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= ~wm <33 & Abstract :

The objective of this project is to improve the prediction capability of
the Central Weather Bureau (CWB) on tropical cyclones (TCs) intensity and
structure changes. Among all natural hazards, TCs remain as the major threat
to Taiwan’s civilian lives and economics. With recent record-breaking extreme
weather events occurring globally, it is even more important to provide the
society accurate forecasts in a timely fashion. This project aims at improving
the forecast capability of tropical cyclones at CWB by utilizing high-temporal
frequency atmospheric motion vector (AMV) retrieved from satellite images
to generate a model balanced TC structure and thermodynamic state at the
initial time. The goal is to improve the short-term structure and intensity
prediction of TCs and their associated rainfall and wind distribution in Taiwan
and its vicinity. The approach is to adopt the dynamic initialization strategy of
the 4-D data assimilation system FDDA suitable for the application in the
CWB TWRF model. This task is completed and successfully implemented at
CWB i1n the first year of this project. In the first half of the second year,
sensitivity tests have been conducted to optimize the nudging coefficient used
in FDDA to spread the AMV information. A new typhoon case from 2017 has
been selected and AMV data for it collected for testing the capabilities
provided by FDDA. In addition, wind data retrieved by Doppler radars located
in Taiwan have been collected and put in the format that can be ingested by

FDDA for future testing.

The track prediction with the AMV data through FDDA technology have
been carefully examined and compared with the control, which is without the
AMD data. In general, the tracks with AMV data are smoother than the control
and the averaged track errors are similar. The reason that behind the similar
results may be due to insufficient data amount provided by JMA for the

3




Himawari-8 AMV. Strategy for the future study include nudging of the
minimum sea-level pressure and construction of low-level wind vectors to be
assimilated with the FDDA technology.

Keywords: Himawari-8 satellite, Four-dimensional data assimilation, numerical weather

prediction, typhoon prediction
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The objective of this project is to improve the prediction capability of
the Central Weather Bureau (CWB) on tropical cyclones (TCs) intensity
and structure changes. A great deal of effort has been devoted to develop
operational global and regional prediction systems for CWB under
numerical weather prediction (NWP) projects in past decades. However,
model development is a never ending effort as new computational methods,
satellite data and understanding of key physical processes and dynamics
that are critical for NWP systems continue to emerge. Among all natural
hazards, TCs remain as the major threat to Taiwan civilian lives and
economics. With recent record-breaking extreme weather events occurring
globally, it is even more important to provide the society accurate forecasts
in a timely fashion. This project aims at improving the forecast capability
of tropical cyclones at CWB by utilizing high-temporal frequency
atmospheric motion vector (AMV) retrieved from satellite images to
generate a model balanced TC structure and thermodynamic state at the
initial time. The specific goal is to improve the structure and intensity
prediction of TCs and their associated rainfall and wind distribution in

Taiwan.

L2 AP g kM T
Due to its unique geographical location, typhoons (TCs in the western

Pacific) are the greatest threats to Taiwan’s civilian lives and properties. In

the past hundred years, roughly 3 to 4 typhoons hit Taiwan each year with
10



some have caused severe damage and loss of lives. Accurate and timely
predictions of typhoons could save lives, provide sufficient time for
preparedness and also critical for optimal resource managements. While
the prediction of TC tracks has improved substantially in past decades,
prediction of TC intensity and structure change have progressed much less
(DeMaria et al. 2007). In the study, the track and intensity forecast error
trends for the two-decade period covering from 1985 to 2005 were
compared. Results showed that the percentage track forecast improvement
was almost an order of magnitude larger than that for intensity, indicating
that intensity forecasting still has much room for improvement. This
disparity can be contributed by the lack of sufficient in situ observations
near the core, complex multi-scale processes, and air-ocean interactions.
Prediction capability of them is critical as many TCs hitting coastal regions
or making landfall usually brought severe winds and rainfall that cause

damages and threats of lives.

One of the major factors contributing to recent advancement of NWP
capability is the use of remote sensing technology where satellite data fill
the void of observations over open oceans and unpopulated areas over land
(Park and Xu 2016). The most widely used satellite retrieved products are
the atmospheric motion vectors (AMVs) derived by tracking clouds or
areas of water vapor through consecutive satellite images since the pioneer
work of Fujiti (Menzel 2000). AMVs are an important source of
tropospheric wind information for numerical weather prediction (NWP),
particularly over the oceans and at high latitude where conventional wind

data (sondes and aircraft) are scarce. Early cloud track winds are mainly
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assigned to a layer of height around 200 hPa where upper-level cloud reside
or at a layer around 850 hPa where lower-level cloud exists. Subsequent
application of the technology follows the images of water vapor and is
therefore able to provide wind information at much higher vertical
resolutions (Velden 1996; Menzel 2000; Velden et al. 2005). Many centers
produce the AMV data in operation, including EUMETSAT in Europe,
NOAA/NESDIS and CIMSS in the USA, JMA in Japan, IMD in India,
CMA in China, CPTEC in Brazil and BoM in Australia. There is some
variation in the details of the AMV derivation from center to center. In
addition to the broad, global usage of AMV in NWP systems through data
assimilation to obtain optimal representation of the atmospheric
momentum fields, it has been shown that the AMV improves TC track
predictions (Velden et al. 1998; Goerss et al. 1998, Elsberry and Velden
2003). Velden et al. (2017) provides an excellent review of the recent
advances in the calculation of AMVs and their utilization to improve TC

forecasts in NWP.

Himawari-8 is the 8th Himawari geostationary weather satellite
launched by the Japan Meteorological Agency on 7 October 2014 from the
Tanegashima Space Center in Kagoshima, Japan. The primary instrument
aboard Himawari-8, the Advanced Himawari Imager (AHI), is a 16 channel
multispectral imager to capture visible light and infrared images in the
Asia-Pacific region. The instrument has similar spectral and spatial
characteristics to the Advanced Baseline Imager (ABI) used on the
American GOES-R satellites. The 16 channels include three visible

channels, three near-infrared channels, and ten infrared channels. The AHI
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can produce images with a resolution down to 500m and can provide full
earth disk observations every 10 mins. The new-generation Himawari-8
and US GOES-16 satellites have great potential to contribute to advances
in TC intensity and structure change forecasting just as earlier
geostationary satellite-derived AMVs contributed to advances in TC track

forecasting (Velden et al. 1998; Goerss et al. 1998).

A version of ARW WRF model (Skamarock et al. 2008) has been
adopted and implemented at CWB in 2014 and became its general purpose
regional prediction system in 2007. CWB then moved to configure the
system that will be dedicated for typhoon predictions. By developing the
relocating methodology for TC-like vortex in the forecast system, a system
identified as TWREF for typhoon prediction was completed and has been in
operation at CWB since 2010 (Hsiao et al. 2010). The next phase
development of TWRF included the implementation of the three-
dimensional data assimilation and partial cycling (Hsiao et al. 2012). In
partial cycling strategy, a 6-h update cycle with a ward start is carried out
only 12h before the forecast starts and a cold start is used prior to it (Hsiao
et al. 2012). The purpose of this is to remove the long-term model bias
while retaining some benefit of the warm-start. TWRF was further
improved by blending the large-scale patterns (wavelength > 1200km) of
the NCEP global analysis with its own smaller scale feature in the initial
condition (Hsiao et al. 2015). The rationale behind this methodology is to
take the advantage of better representation of large-scale patterns from a
global prediction system while retaining a finer structure for tropical

cyclones and their surrounding mesoscale features from the high-resolution

13



TWREF itself. The blending strategy has long been demonstrated to be
beneficial for regional models due to their inherited issues of lateral
boundary conditions (Durand and Bougeault 1987; Ajjaji and Issara 1994;
Yang 2005). In additional to the improved track forecast in TWRF, the
blended analysis also provides more accurate rainfall forecasts for

typhoons affecting Taiwan.

With the increase of computer resource, the TWRF configuration has
been future improved from a triple nested to a double nested one with
higher resolution covering a larger domain in the vicinity of Taiwan. The
model resolution was increased from 45/15/5 km, 45-levels to 15/3 km, 52-
levels. The preliminary results show increasing the model resolution
improving the track, intensity and rainfall forecast and the new system is
slated to be in. However, the 3 km resolution model TWRFd3 has a
tendency to over predict the intensity of the tropical cyclones. TWREF is
now one of leading dynamical TC track prediction systems in the western

North Pacific.

Accurate representation of TC’s structure and intensity at the initial
time remains as one of the most challenging tasks in NWP, mainly due to
the lack of in situ data, asymmetry of the system and multiple scales
involved in tropical cyclones. In the Western Pacific, there are no flight
reconnaissance missions that can provide critically important data for the
inner core of TCs. Many models take the strategy of adding synthetic
observations to represent a TC-vortex in the model either through direct
insertion or as synthetic observations in 3-D, 4-D VAR or Ensemble

Kalman filter data assimilation schemes (Goerss and Jefferies 1994). A

14



review article on these methodologies can be found in Hendricks and Peng
(2012). However, even after insertion and/or data assimilation, imbalance
remains for TC scale and some information have lost. Other issues mains
such as the asymmetry, vertical structure and coherent hydrometeor
properties are not available. Therefore, forecast models have to go through
a spin-up process in the initial phase of the integration. Through another
strategy, the dynamic initialization, a forecast model can start with a more
balanced state between the momentum and thermodynamics fields that is
especially usefully for short-term prediction (Krishnamurti, 1997,
Hendricks et al. 2011; 2013). More complete discussions on dynamic
initialization and nudging strategy can be found in Hendricks et al. (2011,
2013).

To address the aforementioned issues in initialization for TCs, we
will take the approach of dynamic initialization embedded in a 4-
dimensional data assimilation system using the high temporal frequency
satellite AMV data to improve the prediction of TWRF on TC structure and
intensity changes and associated rainfall and wind distribution. The AMVs
will also allow the interaction of the TC circulation with its evolving

environment to be better resolved during all stages of the TC life cycle.
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The technical approach is to utilize the newly available high
temporal frequency AMV data at CWB, and to adopt the WRF four-
dimensional data assimilation (FDDA), a proven technology developed at
NCAR (Liu et al. 2008a; 2008b; Pan et al. 2015), to improve the initial
condition of TWRF for typhoons.

1) High frequency AMV data

Through a direct connection, CWB is receiving AMV data hourly
from JWA, retrieved from the Advanced Himawari Imager onboard
Himarwari-8 satellite. The longitude for Himawari-8 is 140 East.
Comparing to the old MTSAT satellite, this new system has a total of 16
bands (3 VIS, 3 NIR, and 10 IR bands). The resolution for VIS is 0.5/1
km and 2 km for IR and the temporal frequency is 10 min. However, note
that CWB will receive hourly data real time at the present stage. The
approach is use the high-frequency AMV as the momentum field to nudge
the forecast model using the FDDA framework integrated into TWRF
system. Tasks under this include thinning of the data, potential more

quality control, and formatting of the data to be ingested by FDDA.

2) FDDA

The WRF Four-Dimensional Data Assimilation (FDDA) system
developed by NCAR is an advanced DA system for creating 4D
meteorological data. FDDA continuously assimilates observations into the

mesoscale models through a nudging/Newtonian relaxation approach and
16



forces the model state toward the observational state by adding artificial
error correction terms to model equations. There are two types of nudging
(Anthes 1974; Hoke and Anthes 1976; Stauffer and Seaman 1990; 1994;
Liu et al. 2006): one is analysis/grid nudging; and the other is observational
nudging, which nudges the model-to-grid analysis and point observations,
respectively. FDDA has the capability of doing either of these two nudging
methods in multiple nesting environments. The nudging process is
conducted under the dynamic initialization (DI) approach in the pre-
forecast period, typically 6-12h. Nudging can be applied to winds,
temperature, and water vapor. In our application, only AMVs forcing will
being incorporated at this stage. In general, the equation for the nudging
takes the form:
dp*a

e Fla,x,t) + Gy - Wy - €4(x) - p* (60 — @)

Where o is the variable to be nudged and oy is the field to be nudged to, F
1s the regular term in the original equation, G is the nudging inverse time
scale, W is the vertical weighting function and € is the horizontal weight
for observation density. These are the parameters need to be carefully and
thoroughly adjusted and tested based on the TWRF configuration and data
resolutions in time and space. Other consideration includes whether to
nudge the AMV fields near the bottom and top of the model domain.
Once the FDDA system is established at CWB, it can be adopted for
many other applications. For example, radar reflectivity data can be

assimilated through hydrometer latent heat nudging (Pan et al. 2012, 2015).
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& E

g
\\\fs’r

4 Bl BIE AR A7 4 B BRI B0 £ BB % 4 % (Gross check and
buddy check) o 2 4 * WRF FDDA%e =k b — B I 4238 k-3l
Flgrit i % ¥ 0 A FDDAT i £ % G N o
B2 7 — B 35655 1 8 58 B Azena o 6] 5 o F122 18 £.2018
#9713 p 1300UTC > Himawari-8F 3| s 4o b -4 F > L8 P 5 51F
B it ’f‘-"r‘%? fgena® > Az B IERFRE Y ¥ LT 319205

—_

5 317304 -

18091 313_lIr H8 AMVs 18091 313 H8 AMVs

B2 =5 2018& 9 13 p 1300UTC > Himawari-8 {8 F|ehh 4ok H4 F 5 +
;%E']F“T‘;@Eﬂ’ﬂ‘frw:g“h’%\‘# He 2 ppgpd chhw B4 2B ARD
)i °
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%= % FDDA F i AMV T ik

Pho¥ = F i it 0 FDDAS i 2 T 53 2R BF LR

o AT e e

iW;(i,x,y,z,t)[ o(i)_ QM(xivyi7:i9t)]

tag—:l(x,y,,:,f):Fq(x,y,;,r)+/qu Pary

N
qu (i, x,y,:',t)

i=1

FDDAR it ¢ .3 B2 54 e nudging % #Gq > v 7 1113957 e
TR AT A e A FIE AR o L1 B fRGQERE Bk 4 5 AP RS
Ao TEG B RAR L R BB A HTRE Hus £ 515mst
va g 5 -10mst (Ae@I3) 0 * i B E AL ok G P e R RIGE o
%R AL 700hPa > I ¥ A FDDAR i* 427 & | BFiE— X (@0 &~ 9

BIFEZ B3 R #ciE -6x10%- 1.2x10°%4e 2.4x10°- #nudging i #Gq

126°E 128°E 130°E 132°E 134°E

18°E 120°E 122°E 124°E

B 3. * KB nudging H8(Gy) AR RDOFAR R LR EF LR o
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B4 54 % 2 Fnudging ©d (Go) > #-BI3#r 7 L SE6]
pE 4§ & FDDAR 1+ 9B 42 15 #7 1% b 322 474 2. (7 @ FDDAK ) b 3
AR HL B S HGE R FRF et 2 o d 4T LA
RIFR T g il b iy ¥ St BiE, 2 £ 8 i R € SEGe3

XA o LR F) S ARREE =8 0 2 FFRF 0 3 nudging % #ic

30°N SN
28°N 28°N
26°N 26°N
24°N 4N
22°N 22°N
) \\\\\:‘-'
. 20°N 3 i R S
20°N "\\\\\s-.—-
R APV I I I I I
\ N 4
LA B SR TR (O Ar A A A A A A )
LR Y \\l‘\‘s.\---'—- CET AT o 2 X !
T 1 T I I | T 1 T I I
118°E 120°E 122°E 124°E 126°E 128°E 130°E 132°E 134°F 18°E 120°€ 122°8 124°€ 126°E 128°E 130°E 132°€ 134°€
10
—

Reference Vector

3
2.4*10

30°N
28°N
o -j
sai .75 0625 0.5 -0.375 -0.25 0125 0 0125 025 0375 05 0625 0.75
22°N
20°N PLdP T ﬁ“
A, b
R A 4 N A
R NP I
m k\\\\L\‘\\\~s—-‘—,T:4¢llllIll
T I 1 T T T I

118°E 120°E 122°E 124°E 126°E 128°E 130°E 132°E 134°E

Bl 4. #-B 3 #77 GipliEh FALE 6 o) PFe FDDA e v 4 #7189 2 b 3-8 304
f (& FDDA I i )eh 34p i h L B 3 72 * dinudging ¥k (Gy)iE
A BT LRI oo
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- ! ARIFER R 2 FERF > 7 F nudging h¥k (G) #TE IR EE o

(7oohPa)

10.7346m/s  10.2663m/s 9.81963m/s  9.79587m/s  9.79568m/s  10.5945m/s

Fdda 6*104 - 11.7062m/s 13.5637m/s 14.0523m/s 14.1502m/s 14.6973mM/s
Fdda1.2*103 - 12.9202m/s 14.2476m/s 14.4863m/s  14.4165m/s 14.8408m/s
Fdda 2.4*103 - 14.3147m/s 14.5509m/s 14.7077m/s 14.5841m/s 14.8639m/s

Fdda 6*103 - 13.7002my/s 13.8981m/s 46.8981m/s | -33.5295m/s

VR BolEE | BUNE | BhE | B3NE | BakE | Bs0E
(7oohPa)

-6.77769m/s -6.5586m/s -6.23865m/s  -5.99846m/s -5.31761m/s -5.33614m/s

Fdda 6%104 - -7.52101m/s -9.31248m/s  -9.55678m/s -9.23695m/s  -9.33467m/s
Fdda1.2*%103 - -8.49036m/s -9.72148m/s  -9.70071M/s  -9.49734m/[s -9.52559m/s
Fdda 2.4*103 - -9.58368m/s -9.77427m/s  -9.75383m/s -9.66277m/s -9.61587m/s

Fdda 6*103 - -8.98309m/s -9.02599m/s [-36.8857m/s |60.939m/s -

- kg7 FDDAfG »eruleh Fok e jh gk~ b 3o % nudging &
#ic (Gg) 56x107pF » H b 3 u-4 B35 P A (S ARITIRIER T
AL(A AP R )ehu-~ E -15mste gt b s 4osrsg gy eho § nudging i
BB R Ao pF s b FE R AR P HRR o FAL A AP Uil
1242 % e & nudging ©: B 5 6x10° 3] PR Y f A 0 BT %
nudging % #c~ ~ pF ¢ & 4 3+ 5 7 4£ 2 (computational instability) » 7
A sERAE A+ 0 nudging ok e

44

Fe g nudgingsE ek A pics S ARS DfET R R AN T OF S
T fEnudging 7 BB R U] o T A 2 1258 P 1R (Urgrger) TR

BLRIE -
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Bk nudging g §_ S ficri— %8838 0 H 2 2N T A& T Ao

ou
E =Ffu) —a(u — utarget)

u(t) = Utarget — (utarget - uo)e—at
A R R R A
5 _ l ,
fe=lp

B oAk A PE & T u()AREE B 0.63Ugrger + 0.37UgE o

1 1 1
_2 =1__) +Z1~0.63 +037
u ( a) ( e utarget e uO utarget uo

1
u (r = E) = 0.63Usqrger + 0-371, 25
Utarget )0
—U_target
15 ir """"""" —u0
i —u(t), alpha=0.1
10 u((t), alpha=0.01

: u((t), alpha=0.005
Tnui@ige.cr:(].(]ﬂl

—u((t), alpha=0.001

0 200 400 600 800 1000 1200

t

AP fT =% % nudging P* R & & (nudging time scale) -

utarget)ikp‘f‘ A

Ju
S, = AUinc

Jt

Uinc = Utarget — Uo
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2L i FE2_ & “increment approach” e

% % increment approach » &t = 1(= %)E? ' U = Uggrget °

@ i< 3 TRF € & 4 “over nudged” ° § o (nudging k#)Ax < o1
(nudging B R = )i)fjuﬁf@ » A% % % 4 4 over nudged IR % o in;“ifu
ARE 5 ORI -

5 dp 5= 3 (Peng and Chang,1996, 1997, 2002) < %+ Gq
103 ~104 %v FIp A E Y. SEGEAR PR AT ERISEY

Gq iE4_ 6x10-4.
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%1 % FDDAF i AMV AL $4 8 b B /297 4F £

& T

-

EAE P AP AT nudging AMV T $ e b BT IR IR R 5 o
p2019#6" 42> NCEP: #-H >zRsp8p# #H T FV3 > B o
GFS = FV3i# * § *UREA 4AT1 7% » 327 2 @ 00 L. GFSHE 2 = 2 ¢
s ELE AL o p NCEP:z 5 FV3ie » ¢ 35 TWRF & g % b % 32 550
4 ;rsy:% FV3id= 453 fo3p SR H-f 5 4= 45 1 0 first guessit 2 #2538 en
R IEE o T AT F LN e d FV33k 547 4 firstguess foif B
R T o gl (TG B CAMVF ) 22 % * FDDAR
AMV 513 5 ‘o ihis & o

ANPERE T2019F & A X TIERE F A4 o Bk Kp
FAMVE R A o iz BReh A~ WA 2 9msk (Danas) ~ ficta
(Wipha) ~;=#7% (Francisco) ~ f1+# & (Lekima) ~ 4 %75 (Krosa)
frd R (Bailu) c 279 > 5= Birdis- BAERREL » $ 2 B AR
Fleeh > 57 BEY BEh o M BRh dimFas> b4 o
AP TWRFfE47 B A 5] 5 fe e anlb o 2 frlm 2 a3 20 2 ahilg
bOESIEAR = ok o AT, Bk 0 B3N F e RIER125E > e
TEAR69T o AP Lo 47 L Bk PRSI HFEF LB LR AT TR

FenT L5 o
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2 I %h BRFES

LA P & FIES | Tk
2 gmis | 2019/07/16 18UTC ~ B . 10
Danas 2019/07/19 00UTC =R B #

Tt 2019/07/31 00UTC ~ =R o 1
Wipha 2019/08/03 06UTC )
=ac= | 2019/08/02 00UTC ~
C AT r§ . ,

Francisco | 2019/08/06 12UTC =R i o 19
{14 5 | 2019/08/04 06UTC ~ o L 1
Lekima 2019/08/12 00UTC g 7 B 7
R | 2019/08/06 06UTC ~ ,

Krosa | 2019/08/15 18UTC ¢ R oS 38
oy 2019/08/22 00UTC ~ j -
Bailu 2019/08/24 18UTC =R o 12

L 2L

FoF 125

2 i b (Danas)

BI5 5 2+ #Miige b j£2019% 7% 16 p 18UTC3|7* 19p 00UTC =

A
fu
o

BJSARAR 0 B R SARAR A 2T

B K0 § AMVE 2§ AMV R

Sk

L TR AR AT A AR 0 G
AMV p& g 5 v i T o i £ FDDA nudging # e 14 o &
nudging ¢hif Az @ @ ¥ Host g g (variables) { 4T XA G
AMV F L g, (235 £ e ik elead-timep® ¢ g+ - 154w 32 2 %
R (T B B P R TR S S RE152 2 1247 A (L W) B -
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# > FDDA® §&

il

(L5 e 8

H_tlead-time £ T

ek o R aEd PR LRt o FIR AT A RF o

35N

30N

25N

15N

40N

20N

(TWRF2.§_HY_LBCS_NFVS) TYPHOON — DANAS

1208 125F 130F

TURF (15KM) TYPHOON TRACK FORSGAST { 18/07./18/188 ~ 19/07/18,/008 )

35§ - P ’

gond - TP .

25N

20N 1

WS p

HY_LBCS5_NFV3) TYPHOON — DANAS

30N

2681

15N

1358

40N

35N -

JON - ;

25N

20N

AST ( 10/07/16/188 ~ 10/07/10/002 )

120F 125 1308

TERF (15EM) TYPHOON TRACE FORBGABT { 18/07/18/185 ~ 18/07/18,/00% )

1358

HY_LBCS _HB fdda) TYPHOON — DANAS

]

154 125E 130E 1asz  15¥ 120E 1258 130E 1358
2019 # 7 * 16 p 18UTC z 2019 # 7 * 19 p OOUTC = #mi5: ek
(Danas) % 6 /| PFipdR 2 H B R T o 2 23 7 AMV Fdlanrdle » &
y,

# i * FDDA $fw#- AMV 4Lk |

B AR FELIS 22 > T ER EL

vfx
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%=

DA mErEe b (Danas) ek S L

Danas (15km)

00h 12h 24h 36h | 48h 60h | 72h 84h | 96h
TWRF2.2 15 79 86 101 127 | 169 | 230 | 266 449 93
TWRF2.2 FDDA 15 68 97 119 123 147 | 201 247 572 | 477
case no. 10 10 10 10 10 8 6 3 1
Dz (Gl 00h | 12h | 24h | 36h | 48h | 60h | 72h
TWRF22.2 3 82 82 112 123 168 | 127 57
TWRF2.2 FDDA 3 68 88 110 148 | 176 | 228 204
No of cases 10 10 9 5 3 1 1

crade b (Wipha)

FhOBR L R R g S TR 2 LR L S
(R 6) o = PRSTE — 12> §F AMV

TG BCHORE b DRSS GEA o
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THRY {15K00) YYPHOOM TRACK FORBCAT { 19/07,/31/008 ~

TNRY (3KM) TPHOGN TRACK FORECASY { 16/0%/30/000 ~ 18/08,/63/083 ) WEP (SKM) TYPHOOR TRAYK FORECAST ( 10/07/31/008 = 19/09/08/065 )

2d
2
ety

v

&,
i
{“?

(THRF2.2_HY_LBCO_H8_fdda) TYPHOON = WIFH, |

(TWRP2.2_HY_LBCS_NYVS) TYPHOON - WIPHA , |
3 T

B 6. p 2019 & 77 31 p OOUTC & 2019 & 8 » 3 p 06UTC: jigtodeh (Wipha)
F 6 FHRFEHEGRT c 247 7 AMV T aile s + 24k
* FDDA - AMV Tl e it B {8 A 4ot 4R B % o F Bl
REELS 22 > TR EERFIES &L i % o

2w ! gk (Wipha) e EHL

Wipha (15km) 00 12 24 36 48 60 72
TWRF2.2_15 56 76 66 88 113 [195 [238
TWRF2.2_ FDDA 15 |53 65 81 97 109 [139  [202
case no. 14 12 10 8 6 4 2
Wipha (3km) 00 12 24 36 48 60 72
TWRF2.2 3 52 66 52 78 93 181 273
TWRF2.2 FDDA 3 {49 66 61 84 92 148 249
case no. 14 12 10 8 6 4 2
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;=#3 % Rk (Francisco)

j=#r% deh (Francisco) (B 7 2 4 7 )& 2 4 dGg > 3 2 2 347 & e
S REPKRFE 2 AMV TR Ee 7 AMV F

WToomF AMV SR s 8 B R E %

;‘__
1=
Ri%
Pa
<y
oy
<
F_&
4w
L
)
N®
\ (nnd
=
p

TWER (18KM) TYPHOON TRACK FORBCAST ( 19/08,/03/002 ~ 18/08/08/122 }
T T

Bl 7. p 2019 # 82 2 p O0UTC x 2019 # 8 * 6 p 12UTC, Francisco #h =
6 ] PFIERE A B T o 2843 3 AMV Falenirdle LB
FDDA # ji#- AMV ?;Fn"'ﬂ? LR A e BN TR AR % o

%37 1 =#3 %h (Francisco) ek &3 £
Francisco (15km) | ¢ 12 | 24 | 36 | 48 | 60 | 72 | 84 | 96 | 108 | 120
TWRF2.2_15 40 51 | 70 | 82 | 108 | 146 | 200 | 237 | 235 | 275 | 278
TWRF2.2 FDDA 15| 44 51 | 74 | 91 | 111 | 141 | 205 | 248 | 292 | 394 | 338
case no. 19 19 17 15 13 11 9 7 5 3 1

1% 5%k (Lekima)

5Bk (B 8E 42 )md S RE » B E AMV T4 > i *

FDDA #jtrie i AMV TR #3354~ FFRF (2019 # 8 * 4 p 06UTC)
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TWEF (1GKN) TYPHOON TRACK PORECAST ( 10/06/04/063 ~ 19/08/18/00% )

O
i\(“\n!?za_ﬂ‘!_x.‘aco_ne_xmq) TYPHOON — mmm.

[Q}(I?Ja.a_m_mco_nm) TYPHOON — LEKIMA
158 - -

120F 125 1308 1858 140 ! 120F 125 1308 1858 140F
. TWRF (3EM) TYFHOON TRACK FORECAST ( 10/08/04,/08Z ~ ln/na/m/onz ) 'rm (SKM) TYPHOON TRACK FORECAST ( 10/08/04/08Z ~ n/nn/m/onz )
5 R Z T ~ AT
4 s Y e
J,,./‘\L L - /
TP | ~ . B = g 1
3 3 of "%5 74
o © .
- & NERE
H \;
26N 5%“ ™ v ?;;{?' o
/’ I /' ¢
ZON N
o A : s H
1" ATWRF2.2_HY_LBCE_NFVS) TYPHOON - LEKTMA \" (f¥RF2.2_HY_LBCS_HS_tdde) TYPHOON - LEETMA
i i1 - i k1 -
1aN 1208 125E 190F 1358 7408 o 120F 1258 130F 1358 1408

B8 p 2019 & 8% 4p 06UTC % 2019 # 8 * 12 p 00UTC, Lekima &k & 6
)RR AR R GRS 247 7 AMV TR gl > L AR
FDDA #jiF# AMV Tk it 2 058 4 do Frehi 2 1;@; TE oo P Bl EER
FEE1S 22 > TRIAI AR RFIES 22 0 % B
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%> 14 B % (Lekima) it 234

Lekma (15 km) 00h | 12h | 24h | 36h | 48h | 60h | 72h | 84h | 96h | 108h | 120h
TWRF2.2_15 49 | 48 | 67 | 87 [ 125 | 177 | 225 | 275 | 340 | 322 | 361
TWRF2.2 FDDA 15| 27 | 46 | 64 | 88 | 105 | 158 | 224 | 273 | 322 | 352 | 398

case no. 32 | 32|30 | 28 |26 |24 |22 |2 | 18| 14 12
Lekma (3 km) 00h | 12h | 24h | 36h | 48h | 60h | 72h | 84h | 96h | 108h | 120h
TWRF2.2_3 26 | 42 | 49 | 86 | 129 | 171 | 236 | 287 | 273 | 311 | 406
TWRF2.2 FDDA 3 | 31 | 44 | 55 | 85 | 123 | 164 | 244 | 291 | 318 | 347 | 397

case no. 25 | 25 | 23 | 22 (20 | 18 | 16 | 14 | 11 8 6

FEIE%E (Krosa)

FREL(BOZA-)FA D A3 > OB HRE -7 B3

B ER v r AMV 2 ch& > F R iRk 4r » AMV

I RR e
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TWEF (15KM) TEFHOON TEACK FORBCANY { 19,/06,/08/00% ~ 19/08/16/18T ) TUEP (16MM) TIFEOON YRACK FORBCAST { 19/08,/00/00K = 10/06/15/105 )
- = -

— T o Ty ;
~ - £ - -
N ;,./ ‘\./ i - ] o ./_,_./ Ry J’f N
AN S S
RSN S N
- 3 Ly )
A0y rd ;
. L
sl - et > aanf & ﬂ“"j g
g‘"‘a ‘\ ¥ i‘;‘\ i?:i\ I.“ L
. , 2 ) %
ey 'h%} N 5
E " . %
30N gl ® 20w g <
= ig‘ - _;vi
;“" llf‘ L
Jgf Co s ! 7
amw ,f/\ . { 5K ;c*" 7
LV ()
. \/

208

5 Py
i i
[; Yy : : : b t
) : : : R
on ':‘- f(‘mm.a_m_;acs_:ma) TYPHOON — KROSA “u @im'g_m_;x,_m_“m TYPHOON — KROSA
1208 1258 1508 1358 1408 1458 TR 155E 7308 7958 730F 7258

TWRF (SKM) TYPHOOM TRACK FORECAST { 19/00/11/108 ~ 18/06/14/08% )

TWRP (SXM) TYPHOON TRACK FORECAST ( 19/00/11/108 ~ 18/00/14/002 )

% IS 4
ol P o
P
jod
; 3
| - p -
ar & A <
?’ 5 k S
» S
¥ ;
s 2] o 2
~30 > A
o ’,,? i &
s I3
/S
( / | {
N ( |
(TWRFZ.2_HY_LHCG_NFV3) TYPHOON - KROSA ‘ (TWRFZ.2_HY_LBCS_H8_{dde) TYFHOON - KROSA
Hx 1388 1908 1388 1208 (e 1308 1858

B 9. p 2019# 8 6 p 06UTC X 2019 # 8 * 15 p 18UTC> Krosa #h * 6
IR ERE R R RRE - 247 7 AMV T ddndle s v LR
FDDA Hjie#- AMV T Al it 8405 A S Branfii N SRR 5 % o b A
FEE1S 22 » TRIPEERFIES 2L 50 B8 o

Phe
|

P F B EA (Krosa)ihgs (S35 4

Krosa (15km) 00h | 12h | 24h [ 36h | 48h | 60h | 72h

TWRF2.2_15 47 85 92 102 98 84 76

TWRF2.2_ FDDA_15 63 | 69 | 63 | 8 | 132 | 196 | 178

Krosa (3km) 00h | 12h | 24h | 36h | 48h | 60h | 72h

TWRF22.2 3 48 88 98 131 114 175 | 124

TWRF2.2 FDDA 3 60 | 92 | 8 | 82 | 133 | 175 | 150

case no. 10 10 8 7 5 R} 1
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v Bk (Bailu)

Bl RS ASH & AMV RS AMV 34 ik 5 77 4

ErO RBR P ow s FP g Bene BB R T R E T A E
HERIE PR T R § P Xzﬂ e o Ml S 0 BT AEY R

ﬁ ’ -Qr%\, N ’:"—f--/-‘[: o

TWRF (1SEM) TYPHOON TRACK PORECASY ( 10/08/22/00Z ~ 19/08/24/182 ) TYRF (16KM) TYPHOON TRACK FORECAST ( 19/08,/82/00% ~ 19/06/84/18% )
T _ 3
B o -
i
b 7
4 - F
A
ﬁ‘)&

16N

(rmn_n*r_méﬁ_%‘i@%\m 00N — BATLY f

715E 120F 1258 1308 158 7208 1258 7308

TWRF (SKM) TYPHOOK TRACK PORDCAST { 198/08/82/182 ~ 10/05/24,/18% )

g .
o . EE/

% [N
(TWRF2.2_HY_LBCS ) TePEOON — BAW mn.aimfun‘sjj%,;@ ) TYPHOON — BAILT
. 15E 1208 1258 [ 158 T80E 7258 1308 —
) Bh = 6

VRSB GRS 28 E 7 7 AMV TR g LRI R
FDDA #jtr#- AMV T B8N A do et sV TR 4R 8 % o F Bl e
FEE15 22 » F E%IE'Jn—\.‘=HéFé“ﬁE3 P ki T
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3 A

v AER (Bailu)erpe S22 4

Bailu (15km) 00h | 12h | 24h |36h |48h | 60h | 72h | 84h
TWRF2.2 15 56 55 55 95 91 85 88 217
TWRF2.2 FDDA 15| 68 64 62 89 95 108 97 212
case no. 12 12 11 9 5 3 1
Bailu (3km) 00h | 12h | 24h | 36h | 48h
TWRF2.2 3 44 55 62 65 142
TWRF2.2 FDDA 3 | 34 43 59 94 147
case no. 10 8 5 3
6 BN HTIORE TR L T[N A 4 o
4 S BRA DTIOREFL
Total (15km) 00h | 12h | 24h | 36h | 48h | 60h | 72h | 84h | 96h | 108h | 120h
TWRF2.2_15 51 |58 [71 90 121 (167 04 [250 [279 [Boe6  [354
TWRF2.2 FDDA 1545 |57 (76 [93 [111 [157 [206 [262 [99 [324 [372
case no. 125 (123 (114 [104 |94 82 71 58 49 40 34
Total (3km) 00h | 12h | 24h | 36h | 48h | 60h | 72h
TWRF2.2 3 45 |61 68 |94 125 171 225
TWRF2.2 FDDA 345 |62 (70 [92 [125 [165 [238
case no. 69 65 55 45 36 26 20

B 11 &A1+ 8 Reh hig RPIRFLh- Bo[F o d BI9TT 58
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-10
-15

== TWRF w/ FDDA

30 F

_35 | | =—t—TWRF w /0 FDDA

Pressure error (mb)
)
(87 ]

00‘06‘12‘18‘24‘30‘36‘42‘48‘54‘60‘66‘72‘78‘84‘90‘96‘102‘108‘114‘120
(25)(25)(25)(24) (23) (23) (22) (21) (20)(19) (18) (L7)(16) 15) 1) (13)(1D) (@) (8) (7) (6)

B 11. Lekima B e 53 B 3% % o Lekima # kb 5 /S48 B 8 -

A A TWRFE ¢ ¢ S5 g% FDDA Hjisk iV & 3 353 0
AL o @ * FDDA $jiv#- Himarari-8 % :7 AMV F L5 » #55¢ o
FEPMTE 2019 E RIES AR R K GOER BER A B ] o A
AR E A 1 R Fl AL 2 AMV Sy inlicdp £ 7 8 JEUB BIE D

FAROE L > AP IF I AR AMV AL

%
~=i
>
<
<
R
=
§\
3

e o Z‘”'ﬁr"“ﬁ.pf—é‘- Rix o X5 50km o #0428 2 ek ke i
EF R Bhs i

APEH RS AMV B K T - AL £ M R 0 R EHGET
R RGE e T ek F R MR B R
(REFRIE)e 5T RFEZREOT 7 AP et 5~ Lo

g3 e bl e BAS o FERENSFSEE (B8) ¢ < 50km
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fe b i#8 CWB Gt b s higpi# & o FDDA R 287 7
p e 12UTC B4 12 B} P > 2.8 7 8 p e 00UTC & & > gt 2

B hiTk o adpsh THREFET - BHBPY > S5 TR
U6onAkﬂ@m&wﬁiaEJEﬁwﬁﬁgﬁi%%ﬁ%
Ho %o R4 L5 1 7hPac 37 wehdE 36 b & FDDA
i T BEA N R P GE T el RRTEOLE

SRR HRAPGREAT F OV A B KRBT 2GR o S

LOBEITAEE Kf 0 APILL IR s A v

Bl 12. 1+ B %h (2019) &8 % 8 p 00UTC pFj&_TWRF ehgrdle (= B) ™
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