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Abstract

In this study, we conducted a composite simulation using the Weather Research and
Forecasting (WRF) model with the composite environment conditions. The initial
conditions (ICs) and boundary conditions (BCs) for the WRF simulation are generated
from the large-scale reanalysis fields. The environment composite was taken from 17
rainfall cases from November to February from 2011 to 2021 to represent the “pure”
northeasterly monsoon environment, based on the criteria of daily and hourly rainfall and
the upstream wind direction.

For the results of the control experiment (hereinafter called CTL), we found that the
mechanism of winter rainfall in Yilan can be divided into the following two types: 1) The
low pressure of dynamic pressure perturbation in the middle level forms an upward
pressure gradient force, which enhances the upward motion in the lower level; 2) The
shallow cold pool, trapped by the unique “pocket-shaped” terrain around the Lan-yang
Plain, which front edge provides a favorable mechanism for lifting, can stimulate upward
movement.

Furthermore, we took the fitted Lanyang-Dajia valley as the boundary and conducted
four terrain-removal sensitivity experiments. From the results of various terrain-removal
sensitivity experiments, we found that the Snow Mountain Range (SMR) contribution to
the winter rainfall characteristics of Yilan lies in the structure of the cold pool. On the
other hand, removing the Central Mountain Range (CMR) significantly weakened the
orographic gravity wave signal. Hence, the effect of the middle atmospheric disturbance
low pressure enhancing the rising velocity of the lower atmosphere was also significantly
weakened. Besides, the absence of the CMR enhances the northerly wind component of

the environment, affecting the northeasterly monsoon’s thermal properties. The thermal
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contrast between the environment and the cold pool inside the plain decreases, thus not

being able to provide a helpful lifting mechanism.

Keywords: northeasterly monsoon; orographic effects; pressure perturbation; cold pool
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TP R R B REED Bt AP s AT
(Composite Analysis) (& = thim & #3022 & ¢ 23k) BN E F B R HE 2 47403

(Initial Conditions; ICs) % i# J i i# (Boundary Conditions; BCs) o gt ¢k » 2% i & 2_
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221 LA BRBE

WEABEEHEEY o APR Y L F %A (Central Weather Bureau; CWB)
# &% % x (Automatic Weather Station; AWS) 112 ¢ & 5 % kb kb Hiplzb2 R ffs £
FA L FHROEF R R S F Lo Lo ATy P % Bop 2010 £ 3 2020 &
PEELLY AR E2Y (FELBY XA BY) PEAFTR TR PAR
R I RE S BRI EE 0 B GEIRARY EY 2 8L Aol 2.2 f7
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AR FRS LRSI Tz e X
7B (M 220); 4 B R R R R TR A S AT R (3
IR EE P BAESNW) A s TR GTR FEE L Y G5 SE)
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EEAPEPRFERFRESLEALE  dF g EP LT FUE S BLINE A

ﬁ%woﬂ&’ﬁ%a%%&iéﬁaﬁiééﬁﬁﬁ’%ﬁ%i%ékﬂ?ﬁf

o

B()3I A &Y HWP AR L ORE  REFNEFKES B AP L phEE

BRERS - HBYAPHEFIf B R RR A o - HE

() iR EATR b S AR LR A B R 21 2 Pk
() MiE2(-)GFEh ARz a gy >6 ] BF (382275 > 2014)
Gt R AR T S - HIEED AT B R paie- HHe D 44 B
B FRFEA RE o £35649 ) pF o

LAY HE G 0 AT R FM P X FIEIR Y~ (European Centre for
Medium-Range Weather Forecasts; ECMWF) 7 ERA5 £ 4 47 7 #2 (ECMWF
Reanalysis v5) &P~ k% 2 PR 2 F 558 Sl 27 7 ¢ PR B2 FR4-H
24 hicizerg o £ D ERAS £ 447 Tt kT jadr & 5 0.25°x0.25° & ¥ g7
B i pE- & o gtvh > ERAS B A4 F R -8 3w b 4% 1000 hPa % 1 hPa >
AT 3T BF RE o

W23 2 MBEH*3RF4awlandl A SRk T RAGE 2 A
BA A TR R TEAERL PSR LT v B4 2200002 F RE - H B S KT A
A R B (23649 pF) ¢ 5 206 PF2 LA F R A E =2 850 hPa &
A= A2 - pEd? o A F R AT 850 hPa o F]pt > AP 1000 hPa 1
850hPa & & % KA Fh A > TiE-H U FFREPN LA Fh K2 T3Hh 5 Hpt
A4 B BRBEFAEE & X XB[NEE o 0E 10° 5 - R > 744 B %
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RHERAGLIEE B 17T RER RE RS WL TR » /5 50° 1 60° 2
B (16§ @ fih WD5)e v 15 3| - WD5 i & e BEAg8 H & boo % 2 B
Tl (R 24) ot o WD5 ¢ % BRPFE i s 270 ) PFF 0 T RIRE A F 0
A BR (£3649 ] pF) ¢ o ibIpAREZ A2 - L > KL WD5S a5y - #AR
Bt L2 Al A M TR A2 FRIBEHRIED - Fpt > AT &% WD5 ¢ 117
ARk (£ 23) EFEEEMHEIRL AR 2 R DEL c 2 A ES
B rEf BER "G E N YA T A Bk FPARER s
P T Riau B R 2 3 E (Outlier) o gt b > 22 & = e Fag o, A
MRLEE B BRTHBUMEF TS F2F 1T BREnEr > L7
T BRI EMZ L AR R - Reodopt - ko T UG oL H - & TR

EfEm i Hh Bt 2% o

222 £X %% L4

B 25 &5 2 WD5 ¢ 17 Bk blang & ¢ p5mkit 2 g g g ks %
PR P ERE LW W26 0 WD5 & F REZ & SFREAITH - APT IG
I WD5 & =2 F kg g (¥ 900 hPa ™) B BF LS BTA Y %
Bp B TR HL AR 0 b #95 15-20kis (B 25) £ F 0 135 FRA D

HERB YV UERIEE HAAEHIL T LA ER Ty

g&\

TR
TRk (R26) et btk AYES FRBRE G- LT ITEE RS
ks B enfe ¥ o 4ot SR INE G chi TR (1000 hPa ~ 925hPa 2 850 hPa)
FRPEGKFEERE-FY BN E FAAEIBRAR Sk (B 2.6a-c); 3
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B9 Hg BT FASLE LR R T s RARUBFER T g # 2
SRR EAE 10 2L P hiE- SefiBh Ho bR SRR L T AR 2 B
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2.4 &A1

241 #F 5 R
AT ¥ 2173k d § & (Pressure Perturbation; p*) %< Houze (1993) #-3 #
FORATIR G B4 e F B (Pp) M2 REF R (Pp) 0 A RHES FEOTRE

TR EFEA AR R

B=—gx% 2.2)
s = 208 (23)
Fp=—V-(p,V -7V 2.4)
V2py = Fy (2.5)
Vipp = Fp (2.6)

B op =p—pyipo > FH K% A (Reference-state Density) » 3+ A4 F @ B~
247 Fé 2N p 2 BB TG > @ p=P/RT,: F1*% & 23N 24418
2. Fg 2 Fp ™ 6 B £% /2 (Successive Over-relaxation; SOR) i i #f2 3-D

Poisson Equation ¥ ¥ pg % pp o Flt > B2 H 5 R p*

p* =pp+Dp (2.7)

EREARY AW 29T P A PRREREEE TEREER T IPRE R
(Neumann Type) (Cheng and Cheng, 2005) ~ F :# % 15 22k 5 % (ZeroType) o pt ¢ »
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WA AT FE RAZTERDFLE G AR DA EH ) AR AT
ERUES AR ) R AR o st G ERER A S RIS (R R R SR SRR e o
Titwmd e ng A ERK RO P A IS RRERE LI R P2 K

TR T A0t £ OEE  iehd &4 (Rotunno et al., 1988) % » di b 4t ¥
AAERBE T At 2Ok k8d Ul A o &A@ > Zhangetal. (2022)
SR B T LA BRI kMg 4 2 4 R A PRk ahle e 1

TREAT Y B I0LA R AL R B AR B0 F FIA AT e
Pt 2 o HrAREEAFAEAYSIHEL o

B2 7% Zhang et al. (2022) %= F R A4 HEFa a4 s 5% (warm-
sector) 2. % '% -k AT R ARG A4 0 AT IR A # LT
WHTREs pl2a? kg JIR2 4] 2 4 4B Miaoand Yang (2020) #-
LA FREAKLFS (Y22 EE e BT H B —0.05 (m/s?) 28 &0
PEAPER T E-HFEREARLSHNALAZIRARRETFHE TR EE S

P LF Vv K EEER fnd g R g f184

243 #E-® 4rig BTk

AP A B HR T S B R A Y 0 LB deid B2 Tt -
K pB2Z LE LG RPIERREF O PEARABTERHE R TR L Sehd
Ehd R RRE LR EEHEE i RNE R AR X TR
ZALRLEHE ARG
w__1at 29
Dt pPo 0z

BN 27 TN 28 L
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— =5 —2 4B (2.9)

BN 20, T ML L RITfEL (D 23 ) AR SRR 8

R I R AR

244 Fed il gazx s (L)
AT BRAR RF KNGS A 17P o LR AT B L g
Lz (Lp) 2w B GRS AR TR R L RS Sl

E‘;ﬂmﬁﬁalﬁ

Lp=— (2.10)

HEONGHFAAERTRH 353 B f =20 sim 5 4% Sdce 257§ 151 WD5
SOAT RS S A YTH R B 2 2000 2% 0E L BT R ¥ FL
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BALER T Ak WDb cha & ST B4 TR 95

0.007 (1/s)

245 3w K 2
#Eg'in}’\%g ,g;c.m# ,Eﬁy%; N q/ﬁgxfﬂz}i\:fgﬁ B 2 fs_%ﬂal‘l—% - _lrJ—s{ﬁ.)’z [)F3
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Chapter 3 ##]%2 R % (CTL)

3.1 g1 & HELBIE R FH VR
EMA 5 o CTL #%forl WD5 ¥ % 2 jipl & & ch% 5 24 ) 5 1 ff &
B UE = —“Ffﬁ?fﬁfﬁ_ﬁﬂiﬁimé feoo

&R g A

g

=k

AR NPT g

s

HAKEWHETRPINFELET LMY La v LR adgd (B 3.1b);
BREOEE 26 0 TP FIAEY G A ERE (FA o) R
TR A a Rlair i (B 3.1b) e ¢t b > Fab CTL Host2 " & FF e v fj &
T RE of EALEAE (RL11) B3RO R

R CTL g2 % BB B2 =% F¥ WD5 2 2B 245 a

I

tFARHY A3 E 2 6 CTL 2 REL E 5 % 55 (mm) (& 3.1b)-
WD5 & S piplen%sc 24 [ A s £ e En s 189 T3 (mm) (W
3la)o #H P BB L B > APRIAZFZ VT A BB &R 38 g

2

ek

v@ ZER R 24 ) R AR B oo FIt o BRI & 2 AT AT E R Rk eh
WD5 ¢ 17 B @ %2 BFehT o' a i e @R @t Eay i § § 4T
A g o 320 CTL WA R Sk 0 BE A s & 3 A 453538 (7 B 2 f8 1 g
RagR s TRESBEFER, o F] > CTL f % eh' & % % 2% WD5
EFRRI AT TR G TH - Bk, B S% o Fut o B WD5 & & ok
& ERCTL k2 24 [ PR ) 13% % o

P¥ %aEEril FAG LCTLEHRE S BECERAP 2 7
L% (W 31b)y @ WDS & 2pplP e =B ARG e ThAs RIgRE-F
(B 3.1a) #"Epl s S Eoaa 22340 > AP @ % Fad nfléd2 i g
B A bR B AN L o RA o SRR s B 2 Ao 0SS e i gl A
fas 385 2 KSR ko F P L R § ISR EY R A b
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ALK B WA gk g T LR 0 FlA ik WDS & ARl & B iR
B CTLHRI A S 52 a R BE =8 f ikt 4 F o

SFheral o CTL %% WDS BRI & 2 %827 240k » 2§ s

&

Ben- Rifbod po 7 L CTLHIRF Sac hg oA LHED T e # Al TR ER
TR e FIPr o B AEAT Y BB CTLY %2 s+ d

AT FHRMNTFE R FES F eV s .
32CTL 2%

321 ' EBBEPHKE: ERFER

R SR Kb B2 ERSOPEAR (B 32 APF 530
PETRB R AR A 117 23 12 UTC 2 44 » B it 483 ok » 30 2.2 4
T g 12 ) P G RN A R (Spin-up Time) » & (8 o BT &
2 A A4 PER L 2020 &£ 11 7 23 p 12 UTC (FHEA PR + 12 ) ) o 4o gt
- %> KW 12 EFHSpin-up LRz FE RS BRI kit
Y F AL AR B2 B BT kA o 2 W 33K
7 CTL R S ® > B2 F e aph o w53 T RAIEA LR H 40
117 23 p 12UTC 2 11 % 24 p 12UTC R » H ¥ 3 B % a prpi 11 7 23
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AR TR BLATEAL ST ARG
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AN TRLAMALLT G5 R B E P B R R K S
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B rE R R MR I FREORHER G FRF TR

3.2.2 s B A5

a. ¥4 @ F R (pp)

W 34T 54 FHF R (pp) P F AR RE KT A GEM APT 1Y
FIHET R FA R F RS (75 MB) 2 Ajs4% 500 1 700 &
R Bt BARPE  RRN 23 2 N 25 W Al A R F RV gt £F
PR ATHET R ESEF AR o EFLL P J B 35a-d ¥ g T
GRS U SR RO SRR 5 RIS O R AR
ZEEA R T BRES PR FRECEER] R ¥ R R L
25 H (W36 W37 2MW38) 2w 1T RpMAK LS EHF R L HLR
Rtk psaT 2 P A RE pAR L 22T o BTG Bl AT R pE e

FLdv o A A RS R F R N e § RIBEOT AR R E RS LR
RAGEFH AP TR 2% 54 L8 kA TR SR ARDFEF LI A
MR fFA R RS BRI BR R JEEE AR T00 2% Ao £
FooFd e RER R I ARG 25 22 kG F BRF RO EE (T
FRE)HAREER R FR-K (M 3T AW 38 pFS B BEL
ko R R K
b. &4 #&F & (pp)

W39k 64 d 5B (pp) Bt A ERE KT A G APT 1
HBREAPHFRALFREEY DA GG PAESEHA S X A BENER A b
B EWAR NI F 4 FHF R BANE A R R B RGE b  FKiRe

PR AR R LA LR A RIE D BT R S e R 2 S
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FETERR S TR FL T UM RGP R FRL G P DR e 5]
S AF 1 T3 SR PRGIE S B IPEAFELS T R S S
Y F B2 35 B (B 3.0 W 3112 B 3.12) ¢ T oL FES G I 84
BFE2Z I f B2 A EEEAG  AEEABKRY22 4
A PEF R AR CEREFERE D BN 1 GRS -
RixEd 5 RLES 2> 7 &0

owdu OJwodv

2 X
p 6x02+6yaz

(3.1)

d 31 kB LE by A EH 0 3 (8% (Updraft-shear Interaction) -
W HAFER DR TR JIT AL RS BREFFR TR I E L B R
MR (B 313)c at F BB B ME FRDPOA A ER > TEBFAE LT
6k (W25b) 7t 4 U BHBALE > P EFHFDTRR > -CTL
B sy s B2 PR E LS R A2 ) 22 T nEe (W)
311) ° 134558 31 FlRB G amd b by >3t A@E B2 b b A (7 Rl A
Loerded b 5 R (BEE B R) TR A (KR B2 foahde 4 b 5 R (6
M) (B 311 - vt o CTL B % ¥ ¥ i 310 % ¢ B S MR LA
LRPE S EOK kAL BEER GO (W 3.10 - B 3.11 2 W 3.12) 5 0k o ¢ g B
PHEEART R e L f RYR Y SR 2 E e R G
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323 ## A7

e

TRAH L P GAFEA 3 =005 (m/s?) 2 % (Miao and Yang, 2022) »
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HEAE ¥ R RHI kAead B PREBRE > R+ % 200 1 300 2 & o fe ik EF Y
F FlHin e e B A G AEcs B 58 B g (] 3.10e-h ~ B 3.11 % W) 3.12)
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Chapter 4 3 2557 B R 5%

4.1 NNT i

WA4lsrmyde Bramgriskz 24 [ ELhfad (EAERF +
12 hr 2 + 36 hr) - NNT 9 % (H 4.1a) 2 > CTL ¥ % (® 3.1b) i % &4
TN AEITHAOFET AR - KT AR ED A e d AR OR

o fHREZEY AR < o XA O NNTHIRES?P GHE T RapRlifia 20
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WRF Version 3.9
Time Step 00 s
Vertical Layers 55
Model Top 20 hPa
Domain Setting
D01 27 km (287 X 184)
D02 9 km (246 X 240)
D03 3 km (222 X 222)
D04 1 km (222 X 222)
Physics Setting
MP Physics Thompson
LWR RRTM
SWR Goddard
PBL YSU
CU Physics Grell-Devenyi ensemble (D01 & D02)
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L= ax3+bx>+cx+d

Lan-Yang River

a=-0.70149 a=-0.40907
b =254.52577 b =149.03699
¢ =-30781.97961 c =-18099.28075

d =1240869.95191 d =732673.52544
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Composite Daily Precipitation WD5 (17 Cases)
(1) Rain Gauges, (2) Ordinary Kriging Interpolation 2011-2021 NDJf  [mm]
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WRF CTL
300m PB (color) / 300m Wind /
Composite Reflectivity >30dBZ (contour)
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100m Buoyancy (color) / 100m Wind / Model Time
Composite Reflectivity >30dBZ (contour) 2020-11-23 17:30
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