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Absiract

Examine the and variables oft /- tropical depressions
over the South China Sea, of which hereafter
“developing,” with the remaining being classified as “hondeveloping.”

Using the National Centers for Environmental Prediction Final (NCEP" ENL)
data, with ECMWE forecast datfa, we examine fhe dynamic and
thermodynamic that characterize these tropical cyclones.

Based on these characteristics, we propose to determine
whether a tropical depression will' develop. Five had been used before, buf:
are also found fo be useful.

These two are associated with the : 1) presence of a
of the diabatic heating rate af the center and 2)

occurrence of in the

Test all seven criteria on all tropical depression cases in before the

system developed or decayed, showing that fthese criteria can help fo
operationally identify whether or not a fropical depression develops into a
tropical storm with an



1., Infroduction

Compared to tropical cyclones (11Cs) that form in the west North

Pacific (WNP), TiCs that: form over the South China Sea (SCS) have
climatic features and synoptic background (Lee et al. 2006;

Lin'and LLee 2011; Yuan et al. 2015; Ling et al. 2016; Wang 2017).

Compared to the TCs over the WNP, the cyclones over SCS: are
and have median radii (using wind speed asi a criterioh;
Yuan et al. 2007).

According to , about percent of fhe

TCs of China occur in the , much
larger than the 23% in the East Sea and 107% in the Yellow Sea (Liu
and Rong 1995; Yan 1996; Lin et al. 2006).

With their , in their ~and
their , tropical cyclones in the SCS nearly
always bring severe damage to South China or Vietham (Chen ef al.
2004; Zhang et al. 2009; Duan et al. 2014; Wen et al. 2019; Tiran-
Quang et al. 2020).



1. Inftroduction cont.

e Compared to forecasfing the track off a tropical cyclone,

forecasting the 15 because it depends
on processes with

, including processes
and (Montgomery: and Smith 2017):

e Forecasting the intensity has greatly improved with the help of
NOAA's Hurricane Forecast Improvement Project (HEIP), buf
the forecasting of

(Cangialosi et al. 2020). It has
o when a given fropical depression (TD) will
develop into a tropical storm (TS) (Gray 1998; Emanuel 200S3;
Zawislak and Zipser 2014).

e In the , forecasters still need 1o
determine if a given TD will become a TS (Gray 1998; Kerns and
Chen 2013; Huang et al. 2014).



2. Dataset and the 1IC developing stiage
—Datasei and statistical mefhod

Observation: NCEP FNL (Finhal) Operational Global Analysis data
onal x 1 grid spacing (provides values once every 6 h)

Forecast: ECMWE data on a 0.125" x 0.125" grid spacing and 17
vertical levels (provides values once every 6 h)

SST data from the NOAA optimum interpolation (OL) SST V2
(0.25° daily mean)

The area is the South China Sea (SCS) and nearby (100-
120.5°E, 0-25'N) from 2000 1o 2017.

The frack data of the TC positions are from the China
Meteorological Administration (Ying et al. 2014).



TABLE 1. The 57 developing (TY) and 29 nondeveloping (TD) tropical depressions formed in the South China Sea 2000-17. The initial
date and time format is YYYYMMDDHH (UTC).

Year TC case (initial date and time)

2000

2001

2002

2003

2004

2005
2006

2007
2008

2009

2010

2011

2012

2013

2014

2015
2016

2017

TYO0002 (2000051712)
TDO0003 (2000052000)
TDO0004 (2000053018)
TYO0101 (2001050912)
TDO0113 (2001081600)
TD0205 (2002052800)
TY0215 (2002080118)
TY0223 (2002092300)
TY0305 (2003052506)
TDO0319 (2003100712)
TDO0405 (2004051406)
TY0425 (2004091018)
TYO0508 (2005072818)
TDO0605 (2006070218)
TY0619 (2006092100)
TYO0703 (2007070300)
TDO0801 (2008011306)
TYO0818 (2008092718)
TY0902 (2009050218)
TD0923 (2009101800)
TY1006 (2010082200)
TD1018 (2010111218)
TD1101 (2011040118)
TY1122 (2011092318)
TY1202 (2012032600)
TD1225 (2012111200)
TY1305 (2013061918)
TD1321 (2013091700)
TY1407 (2014060900)
TD1417 (2014090606)
TY1508 (2015061918)
TD1601 (2016052606)
TY1617 (2016091112)
TD1701 (2017041800)
TY1708 (2017072206)
TY1717 (2017083100)

TDO0005 (2000061612)
TYO0007 (2000070212)
TY0015 (2000082106)
TY0103 (2001062906)
TYO0116 (2001082706)
TY0206 (2002060500)
TY0217 (2002081506)

TY0306 (2003053000)
TY0407 (2004060418)

TY0516 (2005091506)
TDO0614 (2006082206)

TY0706 (2007073118)
TYO0805 (2008051412)
TD0820 (2008101306)
TY0903 (2009061706)

TY1007 (2010082712)

TD1105 (2011053100)
TD1125 (2011110618)
TY1206 (2012061606)

TY1309 (2013072818)
TY1323 (2013092518)
TY1408 (2014061312)

TY1520 (2015091300)
TY1605 (2016072512)

TY1703 (2017061006)
TY1709 (2017072212)
TD1721 (2017092312)

TY0017 (2000082900)
TY0020 (2000090518)
TY0023 (2000100700)
TYO111 (2001080900)
TDO0127 (2001112000)
TY0210 (2002070718)
TY0221 (2002090918)
TDO0314 (2003081906)
TY0414 (2004072606)
TY0521 (2005102806)
TDO0617 (2006091006)
TYO0810 (2008080312)
TY0914 (2009090900)
TD1014 (2010100412)
TY1106 (2011060818)
TD1126 (2011121118)
TY1221 (2012092900)
TY1310 (2013080500)

TD1415 (2014081812)

TY1610 (2016081506)

TY1705 (2017071412)
TY1711 (2017072806)
TD1722 (2017100900)




2. Dataset and the 11C developing stiage
—Dataset and statistical method conr.

o Apply two main statistical
methods:

1) the
, for the
, the horizontal average
range is of longitude or
latitude from the TD center,
but for
statistics.
2) the . This latter method is used for calculating the
and . Calculate the values with a fixed longitude
and latitude interval at along lines from the cyclone
center. Other than the center point, each line has at
which to calculate the value and make an average (at , , ,
, , , , . ,and from the cyclone center).
These fixed points extend from about 57 to km from the cyclone

center, but we restrict the valid data to lie inside the



2. Datasei and tihe i€ developing siage
—Daitaset and statisticallmethod cont:

o We construct a for
statistical variables are given by the general
formula (Larsen and Marx: 2018);

where y is the mean value, ¢ is the standard
deviation, and n is the sample number of fhe
statistical variable.



2. Datasei and tihe i€ developing siage
— | /C-developing stages

TABLE 2. Time stages for tropical cyclone intensity analysis (6-h resolution).

Developing Nondeveloping
Stage Explanation Stage Explanation

TYO (initial) Initial time of TD® 7 TDO (initial) Initial time of TD
TY1 (pre-storm) Immediately before wind speed > 17ms™* TD1 (peak) Time of maximum wind speed (last peak)

(
(
TY2 (storm) When wind speed > 17ms ™! TD2 (decaying) Immediately after maximum wind speed
TY3 (peak) Time of maximum wind speed (first such time) None

*TD = tropical depression (10.8-17.1 ms™'); TS = tropical storm (17.2-24.4ms"").

e Based on the frack data, the average wind speed
(the officially deftermined intensity;
maximum wind speed near the center) of:
all was 15.0 and 14.7 m/s for the



2. Datasei and tihe i€ developing siage
—|/C-developing stages: cont:

TABLE 3. Number and percentage (in parentheses) of TY2 and
TD2 times (UTC, where LST is UTC + 8 h).

Stage 0000 0600 1200 1800 Total

11(212)  10(19.2) 52
4(182)  3(13.6) 22

e A large proportion of times and
occurred at and UTC, which are and
LST. Hence, we mainly focus on or UTC ( or

LST) time to calculate features of the

e Define the as that . The as
that within ,and the as that



3. Dynamic and' fhermodynamic stiatistics
—Wind speed
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Wind speed (m s™')

o For the , The wind speed
, Whereas for the
, wind speed at the lower level
has _then



3. Dynamic and' fhermodynamic stiatistics
—\Wind speed cont.

o For the TD, height of the maximum wind speed
during the stages and when the TD reach its
maximum wind speed at stage
o For the case, the maximum wind speed occurs
at the initial time , at the and
stages. In addition, , The wind speed at the peak (TD1)

stage is than that at the initial (TDO) stage.



3. Dynamic and fhermodynamic statistics
—angential velocity

e For the tangential velocity component in fhe case, the
values . The maximum value
occurs during , rising to

o For the case, tThe maximum tangential velocity remains
at . At levels . This case
has than the developing case, with the

transition from cyclonic to anticyclonic also occurring at a
height than that in a developing TD.



3. Dynamic and fhermodynamic statistics
—Radial velocity
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o For cases, the radial velocity is , bu

. For the case, the
and both generally ,
the being at where the outflow at TY3 is than
that at TY2. The cause of this change might be due to the
causing a outflow
layer at TY3. For the case, the inflow
the outflow increase with time.



3. Dynamic and fhermodynamic statistics
—Vertical velocity.
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e In the case, this component has
. From ~ the vertical
velocity . But from
, the vertical velocity increases
e For the

case, the vertical velocity



3. Dynamic and fhermodynamic statistics

Jv  ou

—Relative Vorticity s

dy

—0—TYO —o—TDO
—o—TY1 v —e— TD1
maximum value —g— ™\ A : —o0—-TD2
of negative relative —g— Ty3 . the maximum value
Y Evor‘rici‘ry occurs at . of negative relative
2100 hPa .. vorficity occurs at
R &, 1150 hPa
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: . 1 200 hPa time decreases
with time, e below 300 hPa

1 0 1 2 3 4 5 6 32 41 0 1 2 3 4_5
Relative vorticity (10° s") Relative vorticity (10° s)

o An of the positive relative-vorticity layer
correlates to the development of TD.

o The of the magnitudes of the maximum relative
vorticity to the maximum at the (here about: for
the , for the ), the
indicates a circulation at the with a

circulation at the



3. Dynamic and ’rhermodynamlc STGISTICS

vorticity decreases
quickly below 850 hPa ¢

2 3 4 2 4 5 6
Relative vorticity (10° s™) Relative vorticity (10° s™)

o For the developing case, the value
, consistent with previous work (Dunkerton et al. 2009;

Montgomery et al. 2010). The of the positive relative
vorticity from to
o For TD, the positive relative vorticity

occurs and from TDO to TD2.



3. Dynamic and ’rhermodynamlc statistics

-1 0 1 2 3 2 -1 0 1
Divergence (10° s™) Divergence (10° s)

e Both cases have at: the and
at the ~with the

for the developing than the nondeveloping case.

e Both the developing and nondeveloping cases have their
upper-level divergence , S0 we use this
pressure level in one of the criteria.



3. Dynamic and ’rhermodynamic sTaTisTics

‘Divergence (105 ')

e In the case, the depth of the
at fimes up to , Then o at

value of at the and
at the fromTYO to TY3.

o For the case, the depth of the
—about 600 hPa in the TDO stage, To
and TD2. The value of at the
at the from TDO to

IS
for TD1
and
TD2.



3. Dynamic and fhermodynamic statistics
—Water vapor mixing raiio

(b)
—O0—TD1-TDO
—e—TD2-TDO

-0.4 -0.2

mixing ratio (g kg™) | mixing ratio (g kg')
e For the case, this change is the
troposphere, but for the case, it is
e In the case, the change occurs level,
e In the case, the change

, at both



3. Dynamic and' fhermodyndamic statistics
——Water vapor mixing ratios cont.

—O0—TY1-TYO —O0—TD1-TDO
_ —e—TY2-TYO —e—TD2-TDO

04 -0.2
mixing ratio (g kg™')

e For the case, the value occurs
.~ then 10
. The WVMR change is at TY3
than at TY2.
e For the case, the WVMR changes

hPa are at TD1 and TD2.



3. Dynamic and fhermodynamic statistics

—Sea surface temperafre
(a) average SSTs exceeding 26°C (b)

32
30
28
26
24
22
TY2
e Comparing TD1 and TD2 to TY1 and TY2 shows that the boxes
, meaning that 75% of the TD1 and TD2 values are than
all but the lowest 25% of the TY1 and TY2 values of SST.

e For cases, the SST . As the basic source of
energy for tropical cyclones is heat from the ocean (e.g.,
Emanuel 2003), these SST decreases indicate that the oceans
thermal energy into the atmosphere.

can also cause the SST fo (Price 1981).



3. Dynamic and fihermodynamic statistics
—\Vertical wind shear R e ———"

e For the case, the VWS value
from ~then from
e For the case, the average VWS

from



3. Dynamic and fhermodynamic statistics
—Sea surface femperaiure and vertical wind'shear

TABLE 4. Average sea surface temperature (SST, over £3°) and
vertical wind shear (VWS, over =5°) in developing and non-
developing tropical depressions.

Developing Nondeveloping

Stage SST (°C) VWS (ms™') SST(°C) VWS (ms™ ')

TYO/TDO
TY1/TD1
TY2/TD2
TY3

e The VWS might be a factor that can the
TD from developing

o However, the difference in VWS between developing and
nondeveloping systems is , With
value separating the two cases.



3. Dynamic and fihermodynamic statistics
—ADbsolUite angular momeniun [
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e In the case, M . An
increasing height of its value, from being at
at fo being at at
e In the case, M

. An height of its value at at



3. Dynamic and fihermodynamic statistics
——Potential vorficity LN (TN

apadx dpady

PV behaves like M
steadily increasing —o—TDO
with time .. o . L —e—TD1
e o —0-TD2
"\ changing little
"N~ and reversing

©
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2
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800
900
1000

0 01 02 03 04 05 06 0.7 08 09 1 0 6& 62 63 04 05 06 0.7 08 09 1
PV (PVU) PV (PVU)

e For the case, PV after the
pre-storm stage (TY1). The occurs af at ,
but

e For the case, the PV also

from to

o the developing and nondeveloping cases have their PV

layer . S0 We use



3. Dynamic and fhermodynamic statistics

— TThe Okubo-Weiss parameter
o OW is defined as

OW= -8 -8=V,-U)-U-V)-(V,+U)

where C is relative vorticity, S; is the sfretching
deformation, and S, is the shearing deformation.

e Raymond et al. (2011) define a Okubo-Weiss
parameter as

ow L -Si-8

norz 2 2 2
~+ 87+ 85

e This parameter equals 1 when the flow is
when it is , and © for
. It is useful for evaluating the
tendency of



3. Dynamic and fhermodynamic statistics
—he Okuboe-Weissi parameter cont:
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e For the case, OW with time

e For the case, OW with time

e This difference between the two cases is
, S0 we use the OW value at this pressure in



3. Dynamic and fhermodynamic statistics
—he Okuboe-Weissi parameter cont:

-0.5 0 05 - -0.5 0 :
OW __ (dimensionless) OW,_ . (dimensionless)

nor

e For the case, it with time
. In magnitude, the developing case

e For the case, it . In magnitude, it



3. Dynamic and fhermodynamic statistics
—Potential femperature

200

300

(@)]
2 400
T 500

600
700
800
900

1 1 Z
000,50 300 310 320 380K340 350 360 370 380 %590 300 310 320 380K340 350 360 370 380

e The potential temperature O
in both developing and
nondeveloping cases.



3. Dynamic and fhermodynamic statistics
—Potential temperature cont.

o~
Cwormicore || ]

Height (hPa )
FaN
o
o

N O
o0 O
oo O

05 10 15 20 25 3.0

0 (K) 0 (K)
o In the case, the O , especially
between . The occurs af for
, but at for . During TY1 and TY2, the upper
troposphere warms by . At , This warming increases
aft
e In the case, the © with time and
has than the developing case . Also,

there is in the warm core



3. Dynamic and fhermodynamic statistics
—Equivalent: potential temperature

2 400

()]

I 500
600

700
800
900

1000340 345 350 355 360 365 370 375 380 340 345 350 55 360 365 370 375 380

8, (K) 0, (K)

o All average profiles have
, but the values for the developing case are
about higher than those in the nondeveloping
case.



3. Dynamic and' fhermodyndamic statistics
—Equivalent potiential temperature cont:

—O0—TD1-TDO
—e—TD2-TDO

1000 e 1 =
20 -15-10-05 0 05 10 15 20 25 3.0 20 -15-10-05 0 05 10 15 20 25 3.0
8, (K) 6, (K)

e In the case, the difference of ©e also
, hot only between
but also between

e In the case, the GOe
after TDO.



3. Dynamic and fhermodynamic statistics
—Diabafic healing rate

o The thermodynamic equation can be expressed in ferms of:
the O (Tribarne and Godson 1981; Norifh and Ertkhimova
2009; Huang et al. 2015):

o If we the heating by. - the diabatic
heat-exchange rate equals that by and
by :

d—Q:dQL-I—dQ" 0 dQL _ _quS
dt dt dt 4 dt dt

where L is the latent heat of vaporization and gs is the
saturation mixing ratio.




3. Dynamic and fhermodynamic statistics
—Diabafic healing rate cont:

e Combining Egs.




3. Dynamic and fhermodynamic statistics
—Diabafic healing rate cont:

—O—dQ/dt
—e—dQ/dt
—0—dQ,/dt

-0.024 -0.06-008 0 = 0.008 0.016 0.024 L - = 0.008 0.016 0.024
Heating rate (W kg') Heating rate (W kg™)
e For the case, the diabatic heating rate between
has a peak between , with smaller values: lower
down where the from the
the from . The phase-change influence
IS
e For the case, the diabatic heating rate between

has a and a



3. Dynamic and fhermodynamic statistics
—Diabafic healing rate cont:

o The features shown here in the developing case are similar
to those during the reintensification of 1D Sinlaku’ (Park

and Elsberry 2013): in the
in the region of a ~ and
in the in the
region of a
e In general, these trends are ,
generating In. convective regions aft
(here, ). and
af
(here, ) (Kepert 2010; Montgomery and Smiftih
2017; Emanuel 2018).
e Hence, the in developing TD' here

has _ohe at and one



3. Dynamic and fhermodynamic statistics
—Diabafic healing rate cont:

e Dunion et al. (2014) found the 6-h brightness
temperature within: radiit of about 200-
500 km from the
(LST), followed by a
from the hours.

e A regular diabatic heating rate of the center TC
relates to , meaning that
the convective structure , allowing the
TC o intensify.



4. Application fo 2018/19 1D cases
Determination off crifieria for 1S development:

TABLE 5. Confidence interval limits and threshold values of the criteria based on 74 tropical depressions in the SCS.

TD1 TY1

Threshold value/unit
>45x 10 s !
>15 % 107!
>20 % 10 Vg2

Lower limit  Mean  Upper limit  Lower limit  Mean

Vorticity (850 hPa) 3.41° 391 . 5.39 5.75 6.11
Divergence (150 hPa) 0.89 1.17 1. 1.84 2.05 2.26
OW (850 hPa) 12.29 16.02 . 29.19 33.44 37.69
OW,,or (below 600 hPa) 0.48 0.61 . 0.81 0.85 0.88
PV (500hPa) duplicate 0.41 0.48 58 0.69 0.72

Tangential wind (900 hpa R 7.55

Radial wind (950 hPa)

Upper limit

Not used (ms™')
Not used (ms ')
Not used (ms™')

99 2215 Not used (10° m?>s™")
e Set the threshold values to (or ) the
of the variable at time based on a values.
o Four other criteria are also shown in Table 5 buft . They are
not used because they either show or they
give similar results as the above five. For example, the at

950 hPa of TD1 and TY1
relate to

. Also, the three criteria at 900 hPa

that
criterion for relative vorticity at 850 hPa.

the result of the



4. Application fo 2018/19 1D cases
—Detfermination of: critieria for 'S development cont:
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4. Application fo 2018/19 1D cases
—Developingl case off Ewiniar (1804)
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o AT 850 hPa, the relative vorticity
of 4.5 x 107> s~ * after this TD forms.

e The forecast values are with the
observed values.



4. Application fo 2018/19 1D cases
—Developing| case oif Ewiniar (1804) cont.

(c) OwW-FNL
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e For the OW test, the value is than the threshold at

the 850-hPa level in data, but The
threshold in the result.
o The forecast shows the , except the large

values to about



4. Application fo 2018/19 1D cases
—Developing| case oif Ewiniar (1804) cont.

08/03 08/04 08/05 08/06 08/07 08/04 08/05 08/06 08/07

e The normalized values OWnor the
threshold value of in both the data
and the



4. Application fo 2018/19 1D cases
—Developing| case oif Ewiniar (1804) cont.

o The data shows that the core at:
, becoming positive after developing into a
tropical storm.

e The data shows a trend, with some larger
values.



4. Application fo 2018/19 1D cases
—Developing case of Ewiniar (1804 cont:

0 4

08/03 08/04 08/05 08/06 08/07 08/04 08/05 08/06 08/07
Hour/Date (LST) Hour/Date (LST)

o After Ewiniar develops intfo a fropical storm, its average potential
vorticity , especially between abourt

o These frends are largely by the , although the
forecast predicts larger values.

o Potential vorticity values in both datasets
before and affer the depression develops into a storm, satisfying the
criterion.



4. Application fo 2018/19 1D cases
—Developing| case oif Ewiniar (1804) cont.

-0.02

08/03 08/04 08/05 08/04 08/06

Hour/Date (LST) Hour/Date (LST)
e This rate varies diurnally, the whole vertical layer
between about ~ Then befween
about the next day.

o This diurnal variation of the diabatic heating rate
indicates that this - and thus
satisfies criterion.



4. Application fo 2018/19 1D cases
—Developing case off Ewiniar (1804 cont;

(C) 1400 LST 04 JUN (FNL) (d) 1400 LST 04 JUN (EC)

—O—dQ/dt I —O—dQ/dt .
dQ /a dQ /d ,—‘

—o—dQ /dt D
_,/"
£

3

-: :"'""1‘_ (‘_’
0.0 0.04 j -0. -0.04 0.0 0.04
Heating rate (W Kg') Heating rate (W Kg')

e Before the TD develops into a TS at 1400 LST 4
June, both the and data show
the (dQr /dt) in
and



4. Application fo 2018/19 1D cases
—Developing case off Ewiniar (1804 cont;

(€) 0200 LST 05 JUN (FNL) (f) 0200 LST 05 JUN (EC)

—O—dQ/dt —O—dQ/dt
—e—dQ/dt . —e—dQ/dt
—0—dQ,/dt —0—dQ,/dt

)

N
o
o

(]
o
< 300
=
=
(0]

-0.04 0.0 0.04 ) ; -0.08 -0.04 0.0 - 0.04 0.08
Heating rate (W Kg™') Heating rate (W Kg™)

e AT night, both the observations and forecast data
give profiles of radiative heating.



4. Application fo 2018/19 1D cases
—Developing case off Ewiniar (1804 cont;

TABLE 6. Criteria that pass (Y) for TD Ewiniar (1804) to develop (Dev) into a TS. Three or more failures (N) indicate that the TD will not
develop (Nondev) to TS. Ewiniar (1804) develops at 0800 LST S Jun.

C6 C7
C1 C2 C3 C4 Heating Heating No. of
Pre-storm time Vorticity ~ Divergence OW  OW,or C5PV  (diurnal) (profile) failures Result

2000 LST 2 Jun

0200 LST 3 Jun Dev
Dev
Dev
Dev
Dev
Dev
Nondev
Nondev
Nondev
Dev
Dev
Dev
Dev
Dev
Dev
Dev
Dev
Dev

0800 LST 3 Jun

1400 LST 3 Jun

2000 LST 3 Jun short¥term

fluctuations

0200 LST4 Jun

0800 LST 4 Jun®

1400 LST4 Jun

2000 LST4 Jun

0200 LST 5 Jun FNL

Y
Y
Y
Y
Y
Y
Y
Y
N
N
N
Y
Y
Y
Y
Y
Y
N
Y
Y

KR ZHKKZK KK ZZ Z KKK
KRR KK ZZZ2Z2 2222222777
KKK KKK ZZ2Z K Z A KK
L i [l i S S e i S I e L i

Y
Y
Y
Y
Y
Y
Y
Y
Y
N
Y
N
Y
Y
Y
Y
Y
N
Y
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* The forecast time that the TD will develop to TS.




4. Application fo 2018/19 1D cases
—Nondeveloping 11D2 (18N2)

o This depression shows — e
stronger dynamic A
features that could
lead one
fo  predict  storm _. —_—— :
development. Toazs o owz9  omso Ctezr | oszs

(c) ow-FNL (d) ow-EC

o Of the first five
criteria, of them
(relative vorticity at
850 hPa, the B
divergence at 150 hPa, e 1§§§8,27 e
the OW parameter at e
850 hPa and the |
average  hormalized

parameter OWnor
below 600 hPa) are

—
©
o
=
=
-
L
=
o
I

. 1
08/27 08/28 08/29 08/30 08/27 08/28 08/29 08/30



4. Application fo 2018/19 1D cases
—Nondevelopihg TD2 (18IN2)) cont;

0 <08 : o - . > 1 L =0
08/28 08/30 08/27 08/28 08/29 08/30
(i) PV-FNL

P 1 - ‘
08/28 08/29 08/30 08/27 08/28 08/29 08/30
Hour/Date (LST) Hour/Date (LST)

e The center temperature difference show that the warm core
af

e The criterion for the potential vorticity at is satisfied for
observation forecast.



4. Application fo 2018/19 1D cases
—Nondevelopihg TD2 (18IN2)) cont;

e This case has

of the
diabatic heating
rate, as well as

profile
of the radiative
heating term at
the pre-decaying
Time.

08/29 ‘ 08/30
Hour/Date (LST)
(c) 1400 LST 28 DEC (FNL)

-0.0 0.0 04
Heating rate (W Kg™')
(c) 0200 LST 29 DEC (FNL)

—

-0.08 -0.04 - 0.0 ) 0.04 0.08
Heating rate (W Kg')

08/28 08/29 08/30
Hour/Date (LST)

(d) 1400 LST 28 DEC (EC)

~=

-0.08 -0.04 0.0 0.04 0.08

Heating rate (W Kg™)
(d) 0200 LST 29 DEC (EC)

-0.08 -0.04 0.0 0.04 0.08

Heating rate (W Kg')



4. Application fo 2018/19 1D cases
—Nondevelopihg TD2 (18IN2)) cont;

TABLE 9. As in Table &, but for TD (18N2). Decay time is 2000 LST 29 Dec.

C1 c2 C3 C4 C5 C6 Heating C7 Heating No. of
Pre-decay time Data Vorticity Divergence OW OW,, PV (diurnal) (profile) Failures Result

0800 LST 27 Dec FNL
EC
1400 LST 27 Dec® FNL
EC
2000 LST 27 Dec  FNL
EC
0200 LST 28 Dec FNL
EC
0800 LST 28 Dec FNL
EC
1400 LST 28 Dec FNL
EC
2000 LST 28 Dec FNL
EC
0200 LST 29 Dec FNL
EC
0800 LST 29 Dec FNL
EC
1400 LST 29 Dec FNL
EC

Nondev
Nondev
Nondev
Nondev
Nondev
Nondev
Nondev
Nondev
Nondev
Nondev
Nondev
Nondev
Nondev
Nondev
Nondev
Nondev
Nondev
Nondev

R e e i Ll ol e
KKK KK K227 <K
I A I e L e
ZH KK Z K
2272727272727\ 722|227 2727277777
22227227222 Z|Z2Z|22272Z2727Z2Z7Z7ZZZ
222222272 Z|ZZ(ZZ2ZZZZZZ|
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* The forecast time that TS will decay to TD.




4. Application fo 2018/19 1D cases
—Ofther cases in 2018719

TABLE 10. Prediction of all the TD cases in SCS in 2018/19.

Storm No. No. (Name) Type Result Lead time

1801 (Bolaven) Developing Unsuccessful None
1804 (Ewiniar) Developing Successful 24h
1816 (Bebinca) Developing Successful 72h
1823 (Barijat) Developing Successful 42h
1904 (Mun) Developing Successful 36h
1907 (Wipha) Developing Successful 36h
1914 (Kajiki) Developing Successful 18h
1922 (Matmo) Developing Successful 24h
1924 (Nakri) Developing Successful 42h
18N1 (nameless) Nondeveloping Successful 18h
18N2 (nameless) Nondeveloping Successful 54h
Average 36.6h

e For all 11 cases,
Specifically, case 1801 was predicted as nondevelopmg
yet actually developed, possibly due fo an
of the intensity. The other six TD cases were successfully
predicted, with an



5. Conclusions and discussion

For the case, we found the vertical velocity had
. From the prestorm TY1 fo storm 1Y2 stage, the
vertical velocity. . but ati

The average sea surface temperatures were fropical
depressions tropical depressions, and ih
cases the temperatures during the depression.

The absolute angular momentum and the potential vorticity
in the case. In contrast, for the case, the absolute
angular momentum and the potential vorticity

For the case, the potential temperature and the equivalent
potential temperature between :
The of the potential temperature occurred in
the and stages, but at

The diabatic heating rate between prestorm and storm had
values in ,with values



5. Conclusions and discussion cont:

For the case, the potential temperature
. Also, the equivalent potential temperatures
stages were Than those af the

We applied all seven criteria fo all 11 fropical depression cases in 2018/19,

finding that they determined whether or nof 10 of' the 11 tfropical

depressions developed. For these 10 successful cases, the prediction was on
the depression developed or decayed.

The thresholds and the profiles might be o the
(e.g., diabatic heating profiles can greatly vary). Moreover, we

have how well' these criteria may apply fo storms
Concerning the application of the , the

might be observation (Bessho et
al. 2010). In this way, the proposed method may be into the initial
conditions of an existing model for TC forecasts in real time.
A should be run in the South China Sea to

examine the genesis and development of tropical cyclones.






