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Abstract

After the Joint Typhoon Warning Center (JTWC) began issuing official
five—day tropical cyclone (TC) forecasts in 2003, the Korea Meteorological
Administration (KMA) started issuing official five-day forecasts of TCs in
May 2012 after 2 year of beta test. Forming a selective consensus (SCON)
by proper removal of a likely erroneous track forecast is hypothesized to be
more accurate than the non-selective consensus (NCON) of all model tracks
that are used for the five—day forecasts. Conceptual models describing large
track error mechanisms, which are related to known tropical cyclone motion
processes being misrepresented in the dynamical models, are applied to
forecasts during the 2012 western North Pacific typhoon season by the Global
Data Assimilation and Prediction System (GDAPS (UM N512 1.70)). This
model tracks are consensus members used in making KMA's five-day
forecasts and thus knowledge of its track error tendencies would be useful in
forming a SCON forecast. All 72-h track errors greater than 320 km are
examined following the approach developed by Carr and Elsberry (2000a, b).

Tropical influences caused 37% (47 times / 126 erroneous forecasts) of the
GDAPS (UM Nb512 L70) large track forecast errors primarily because an
incorrect beta effect-related process depicted by the model contributed to the
erroneous forecasts. Midlatitude influences accounted for 63% (79 times / 126
error cases) in the GDAPS (UM N512 L70) erroneous forecasts mainly due to
an incorrect forecast of the midlatitude system evolutions. It is proposed that
KMA will be able to issue more reliable TC track information if a likely
model track error is recognized by optimum use of conceptual models by Carr
and Elsberry (2000a, b) and a selective consensus track is then the basis for

an improved warning.
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Table 1. Basic models for consensus of typhoon forecast in KMA.

ID NAME ORGANIZATION
GDAPS(UM) Global Data Assimilation and Prediction KMA
System (UM)
NOGAPS Navy Operational Global Atmospheric U. S. Navy
Prediction System
GFS Global Forecast System NOAA
ECMWF European Centre for Medium-Range ECMWF
Weather Forecast
JGSM Japanese Global Spectral Model JMA
TEPS Typhoon Ensemble Prediction System JMA

2.3. GDAPS(UM)

Syl 714 2010 5EH-E U2l GSM(Global Spectral Model) 7]4F
GDAPS(Global Data Assimilation and Prediction System)olA <= 7]73%d (United
Kingdom Meteorological Office) &% 2l(Unified Model, UM) 7]8F S=X] of| B.A] ~Hl
S Este] GDAPS (UM N320 Lo0)E 449 d9e 22 vl 957
A THERE E50S AVIE FREY] et gr)HoR I 59,
2011 595 HE dA dxoA 29 Fd gD AW dny 22 59 s
T2 /M madE AA TR EE(GDAPS (UM N512 L70), GDAPS(UM)S 5%
i $adtogM F£A 4R A e} 3= o] A ATHKMA, 2011 and 2012).

Table 2014 1ol z%o] GDAPS(UM)E= 7)< 344Ql AAFonrdazy F
R E BAoR 53 AXEA 25kme] AATF el A7 80km7HA] 70l g &
Y HGE 252417744 Bejeh= JEtRElo|t(KMA, 2012). GDAPS(UM)&= ©7] ¥ %7]
o BTl olg} ElFelHoxE T 9 FHAG digk He|HS AW 4 e
ARAES AlFsta 7] wEol GDAPS(UM)O that elZ 2o o2} EARAL g



Table 2. Main operational atmospheric prediction model in KMA.

Summary

Purpose
Medium-range
forecast

Model (domain)
UM(Global)

Target Length
252 hours

Resolution
N512 L70

Configuration

Analysis
resolution

Analysis
domain top

Analysis
method

Data Base

Pre-process

N512L70 (horizontal resolution : ~25km)

80km
4DVAR

ODB(Observation Data Base) from ECMWF

OPS(Observation Processing System) from UK Met Office
© Quality control and reformation of observation data

Dynamics

Basic_ Non-hydrostatic finite difference model with full equation.

equation

Prognostic Horizontal and vertical wind components, potential temperature, pressure,
variables density, specific humidity, specific cloud water.

Integration Global

domain

Horizontal Spherical latitude-longitude gird with Arakawa C-grid staggering of variables.
grid Resolution : 0.234° latitude and 0.352° longitude.

Vertical grid

70 levels (surface~80km).
Hybrid-n, vertical coordinate with Charney—Phillips grid staggering of variables.

Time Two time-level semi-Lagrangian advection with a pressure correction
integration semi—-implicit time stepping method using a Helmholtz solver to include
non-hydrostatic terms.
Model time step = 600 sec.
Forecast 252 hours.
range
Physics
Horizontal Second-order diffusion of winds, specific humidity and potential
diffusion temperature.
Vertical Second-order diffusion of winds only between 500 and 150 hPa in the tropics
diffusion (equatorward of 30°).
Cloud Prognostic cloud fraction and condensate cloud scheme (PC2, Wilson et al, 2008).
Precipitation Wilson and Ballard (1999) single-moment bulk microphysics scheme, coupled
with the PC2 cloud scheme.
Prognostic rain
Abel and Shipway (2007) rain fall speeds
Convection Modified mass—flux convection scheme with convective available potential
energy (CAPE) closure, momentum transports and convective anvils based on
Gregory and Rowntree (1990).
Radiation Edwards-Slingo (1996) radiation scheme with non-spherical ice spectral files.
6 absorption bands in the SW, and 9 bands in the LW.
Boundary First order non-local boundary layer scheme of based on Lock et al. (2000)
Layer
Gravity Orographic scheme including a flow blocking scheme which represents the
wave drag effects of sub—grid orography.
Non-orographic spectral scheme which represents the effect of gravity waves
in the stratosphere and mesosphere.
Land Joint UK Land Environment Simulator (JULES)
surface 4 layer soil model using van Genuchten (1980) soil hydrology
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WESTERN NORTH PACIFIC |
SYNOPTIC PATTERNS AND REGIONS

MIDLATITUDE

Fig. 1. Synoptic patterns and synoptic regions for western North Pacific

typhoons.
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A NP RAS F 329 A3 2H8(Binary cyclone interaction)® W€l &
Heo} AHFE A (Beta effect-related processes)o =z o] Aws 4= 9t}

(Carr and Elsberry, 1997; Carr and Elsberry, 2000a).

T EHEY Aaage APHor AR 98-S v A= DCI(Direct Cyclone
Interaction)®} FHHEAQl Fggdoz 2o Jg&S v ICl(Indirect Cyclone
Interaction)® W@ tH(Carr and Elsberry, 2000a).

(1) DCI

Fig. 2¢] DCI MEREE Ao S 2(EE, AN, A7 )3 Bl wF

AARFo R 3ds sttt 4 2 st wdto g WitEe A =24%
dwstar glvh mEel A DCI WiAUGS ARy st Ko (E-DCD
T ESEoA 2ol(-DCDet= B-Fol J=ext7t wAsHA dv

(a) (b) ®

\‘ Time: Fest 1
4._

(d)

Time: Fcst 2 Time: Fcst 3
Locations of TCand 2nd  ====" Axis between cyclone
cyclone in reality centers
9 C. Locations of TC and 2nd ’ Rotation direction of
cyclone in model fields axis between cyclones

Fig. 2. Conceptual model of DCI in which a TC circulation interacts with
another cyclone (C) to cause a counterclockwise (Northern

Hemisphere) rotation of the axis between the cyclone centers.
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(2) ICI
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Rojgh w) A gt ol efgh e REloA] HA
Z Aol R FFow IS YUF Ao EoddAY &% HES UF
A RE S Aol vt
Fig. 3(b)= A% ®iFo] % Ato]Z&0l oal =9 Jaks vtk ICIWe] 7i
doltt, [-ICIW+ EHlo A Az Bie] szl dAxlzre Hd stk
ekl X2E HE o= wojE o WAsh, E-ICIWe EdolA A% EjEFol
AA R dA gl o] W ag mojd w whAsc)h [CIWeF #EE W2
9

UL 5F AolZEo] AZ o] BAF FHI|G] WP AR w5

-
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(a) Erroneous Model-predicted lndlrect
Cyclone Interaction on Eastern TC (ICIE)

Peripheral anticyclone ‘

C |
|

|

I
\
/
\
\
\
\
|

<4— from large cyclone to
/ northwest
May be a large TC
or disturbance, P
amonsoon gyre, a ‘/,’
midlatitude trough ¥
or cutoff low |
|
e Track due to Insufficient ICI (I-ICIE)

<+—  Track actually followed by TC |
i i I‘rdck due to Lxcessnc ICI (E- VICIl:) !

e

‘(b) ) Erroneous Model- predlcted Indirect
‘ Cyclone Interaction on Western TC (ICIW)

|
|
|
S \
Eastern cyclone that ‘
5 / tends to weaken the
Subtropical <~ C peripheral anticyclone ‘
anticyclone of western TC
that acts to ‘
steer TC ‘
v < Peripheral anticyclone from
western TC that acts to steer [
the western TC poleward
Lo Track due to Insufficient ICI (I-ICIW)
<«+—  Track actually followed by TC
<« -~ Track due to Excessive ICI (E-ICIW) s

Fig. 3. Conceptual model of ICI on (a) an eastern TC (ICIE) or (b) a
western TC (ICIW).
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2) Wletayel e A (Beta effect-related processes)

Helayel Add F2ea HAYSELS RMT(Ridge Modification by the
TC), RTF(Reverse Trough Formation)® T34 HEGZI(Beta effect
propagation and Rossby wave train generation)®t ##o] AdtH(Carr and
Elsberry, 1997; Carr and Elsberry, 2000a).

(1) RMT

RMT #4385 HojFa t}h, mdoa E-RMT7}F 23}
HeZE A7t AART sl o] FolA|aL, Fig. 4be] FA% sHERE FAIT

2AH HFo] HHoR WIS ve 3ol AAnv wEA G
A}, A, [-RMT7} 2Astd duA|7F d5Zo =z AAuc okslA #ubx o]
Zadlvte] BEGE HEL HFow N2 WS urlE aAv A AR

o AARY L2A FAsAY dAHe] gl A= Tk

\ a STEERING LEVEL WINDS
ﬁ Western cyclone or trough

(Source of Rossby wave
train)

Peripheral

anticyclone

of TC

~— §
; " TC may be moving
Peripheral anticyclone (
of western cyclone tSOIIJé?EOf west due
or trough o )
INITIAL TIME
b STEERING LEVEL WINDS
FORECAST
TRACK  GROWS TOO
RAPIDLY
C Peripheral
; anticyclone
of TC
~ ACTUAL
.~ TRACK
. SUR

Peripheral anticyciEﬁé g’ég‘%g ?OO
of western cyclone RAPIDLY :
or trough
DISSIPATES TOO RAPIDLY

Fig. 4. Conceptual model of Excessive RMT influencing the forecast track of a TC

embedded in the Rossby wave train of a western cyclone to the northwest.
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(2) RTF
gFol F /) At 5% EfFol MEF S vd Ak ol A8 9l
S ul ALY Aol @EgeE RTF /MERAS Fig. 594 BoF1 3lth Fig.
@A F HFS A4z Far|sre] 43S Wi vk AR, Fig. 5(b)el

A mel AFol mavlstdn Bl g T oHEY Feasige Friow 9
3

|

0,
o
0
g,
o,
T
=
H%
sy
Ll
b
1o,
QL‘
(g
fuj
Y
1o,
Ar
R
™
il
=
o
o,
A
—d
Al
X
ko
1o,
i,
Y
L =

peripheral
anticyclone

(b) After

Northeastward
Steering

peripheral
G\Qg anticyclone
Q~\¥0
peripheral
anticyclone

Fig. 5. Conceptual model of an RTF in which two Iinitially
east—-west-oriented TCs change to a more poleward track in a

reverse-oriented monsoon trough.
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THAETE MErde gFo] THAEE JAYgstar AAMZFUY dF&Fs v
TYEA2~E 9] 3t (Midlatitude system evolutions, MSEs)¥} < 2] A] o]
g 3FS W= RVS(Response to vertical wind shear), 18] 2tf# 7]t o =
A== P A @AY3E= BCI(Baroclinic cyclone interaction)® ¥ tH(Carr
and Elsberry, 2000b).

2 o

MSEs®9] 7|22 9] 7 de 9 =<3%Hcyclones, troughs, anticyclones, ridges)
of W A, gl A} el BFe] o]wol #H¥ AFFFIF Wt A
olt}. Fig. 62 9= A7 MstatAdat ariste] 1sta4ds Fste] MSEs
o] 474A Fiel Wi MERES =A43tete] Holga itk MCG(Midlatitude
cyclogenesis)+ Fig. 62 aolA] bl HAAH FQxo o] waddiy ©gZ<]
2o g3 v A A ¥Ha, MCL(Midlatitude cyclolysis)< MCG2] Httjz}7g o
2 9% =o] ostHWAN HFY MR TS T MEERo|th
MAG(Midlatitude anticyclogenesis)«= T9% o] Zst=m B3] =2 g3k
= "A= B o ® Fig. 69 collA do] HH o= =43} sto] HolFal jlon,
MAL(Midlatitude anticyclolysis)< MAGY] & #go = dista Q.
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CYCLONIC EVOLUTIONS b

d
I I :

I — I
0 /\/\.
-~ [

? ' \§A

6

ANTICYCLONIC EVOLUTIONS
m
T
/——' \ Dé& >
&G N\CED 5

d

Cc

Fig. 6. Schematics of the Midlatitude System Evolutions (MSEs) that may

lead to large TC track errors.

MCG7} #4384, Fig. 6adlA olddiar|gt 9 9% S/TEAA A7 &
A BlF2 Fig. 6bolA] Ko AZo] F9E Zo] waalA 7|gso] w8+

T WY vt Ho f 5E%O R st A FRE Akl "t AR
oA MCG7} AAET ZotA = ofatA ety st mouexs W
A g lon, AARG et Reste 4% E-MCG, AAEY ofstA &
et A$ I-MCGE FE3th. MCLS MCGe ®b Z2 A 224, Fig. 6bol
A Fig. 6a® ®Wiglsle zlstygela, E-MCLY [-MCLZ &%t}

Fig. 69] collAl d= zs}et= MAGZF HASHA, Al o] tha oFgt o} a7
oF H5Z S/PFolA EAZE ¥ Fig. 6¢8 C B1#S Fig. 6dAd F9=
Tol westHA ElE Co HZE FHYISH Algo] AtEe] HES AMEKow
ARE vbE 7k on, b3t 4% dA%Kos I2s vHe 495 Atk
Amdo A MAGZ7} AAET AsHAl = ofstA Asts BEE A6}
E-MAGS} [-MAGE 78 4 2tk MALS MAGE utt) Z2ZA 24 Fig.
6del A Fig. 6c2 73}ets Fgolv E-MALZ [-MALZ v},

MSEs MEEES T4 $H% 53 ddH ZZ A~ (Ridge-related process)®}t

=95 =3 #EE Z 2 A (Trough-related process)e] QJafo = FLRE = 9t}
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THE S PHE Z2AMAE E-MAG, [-MAL, E-MCL, I-MCGZ % il
A% =9 #AdE Z2 A A= E-MCG, [-MCL, I-MAG, E-MALZ 74

Fig. 69 A9} Co ElF A ¥, MSEs ZZA|A7)F ofdthar|gt %9 942 oE
o] gAgls WA= AF HES A AAEH AR HE 22D
HAstel] FFe MA= MAYUSTS =AM AP 7] we] FH=AE
HAUFOoZ Addr. B Ao wet $% oo ddste] = v
G W yetd = il S9% &8 F3 Ade] wA = =7F Wt
g 4l wEbA Fig. 6914 AAE 4572 MSEs /g 29, AF3hol] gh

T ATl AR AT W A BFH Rdo] HodE EHF A
ool Ao Zolo} 19} FHH A=y} AT Aol7t v A RVS
HAYFZo] TASA HH, AR 7t TASE B4 L Fig, 7ol Ho
F3L Ut} Fig. 79 a$} c= 4% FW /KA E(500hPa streamline)o]™ bé} d+=
Alol7h EAshE vhgralE o] ARG Ee|th Fig. TholAxd ®do] Kofs}
= HFY FE7F AA EEY gEek zbelrh var A# Alojol] whg-EkA &
W, Fig. 7a®] AR BF3 HA BT ols&ee o7t v "k B
do] meofsh= EF e AAFE HA HF AAFE Abolo xo]E Fig.
7del #Zo] JEAZ ] AjdFE o AAA Wi, 1 A3 Fig. TcollA &
AFol HE A BojetE HFS AA EHFl nlE] olE&re] Aolrt WA
st o ap7F WA SHA Ht

[-RVSE Fig. 7bellA o=z mAgh AAl B 729 vluste] & o, Xdo
LoJ&k= Fig. 7b¢] ddo=m yehdl BiFe] AT Ui da =ute A S
wjo], Fig. 7co] A7 Relol|A] AAsH= MR R 7} Fig. 7c] AAoZ
A W=Zof v w2A Zeo]Ec) whHel E-RVSis Fig. 7b FAe] A4 8% +x
¢} wlaste] Fig. 7b 3pde] RelR o] BFe] AxFx7t Y &aL Al 7180
A& wolH, Fig. 7c AAoz mdH RAR9| HFol5&rt Fig. 7c 9419 AA)
Az Hlsf =gAl Bolwal, Axe ATy ataite] £dto] 7| gt

|

_
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PLAN VIEW OF UPPER-LEVEL WINDS

Vertically- Height/size of VERTICAL CROSS-SECTION AT TC

sheared TC circulation
Westerlies TR

ek
e L i

N_ A _ E-RVS
Emm | et Y. Model ----------

Actual — — -

1-RVS
Model — — -
Actual ----------

Fig. 7. Conceptual model of the RVS. Plan view of the 500-hPa

environmental flow (a : analysis, ¢ : forecast) and vertical cross
section along the vertical wind shear vector through the TC with

different vertical extents (b : analysis, d : forecast).
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3) BCI

B Eol 2tiA7Iter A= Hold S Fig. 894 BCI /I Ed = Ko

Fa =, olwf EfFo]l LAV R WAYE HolHgs EHddA Iy
(E-BCD HE+= #A&(I-BCDaHAl R3S wl A3 owexprt wagic

Fig. 8a5 H4, HFo] 2ulA7|des WA E dolgolr 5% &=

HzZol| F9% Fol A8t HFS 5 otdur|dFe sPgAEd glo

)l A8l "k AE H

=
9o QER YT(EE 9% FV)E 43 W] FAAE AHOD HFA

2 = H 4

A7 Fig. 8bellAxs H&x sta e
o] ol #efsh= FAE o 7l27]ek B

WA 71t} Fig. 8de] E-BCIE EZo)

=

»

[e]
&
eA7|do e HEdE = RS AAERG A e 23X 2ol u 5% Hol

TR el Ee Ads RS e w @H fols: Hold Hth

Trough amplifies
and may cut off

C

—
Right entrance

Jet max @5‘

Subtropical
ridge A
broadens

1
meridionally
wraps around TC
TC becomes embedded in trough
a C and moves more poleward

LOWER-TROPOSPHERIC HEIGHTS /
TC drawn toward cyclogenesis area and enhances Bl occurdooiguickly 5
cyclogenesis by amplifying upper-level trough Furecashack usually
via warm/cold advection has a poleward bias.

TC develops frontal
characteristics and
usually deepens

Maximum cyclogenesis

_—— area under jet right -BC
P L / entrance region BCl occurs too slowly -~ %2
W or not atall in model. / 1

. { Forecast track hasa '
1 slow bias.
Cold £ o' wam
b Advection y y ' Advection

e d

Fig. 8. Schematics of two stages of baroclinic cyclone interaction (BCI) with

a recurving TC that is potentially undergoing extratropical transition.
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3.1. =MAt=z « 7|2t

B AFdAE sEuEt 714 Al ARS F<9l GDAPS(UM)S] ElE 3=
AFARE 7% A7FFAE 7 A BF T A vlaste] 72-h =
B Q27F 320km o]l AU ES EAAER A3
271788 20124 39 299 O00UTCel =HA3E Al13 efF<] o A 2
2012 129 279 12UTCel AuiAYT-=2 °ofstd A26%5 gl F7hA ot
GDAPS(UM)E= #i<d 00, 06, 12, 18UTC 43] oBgS Aasid, 00UTCS
12UTColl = Hd 252-h =B E F3hspx| vt 06UTCSF 18UTCOll = 72-h7}HA]
T A2dRE Fsitt wEpA, 7hed Hule sdvE dReatE HUsH|
A8l 72-h MEmAEAR ] tHete] FA ST AR H A} wHAYS FHE ¢
gk 22142 GDAPS(UM)9] 200hPa, 500hPa, 850hPa Stream Line and Isotach
00-h FCSTZ ol&3dla, oBde GDAPS(UM)S 200hPa, 500hPa, 850hPa
Stream Line and Isotach 06-h%-E] 72-h7}A] o H %S o]-&3}% ).

N
ol

i

3.2, AMAR MY

Table 32 7|73 =7 el FAE oA 2010058 2012974 < 3Wdzte] 4
B QIS H7hste] 2013\ HE AREEtaL Qs HESIA 70%EEH Hl oIt
HF B d i, 2013). ¥ AFrellM e =7t S AE o BEAA 70%SEH
95 Fxste] GDAPS(UM)7F 223k 72-h olB % 320km ©]/+2] Qx}7} Al
3 Abells Azen A AR skl
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Table 3. Area of 70% probability (km) of typhoon center position at 24, 48,
72, 96, 120-h later, respectively by KMA.

TAU 24-h 48-h 72-h 96-h  120-h

Area of 70% probability (km) 140 230 320 460 550

3.3. HMEZH S 0[8et EfSTZE2A} |l €It

20129 GDAPS(UM)OI A Al FZ el B o xpate Sol gk 491 593l7] 9]
o) w4k duge] AAsgel g vjaE Bt AR oA AAS Carr
9} Elsberrye] 7ldxde] A& A 37}s}3t).

Az Be A} A S HAH e e} Ajid Adu
A2 BFste] Hgagith dijud 12 Y99S F gEe] 4aagd wea
v} gEdd FHOR FEIYL, GDAPS(UMZF #dd AYRde some] =
B ane sEAd date] Breth FHERA Azed e MSEss

RVS, Z18]a BCI& F-#ate] GDAPS(UM)7F ZH2he] /i Rds Fore] e 3}
2] sh=A Frheglth RVSe A S9=dd oA iAYFOR ER8gE

b, A2 &35 (Resolution)o] el wel iAo RVS] ¢ <
A7k wagehe] ejAlelol 4 LA A9 RVS-t(iropical), 9149014 wAa)
= 4% RVS-m(midlatitude) .2 T3} tH(Carr and Elsberry, 2000b).

Aelgale] A%, duAleln wAse oA WAUZ FoA T elEe] 5z
& T QA7 Beol 2ARE E-DCISE Heta el e JAoA e apAE 7}
ol WG E-RMT AH1E Adste] 2489, FmAge washs oal
HAYUE Tl MSEs7F eabdle] iy AAste], MSEs ol 9=
T3 #E E-MAGS $91% =3 #dE E-MCG AlE 248k3lom, I-MCG
4% MSEs At wollM 71 wol sl F7F Z4sivt. Abdl= 243 5
7 mAYES 2012 7 WISl AR 57HA] X Ref W e Af WY FelH,
500hPa Stream Line and Isotach& ©]&3}o] 7l d =4 ANMAAS A3,

1o
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41. 20124 X2 2R} EAM

Table 40] 20121 HAefsgdgol A LA gz 7]dH o] Saxst T Hgn
314, GDAPS(UM)7} Aatgk 72-h oo dr3l4y 2L 7|3, gl
GDAPS(UM)ell A g X Zo| B o X} sl¢=5 Aeste] Yetwllth 7] BH,
2012 GDAPS(UM)olA BHA%E 72-h AR B 0 x= F 25719 HF T 1770
o] B FollA 1263] YEFRTE Table 49 44 A #5 kel 2]+ 2012W =7}
Bl ZAE 7 Bt BjF ARSI FEA T 6503]0W, 4WAl E = GDAPS
(UM)7F  F38%  72-h o] HFdESlgoln 299382 ARG
GDAPS(UM)7} =83t 29938]9] o2 oA Table 49 5¥1A oA HAFE
FAE 72-h BEYR 70%EEH 9] 320km 7] dolA ] A R e
k2 A 1263] YERRTE 25719 BlE FolA GDAPS(UM)7ZF Reldt 4719 ElF
(1205, 1206, 1208, 1220)2 ¥ F 2o w17 WAshA] kokal, B T2 4719 BlF
(1207, 1212, 1219, 1225)2 A dEBAIH 7|E0 2 72-h o]l 2thA7|te =z WA
HAY uiASHTER okst &, glFo] o] rtelA ALttt

Carr¢} Elsberry(2000a, b)e] 7/IdEH-E o] &3] GDAPS(UM) =1 9 4}
dole Hrlsk B Ao A, GDAPS(UM)7F Al = ot duiA 7]t o5
WS Auiste FoAES FAESH Rojsta e dde A7E JERd
Fig. 95 w4, 7 WidaA 23 2o o MAYSLS [-MCGR 45
Atk Fig. 994 & 4 S%e], [-MCG o2 RIlstA s X2 o1 0 ap
AYEFLS E-RMT, E-MCG, E-MAG, E-DCI, E-MAL, I-ICIE, I-RMT,
[-MAL, E-RVS-m, I-RTF % E-RVS-t o2 BEAEAr} 1 FolA 7} Hl
HepA 2 gal e xmex HAYE =, [-MCG, E-RMT, E-MCG,
E-MAG, E-DCIell tjgh AMHEAS Fsto] oaF A91s it
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Table 4. Summary of the typhoons in 2012.

No. of No. of
TY No. Name Starting times of affected model runs
forecasts error cases

1201 PAKHAR 00 UTC 29 Mar - 00 UTC 02 Apr 5" (17) 3"
1202 SANVU 00 UTC 22 May - 03 UTC 28 May 11 (26) 8
1203 MAWAR 06 UTC 01 Jun - 06 UTC 06 Jun 8 (2D 3
1204 GUCHOL 06 UTC 12 Jun - 00 UTC 20 Jun 17 (32) 3
1205 TALIM 18 UTC 17 Jun - 21 UTC 20 Jun 1 (14) 0
1206 DOKSURI 12 UTC 26 Jun - 00 UTC 30 Jun 2 (15) 0
1207 KHANUN 06 UTC 16 Jul - 03 UTC 19 Aug 0 (19 -
1208 VICENTE 12 UTC 21 Jul - 18 UTC 24 Aug 2 (14 0
1209 SAOLA 00 UTC 28 Jul - 06 UTC 03 Aug 13 (26) 6
1210 DAMREY 12 UTC 28 Jul - 06 UTC 03 Aug 11 (28) 1
1211 HAIKUI 00 UTC 03 Aug - 12 UTC 09 Aug 15 (27) 2
1212 KIROGI 00 UTC 08 Aug - 00 UTC 10 Aug 0 -
1213 KAI-TAK 00 UTC 13 Aug - 06 UTC 18 Aug 10 (22) 9
1214 TEMBIN 00 UTC 19 Aug - 15 UTC 31 Aug 24 (53) 6
1215 BOLAVEN 06 UTC 20 Aug - 21 UTC 29 Aug 25 (42) 14
1216 SANBA 00 UTC 11 Sep - 00 UTC 18 Sep 16 (34) 4
1217 JELAWAT 18 UTC 20 Sep - 06 UTC 01 Oct 31 (43) 20
1218 EWINIAR 12 UTC 24 Sep - 00 UTC 30 Sep 10 (23) 5
1219 MALIKSI 06 UTC 01 Oct - 06 UTC 04 Oct 0 (13 -
1220 GAEMI 12 UTC 01 Oct - 12 UTC 06 Oct 9 2D 0
1221 PRAPIROON 12 UTC 07 Oct - 06 UTC 19 Oct 34 (48) 12
1222 MARIA 12 UTC 14 Oct - 18 UTC 18 Oct 6 (18) 6
1223 SON-TINH 18 UTC 23 Oct - 06 UTC 29 Oct 10 (23) 1
1224 BOPHA 18 UTC 26 Nov - 06 UTC 09 Dec 39 (61 23
1225 WUKONG 00 UTC 25 Dec - 12 UTC 27 Dec 0D -

Total 299 (650) 126

the number of forecasts when the analyzed track position by KMA was available at
least up to 72-h forecasts.

() the number with the official typhoon information services to the public.

the number of forecasts when the model was affected by erroneous forecasts.

No large error case in 1205, 1206, 1208, and 1220;

and early dissipation before 72 h, in 1207, 1212, 1219, and 1225.
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OCCURREMNCE

Tropical-related (474126, 3% Midlatitude-related (797126, 63%)

Fig. 9. Characteristics of error mechanisms by GDAPS(UM) during the

typhoon season in 2012.

Table 5= 20121 GDAPS(UM)S] 8|5 H 72-h Bt Z et R 2o 1o 27}
LA Al Sl tig FlzeaE Ui Ao zA, 201269 GDAPS(UM)A
A Feget 2171 Bl 2993] 9] R RS Fol A 72-h AW ZQAHE 331kmE
A5 o] BT YA 70%EH I (Table 3) 320km ®t} 2 5A4S W3t} Table
5014 B, GDAPS(UM)OlIA A3 72-h X2 H Q2o A4¥ 1264 9] 3
TR R QA= 541km= A Ho] BlF9A 70%gER KT 221km FA W
EFStth. GDAPS(UM)S] 72-h ojH.e} Hluste] 21 Q) WAy SEo] 7} =
S HFE A22% HToR 639 AFHHE F 63 BF oAyt B PR
o ¥ 92} 628kmE Wtk 72-h B EH O 7L 7Hg A LG HEL n)
= 103 54 H F o 139 AR oA A
[-MAL(Table 8)Z <l&}e] 808km<e] =@ b7} YelRtc,

GDAPS(UM)oll A 2HA1sk Rl 2ol o2} el HANEE Fig. 109 YeRR
o714 B, 2007 320kme] A2 B QA Myl 7232 71 Wol 2 AEl A,
100~ 200km®] ¢ 2} M%7} 2 thS-o & 643 LEFLEA 320 km oW o B @A}

WSk ol WA

o=
ofr
=
32
2
r d
N
\]
w
fols
0"
O
0
=
Z,
-
=2
R
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Table 5. Summary of the mean track error (km) during the typhoon season in 2012.

TY No. Mean track error Mean track error of error cases
1201 338 (5 426 (37)
1202 454 (11) 534 (8)
1203 227 (8) 379 (3)
1204 242 (17) 585 (3)
1205 254 (1)

1206 304 (2)
1207
1208 275 (2)
1209 284 (13) 442 (6)
1210 203 (11) 385 (1)
1211 186 (15) 340 (2)
1212
1213 539 (10) 565 (9)
1214 258 (24) 499 (6)
1215 366 (25) 491 (14)
1216 236 (16) 511 (4)
1217 440 (31) 610 (20)
1218 477 (10) 717 (5)
1219
1220 183 (9)
1221 375 (34) 735 (12)
1222 628 (6) 628 (6)
1223 179 (10) 808 (1)
1224 345 (39) 425 (23)
1225

Mean (Total) 331 (299) 541 (126)

(") the number of forecasts when the analyzed track position

by KMA was available at least up to 72-h forecasts.

)

the number of forecasts when the model was affected by

erroneous forecasts.
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Fig. 10. Occurrence frequency according to error distance (km) by GDAPS

(UM) during the typhoon season in 2012.

2012 GDAPS(UM)elA] A g 2121 o} WAUSFS dd#d /dEd
7 FOEHHE NEEDR 783l Table 69 Ve

Table 6014 HW, 20129 HAHE S ddiad W= ek 491> GDAPS(UM)
o] 72-h HIFHZH AN 37%(473]/1263])E A8t o™, RMT, DCI,
ICIE, RTF, RVS-t2 E2%3lt}. RMT FZea wlAYELS GDAPS(UM)o A
Z2ulgtd W] U A7E BFe] AZ AZIRA EelA a7|sh &3 dEEe

ol g3tz HAAA FHIIHS A meofstHA A AL(Fig 13), 4.2004
AbElEAl S Eote] oA djls EA el DCI M2 QA wAYEFS] 45, F
of efFo] vAAYEe R st ES GDAPS(UM)7F AART Fdi=e] &
HA @A aL(Fig 15), 4.2914 23 90 w3t ICIE 22 WAYSS
e A= ZUAAIRE GDAPS(UM)OA T9%= &S ZA Rostal 19
ke FHA|tE AShAl RO EWA HFS o1 AFHIE AARTE s

FRE ek WA E-RVS-te] 9ol AR S AN AR B

O

=

>~
>,
=)
A

ul

okl mol@ ul WAL, WA B AATEE FA5T Ak
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Table 6. Error mechanisms for large 72-h track forecast errors by

GDAPS(UM) during the typhoon season in 2012.

Error mechanism Acronym Excessive Insufficient

Tropical related conceptual model

Ridge modification by TC RMT 22 5
Direct cyclone interaction DCI 10
glglslgeef; Tcgclone interaction on ICIE 6
Reverse trough formation RTF 2
Response to vertical wind shear RVS-t 2

Midlatitude related conceptual model
Midlatitude cyclogenesis MCG 20 26
Midlatitude anticyclogenesis MAG 18
Midlatitude anticyclolysis MAL 8 4
Response to vertical wind shear RVS-m 3

Total 83 43

Table 6ol AAIE vle} o] 20124 S EA| oA A H= F9% Al
walo] WASH= GDAPS(UM)S] 72-h W2 H o4t WAYZS 63%(7938]/1263)E
AA & o, MCG, MAG, MAL, RVS-mo.& HAE At MCG I2eat dAYS
2 GDAPS(UM)oIA S F39El & P F@aded A8ty A BEe] M &
oo R HolshiaA EE 9% =9 st HAS R HofstiA wA
s th(Fig 18, Fig 22). MAG =222} wAUYFS GDAPS(UM)7F tl5317] %]
S o] RostiA B R e HAZA Aste giFarv)gte] £
a7)1ke] des &197] wiEol WZ eyt wAYEIthFig 20). 4.3°14% MSEs
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AfA| Ao A WA s B F o ARZdH e A= WElay (Beta-effect)’} Ty =
ZA2~RMT, RTF)®F + HF9] 452-&(DCl, ICDe® Fste] AHE 4 o
m, H AAF GRS Falso] Fage weh dAold HHE FEZ oA}
HAYZFRVS-%E YERaL Jth(Carr and Elsberry, 2000a).

Table 72 201213 EA el oA GDAPS(UM)7} 2% molstn] uhAlsh doje
d A2 RoA 998 vebd Aoz 8719 BlEA 4739 27 WAlste] A
A 2B 1263] FlA 37%F 2A8FTt

Table 7. Cases of tropical-related erroneous sources (RMT, RTF, DCI, ICI, and
RVS-t) of GDAPS(UM) 72-h forecasts during the typhoon season in

2012.
TY No. Name Mechanism Occurrence

1204 GUCHOL E-RVS-t 2
E-RMT 1
1209 SAOLA [-RMT 5
E-DCI 1
1210 DAMREY E-DCI 1
1213 KAI-TAK E-RMT 9
1214 TEMBIN E-DCI 4
[-RTF 2
1215 BOLAVEN E-RMT 10

E-DCI
1221 PRAPIROON E-RMT 2
1224 BOPHA [-ICIE 6
Total 47
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(UM) during the typhoon season in 2012.
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tracks up to 72 hours by GDAPS(UM) for No. 13 KAI-TAK
initiated at 00 UTC 13 Aug 2012.

GDAPS(UM)7} ®eolglt 72-h7tA] oW A4S B3 vlaste] A 2ZdH Q4
HAYFo] HAstE FAH S Hol7] 3 Fig. 1394 A4S 22 AZtgE =

TES] vwE 4 QA YT Fig. 139 92 98 GDAPS(UM) 72-h7HA]
o HA o H Ao

2% Jdo oM BAZo

0, 24, 48, 727%] PH=Z -

=0
wEY ¥ 5 Qme Ty

_29_



2012 8¢ 13¥ O0UTC Fig. 13(a)¢] GDAPS(UM) %714 Fig. 13(e)®] i

o A7

Aol EEe] B

S|
ax

el

o Rzo

s

.60
e

s

S/TE® A

e
T

o 7)o w2 KAI-TAK

ox

B!
st

el
_foO

jgase)

dol Azt

= oA

Fig. 13(b) GDAPS(UM) <X Zel A KAI-TAK

°
T

24 A1 ¢

Al B ar

X
-

Fig. 13(c) GDAPS(UM) o B o= KAI-TAK

°
T

48A13F

bl 34171

S

|

7‘<jo

71¢ke] W E WA S/PF=

al

ol
=

3]

]

71<jo

o] g% o] S/TENA

s

Ny

ox
™
a

o
700

eN
-

Fig. 13(d)9] dE4s ®HW, KAI-TAK

<
T

T2413Y
aR e o e P

] S/PFolA A=A A3

45

o] %

A

—_—

Atk &, Fig. 13(h) &AM = BHFo

1A

2

o] ko
d&FS

el

oz AR A

4=
==

hFHol FdEol S/TEAAM A

—_
file)

™

iz

)
e

‘g]

o} Fig. 13(d)2] o|®m Aol F 7|

el

28l A shtel

A]

=
T

(850hPa streamline, H.o

i

3

[e)

9]

71

7

o] 500hPa streamline®] <4

=]
A

=
K2

==
o 1

—
file)

3L

al

0% 44

¥

i

g

4r

of dl=¥= Aol A

3

_XO

Bl A7 et o

TR BT T A EelF A,

22
K

o o

rAlskaL At

=
=

olE o1

N )
= wow

BEP$}

o]

)

_30_



(a) Forecast

Y 0
s s
a0 o
3 3

UTC 13AUG 2072
03KST 13 AUG 2012

TME - 000TC 13AUG 2072

m
h) 09KST 13 AUG 2012

09KST 13 AUG 2012+ 000

(b)

24-h
A

NN o \ i
JALTD - 00UTC 14 AUG 2012[ 000) TINE : 00UTC 13 AUG 2072

09KST 14 AUG 2012(+ 000h) 09KST 14 AUG 2012

e o
0 0
s s
B B
i s
o o
2 s

| . 48-h

SVARINY A
= G 2012+ 000h) 15AUG20T2 2
O9KST 15 AUG 2012(+ 000h) 03KST 15 AUG2012

-
“ i

|
| |

|
s | s
- -
. “
w w
- e
1. 72-h -

VALTD - 00UTC 16 AUG 2012[ 000R) TIWIE - 00UTC 16AUG 2072

N )
VALID : 00UTC 16 AUG 2012(+ 072h) TIME : 00UTC 13 AUG 2012
09 (09KST 16 AUG 2012(+ 000h) 09KST 16 AUG 2012

KST 16 AUG 2012(+ 072h) 09KST 13AUG 2012

Fig. 13. 500hPa streamlines for KAI-TAK initiated at O000UTC 13 Aug 2012.
(a)-(d) the 00, 24, 48 and 72-h GDAPS(UM) forecast fields; (e)-(h) the
00, 24, 48 and 72-h verifying analyses, respectively. Isotach shading

starts at 25 kt and the increment is 5 kt.
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Fig. 15. 500hPa streamlines for TEMBIN and BOLAVEN initiated at 0000UTC
13 Aug 2012. (a)-(d) the 00, 24, 48 and 72-h GDAPS(UM) forecast
fields; (e)-(h) the 00, 24, 48 and 72-h verifying analyses, respectively.

Isotach shading starts at 25 kt and the increment is 5 kt.
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Table 8. Cases of midlatitude-related erroneous sources (MSEs, RVS) of

GDAPS(UM) 72-h forecasts during the typhoon season in 2012.

TY No. Name Error Mechanism Occurrence
1201 PAKHAR [-MAL 3
1202 SANVU [-MCG 5

E-RVS 3
1203 MAWAR E-MCG 2
[-MCG 1

1211 HAIKUI E-MAG
1216 SANBA [-MCG 4
1217 JELAWAT E-MAG 10
[-MCG 10
1218 EWINIAR E-MCG 5
1221 PRAPIROON E-MAG 5
[-MCG 5
1222 MARIA E-MCG 6
1223 SON-TINH [I-MAL 1
1224 BOPHA E-MAL 8
E-MCG 7
E-MAG 2
Total 79

Fig. 16 GDAPS(UM)el A T Ead 2k Aoz dAs WAYSS
gz g YJebdth o7|A BH 54 wAlE 7939 Mg oxt wAYS
Zo A, FYE S #AAY TN ~E 483 LAY 61%2 AA| e,
[-MCG 263], E-MAG 183], I-MAL©] 43| @Attt A= el5 o] sl
A FAER AYstEA HAFTHY] TS e TR A2 WA S
GDAPS(UM)7} 2% molstdA Qxb7F #AEeth. Fig. 18414 GDAPS(UM)
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Fig. 16. Error mechanisms of Midlatitude-related error sources by GDAPS

(UM) during the typhoon season in 2012.
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Fig. 22. 500hPa streamlines for MARIA initiated at 0006UTC 15 Oct 2012.
(a)-(d) the 00, 24, 48 and 72-h GDAPS(UM) forecast fields; (e)-(h)

the 00, 24, 48 and 72-h verifying analyses, respectively. Isotach

shading starts at 25 kt and the increment is 5 kt.
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