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The Potential Vorticity Budget of Typhoon Nari (2001)

ABSTRACT

Potential Vorticity (PV) is a quantity that combines both dynamic and
thermodynamic information, and it is conserved under the adiabatic and
frictionless condition. Therefore it is suitable for analyzing tropical cyclones’
(TC) dynamic. In recent years, there have been considerable studies between
TCs and the PV. However, it appears that only a few studies using the potential
vorticity budget to analyze a real TC case. Thus, what kind of dynamical /
thermodynamical interaction processes could be obtained from the PV budget
analysis, and what phenomena will be caused by the steep topography of Taiwan
are worthy of study.

A compressible nonhydrostatic PV budget equation, derived base on
Pedlosky (1987) and Schubert et al. (2001), is used here to gain insights into the
PV budget evolution of a typhoon from its oceanic stage to landfall stage. The
budget is conducted using high spatial resolution (2-km horizontal grid size)
hourly outputs from Yang et al. (2008), in which the Pennsylvania State
University / National Center for Atmospheric Research Fifth Generation
Mesoscale Model was used to simulate Typhoon Nari (2001) and reproduced
reasonably-well results as verified against observations. Subsequently, a series
of terrain-sensitivity tests were performed to examine the effect of Taiwan’s
topography on PV budget.

When Nari was located on the ocean, its PV distribution exhibited the
typical feature in a mature oceanic TC. By the time of landfall, its eyewall was
contracted and convection was intensified due to the topography. From the
budget perspective, PV was redistributed via horizontal and vertical advections.



Latent heating term accounted for major PV generation in lower levels during
the oceanic and early landfall stage. And it also acts as a major PV sink term at
mid-upper levels. The friction term included both effects of eddy mixing and
surface friction; hence, it did not just act as a PV sink term.

In the terrain-sensitivity experiments, if the Taiwan topography was
removed, the friction term began to reduce PV over the Taiwan area in lower
levels, which was opposed to that for the full-terrain run. As a result, the
existence of Taiwan topography could enhance vertical eddy mixing. When
comparing latent heating term and friction term, it is evident that both the
Taiwan topography and surface friction are prone to trigger convection,
releasing more latent heat and leading to the increase of PV. And the cut-off of
ocean fluxes such as sensible heat and latent heat flux will cause the dissipation
of the PV ring. In the no-terrain experiment, after the typhoon moves into the
ocean again, a larger new PV ring formed. The asymmetry latent heating effect
occurred on the land-sea interface not only contributed to the formation of this
new PV ring, but make this new PV ring became polygonal as well. This
phenomenon may also be a reason that causes the typhoon move in a trochoidal

manner afterward.
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ey 27 E ARG > e B PR o fpE S E R
Dudhia(1989)~ # 45 &+ /% » T2 B A & S¥civ ;24 * MRF (Hong and Pan
1996) $-#c it % -

2-3  FH kR

AETAERY TR DA 2L RRFIE)ZBEFEITH A S
TEBRERE R AR RS U BR RS ES B
i?ﬁis?lﬂ'.iﬁ R MD 2 ARt B EATEF RN L HF
(R ARG 53 M= ) o HRPER T HORE T & 5 6 )7 R
CFERE2L DAK AR o S i Ty 2 Bried SoRKT R 2 AR%E 0
R B BAREOT AN e P (A E e RLAE)ME
(Coupled) #- 4= > %"‘fﬁp%ﬁ’%?fﬁ? o
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oA o AR MMD BEFS i o cf g B dE ARk i
HLIEFRLE B kR ,rzfnjé?@?] Mgk mEg A2 Fheq i K

i
*=
\‘Er

S AT RV IV Y g - h R R 4R kad MMD B & Bk
(x,y,0) k Soffdf = A S BRAET LA (r,6,p) c5 (245 07~
PRE90°~2a 5 180"~ 5 2707 )

2-4 HRERHRKD

v

RO BREL AR M EERAORF T RAT RiER P
747 % (Control Run; CTRL)z ¢t » ¥ #h:g {75 e 2557 B 7 B 14 )
e - AL R B AR R ARG R R A SR E B LR

c1No-Terrain Run (NT) ; @ ¥ — R H g — 34 % 258 % e Ao HE

A AR R F 5B FFT R e 0cean Run(Ocean) e



3-1 et AL

i g A s BBk RT L - T & (Pedlosky 1987) 0 ¥ dt 4w
e PR e ¢ T S o M R T 2 it e

el 4 Pedlosky(1987)."1 % Schubert et al. (2001)% Ertel’ s PV £+

SRR T T ‘é(vmﬁ%ﬁﬁ 5 s )
G_P__ ko7 v_
==V ViP-w s ! + va( F) (3.1)

(3. D& 5 £ 2 73 (Wu and Wang 2001; Wu et al. 2009) 7 ke8>
AFEG P HTlgymﬂzkﬂﬁLﬁ_F@ﬁﬁk 4 AN o H P PL Y BRI Ak
R Ertel’s PV (Schubert et al. 2001)# % &% %

P==7-V0, (3.2)

bIH

BB DNE (DN Vs kTR BV A aFAEEES (X Y) o w
=B AR N:Z BB HIE & (Absolute Vorticity) "pi 24 % & 0, %
Bk Ap sk F R AR F ¥ A~ ¥ g B =8 (Virtual Potential
Temperature) » E. & B34 o (3. 1) ¢ $8 2 p5 = ARSI > T ELE R
oI G Rk T TR o d 2RI 2 T A CRT R HE YR M)
oo T ATty R R M CE R Y A F G R R
# (Vortex Rossby Waves; VRWs) #73 & (Guinn and Schubert 1993) -
P BEINGC GARN AT AR R T % 2 9 L iR E TR
B aEERRELE DRHBARADPMF o B ARTREY £ FH A

RATEE R AR AT > Rd N AATHRY LR AT 2L
PIEARY 2 BEFE R > T A AR AR T AT 0 R
ZAHEEEHR TR EIL eI L BERIERIE  AAPF LY R 70§
R R FERER R R RS T o Mﬂ;‘g Boerig b TRl G K

éDO4E’1’7E§éF@‘$%]:’1?h‘~f"“rH o Ekde X it R Ak ehE o H my 5 PVU/s
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(PVU: Potential Vorticity Unit, 1 PVU = 10°m°s'Kkg')» % > T A
F7 0 Fpas-H 3k 3600 4 4E B = PVU/hr -

dRlet AR T g iR TR A LB TR R g . g
REEBEWZRZEELAMAG > 22 €422 S EHF S HFEPRE®
AR P (301) V¢ el T 3f s BERITH IR FAETIE o B
B e AT )N B A Brtel i A5 o 2w &
AT (BT il R AR A %é‘iﬁﬂl #e 4 0F
PO FR PR KRR AT R B ) A R AR

# *F Haynes and Mclintyre (1987)3 F TOE-RRAR R - o1 BEA (Tracer)
B® o FS BAEE g (1)7 SARE 5 hi i B §

2
pE
T OEFEGHIEY UG BT X

g
it

%yiﬁﬁﬁﬁ,g,gﬁﬁiﬁapi@@&%mgazgﬁiﬁék

FAEG T aEge @R AN P A R ERG
AR R R AT F R AG R ERERY A TS
®FiEAcR 2B 5 5 B (Chemical Tracer ) — 4 &ﬁ;rﬁrﬁ G Tk 5
LAy g2 i and & (& Fr)~ifds (L Fpr) *0 ddpess
e B R Go dept P RG ER

d 3 M5 555 7 0k 2 8O kAR A B 0 4ot 20k (Cloud Liquid
Water)~ 7k d (Cloud Ice)~ & -k (Rain Water) ~ # Z (Graupel )= 2 #=(Snow)
AR Aert (Mixing Ratio)en AL » #7034 - Schubert et al. (2001)7 *
WL e WY BRI R kiR WO R D kAR
TR FReh g0 B R AT (2 PT 1996)

Ra/C,
0,=T, [p—;j (3.3)

By s %k % 1000hPa H% L B sps FROR SIS F2EEF
WHH Cp WBRTHEEF 280 T,5 Al 2505

’



T =T £€*a (3.4)
" e(l+q,+q.+q;+q, +0, +0,) ‘

v

SICEF F VBRSO LAF YLV E 9,002 G~ Qs> qg~

B 5K s Rk ke~ Aok s 2 e B R £t o

&
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=~ BHESE

B4.15 227 = e2fi@F % (CTRL/NT/Ocean) ¥ ek E&IZ c it
% 0 25 CTRL Run 2 %% > W8 31 % 42 /) F2 5% > BRI
(BR4.1)~5%R8 (B4.2) #2 Yangetal. (2008) 8% (B 2.1) 4piF -
B4 % NT Run > 45 Ocean Run #7.% % > NT Run £ Ocean Run & 72 -]
PR2 (S Bk BT 00t el o W EOR T T2 LBk o

T R SRR P A B EORY 22 0 - % 200~ 2 % 20 0]
%ﬁl‘éii%*o BT 30 ) PR 2 e S THOR D) R AR b B SR T

0/ pis®adima st > 2 CTRLRun » ®eh € #§ /Le # % > & & NT Run
2% QOcean Run ¥ #eh € f it -2 3 Snd Bprt8 2
* o NTRun fi& » 7% 3 30 & RT3 18 0 S0 B0 60 /] PP (2 00t i pr g I
FLE SRR T R e b BT T s Bl IR g o o ST pE
Wb 37 0 FRFEVGPPERI T RGN SRR B F
FjEdr A enpy AL (6 ~d- X)) 7 RS R R A R SRR R T
(Trochoidal oscillation) #fig = (@] 4.1) > &ir R R
FR4T R F 498 iR T REFY Lwﬂk‘v’ i ¢ A4 RHFA (Aliasing
Error) > @ ig = b Eeh ® o % 2 kiw o

APy RFE(DEFES 30 ) FERFFP o Z 27 HRAAEL D
it 2 (2)% NT Run 22 Ocean Run #2 > ek 3EF £ %€ 378 » /3 1512

E‘J’J% L ]‘i‘rl ’ j\xE‘.f‘r P",ﬁ”}{)‘m 'uﬁ‘éo\’}fr °

4] IR A GRER R

B 4.3-4.4~4.5 %~ % 2 CTRLRun ** ¥ % 1823~ % 25 ] P& »
>(a)l.h 22 ~(b)h.4 22 % )iﬁvfi;féﬁmki/} B R (C)isEkh T
AL S T ,glrgmg_@i B o dipu ,_‘_E'_]E]"’—Jﬁ 4 puf.uag)}g d & F
GRS S dE 2N SRV ,,Ia/w\ g SUE



& T=18 hr pe o pt P R e h = % B & - S REh » 7
Lo =2 FavkE3e t (B4 3a)f #1d >t~ b & 22 (Radius of
Maximum Wind; RMW > ) 5 PedB2 i) 2o e ¥ %87 8B 0 0% PR ey

A ERET RE R AN S EEFRAR A RN 2P e onl
B 5.4 22 FavkT3at (B 4.3b) "33 %) FEREE
(monopole) & 2. & ik & » iz H Fla /R §F 2@ w7 Mk b id ] o

PR ATR o PR E 3 ¢ (Bl 4.3c) VU EE g
PEEAs FERER A LR A ER- H A2 A3 E (Yau et
al.1999) st PR 5 #BiT- €3 &~ % 3 i (Yang et al. 2008) -
& T=23 hr P& > Wh ¢ TEHP PR R Ii’i»;‘ﬁig
X EBEAGA B b g R ER f ] § aEA R =ik
WEHn  FF AL o222 kT3e? (Bldda) 2iphkdms P
B LR B PR G o s T mfgv]z;./w\ﬁa 5 TR @
RS2 Mg o F17 T=25hr pF o pFiE A 1.5 22 (F 4.5a) %
5.4 =2 (B 4.5b) & Rjww PRI E L s ¥ > BA T F e =+ 5 -
Hiar i o
Tz BREFEE e ? (Bl4.3cB4.4c B 4.5c) L s iy
aﬁmﬁ%ﬁﬁ%&ﬁﬁiﬁwh’wﬁ Y F PP pR O G e
B2 G o E A S F P R RIT R TR &b
2 ABH o BRI F K S F 7 R RF HIFES § AP TiES
v]tﬁ”‘ﬁﬁ)ﬁﬁi&% By & REFhEd A et A i Ak
iﬁi‘m#« AR BRORIGEY IR TR G PRGN GFIR R 0 T v g g A
ZENERES S SUMP TBE 30 M % 7 F- TS RS B E A (2008)
% Yang et al.(201la)s % - % -
Bl 4.6 = &- H#izipd RAEEH LRS00 D) E R A
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e
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t6 » ¥+ 875hPa ¥ B G F > i & Tibng % o USHRE Y NPT g
FPRh ARTLAIERLE S P PFORBHRERERE > 22 Wu et
al. (2009) 4 4tzp g h cha 452 5% (B 4.7) 4pvs » 7 103 IEE AR “p\;f@
Rt dn i L e hhp Aoy Wi-7 BAdkh » LH FiF
B iR R R A EE R G T R % 7

e
Bofhng ok 2 PURRE AR AP LA S (F 5 ASPVU =% ) e d PR
1

\

,:,»

> & T TS

—\

Y
<

FpATo BRI R hbe 4 E R (PHRTR R ) T oA o ed
Ao (47 AR iamh )00 ), s f"iliﬁﬁi’\%’“
Wk = 5 - fF B RATZEE A2
R HE - REFRELIER B
AP T AR o d TE R fTiE 2 ek ok p *
ddeo 4 Pesg B AR RS- BERE VAL 0 o g M E A
SIS 0 A B R REFE W RR BREF L& et o

A"‘
KON
-
=
)
R

4-2 iR A A
4-2-1 T niE* 3g

Bl 4.8 ~%i(@)% 18 2 (b))% 23/ » RTTRIE M E &3 T
MR ARG LD 222 kTG o d WY TR kT TR TR
Beifd - BRBSINY - BRLP > ELHLLETRBIE(Ipole) &
o H A IR s ploR T TR Iﬁf ﬁ‘g-l“q[\g“'ﬁg// PRI 2t RV SRS
e b ¥ o2 BT il il 2 R DRI G R P R F T ORIER
g B i A R R g o

B FHR F T (B 4.8a) 0 LB TR TR S G A B L E
—z’a’ﬂ,;wm*a s (RMW 22 L) i o B 7 -3 T jm (5% 30 ) AU if B o

PR R R PEd o R

{éf
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LAt > 23— A ad BLd Tinier g § et Bk BN RS
SO BAR TR Pty R A S e A gRT g D) FH R
G\'é ?j/gkﬁ”%h;}‘%?\fiﬁa’ L?vi% ki’__}'ﬂ@'ﬁ%?‘z—-j‘fzo

4-2-2 FEH T I

Bl 4.9 @£ T* 35 % 18 ok (a~b)&LE (c
Bk (B 4.9a) *F ¢ o piE* g h T2 e 2 RIFHEEA DL AP
Bend Fpk o @t b (B 4.9b) 4 F ¢ TR H e S D ke
AAet R RARE o R NIRH IR SN f ke d 2F 3G
(B 4.9c) ¢ 7 g itz A GaE - 2 7 g R
SR ek AR - B o G EE

BAFEh Fred A A (B 4.10)0 o 203 A0 50E citig & <
B R EY OV M HIF A 2 L TR AT PR %

(Bl 4.10a) @ EE LR PE > P RSd BREY 22 D iFieiE > b

)4 i 7

—

TH 33

FPA R o) L3205 W 4 10c ¢ T
F 30 AT A G ARk 7 1S % Yang et al. (2008)F 2 Fp i
ARG - RWEBE S o2 HRIFHET e FATIG o g ohy T U
FEER T ST AL FRES AT KA F Y RERLH TR A
JBend S R A kR Arid & g % (Franklin et al. 2006) 0 @ i
HETFP b A BEZ AR BEF 78R B33 WA 2wt iR
S L g R kR T P EA L Fla Y o em REE KRR G
B (Yang et al. 2011a) > 4-B] 4.10d #r7+ > 827X:% 8 4.10d *» % 22hr 2
% (A HE RS 2%hr 28%) 2 BT UPESFIARE 7 92

|

mR G FaA 2 AT e DR AL R R o
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hipd shd-E 2o B¢ (B 4.9c~4.10c) Mk gd Bfivr o704
NN RS B T AT R Tﬁ‘f’c#fl TAp ke o EBor S d RO AOEA AT
Ad i FEs ARG SR TR P KL e ik
S F Y REER RS AL et E S *rsg TR - B R

L F) 532t B OTAUS R R & e
BB Ead > f R HR > A2 HEiFo) T% (Haynes and
McIntyre 1987) -

B s fRy FAPERIS R A S 2 AR % o s2 8 2N MMD S
AR R R ¢ ow g F B aRIT vk ~ 2-kehs & (Yang et al.
2011c) > it -kApded chdp R PR R € g H SRR o B R T R P
ERE ?CF‘%I?F v R R RO AEIE o

?b@élt'ét%lb Rals % -1/” T r‘i’jl‘:’% s '1]?5;}4 P“f"%& ]’f_l»_)?g}‘ %g

jud

BEXL - - ek iF o

gls‘i

SRR R THEIR % 0 BsE AL N R Rie R BT F et e
Hi®FTF5 P‘v}l*ﬂéh’z bR PR AR A e ~ ondE 3 (Yang et al.

2011a) » KT LA iE® i Fis & cnP B 3 L L RP AR EA T ()
4.8b~4.11a)» 7t (®% @& R F F SV nFBEng B0 o e i
PSR A R PR E IS M e PR B 0 R a2 A

L ERKAG (R4.10a~4.11b) - i&m @ iF T REm2 A T o

4-2-3 BT 3§
d P MRF SE R A Sl T N eh BT e 7 R e 2 B
A

Bert 2 BLR £ R 0 FUI AR efct 1 7 - R4

i

wi 4.12a 7 > t“E.ﬁé}héfT%& (3t ih b oo b RS B B
&
v
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» L ERF > VURPERZAE S NP EE R £ 4 (Yang et
al. 2011b) 2 %% » @ M PFd >k B HEis s & BT B4 00 0 &
W RBRF Y { aiE-

AN

LOPBE o METS Hd 3 A
i

4-3 3 TR B R Bk

RGBS HERL AR H P PR TR L R RS PR (R
AR RORIE M ek L AP 2505 22 F O(CTRL vs. NT) ™2 & 4 £ en
2 E (NT vs. Ocean) ¢ $tiiFictd PR -

4-3-1 A HREA BT

Bl 4.13 # % 5 NT Run **(a)ErHew e -] & ~ (D)% Hefé - | 112 (c)
FREZ PRS-l i ?*fi&ff’ CTRLRun (Bl 4.3~4.4~4.5)
ww’?uﬁzgﬁ%ithL% Wb FIEPTRT 65 R RS
R IR Bon e SR g2 ER > A 2 E P NT Run Al T
i CTRL Run 78 4% &1 5P A e F @ B30 8 (7322 w2 % Rl ap

-

ie— # # NT Run %% (B 4.13) 2 Ocean Run 5% % (® 4.14)
Rt g A F g Pl NT Run @ > seh R A0 F (B 4. 13b-d) *

Rt R T 26 b OB i f,&? B A3 > 4p ¥ Y Ocean Run *

F.

Kk

B M Ad BN Hc 0 A & Ocean Run A2+ 2§ SR % > F i E
GEEE-BURY T E RN i F P REE e

gt T g e R AT B g B TR L BER S HME A
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Fiiﬂmm,;,;\,aﬁ%:" imﬁﬂfv’liﬁ'&}ém ]\,11513‘ M, 1;‘%_&]"%&

M A F P R R T e AT R - R o

4-3-2 PiRfCABEAR R REA
79 4~ 17 NT Run 2% Ocean Run 2% rpewvw | p% (T=16hr) ~ & F£ i
| P (T=21hr) ~ & Mt = -] pF(T=23hr) 1 2 Z s = -] B (T=26hr) 0.3
SRR R e BT AR A G2 (R 4.15) 0 AP E rLE e 3
4 ﬁ;#« 5w kg AW AT LA AT p\if’ﬁ;)k AR I W
LEAGEY § ot LR S S SR E S SRR

AR H4 5 (B 4.15b) -

4-3-3 iR APFRRN DRI

B CEfR A P BRI WA 4T TR N F o A R LR
€3 R MEEE A FF Itk 0 B B % Tuetal. (2009) e % 4p
Fod WA16F Frug e piRher FAALE M E 03223
R EH b AR SR RS P AR TR B RS
Bt i A @%§w¢7wﬁﬁﬁﬂﬁ%l»ﬁ(@41%)§wwa
Bgeied HandE 3o kg (B 4.16)+ ¥ 0q 3 Al ¥ P A
R TR IR AR o P R RS F R A2 t#(ﬁ4m)
Ptk 0.3 228 A R3e o OceanRun » # B# (T % 5 st ik i =
et ﬁzﬁﬁe?ﬂs NI ERR TS 2w R AR TS e 2 (SRR IR

BE BT T FEEITY i % o AN iR ke & R 2 (TR
LR F REACE o R € W MR e~ RAEHILE B S & R

4r o 2 & Ocean Run ¥ B2 F 4R % o
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A4 AR BRR5% R NAE2 B

= 2f%¢ > d NT Run "4 % Ocean Run *7#-# 3 K@ h € & o 4
FRELE A @mA e v IR RR A R g 1A e
wNTRun @ » % ®eh 3H &£ 8P ¥ g 2 RPEAT, > (RI4.17)

BreERM S AR ER- S22 AR > A 2 E AT ehi
TR e AOVER BT R NEIEROIL o %Y Tu et al.
(2009) ¥tz ok *rE 7B iRy » FHORLBPFERL » £5TY
PIEG P REAT IR R L AR % A Ap e o (B 4.19) - 48 %3 Ocean
Run )iz 3 @R % ndim (B 4.18) -

g pflet AdTe T @ deh EATH N EG (S A2 iR T g
A2 S EA Ak 4R Ed N JFROER AR A a0 Rk ik

AXFIRpFETVRITEENE TR FAEE
BE A ARITH %0 gé_iifg%ﬁ;r‘s z'ﬁii‘;fé B (B 4.20)° 5gte
PR A R AR TR L 0 TN AR R e R
FAE o AT EEAFDF L o FRE X 2B IEG P PR
Boeig B dR3E o kid H S Thoma 135 miE A A RGE A A RE i
#HLFEw L _ﬁi%fri“a' 5 — FRPERT (S o LR A BT A B
Bl 4.20f) c ¢t 2 LA BR L R EATE L PIFR
Az a0 5 b 1395 Wu and Wang (2000, 2001473 - 2t 7 $H4E
e AT 3 ¥ oac s Bad 2 NT Run @ o “ricied dple b B RBR R T
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T~ BWEAREY

Ak P EH* Yang et al. (2008)91* PSU-NCAR MM5 5% e 37
(2001) B b 2 & P65 247 B il & > B - A 17 iffed 2 A
A5 F\TH@EBL PERREFL AT Figd 4 %%_;%%% 2000 E B
ZARRFHREE VR RN LR B EL R HA R CF
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Sz o Ew A 23 (Wu and Kurihara 1996; Wu 2001; Wu et al. 2009)
ARPE D T R EFIER IR o e d A Hh FHRPE BRI 2t E RER
b ERAEI s A AR IE 2 B Wu and Kurihara (1996) ~ Wu
(2001)r4 % Wu et al. (2009)e#7 3 ¢ k> dp HBERF i i 2 T;'Ul?c
FA IR R - BB o e d M ABRITY & 50 o0 kAP
AR % R C N - S L ric*“lv\%‘rfﬁf O SN o Ly
e I8 (o BE A Z FF 4 4rE 5 A Yang et al. 2011c) k&) %r
2 A F A g AP AARBI P RERE SN BE T REE-HR A
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LT GRIEH B R BT LHIT 2 B % X (BE TR IE) R
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T 7@“%}1& STRLITRBKIT IS (R ) HALL A Fx £k
T RN AERASEER S 8 V- BRFT AT S d A4 e A
0% AF A 0 LR g Bl (57 D4 ¢ AR B 3500 2 ¢ )0 Flpt Ap T Wu
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RF R L S A e > 2 A A iiF i

5-2 A KB ¥
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o FlE v R E A G- F FR EERY F AR AR HHEE
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Yoo PR SR hinif o] c B E R 2 AL TE G F - Ol
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‘v#(Dissipative heating) 7 * $t#+F §F %2 R+ § ¥ 3 ¥ LALRE
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(a)NT Run PV distribution(PVU) - 4 hr before landfall (t=16hr)
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(a)Ocean Run PV distribution(PVU) - 4 hr before landfall (t=16hr)
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14.0
13.0
12.0
11.0
10.0

9.0

8.0
'E 7.0

AN

75 50 25

206
1
28
-
v
7 o
I = &
T 122 50 I Distance from Center(km)

(b)Ocean Run PV distribution(PVU) - 1 hr after landfall (t=21hr)

AlongTrack PV Distribution (PVU) - Ocean t=21hr

2558

360

By

121 56 1228 © 20 2 Dist:n_ce f:m Center(km) 2 =2 22
(c)Ocean Run PV distribution(PVU) - 3 hr after landfall (t=23hr)
bo 0'3km 15.0 AlongTrack PV Distribution (PVU) - Ocean t=23 hr
d 14.0 \{_—_‘/——'-'““"’_/F—
130 oo
120 Lo AT
1.0
10.0
P 20
£
6.0
50
40
30
20
1.0
o 1215 LEloE 1228 (& =0 <2 Dist:n_cef:m Center(km) = 2 »
(d)Ocean Run PV distribution(PVU) - 6 hr after landfall (t=26hr)
AlongTrack PV Distribution (PVU) - Ocean t=26 hr

26N

246N

75 50 25

= 50 75
1218 121 5k Distance from Center(km) z

PVU W10 30 20 10 5 2 2 5 10 20 30 40 50 60 70 20

W 4.14 =B 4.13° = % Ocean Run 2. % % -

45



(a) NT Run Friction Term @ 0.3km

(b) Ocean Run Friction Term @ 0.3km
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(@) NT Run @ t=23hr
Latent Heating Term on 0.3km
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NT Run PV Distribution on Z=1.5km

(a) t=43 hr 7 (b) t=46 hr (c) t=49 hr
(d) t=52 hr (e) t=55 hr (f) t=58 hr
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Ocean Run PV Distribution on Z=1.5km
(@) t=43 hr (b) t=46 hr
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NT Bun @ 300m NT Run @ 300m NT Run @ 300m
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