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Abstract

In this study, idealized numerical simulations of a squall line traversing a
sinusoidal mountain ridge are conducted using the Weather Research and
Forcasting model, version 3.2, with 2-km horizontal grid size. The vapor and
condensate budgets are examined, and the temporal variation of four
microphysics ratios, including precipitation efficiency(PE), condensation
ratio(CR), deposition ratio(DR), and evaporation ratio(ER) are calculated during
and after the period when squall line interacts with the terrain.

In an Eulerian framework, the whole life cycle of the squall line can be
divided into five stages, which include mature, over-windward-slope,
over-mountain, over-lee-side and, dissipating stage. When the squall line moves
from mature stage to over-windward-slope stage, the corresponding PE
increases from 50.42% to 58.71%, due to the increasing horizontal flux
convergence of vapor and strong condensation of liquid water. Then, a
Quasi-Lagrangian framework is adopted to investigate the “in situ” orographic
forcing of the mountain on the microphysics process by following the eastward
propagation of the squall line. The result shows that the high PE observed on the
windward slope is caused by the increase of cloud condensation and the
orographic lifting. On the other hand, the low PE observed on the lee side is a
result of strong increase of raindrop evaporation and the decrease of cloud
condensation. The vertically propagating gravity waves above the terrain is
helpful to transport hydrometeors upward and then let the hydrometeors
transform into ice critical or snow, so the DR also shows an increasing trend on

the lee side.



Two sensitivity experiments with different terrain height are performed to
examine the effect of terrain on microphysics ratios. The half-terrain sensitivity
experiment shows that because of the reduced orographic lifting effect, the
condensation on the windward slope also decreases, which further results in
lower PE. But the lower mountain height makes the blocking- effect occurred at
mountain ridge become less significant, so the squall line can traverse the
mountain ridge more smoothly and maintain a stronger convective system on the
lee side compared to the full-terrain control run. Finally, the result from
no-terrain sensitivity experiment shows that without the orographic lifting effect,
all of the characteristics associated with the interaction between squall line and

terrain disappear.
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S S A

2-1 #3f A

WRF(Weather Research and Forcasting) & #7— & &1® 2 B F % #iciE *
TRAF kS 5 2EgEF 4 T ez #5450 o .4 NCAR (the National Center for
Atmospheric Research) ~ NCEP (the National Centers for Environmental
Prediction) ~ FSL (the Forecast System Laboratory) -~ AFWA(the Air Force
Weather Agency) ~ FAA(the Federal Aviation Administration) & ¥ i+ >+ 2000 =
(AT E A o WRF #THOR O § % RASS R PlHct 22 > 3 27 e
CEPIFRE A WFREIREFT DR F B R AT I HEE L e R
X ki A AP IREARIE Tt o

WRF #5587 3% &7 e ende 12 S ficis 2 ‘zllwé’*%l‘t‘:@:#& v & IR
EEEL S LA S QU RS JUENE NS S S A ¥ Y
e F REE2 2§ <R EF LR DLTEN S ZEEFRHRE A7 ¥
AR S A S R R IR S VS SR R S Sl A A
B @S ERaR R L BITE R hliR o

WRF #5028 2 o i * A% > 1 = (Ph — Phe)/(Phs — Phe) > ¥
FEERTF pha ¥ THET R B F B DpefrPus P & r TR A oA

v\\§4

%@ﬂi%‘*”‘ THrg ME > FILE Aot 3 TR T2 RETA 2L
2 R e R B R ki A Arakawa Cgrid - B $FHcE 4

oo TRLBE RSOCE VIR R RET 2t T L U2 i) -
PR A A et e I E_# * 3P Rung-Kutta #icie = 2 > w2 % 20 £
B B )R B (Ve F R)2 AT & R e i AR (40 2 A TLAE AR
FORYR A E)RIA R F QPR A D E



Pk i@ WRF3.2.0 s andic e 050 o ehise 1 enflg 40 % SuiE Lo 5N
2K Tk IR A %3 FMO06 ¢ ¢ * Advanced Regional Prediction System (ARPS)
BosV e AR =0 Tt G - TR hlcE R ) 5 TR R A ) LR
Dok R s R R RTR(F S A %‘_?‘n‘l)rﬁ%‘]u: BRUE P
B2 &G EFTROXY 32 KT @RS ] PR 202 0@ kT
BB T 0 L RS SR AR 0 2 LR K 2
BB LA A BE AR ) e ie A 4 F 4 Fptok T e fiEbn XY 2
o b AR T A N 5 ATT Fe 2 451 R (4Bl LATom ) o MEAR 5 - JREON ks
B2 3 R7ViE10~15 22 5 57 ELIFEHE R DG A TR T BTk

(damping layer)s 2t 5L B 8 > FIM M TEA XY 30 22 F R o Ak

)

Tl mERG 2522530222 F s AL 6LE MG LHBIA
FRATER ) Seehde B R0 o ORI R 5 15 ) BF 0 R E R B REAL R SLih
4 4 ix ¥ - 33 Courant -Friedrichs-Lewy (CFL) Condition *24] » & A 4 &
i E C(At/Ax) < 1ix 2 )j‘{ifﬁ Fost ¢ R T e R [ EE(AX) AR ) o B HE
‘k;fg/,,\aﬁﬁ(At))Ib JPAR] o AP Y RAR A PR R K TG 30 s
CFL 2* & 48 T i i o

Z Hcd IR S Bt 3 2 et s i@ 7 WSM6 (WRF single moment six-class
microphysics scheme) Z #ic4~ 32 = ;2 » # 5 Hong and Lim(2006)d WSM5 2
U - X IV SIER S RS F %Wf 1ok () > k(@) > k() ~ EE
(ar) ~ 2 75(qe) *h > BrkApiB AR ek 3k ¢ B » BB (qg)T) F eniEY o Bl
A HRVRITAAMEF FEEE Y REN AT EZEREY 0 BE S E
AR R G - TR 2 TR A B RERAPRETL 228
BT B AR EATREA ) S U B 0 BN A R 2 Sl

. - W TR S K7 SR A A F e
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<

= e Fla )t
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R g R R R R R R e TR A B
F14t % YSU(Yonsei University, Hong and Pan 1996 ; Hong et al. 2006):% 7
%2}&@%,} ogf;fgqgﬂﬁgfi;’ Th X Y 27 %bfgyaﬂiiitgj‘}f.g

i 4 FMO6 07 2 41 * 48~ 85 2 (warm bubble) s 5% 5 v e 47 4
SR A 2 B R TS B NREEAIK T AL F e
A b or 03K A iE S 0 BB A hos 22 LIS HEE K

U5 RATEF 5 F URB o 0 0% 23tih- B D ¥ B ek g p

BYen 5 (% o Tl — AL 2

=
(H]'
b
i
H
o
o
%
g
=}
i
H
o
2
E]
3=
2y

SSERT- PR SRS LS VP S EE S S E R

2-4 WA IR T

AL E A B R T IE Y 2008 &£ & % f o % (SOWMEX)# 7
IOP-8 i % cra%s "% -k ¥ 2 (2008/6/13 & 2008/6/15)cr%k 35 F L » I 1¢ * [ 4
7Y Fr ;Ig;;gq‘;;(y;;;% o ~A g s BL)6/13 2 6/14 v % e &
FrrRersd  FXEM - Rt 433 2884 BB OFEST TR
(4rB) 29771 ) o ¥ b S @0 & R 2 BB ¥R a (CAPE &) 4e > {

e

PR RS e B Fp R R - SRR R TR AL SRS



TAL G R de iRt 4 T IF 7 FTREB-an 38 5 o CAPE &+ 3t 1000 J/kg
P * o @ 3 CAPE & /% 500 J/kg ~ 1000 J/kg & A1 At 4p 4R & 3
0 80%2 FALA Bo¥ (drdk LAtm)ed AFAE S0 LR F T TR
WRF_ideal e v 3 (7 enFpl e 8 Tt & £ 3l L) 28 R 33 8
U [N (4)]0 45 % %% Bolton(1980) i@ * 8 & K7 & fok F R ehis sk O
[38(5)] > £ fU* st e fo-k F BREAp$Hin R B 2 B 0538 RE-RF R E 0[50
(6] Beis#AF 2 THP4E 2 ALB R TIEZL FH L #$AdL 2 chF AT

A0 v b BiciE et (numerical noise) -

R
#98:0 = (T+273) X (P.ps/1000) /Cp (4)
ek BReg = 6.112 X exp[(17.67 X T) /(T + 243.5)] (5.)
K F R &gy = (RH/100) X 0.622 X [eg/(Pres — )] 6.)

T 5 mEE & (°C)

REicz 4 # W¥#k 28704 ]/ (kg-K)

cp:f;&s“@b £5 £ 1004 |/ (kg K)

e 54 R (hpa)

RH % 4p¥izik (%)

2)% 1 ikeh k5T @ 5]~ CAPE .95 1512 Jkg» ¥ CIN i -6 Jkg
b R FEZ TR 2 H MR RBRE KRB (RH>85%) » 5 fI+ R $FI

B o

e

d N EEA kM2 - F R en® it o 3 B TSR I KA
(line-normal = & )e sk B b H4p M > @ TRB R Hehd2 b 7 > Bl B P8k

BN REE R 0 T AR Bt - YA LT S e L R H)

B w2 b (V)RR ES 0m/se ¥ 5 @ I8 M T - It HesR L g
Berigd-d b7 o FIPBERITH G e Kd v kTR HE Oms @ &k o
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& ook TR BB R ARMVER > FFH ST K 10m/sy 2.5
b B - e s 10m/s(de k) 3.4757) 0 -8

-
T?ﬂ

BhL b ol D RRPIZFE T FORERE S WRF S A S RS
i F e = WRF IR Y R @ Wk &K engd o ks

X
TR G ARLNE R FEI AR RE N AR ER R

T S A A et 23 Linetal. (2005) #1ié * chpr AL

h(x,y)=hm / (X X")Z + (%)2 + 1]3 (7.)

BRRZ-EEFEANLES AL F 2 efrad 2 e adtpE(ab)A WK
¥ 5104224031222 > R HEHASIF G B LIRRNTARZ LR Y
% 100 2 2 =300 = 2 (4o B 4.977% ) °

P AR AR h Al LB ARY R S > ¢ HEIeR L MiE
Lm g B D AT B A T (ER 5 R (A B R 3R TR B Hr 2
A5 5 F]ph Bl PR B 520 B Y EE B WRF 058 et ehd o § 2h 3 Lin et al.

(2005)#74% H1 2. & N ¥ A B S i kenl5 % s 3% 0 B eng L
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*F 7 %% Yang et al.(2011)2 Huang et al.(2014) 7> 2 3

= w@: -/L»
é—ﬁ‘iﬁﬁiﬂ 2 1\5}7”’?”{{)»@' m%nb ’ ]\sfg % }\ﬂp«f’”‘iixl}’ﬁ‘m)"‘g

.
5
54 WRF 50 @ enf ] = 42 0 K (qu) #2420 7 B &
9qy _ 1 3(q,W) oW
ot E[_v (qvV) - 0z +q,(V-V+ E) + D,
—C+ E + B, + Resd, 8)
P\—:”ﬁt’f” ’ f,,f’ (qc =q + ql)g”]g:#u]—a %iﬁl']'\?’ ‘fg] % .
dq

ot _E (qc ) oz qc( E) c

+Qc+ — Qe + B, + Resd,

(9.)
"% k(qp = qr + qs + qg) i F > A2 E AT 5 S

+ \Y, V+aW +D
97 qp( az) P

T-l_ Qp+ - Qp_ + Resdp

v

(10.)

Z-k(@)frZ k(@R & v ] qp
RIS MEkRE v [e R iF(q) 2 () * 2 (qe)®R & 8 =% 5 kalkg -
VUV)~WZ §F BRIEL AR TR » & frd

X
~

oo

’qcﬁ-\—n/]%’/v l’[

wE o H A AR A
U=pu~V=pva W=pw:- H

Hoep=ps—pe> Tl

3 TR AR 4 (py)
BREGY R R R (p)Ap R T R EF e ma

F*”“w? Vel B kg
FenBEEE o N BN > FRNLEF -2 F o E kT2
LI EHFE FPF AT LI AT S ERF B Riphk iR &
B g Denf e F 2 AR

BT R(TRR )

DR SRt
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FZPIAE G S AT HEREVETAREC SokF FR
‘& (condensation) 2 ;% F (deposition) % 1T * @ L g S E Bl LK F FIES
(evaporation) & & & (sublimation)® #§ 4v & > Qs ~ Qe— ~ Qpy ~ Qp- A WA
ZREERFZMPEET A HAN RS HE A C—E=Q —
Qe+ Qp+ —Qp- Tk FlERE 2 F 58 F 2P LERTY 7 > h

B 2 F 2 % kenE et 1238 (Braun 2006) o 7% ok ehgr gl 2 oA2[5Y
(10)]* % % jg 7 " k£ 2 & £ 54T 0(qp X Vp)/ 0z O p[WSME 2 fic

W kW BT (V)2 2 B AN e 0 By ~Bo s (R R R K Skl

5

W

A3 LE FRRECTR MK 2 2 B Dy~ D~ DpRIA B S K F

‘.3;

=4
W
"R
o
g:
A

B #4577 0 Resd, ~ Resd, » Resdp BokF ~ZIFEERR
FlepTE > 7 o B0 BE R P AR F chg PUL A 2 E g & 4o WRF B

LB 3fpfeSipnd L2 a R Pl * 31 o Rung-Kutta #icie
TR AT EFAAFADAD < F0 FIARIE T 55(8)2 0 (10)" £ A
X1y E ¥4 WRF ﬁ‘;“ﬁ%:".fﬂfti—,’é » A A F A AN A B G
kg/kgls -

>

=
(=
At
-
H\
P

Fer B TS BRAD S F A AL BRI R

Ju
s
Y
o3
s
=k
%

LT pl ] 9z ay ox (11)

X~ Vi b ATEBZ AT R Y RT R W XY 3w b 4B g

Vel o #TiEP-2 477 KT R s Wt X s Y B b B @z

Zp A B E AR AE IR TEAZF AR QL) B RS HE 25 kolse &
LBt Atz a7 Fenfs thifse » B2 4

f f fyffZT ] 9z dyox ot (12.)

Ti Tyl %] 5 3T B 42 ARl A0 5 2 Fanitihy 53— [ ki

TRERMFA2ZE o Pt N(12)2 R RS2 E =5 kalhr o
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B is BN (8) TN (10) 2 oA ARE IR L A et 2 AR o 2 B EAK

# 1< X (water vapor budget) # -k i 47z £ (water condensate budget) = #z 3¢ >
KF et Tk F (qu) et S A2 8) 0 ] BT (A HRvE Ak F):
Tend,=HFC, + VFC, + Div, + Cond+ Evap-+Diff, + PBL, + Resd, (13.)
A okss e BT A B 8 2 k(qc) 2 *(qp)#s";v}‘ A2 [T £ 30 (9)
o (10)] R dg it 0 @ & I I @ B 4T (Ko RSk B B K):
Tend.=HFC, + VFC, + Div, +Cond+ Evap+P+Diff. + PBL, + Resd.  (14.)
A G A A R L R A RREF A ARS T R ERP)TA L D
ﬁ@’ﬂé;ﬁgﬁﬁﬁﬁéiﬁﬁ’ﬂ&ﬁ&ﬁ%ﬁéﬁﬁiﬁﬁﬁﬁ
it (kgls &« kg/hr) - 2 ¢ Cond & 3 7 -R4p % /RAppF a2 @ ITH
43V (15.) #5577

Cond = Cond. + Depg + Depg + Dep; (15.)
m Evap B & 2R iF ~IRfREZ TR AR B R EY R iR ‘Er[fk » o gt
(16.)#77%:

Evap = Evapg + Evapg + Evapg + Mltg + Mltg (16.)
PG IN(16) R T A S EA N LF Y AFETL 2.0

3-2 Z eI L E

R BN B Bt bl i B R MR TR enjp
s 4w 5 '8 -kosz 3 (Precipitation Efficiency ; PE) ~ 4% % & (Condensation Ratio ;
CR) ~ 4 7 % (Deposition Ratio ; DR)% 7% % & (Evaporation Ratio ; ER) » & %
TR HAIEITS

" kxS (PE)E * CMPE> i 2 ieir TRLEE ST % & 112 " -k A 4w
kot B e R kR B LA 2 100%% A B F A g

2 135 > F]P 4% Sui et al.(2007)F7 7 ¢ £ AT A M2 E 22 o A Suiet
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al.(2007) 57 5 ¢ #r % & N CMPE2 3+ 8 = X » H A2 ot % T g
2RFIA L PR 0 A Ae = Qom0 4wt (172)HT T

CMPE2 = P/[Cond + sgn(Qcm) X Qcml (17a.)

-

Qcm=—Tend, + CONV, (17b.)

sgn(Qcm) = 1; if Qey >0
(17c.)

sgn(Qcm) = 0; if Qe =0

# ¢ CONV, = HFC. + VFC, > F]#* Qem ™ & b 30 K ARk F 8 fo-kdp e+ 15
£iEr 2 s g3 17(b)] o @ % Qem 5 & B FFsgn(Qov)# S e s 15 @ % Qew
» f EpFsgn(Qem)yt Sles 00 % AL Y BB T SRR (ke
e Rm)“rig 60 3 (B 6 %8 B) P 0 pR Y 2 R EQem s L
i

"1 ko (CMPE2) it B #h » 5 5 (CR) ~ A H (DR) X # 4 &
(ER)ermt B ¢ o= iz % Cond » T B foi@F2 iT* » @ o 33 plLe
WK F TR H2 kA 2 S (Condo) ok F FIRAEY @ 4
Zok~ ZISR BF ATA 2 2 Tk (Dep; + Deps + Depg) » 14 & & -k chz g iE

a2 —

K F E’ﬁ?ﬁ'/]?%(EvapR) o3V (18.) ~ 74 (19.) ~ 34 (20.)#75E

CR = Cond./Cond (18.)
DR = [Dep; + Deps + Depg]/Cond (19.)
ER = Evapg/Cond (20.)

AU e fedr Il B 2k s SN IR AR kAL AR IT LR A5 Y
o A BT £ e BE A Mot 8 - Fh 6 E)2 1L F L2
2 RRRE
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3-3 Froude number
;ﬁ— d 35 SR B IE i o0 Froude number(Fr) » 734 % FaR B Mk T
A FEGRADEE ARELIR F > 1 M EATFEREREREF
o H AR LR A DEF R G o F Fr<l Bl A T F R HEL AR L WA R
FL P AW EF R G o FFRTEFRR LI Fr 2 B35 2 240 9757
Fr = U/[N X (Hpax — h)] (21a.)
N=/(g/6,) x (36,/02) (21b.)
He Ui X3 w2 kTIEp & (m/s) o

N B % & 8 4& 7_& (Brunt-Vaisala frequency ; 1/s) >

Hpax #5258 8 & (M) >

h RIEHNY 5- kKT Tz £4 23R (M)

g 4 4w R (m/s?)>

0, & mif (K)

B2 R R R F BRI LR AR R A AR o T -

Rka#2 2 VB REAB LREZRARLZZTFATELZER ©
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SEN-d e m AR T EEAF T FF BRI T AT
6 b RBE T - AUk Rl HH B R LA X R P4 a2 Y
102 fe & B R LRSS g AR R R 5 - 2 BB kA
#OBLHR L R F M AR R E S § (25 22

)% e A0m/s chd-B b 27 o £ 4r F WRF BN Arde# 4 B v EF e &

GG AT TN TR TR &9 T - § CAPE B2 A7 de#

R R ESRa e e i B B 5 - SUR ARk st o

R E A kAL R P A
¥ pﬁ-ﬁy; LiTE b3 w15 ) pF
BTg 315 pFis o

w1t E 0 bl4e-1.5 ) EF(-1.5hr) T & £
+1.5 | pF(+1.5hr) ] & % i “f#%ﬁt

-

HFdw ik CVE(R 6)7 7 1t ik FE ¥ 5 DI & bigr Livk g A5 [
2% T IEH e A AL R R v o PR B G - PR AR IR
Hpedr 255 50kme @ At B P AR HHDORE T L DS ERY
e RIS [ B(Ba) 2 de 2R T B ] o Lk ehd b oG A %L*ﬁ F] L5,
AR FF R r ko Hor Lo e d 2 WRF 85V 3 2 5 B A
oh o RE S TR S %‘)ﬁﬁ%ﬁﬁ“ﬁiﬂiﬁfé KA et Fhoa T
Foor g e B T R H EFHILRE 1‘#% EBE AT FIP AR L
BopE o gt LB E 4 SRR IOV & PIEAR R A
B KBRS IREROERT A 5T BREY > A6l E kg
B A B2 SURSHR S 0 T2 A AL A0 BRen 2 3 " (Mature period ;

5 -2.5hr 3 -150r > 4o 6a. 577 ) 5 2815 Bk S e B LR A% @ B



s

BAGIEEBE S wo kiR e L% B AT 5 " eph B pES " (Windward
slope ; ¥ % -1.5hr % -0.5hr » 4[] 6b.% B] 6C.% 777 ) o & F RN & S L (s >
Bes Y BIe enw i) 20 @ B R Rl 2 g b Bite o
T_& 5" L pFE " (Over mountain ; %-0.5hr % +0.5hr > 4§ 6d.#77%) - @
TR JAFEHLHI"F R o FH" (Lee side & 5 +0.5hr 3 +1.5hr > 4[] 6e.
ST )RE 0 d T F R I F R EFEY  RETE v A R AR
1o "if #cdp " (Dissipation 5 ¥)+2hr I +3hr > 4] 6f. 4771 ) > i1 S

HE vk endd 6 BY (F7)0 3 0 B2 A S iR

Rtk gtz #1532 KB (B 7a) o SEF
b POk HLPEHP > od ATHER K A

Ft» =k
Loy
AT b
W ‘l
Ery

*

9

ISR

dBZ 3§
AR LIS - R S E ARV I & P
T2 40dBZ (R 7d) e e F G REBBEIFR G 0 d T
Fondrgensh 7l A o RAMITSHSERE BTG RwRES
&(<25dBZ;Fl 7e.) » B 18 WA K SR SR 2 $c(R 7F) -
Bl 8.5 ¥in2 UREFHR LE FH S T2 ) o A A BT

Ad ok B ERGLErIER R LA ME T ER NG L ST g # (-0.5K

# tﬁ:j'?"@)\l”\'”’ AP P HA T F T wER o FIP A TR
EARY LA S F et S HREIRZ S F 0 A NER AT 2
5 A& 4 + 2@ (Gust front updraft ; GFU) » e $Hinre g B o @ g b 4%
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-

BOAATE 2 R P R T R B F - TR BB e

B IRw & 18 B BB a5 (front-to-rear flow ; o B {8 7 38) » B8 ¥on e

HE s €1 A0 Hce A B R g7 g E AT 2 i o i

EReRaEL 4 S (6~12 ] BF) £ 4 AP s i BB A
=

XS

N R R Z ¥t s o d B 8.9 A A

=
N|
!

(U=10m/s) » B -1 K f& 2 2 FER 2w L eiE - T GAdE b S
MEAL A A PR (] 8a. 2 Bl 8D.) o § k ALE 4L Ilj%fg"i‘?é? B R
g/i*'vl'l};f;,—j iT# —Eifgsa A [g,‘)ii\aéc ’ w,f:"};nt]? M ”é’i\gﬁg » Ay Ph’vﬂj

Fo st i %Ei@z‘wﬁaﬁc ) JEJR ke 2m/s B 4e T A2 E 3.5mis 0 1k KLik A
B BREE AR ASH3K A F 1 45K(R 8 ¥ o

Lm%&amﬁfa Fordln At LEES R LEERSFED

A =

PABLZ A EF R G AR N2 A8 e T H e (48 30 ity
Bl s b b FRh & 557 TF e ik LN BEBMBERE
REASPBREPB OPEN D ORETFAFPRG P EORERL A



R AT IR AR T E 0 i R SR R k5
G R HER - 3 LA RN (F 8e) o B HER K R 2
TR G T EBAER A 0 PR MR S L ) AE

-

=N

AT G G Fla R LA AL LG L F R A
B
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A kY AT N R - 2 F RA(F RS R I E
B QB AR ARk AZPY ARl AE RPN A%
i 2% & > g di(total derivative) » 12Dq/Dt# 77

B 3% & dc(local derivative) » ¥ % 5+ 5 dq/dt - @

-

0q/0t =Dq/Dt— [ +v —-+\N—ﬁ Dq/Dt— U - Vgq

;¢ h—U-Vq 4 5 T Jnsf (advection term) (e * o
LA A m P R T L g x5 2 ik g - Eulerian
Framework ¥ & 7 # %8z B 7Y FTL=E PRI SR B TP P>
IKRCALE 2 SCLVIOES I SR SRR (S 2SN SR &
AEPFEN28%F 3 §FRB ST RO F o @ Lagrangian
FEEF R - F AP LERY > PP R
Frengic > 4% > #(Dq/DY)a s Kt 8 » ot A7 U F R -

AR IR EEF BREFEATAL DR o RF] S A Hm Y T

Framework B|&_% & & 3%

#% ¥ - Lagrangian Framework e384 4% & L 0453 g5 §F BB - K h
%ﬁ%@ﬁ%ﬁ’aiﬁwi%ﬂ%aféﬁw4$ﬁ E8 13t f A
2 % ¥ F)P #3432 38 7% 5 Quasi-Lagrangian Framework > 2@ i

Lagrangian Framework =g 8L & i (7 & 53¢ % o

5-1 Eulerian Framework @E.&4 5
F % > j&_Eulerian Framework z- g2k k& (7333 > 2 = 2

T BREH Y (R R B S iE L S F

CER R

i

ﬁ CH)A B L B T

s 2

B
AP E L RPR 2 A E PR ST B Y AL R e
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gt 4oBl 923 9.2 4 3 {2418 FlehR I ATom o @ E T2 P R
£4100 22 a 558022 > Fli- T RWRAC BN Lz SN
FRErEF et RE 100 22t s TERLEK G
© R C$tiE Sk ¥t(mesoscale convective system - MCS) > @ ¢t Be s3] MCS #

GBS o PR LT LG E LB 4

@
(%
V

?E,aia%@ﬁ%®?ﬁ<’m PE N R EEEG Y
2o R A e %s‘i;‘ﬁ%lﬂzﬁvf??ﬁ:i? FRCIAR: - R ML S N mﬁa?l4§%* 3
PRV EIRFFRP Rz Az R Olf s S BFQT P
EP- B AL SRR O s (931 L F
PEEARAIMCS kaf » p et F z B R R B I Bt X R
ALY & BoKjC A PR A % IR AR AL g
P17 (R 12)i8 73 5] 287 Pl e % BRI 2 S i
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6/13 0300 UTC 1213

6/13 0600 UTC | | 1625 821 763 1208
6/13 0900 UTC

6/13 2100 UTC 514

6/14 0000 UTC 0 721 121 390
6/13 0300 UTC 700 141 712
6/13 0600 UTC 0 574 502
6/13 0900 UTC 312

6/13 2100 UTC 687 31 617
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Name Description

Cond Condensation and deposition
Condy; Total condensation and deposition
Cond; Cloud water condensation
Depg Snow deposition

Dep¢ Graupel deposition

Dep; Cloud ice deposition

Evap Evaporation and sublimation
Evapg  Evaporation of raindrop

Evaps  Evaporation of melting snow
Evap; Evaporation of melting graupel
Mltg Snow Melting

Mlt, Graupel Melting

HFC Net horizontal flux convergence
VFC Net vertical flux convergence

CONV  HFC+VFC (Total flux convergence)

Div Divergence term

P Precipitation flux

Diff Numerical diffusion

PBL Boundary layer source and vertical (turbulent) diffusion
Tend Storage term

Resd Residual term

220 PTFRITA AR SR FPE Y S M E R T2 Sl e
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Mature period

 Condensation :5.20 * 10! kg/hr
« Evaporation :2.40 + 10! kg/hr
* Precipitation :2.66 *+ 10! kg/hr
« HFC (vapor) :2.38 * 101 kg/hr

(b) Water vapor Budget () Liquid/Ice Budget

Cond = -100 Cond = 100

Evap = 46.35 Evap = -46.35

Div, = -0.12 Div, = -0.06

VFC, = 7.96 VFC, = -0.68

HFC, = 33.74 HFC. = 1.87

Diff, = -0.01 Diff. = -0.01

PBL, = 0.09 PBL. = -0.01

Tend, = -12.02 Tend.= 3.36 | PE=50.42%
Resd, = -0.03 Resd. = -0.01

P=-51.37

B 10, : SR EKF ERREFIAIE > TE AR Pz Bl
T MCS T8 M A A % - @7 AR GRAEY
(Condentation) ~ 7% # B & i¥(Evaporation) * ~ *% & & (Precipitation)fr-k T
kT B §5 & (HFClvapor]) 2 — -] FF4e 44, » H = % 10 kg/hr - ®(b) 2 BI(C)
PIE LB Rt 2 RREFRIAADEKEPHRALREE AFL
(Condentation) @ # 2t et & > HE = % %o
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Windward slope
(a)

« Condensation : 6.20+ 10! kg/hr

« Evaporation : 2.82 10! kg/hr
« Precipitation :3.64 = 101! kg/hr
« HFC (vapor) : 3.09 =+ 10! kg/hr

(b) Water vapor Budget (C) Liquid/Ice Budget

Cond = -100 Cond = 100

Evap = 4540 Evap = -45.40

Div, = -0.23 Div. = -0.07

VEC, = -0.55 VFC, = -0.30

HFC, = 50.22 HFC, = -1.78

Diff, = 0.03 Diff. = -0.07

PBL, = 0.19 PBL, = -0.02

Tend, = -4.89 Tend. = -6.81| PE=56.20%
Resd,= 0.06 Resd. = -0.05

P=-59.00

Bl 1l : BB 10. > fe 5 2" "v0h B S "2 Lok F et 2 KRS I g
TR .2 2 Bl ERL MCS % & i fi » g% o
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Over Mountain
()

* Evaporation
* Precipitation
 HFC (vapor) :

* Condensation :
: 2,22 % 10 kg/hr
: 3.31 » 1011 kg/hr

4.40 = 10! kg/hr

2.10 * 101 kg/hr

(b) water vapor Budget

(C) Liquid/Ice Budget

Cond =-100

Evap = 54.56
Div, = -0.04
VFC, = -12.55
HFC, = 43.08
Diff, = -0.04
PBL, = 0.11
Tend, = -14.71
Resd, = 0.08

Cond = 100
Evap = -54.56
Div., = -0.03
VFC. = -0.75
HFC. = -0.15
Diff. = -0.09
PBL. = -0.00
Tend. = -32.64
Resd. = -0.42

B 12.: FE10. > e 3 5 k"B LpEhh 2 2k F et 2 R e i

PE=58.71%

P=-76.62

%o TRI9c.2 4 2 Ee Rl 3 MCS %3 Al fi 4 g % o
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Lee Side

« Condensation : 1.29 * 10! kg/hr
« Evaporation : 1.15 10! kg/hr
* Precipitation : 0.80 10! kg/hr
« HFC (vapor) : 0.82 x 10! kg/hr

(b) Water vapor Budget (C) Liquid/Ice Budget

Cond =-100 Cond = 100

Evap = 90.16 Evap = -90.16

Div, = -0.38 Div, = -0.02

VFC, = -26.21 VFC, = -0.63

HFC, = 14.44 HFC, = -2.56

Diff, = 0.19 Diff, = -0.06

PBL, = 0.19 PBL. = -0.00

Tend, = -21.25 Tend, = -52.21 PE=39.17%
Resd, = 0.36 Resd. = -0.07

P=-58.70

Bl 13.: B@ 10> e 5 5 A5t R u "z 2 kg et 2 Ry
Ted s TH 92 > Fl2 weRE MCS % 2 Ml -~ alg % o
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Dissipation
(a)

Condensation : 0.51 * 10! kg/hr
Evaporation : 0.50 * 10! kg/hr
Precipitation : 0.15 * 10! kg/hr
HFC (vapor) : 0.32 * 10! kg/hr

(b) Water vapor Budget (C) Liquid/Ice Budget

B 14.: @ 10.> & &

Cond = -100 Cond = 100

Evap = 9946 Evap = -99.46

Div, = 245 Div. = 0.03

VFC, = -64.63 VFC, = -0.37

HFC, = -0.57 HFC. = 20.64

Diff, = -0.03 Diff. = -0.00

PBL, = 0.36 PBL. = 0.00

Tend, = -62.95 Tend. = -8.36 | PE=22.75%
Resd, = -0.01 Resd. = -0.10

P=-29.08

ORI R KA A B KRS L L E

TE 9.2 d FiEe Fl2 #eME| MCS & 32 Ml fil » g % o
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