=5
T 2
CWE

#‘: N
o
i
B LS
- g

o
i
3\
@]
,L L
1
F
S



BV APt
B LR ETIRRES

(98 4% 4 FRATIETERR)
AYZRESF AT Z S ST RE (N RIS AA ~ B EfaE 1 8k » R A AL

oL RER > BEES AR/ B2 ER 5L o (AN aR R — 4
(VHEE QZRIFER
( DHEE (—F&H - REE
( OEHE CHERED - FEE
( HEE CEHFEHID - FNE
( ATEE  FAE:

PUESE ~ SEE R 1L P A R EE R R R B E a6 - AN s T B E
EaF ) 28 REgEt G EEs HEY - A PRI - BB EL
DLGHRA ~ it ~ Yelle L B2 REIT AR EYEmSss: ~ B8 AFERRY B33 T
St A\ DA T A R BB Y » WS B AL A Em S BLEm S BT A5 L
EEEEE G sRAEEEENEATRENMEE 2R e - B - TaEESIH] -

Wzt BGsE 5% 1 976201022

s SOt GUFIEEE (2001) Z7KISZ ot

feEEFE HHC

ENC I RRAFRAHTE Fr O£ MEEEDE

HEA - RED_99 #F 7 H_ 20 H
it

1. RIHES 2 EREERE T - A4S IREEREAEE 15 5R5E 3 A HE » R
e FHRIBITHE F B EZF RS AH R 2RRE - A HHEEA SR ES & - FEEK
KEZEBES  HARTHMEBEHE > FAHARHEKABRHEZEFZ
http://thesis.lib.ncu.edu.tw/ T -

2. REEEESWHRES A% SN SRR GBI RE (23EFENZE
%% THEKITFAE) -

3. FEMEI— Bk 2 i > IHEIDHES A% - NBEEEREE B EE (Mg REF
LEIREZEE)

4. FEERNENIFEFIME 243 TR - BT - THEEGIH S 0 EREERE AR
FEHFE -



http://thesis.lib.ncu.edu.tw/�

B 3L KSR
X I EHITEEE

KR BALAIEFR __BRE% AR

Ry £ ] BEJRL(2001) 2 AR i % 5

BB AATTEL  AERAFE -

/ [
1B FHIRL %/7 o > (%%)

99 % 6 A_7 8




B 3z P e KB R EEAT R A

WX ORALBEFET

AR B AHIFRAT _REE RARE

PR Z 3 X 8 A BEBL(2001) 2 7K i % - #1

BAZB RS WETHLSMBELERIZE -

=i
m
N
=
~\
_lT-H~
&
s
e
m



PR

B

S

RELPIE BN 3 RS M A §F T R B R T 0T
*feZ KRB RYC R B R AR A B A Y * Yang et al. (2008)F1] *
PUS-NACR MM5 #=5\ $i2 ”p\%’ﬂé B (2001)2 #5¢ %] (M fhRf B2 7
Bl fEir R F8 ) Fd -kjed (Water Budget)® #7472 32 kot i
hofd B EHEERYF 2 R A G o 2T %% Braun(2006)2 -k

fid

—_

ii*%»%jﬁ&kiﬁ?ﬁﬁﬁﬁ%ﬁﬂofé%&%%&$%4ﬁm

) ok 20 F (L

&

~

e

2R oria BARORE PR (EEL0IL02
50 %2 150 =~ 2) -

Btz B b BSHOTERET G PRI RE B (AR )R R
RS RERR RN DY B G R RS RS T RE F I
fod R T4 HAE SRR R B R RS B BR2E

Tt B RSB 26 AR RGN Y SR 2 R

) ET ok X A H S e - B oo

d ket dhig % 1~”J\”"r’é?‘féﬁ“rﬂ'%iﬁfﬁiéf'lﬂ'i%lf\%“ﬁﬁﬁ
FOTRES S 23,500 AR R R E L E IR S X NN G AR RN
13%’%Nmﬁ%ﬁéﬂﬁﬁ%ﬁﬁﬁwﬁﬁgﬂ%mmﬁ»ﬁ$§{a

o= FRe o gt 2% 2 Braun (2006) 478 Mgk - R o B RS AR R

Bh TRon o R EMEKF AR LM A TR R R o o
BRSO R BER S T KB F I IR R A

9" 18P 2P %24 | FAMELBEDNLE o
Fobo LiE- hE ks > e R AR MAERA SRR K

PoF o~ 2RSS G ORGRE (RN RE) F o RERL T

TSR S 0 Rk ECE IR P 6296 4e I T096 0 SR B E ok B
B A R - Rt R B 4 5 A B S 5 R b e TR

%r ﬁé‘

Hbcokgd g p Bz i % LERDHRSF (cyclingrate) e



Abstract

Although there have been many observational and modeling studies of tropical
cyclones, understanding of the budgets of clouds and precipitation and the interaction
between typhoon and terrain are still limited. In this study, the fifth-generation
Pennsylvania State University-National Center for Atmospheric Research (PSU-UCAR)
Mesoscale Model (MMD5) is used to simulate Typhoon Nari, and high-resolution (2-km
horizontal grid size and 2-min data interval) model outputs are used to examine water
budgets, then compared between typhoon on the ocean and in land . All budget terms
are derived directly from the model. The typhoon circulation is separated by two
distinct components, the inner core (R=0-50 km) and outer rainband (R=50-150 km)
region, respectively.

The typhoon structure has significant differences before and after landfall. Before
landfall, the condensation latent heating is distributed at mid-to-high levels within
typhoon eyewall; after landfall, the typhoon structure is more asymmetric and has
evident titling eyewall induced by Taiwan terrain. The condensational heating rate is
distributed at low-to-mid levels. The hourly-averaged condensational warming within
the eyewall is one time increased and is peaked at lower altitude, compared to those
over ocean.

In the budget result, when the typhoon over the ocean, the inward-to-eyewall
horizontal vapor transport within PBL is about 23.5% of total condensation and the
PBL source term is only about 1.3% of total condensation. The ocean source of water
vapor in the inner core region is a small portion of horizontal transport, consistent with
previous finding. After landfall, the Taiwan terrain effect enhanced typhoon secondary
circulation. Therefore, it induced strong water vapor convergence and much mass and
moist is carried into the outer spiral rainband region. In the cloud and precipitation
budget, the ice and guraple transport outward to outer spiral rainband region is
increased by terrain which induced Chiyi area 24-h accumulated rainfall exceed to
522.5 mm.

Further, we calculated cloud microphysics precipitation efficiency (CMPE) which
is defined as the volume-integral precipitation divided by the volume-integral
condensation and deposition, and large scale precipitation efficiency (LSPE) which is
defined as the volume-integral precipitation divided by the volume-integral water vapor
convergence. CMPE increased from 62% to 70% and LSPE also increased from 30% to
45% compared with before and after landfall. Because of Taiwan terrain enhance
typhoon secondary circulation, more water vapor transport inward to inner core region.
It makes the cycling rate of precipitation process fast.
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3-1 ke AL

F & B f2-kdc £ (Water Budget) 7F L Br % L@Iﬁm#{ i
RFEFRLRFEANDPIAF P 0 R F RS -
PO B AT A LA T (et R 0 E D)0 20 B

fl]ia};‘i F 9%" A m]\;m_‘@x;‘_/‘” Qﬁi]/‘q’li‘ ,,K/F\ri,]}\i;ér% J 1}%__[ , X
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=
7

EdBEWI)BRE A GBS UKPREFIE L o BT
PR A frs,)j_;;,’a DR O A ] EdE

d AMS glossary sh@ & » + # ke (Atmospheric Water Budget)
Bag < F ¢ re §aokeec o L ENE Afen EaEg R d ok

(Precipitation) > ¥ M €T 73 4238 & 4 7

S = Qv — Qxe (3.1)
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dgx 00
= ="F 4V (Vqy) (3.2)
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V- (Vay) =V~ (vqx) - qx(v ' v)

=V (V) + 20— g, (V- +2) (33)

FRI DN 2 EAH 320 3N ATIEL A ~ 31T U
* 345

% = -V- ( VH) _ a(qx_) qX (v . VH + g) + QX+ - QX— (34)

v e 0 d Jd = . .

L FE S =214+ +—Kk)  Vyi kTh WiLEBh oK
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otV e WAl e p b B 5 Rk T b fed i b CfoE A o

7 L st &% (Condensation) +4vi% #(Deposition)] ¥ &% [ %%
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AENB.6)E 2 AN (B TP Qup & mi%de i 3 AN R B —Qu %
TREYT A AR % o resd & FIARIE > & 7l FN P FIA A R AT
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at
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E =-V (qCVH) 0z T de (V VH T 62)

+Qcy — Qe + B. + D. + Resd, (3.6)
dqp (qp ) ow
ot =V ( VH) +qp (V VH E)

+ 290 4 o, —Q, + D, + Resd, (3.7)

BAFE 0 SR A 4258 (3 6) e AR
(3. DA% > B¢ (+Qey =Qe-+Qp+ —Qp-) #° (+C—-E)> ¥ ¥

I]i% s
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Fe= 7 @W) -==ra (Ve + )
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a(quT)

™ 0z

+ C—E + D; + B, + Resd, (3.8)

Q C ZRAe e b KGR 5 Dy 2 k4 bR 2 BT
Resd; 1 #4075 » & 5 % f iR fr 3 5 B2 34 % R L -

3-2 R

dOt Bk G SR FHLAE K o T E A Rk T R
B 5 R M5 BER TR 17 3.9 S PR K i
e T SRR AR AR A o 5

_0(aU)  a(axV) _  19(rqxu)  19(qxv)
0x ady r OJr r 00

(3.9

U Vg RART x> wBy 3wk rullviiieh &>
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FEAE e AL E AR MM B R R R LR (o R R

FEAVNRLSE BHER FE T ENETG 5 (3.10) 38 R R L
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Pom 5% # B o pea N AR5 B pyos stk o f B - i
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S EF AR FTER G E AR TR > B R T TR A o
e AT FAE AE R GEAPY R AmE R T T
e (TEWRTG ) 3k o T AT Y 0 Rh B ERFE A
Bk T LRIE A o BREREEF R (z2) REXFH - D
(3.11) % 1@ & §5 4778 (Flux Divergence) ™ #2;\¢ :

V- (QXV) _ a[q);i(c)] n d[qxv(0)]

dy
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p* 0x do p* dy Jdo
__ Pog 9[gxw(o)] (3.11)
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v
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TTXAE YA Rfro A~ R p AR G F R HGTEA FR S

ghtd ¥l p s THRAE -
1% B 2N (3.12) 90 (3.13) & #Ho AT o B

fpRc i L oz ST il 2 {00 (3.12) 74 ~(3.13) 8= (3. 14)

R ZRAE Lz ARTHxAE cy ARz AR o
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ox - ox p* 9x oo (3.12)
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ay  dy p* dy  do (3.13)
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0z p* do
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A S P B R A 4T e fe UMM 550 TR B R N en 2

LR KT A A 45t BB AR o

1. 4cie 2 EHE_MMS H50 ¢ 37';?] LU & a1}
RYT X TE A G BN 0 2 pedr 3238 (microphysical tems ) ~ 4% 5
(fallout terms) ~ #§ #7738 (divergence terms ) ~ T ;i w (advection terms) ~ 3

$¢7 (diffusion terms) ~ 48458 (tendency terms) ~ :# 7 & 58 (pbl terms) ~
Fl4x38 (residual terms) -

® Ity I
AF 3 ¢ i % Reisneretal. (1998)2 2%#%122}@: = % (...MM5
/physws/expl|C|t/re|sner2/exm0|sg F)»#rm e #i3:xZ 4%‘&#”3“’ FBciv >
7 #25% (exmoisg.F) » &t A7 58 ¢ B B iR pxﬁ [SCR6] ~ %% 7
[PRE+PMLTEV+PMLTGE]ﬂfr,f(;a;/ﬂ %37 [PRI+ PRD+PREI+PREG]
“ﬁl?'Hi%]:': o L ixRBE L ~ fELEREIE LR o~ 5 cond p( &)
fecond_n(§ &) ki~ & %J_ BB Hs% 5B E38 4 5 depo_p(&
2)f-depo_n(f E)e Bt AT EF RS B> 4w 5 depo_p(ij,K)
+ cond_p(i,j,K) it s 22 s #38 (con); 2 % depo_n(i,j,k) + cond_n(i,j,k)
+evap(i,jK)z 3 & B & (eva) »

con(i,j,k)=depo_p(i,j,k)+cond_p(i,j,k)
eva(i,j,k)=depo_n(i,j,k)+cond_n(i,j,K)+evap(i,j,k)

® i
% T e 12 Sl it S k2 @42% (exmoisg.F) o AptfritY B
iy DPLEIE o Bt B H IR e & K3 ahtendency term
(QR3DTEN ~ QNI3DTEN ~ QG3DTEN ~ QI3DTEN ) #7342 &k » £ 3
3+ 5 7% (¢ ehtendency terms ,fr“f PEH TS L RS
tendency term o
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DO K=1,KL
FALLR(I,J,K)=QR3DTEN(I,J,K)
FALLS(1,J,K)=QNI3DTEN(I,J,K)
FALLG(I,J,K)=QG3DTEN(I,J,K)
FALLI(1,J,K)=QI3DTEN(I,J,K)

ENDDO

(- B H%E3)

DO K=1,KL
FALLR(1,J,K)=(QR3DTEN(I,J,K)-FALLR(I,J,K))
FALLS(1,J,K)=(QNI3DTEN(I,J,K)-FALLS(1,J,K))
FALLG(I,J,K)=(QG3DTEN(I,J,K)-FALLG(I,J,K))
FALLI(1,J,K)=(QI3DTEN(I,J,K)-FALLI(1,J,K))

ENDDO

® iFiTIE
BT LR R MMS BN L& § F3E e (L./MMS
/dynamics/nonhydro/solve.F) * ﬁia?] AU 2B R HTIE RN S

DIV=UA(I+1,J+1,K)+UA(I,J+1,K)-UA(I+1,J,K)-UA(1,J,K)+

& VA(1+1,J+1,K)+VA(I+1,J,K)-VA(1,J+1,K)-VA(l,J,K)
DIVX(1,J,K)=DIV*DUMMY(1)+(QDOT(1,J,K+1)-QDOT(I,J,K))*
& PSA(1,J)/DSIGMA(K)

QV3DTEN(I,J,K)=QV3DTEN(I,J,K)+QV3D(1,J,K)*DIVX(I,],K)

® T niE
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PIEF R B MMS B AR f 3 aadest (L./MM5
/dynamics /nonhydro/solve.F) ¢ ﬁia?] o fF R TONIE Rl S
HADV (/K ) 4o VADV (38 ) 7 13 it call 2% i3 BA2s
AR

CALL HADV(KZZ,qvhf,UAVA,QV3D,MSFX,DX4,1,INEST)
CALL VADV(KZZ,qvvf,QVA,QDOT,PSA,INDQ, INEST)
CALL HADV(KZZ,gchf,UAVA,QC3D,MSFX,DX4,1,INEST)
CALL HADV(KZZ,grhf,UA,VA,QR3D,MSFX,DX4,1,INEST)
CALL VADV(KZZ,qcvf,QCA,QDOT,PSA,INDQ, INEST)
CALL VADV(KZZ,qrvf,QRA,QDOT,PSA,INDQ, INEST)
CALL HADV(KZZ,qihf,UA,VA,QI3D,MSFX,DX4,1,INEST)
CALL HADV(KZZ,gshf,UA,VA,QNI3D,MSFX,DX4,1,INEST)
CALL VADV(KZZ,qivf,QIA,QDOT,PSA,INDQ, INEST)

CALL VADV(KZZ,qsvf,QNIA,QDOT,PSA,INDQ,INEST)
CALL HADV(KZZ,qghf,UA,VA,QG3D,MSFX,DX4,1,INEST)
CALL VADV(KZZ,ggvf,QGA,QDOT,PSA,INDQ, INEST)

do K=1,KL

do J=2,JLX-1
do I=2,ILX-1
write(11,'(e12.5,3i5)")qvhf(l,J,K),I,J,K
write(12,'(e12.5,3i5)")quvf(l,J,K),1,J,K
write(13,'(e12.5,3i5)")qchf(l,J,K),1,J,K
write(14,'(e12.5,3i5)")qevf(1,J,K),1,J,K
write(15,'(e12.5,3i5)")qrhf(l,J,K),1,J,K
write(16,'(e12.5,3i5)")qrvf(1,J,K),1,J,K
write(17,'(e12.5,3i5)")qgshf(1,J,K),1,J,K
write(18,'(e12.5,3i5)")qsvf(l,J,K),1,J,K
write(19,'(e12.5,3i5)")qghf(l,J,K),1,J,K
write(20,'(e12.5,3i5)")qgvf(l,J,K),I,J,K
write(21,'(e12.5,3i5)")qihf(1,,K),1,J,K
write(22,'(e12.5,3i5)")qivf(l,J,K),I,J,K
end do

end do
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end do

L Atei]
PIEF U E R MMS BN A & F 3 aadiest (LL/MM5
/dynamics /nonhydro/solve.F) * ﬁia?l A é ‘TPL?-% LT R AR S
DIFFU » #7120 ¥ 11 B # fcall 5% it 4258 18 ﬁf;*] a1 e

CALL DIFFU(KZZ,qvdif,QV3D,PSB,CRSXK,C203,
& IBNES,IENES-1,JBNES,JENES-1,KL,INEST)
DO K=1,KL
DO J=JBNES,JENES-1
DO I=IBNES,IENES-1
write(51,'(e12.5,3i5)')qvdif(l,J,K),1,J,K
ENDDO
ENDDO
ENDDO

® ifgip
BIET B 4R MMS BN A B ';%;ha izt (.../MM5
/dynamics /nonhydro/solve.F) * ﬁa?l A TR & - IRy ant B &S iz
% 577 i tendency term > Z AT PR FRF DR o U R & &
solve.F #2 ;% ek 75 #- tendency term ﬁsq] e o

o FR R 38
PIET OB B MMS N AR F Y et (LL/MMS
/dynamics /nonhydro/solve.F) * ﬁi;] d > AFTy ¢ % MRFPBL $-#cit 3
% > 3\ i H-call MRF PBL %-#ci* & % 2 @ mtendency terms 2L #7342 % >
£ #-call % MRFPBL %# i = % v tendency terms a‘r“% Ty H T
= & "% -k S entendency term o

aqcpbl(i,j,k)=QC3DTEN(i,j,k)
qipbl(i,j,k)=QI3DTEN(i,j,k)
qvpbl(i,j,k)=QV3DTEN(i,j,k)

CALL MRFPBL(IYY,JXX,J,INEST,U3D,V3D,T3D,QV3D,PP3D,QC3D,Ql3D,
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+ + + + + + + + + + + +

QNC3D,UCD,vVCD,QC3DTEN,T3DTEN,QV3DTEN,QI3DTEN,QNC3DTEN,
TGA, TGB,PSB,RPSB, XLV,
TA2,QA2,UA10,VA10,
SVP1,5VP2,SVP3,SVPTO,EP1,EP2,ZNT,XLAND,UST,
MAVAIL,
REGIME,HOL,PBL,ZOL,MOL,QFX,HFX,RV,TSLA,TSLB,TO,PPB,
EMISS,GLW,GSW,TMN,CAPG,SNOWC,XLAT,XLONG,
RAINP,RAINC,RAINNC,
PRW,ALB,SHC,THC,SATBRT,
XMOIST,
INTERIOR_MASK,
1,ILX)
gcpbl(i,j,k)=-qcpbl(i,j,k)+QC3DTEN(i,j, k)
qipbl(i,j,k)=-qipbl(i,j,k)+QI3DTEN(i,j,k)
qgvpbl(i,j,k)=-qvpbl(i,j,k)+QV3DTEN(i,j,k)

® fltiT

Resd=Tend - ( HFD + VF + Cond + Evap + Div + Diff + PBL-P)

Rfe L et B iE AR
KA B s 1/s BB AR ZF HRE G PR S
FErL R 3,600 #pEFFE ) (s) #2 () FEE25
(g)af‘w 27(kg)  Bis Adc A enE =% kgem' h' BT ko #2
Blet BABREIHIZ S =4 T, ko HE Kicd 2% o

[ I=gms b ool 1080t (1)

2m(T,-Ty)

[ ]Ij“leﬂi‘i{)»IE’Tl’fL"TZIJ“Z\Fl‘}'mE&Fm(ﬂ\Eﬂﬂ!2&\&" J:h‘

—doBr R LAFH Az FRAE [ |HE - kg

m*h'e £ #(1) P o B 4 TEF LKt F 2L ER T e
A A A ket 2% o
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[ 1= fZZBT flizﬁ2nr6raz (2)

RyfoRy & % 472 f 4 MLfE B2 % U ZofeZp & & B0 70 A foficnt &

kBAh [ |HEikgeh'o
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- kit ;:;ﬁg;a TxR-FheozFa L RERAAEFE P Fa
Kfer B EE T xR Rz A vz 8 AR & (Unit:
kg/h)
&% W XA R
Cond C B RS E
Evap E AEEWAES
VF S EHES > BEBENE
o) I T 2w (TH2Fa i o B iR
0z AR %)
HFP -V (g Vy)>0 N2 K ARG
HFN -V (q.Vs) <0 SENETE SN T 2 P
Div 0.V 7y + O 5408
g 2] sk A
Diff D. BHOR
PBL B. &R B AR
Tend 6(6?;) bt 7508
Resd rosd FBBRLACSAHEH AR
’ LB AR T TS
ETE 3
= Z .
= _ []oACE, A ] I
0=[], 00roz, 1= s [ ] pli00r, [1: ki £
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Water Vapor Budget

(a) Ocean
HFN = 2.3 HFN = 5.6
Cond = -32.4 Cond = -67.6
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VF = 0.8 VF = 1.4
Diff = 0.0 Diff = -0.1
PEL = 1.2 PBL = 4.7
Tend = -0.8 Tend = -3.7
HFP = 23.5 < HFP = 31.3|
(b) Land
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Liquid/lce Water Budget

(a) Ocean
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