B = B g S

5 @ AFE J2el glo]

A ARl B

TP PN
I SRR B G AR

& B #)

20094 124



A 2] o]

Fix

BFol 9

g

ok
70

—

2009% 12AH

N

2191914

Al
o

20094 124

@ jeju



Effect of the Changjiang diluted water on

typhoon—induced sea surface cooling

Sung—hun Kim
(Supervised by professor I1-Ju Moon)

A thesis submitted in partial fulfillment of the requirement for the degree
of Master of science.

Department of Marine Meteorology
GRADUATE SCHOOL
CHEJU NATIONAL UNIVERSITY

2009. 12

Collection @ jeju



List Of figures and tables......................

Abstract.............................................................................................

3.2 o] o] Aok B W

CAFAAEI W A

@ jeju

11

vi



Fig. 1.
Fig. 2.
Fig. 3.
Table

Piss=

List of figures and tables

Map of study area with salinity distribution (color) and typhoon
track (white solid line). The dashed lines indicate 30 psu
isohaline of July (black) and August (blue) based on China ocean
press data. Lower left figure denotes vertical salinity distribution
Along the red [INE, - rw e rrerrr s eee it e e e D)
Initial distribution of (a) temperature, salinity, (b) density and
Brunt-Vaisala frequency squared for the numerical experiment.
The dashed and solid line indicate CDW experiment and CTRL
EXPEriMment, FrEeSPECHVELY, -rrerrrrererrrererre et it et e 4
(a) Horizontal and (b) vertical wind distributions of idealized
typhoon for numMerical eXpPeriments. -« - ssessssesreeeereeemiiaii .. 5
1. Experimental designs and important parameters for all
EXPETIITIEIITS, ### e #sswrrseesnnseeutane bttt tes bt ta tas bt s ces s e e s e ees e 7
Horizontal (a, b, ¢) and vertical (d, e, f) distributions of
temperature and current for 1D-CTRL (a, d), 1D-CDW (b, e)
experiment, and the difference between CTRL and CDW (e, f).

Fig. 5. Vertical distributions of current speed (a, b, ¢) and shear (d, e, f)

for 1D-CTRL (a, b) and CDW (b, e) experiment and the

difference between CTRL and CDW(c, f).srreer mmmeeeeeeeeeeineeeeeeen 10
Fig. 6. Vertical distribution of shear squared value (a, d), the
Brunt-vaisala frequency squared (b, e) and the reverse
Richardson number (c, f) for 1D-CTRL (a, b, ¢) and 1D-CDW (d,
, £) . ver e e e e e e e ] D
Fig. 7. Same as Fig. 6 but for 3D experiments. -«-o-sorerererereeereneeeeanen 13
Fig. 8. Same as Fig. 4 but for 3D eXpPeriments. et reerereeemminnenn 14

Collection @ jeju



Fig

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

. 9 Same as Flg 5 but fOr SD expenmentslS

11.

12.

15.

10. Horizontal (a, b, c¢) and vertical (d ,e, f) distribution of vertical

velocity for 3D-CTRL (a, d) and 3D-CDW (b, e) experiment. and
the difference between CTRL and CDW (c, f). Circles indicate 55
km and 200 km radii. The horizontal distribution of vertical
velocity calculated at 30 m depth, e reeeeererrvemmemineniniiieienena 16
200 km radius averaged sea surface cooling in (a) total cooling,
(b) turbulent mixing induced cooling and (c) upwelling induced
COOlNg ACCOrding t0 STS.wwreereerrmrereeermieureeiran it 19
Sea surface cooling difference between CDW and CTRL

experiment at the each mixing process according to STS.::----- 20

13. Same as Fig. 11 but for 60km radius averaged sea surface

14. Same as Fig. 12 but for 60km radius averaged sea surface

A schematic for calculation of upward cold water transport . The
colored area indicates overlapped area of typhoon radius. The

arrow shows the direction of typhoon movement.:-=-=:-=-e=eeeeeeee:23

16. Variation of (a) vertical velocity, (b) the accumulation area and

(c) the cold water volume induced upwelling averaged within 200

17. Surface cooling difference between CDW and CTRL experiment

18. Schematic diagrams of typhoon induced mixing in the normal

case (left) and the strong stratification ocean case (right) for (a)

fast-moving and (b) slow—moving typhoon.:=:«:« s seeeeeeeecne s 29

19. Distribution of (a) sea surface temperature difference between

before and after typhoon PRAPIROON(0012) which passed over

the CDW, (b) sea surface salinity and (c) mixed layer depth

Collection @ jeju



before typhoon forced. The sea surface temperature data is
obtained from NOAA-AVHRR satellite, the sea surface salinity
and mixed layer depth is JCOPE analysis dataset. The solid line
indicates track of typhoon based on the RSMC best track data.

- 30
Fig. A. 1. Same as Fig. 4 but for CTRL-2-1D and CDW-2-1D.--+-++-+++- 34
Fig. A. 2. Same as Fig. 5 but for CTRL-2-1D and CDW-2-1D.-+-+e+-+ 35
Fig. A. 3. Same as Fig. 6 but for CTRL-2-1D and CDW-2-1D.-+-+++-+ 36
Fig. A. 4. Same as Fig. 4 but for CTRL-2-3D and CDW-2-3D.--see+-+ 37
Fig. A. 5. Same as Fig. 5 but for CTRL-2-3D and CDW-2-3D.-:-seeeevet 38
Fig. A. 6. Same as Fig. 6 but for CTRL-2-3D and CDW-2-3D.-:-:eeeeee 39
Fig. A. 7. Same as Fig. 10 but for CTRL-2-3D and CDW-2-3D.:- :-: -+~ 40
Fig. A. 8. Same as Fig. 4 but for CTRL-4-1D and CDW-4-1D.---+ceeee- 41
Fig. A. 9. Same as Fig. 5 but for CTRL-4-1D and CDW-4-1D.----+-e---- 42
Fig. A. 10. Same as Fig. 6 but for CTRL-4-1D and CDW-4-1D.--+ - :-- 43
Fig. A. 11. Same as Fig. 4 but for CTRL-4-3D and CDW-4-3D.--+ -+ -+ 44
Fig. A. 12. Same as Fig. 5 but for CTRL-4-3D and CDW-4-3D.-:-:-- -+ 45
Fig. A. 13. Same as Fig. 6 but for CTRL-4-3D and CDW-4-3D.--- -+ --- 46
Fig. A. 14. Same as Fig. 10 but for CTRL-4-3D and CDW-4-3D.--------- 47
Fig. A. 15. Same as Fig. 4 but for CTRL=-8-1D and CDW-8-1D.--- -« - 48
Fig. A. 16. Same as Fig. 5 but for CTRL-8-1D and CDW-8=1D.--- -+ 49
Fig. A. 17. Same as Fig. 6 but for CTRL-8-1D and CDW-8-1D.--- -+ -+ 50
Fig. A. 18. Same as Fig. 5 but for CTRL-8-3D and CDW-8-3D.--- -+ 51
Fig. A. 19. Same as Fig. 4 but for CTRL-8-3D and CDW-8-3D.-------- 52
Fig. A. 20. Same as Fig. 6 but for CTRL-8-3D and CDW-8-3D.--- - - 53
Fig. A. 21. Same as Fig. 10 but for CTRL-8-3D and CDW-8-3D.------- 54

_iv_

Collection @ jeju



Abstract

The impact of the Changjiang Diluted Water (CDW) on typhoon (TY)
intensity was studied using the Princeton Ocean Model (POM). The
numerical experiments consists of three part : i) the stationary typhoon
experiment for the investigating effect of CDW on the cooling process,
ii) the moving tyhpoon experiment for the finding role of translation
speed on the CDW effect, iii) the ocean stability experiment for the
investigating effect of ocean stability on the cooling. The results of the
experiments suggest that the CDW can prevent the sea surface
temperature (SST) cooling during the typhoon passage in the East China
Sea (ECS) and affect the typhoon intensity. This was accomplished by the
enhanced stratification in halocline due to the surface low salinity water
originated from the CDW. The strong stratification prevented vertical
transport of momentum to downward, and disturbed deep mixing, leading
to the reduction of remains at the upper layer sea surface cooling. The
momentum which could not transfer to deeper layer due to the strong
stratification, produced stronger surface currents. The enhanced surface
currents generated strong divergence, and resultantly strong upwelling.
This accelerated the surface cooling process. Therefore, the effects of
the enhanced stratification due to the CDW play both positive and
negative roles on the sea surface cooling. And these two process
depended on the storm translation speed (STS). For the fast
(slow)-moving typhoon, upwelling process was unimportant (important), so
the CDW contributed to less (more) surface cooling. However, when the
STS was about 6m/s on average in this region, the CDW played a overall
positive role on the typhoon intensity changed by the reduction of

cooling.

Keyword: Changjiang Diluted Water, sea surface cooling, shear induced

mixing, upwelling
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Table 1. Experimental designs and important parameters for all
experiments.

Maximum
. Brunt-vaisala Translation Model
Experiment Name frequency Speed (m/s) Types

squared (S~?%)

Exp. 1 stationary typhoon

CTRL-0-1D 2.1x10° 0 1D
CTRL-0-3D 2.1x1073 0 1D
CDW-0-1D 6.9x10 3 0 3D
CDW-0-3D 6.9x107° 0 3D
CTRL-1-1D 2.1x10°° 1 1D
CRT ™+ 3D <1073 1 1D
CDW-1-1D 6.9x10 3 1 3D
CDW-1-3D 6.9x10 3 1 3D

_ N 1~9 m/s, -

1 m/s interval
CTRL-9-1D 2.1x1073 9 1D
CTRL-9-3D 2.1x10 3 9 1D
CDW-9-1D 6.9x10 ® 9 3D
CDW-9-3D 6.9x10 *® 9 3D
CDW-2-N19 9.0x10™ 3 2 3D
CDW-4-N19 9.0x10" 3 4 3D
CDW-6-N19 9.0x10 *? 6 3D
CDW-2-N21 7.9x10 3 2 3D
CDW-4-N21 7.9%x107 2 4 3D
CDW-6-N21 7.9%x10° 3 6 3D
CDW-2-N23 6.9x10° 3 2 3D
CDW-4-N23 6.9x10° 4 3D
CDW-6-N23 6.9x10° 6 3D
CDW-2-N25 5.8X10 3 2 3D
CDW-4-N25 5.8X10° 4 3D
CDW-6-N25 5.8x10° 6 3D
CDW-2-N27 4.8x10°° 2 3D
CDW-4-N27 4.8x10 3 4 3D
CDW-6-N27 4.8x10 ° 6 3D
— 7 —
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Fig. 9. Same as Fig. 5 but for 3D experiments.
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Fig. 11. 200 km radius averaged sea surface cooling in (a) total cooling, (b)

turbulent mixing induced cooling and (¢) upwelling induced cooling according
to STS.
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Fig. 12. Sea surface cooling difference between CDW and CTRL experiment at
the each mixing process according to STS.
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(a) Normal case

Strong stratification case

(b) Normal case . ;
Strong stratification case

Fig. 18. Schematic diagrams of typhoon induced mixing in the normal case
(left) and the strong stratification ocean case (right) for (a) fast-moving
and (b) slow-moving typhoon.
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Fig. A. 5. Same as Fig. 5 but for CTRL-2-3D and CDW-2-3D.
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Fig. A. 12. Same as Fig. 5 but for CTRL-4-3D and CDW-4-3D.
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