-
phoon at the surface to prevail pre-typhoon condition, however for sub-surface
will take longer time. A distinctive feature of this response is the decrease in SST
to the right of a moving storm. Due to the lack of observation data, even with the
Argo buoy observation data, it is also very limited in time and space distribution
and this problem hindered the human further study of typhoons. The research
of this paper has the following problems: First, when we studied the typhoon
phenomenon, we only used the satellite remote sensing data, and did not com-
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bine the measured data, so the results might be with some limitations. Second,
this paper only studied the distribution characteristics of rainfall induced by ty-
phoon CHAN-HOM and Nangka, but there was another typhoon Linfa on the
sea during typhoon CHAN-HOM and Nangka passage. Its appearance would
affect typhoon CHAN-HOM and Nangka surrounding environment flow field,
and also influenced the movement direction and rainfall distribution. The inte-
raction of the three typhoons need further study. Third, there were many factors
that affected the sea surface temperature cooling, such as upwelling, vertical
mixing, entrainment, rainfall, etc. The cyclonic wind stress induced by the ty-
phoon causes subsurface cold water upwelling over a large region. Higher inten-
sity typhoons usually resulted in the decreasing of the SST and the near-surface
temperature, but the warming of the subsurface water. Due to strong cyclonic
wind stress curl during typhoons pushed heat downward and brought cold water
upward by Ekman pumping. Surface water was moved away from the center due
to strong wind which brought the cold water to surface, which was known as
upwelling. This paper only study the impact of rainfall on the sea surface cool-
ing, without considering the impact of multiple factors, so there was a accidental
chance. In addition, in the coastal area, large rainfall on the sea surface temper-
ature played a cooling effect, probably because the huge rainfall on the sea had a
slight stirring effect to strengthen the mixing of seawater, the lower cold sea wa-
ter roused to the sea surface through mixing. However, in the open ocean, the
typhoon absorbed a lot of heat from the ocean and caused heavy rainfall, large
amount of rainfall released latent heat which provided sufficient energy and
played a significant role on maintaining the intensity of typhoons. In addition,
on 15, 17 July, the right side bias of SST cooling phenomenon was not obvious
with the influence of typhoon Nangka. It was the comprehensive effect by ty-
phoon CHAN-HOM and Nangka. Typhoon CHAN-HOM and Nangka led to
heavy rainfall which mainly all distributed the left track of typhoons. (Subrah-
manyam 2015 [34]; Blackwell 2000 [35]). Finally, when typhoon CHAN-HOM
landed in Zhoushan, the direction of movement reversed to the northeast and
was different from previous typhoon track. Then typhoon CHAN-HOM moved
forward quickly to the Yellow Sea region. There was a hypothesis that Zhoushan
special terrain caused the strange track of typhoon. This gave an impression that
typhoon forecasts may benefit from the conclusion of more strange tracks of ty-
phoon, the reason of sudden change in the track need to be studied in the fur-
ther.

5. Conclusions

In this paper, we focus on SST cooling and rainfall pattern induced by typhoon
CHAN-HOM and Nangka. Analysis of rainfall data during typhoon passage as
well as a high-resolution OISST data, the relationship of SST cooling and rainfall
will be shown and explained. These results can be concluded into five parts.

1) During typhoon CHAN-HOM and Nangka passage, there were SST cooling
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phenomenon caused by typhoons; on 7-13 July, the cooling area occurred main-
ly in the middle of the two typhoons path, the maximum decline reached more
than 4°C.

2) Due to the collective effect of typhoon CHAN-HOM and Nangka, the SST
cooling phenomenon maintained for about 15 days. On 17 July, the average
temperature of the upper ocean reached to minimum.

3) Typhoon CHAN-HOM through sea area brought rainfall 120 mm (8 July),
Typhoon Nangka also brought heavy rainfall and the maximum daily rainfall
was 130 mm (11 July). These rainfall induced by two typhoons mainly distri-
buted on the left of the typhoons track.

4) Four representative regions al, a2, b and c are selected to show the rainfall
and temperature of each region. In al, ¢ area, the average temperature and rain-
fall basically showed a positive correlation (0.54), the sea surface temperature
roused with the increase of rainfall. While on area a2, the correlation coefficient
was —0.6 between SST cooling and rainfall.

5) All in all, the relationship between rainfall and SST cooling was different in
different latitude as typhoons passage. In the high latitude of coastal area (a2),
rainfall can cause and enhance SST cooling. However, the low latitude of coastal
area (al) and typhoon started area (c); rainfall can restrain the intensity of SST

cooling.
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