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Bed 2 F I T HRF fpp kR 2 BE

BRfES ' REsh°
| PR
2 TS KRGS
(FEERE 108 8 H 01 H ks s HEERE] 108 4 12 H 18 HiER)

i

ABH T i = 4 0 R m) 8 U5 AR ZUAY 3 R AT 155 2 (Vector-Vorticity cloud -
resolving Model, VVM)#E&E# 5 (Noah Land-Surface Model, LSM) * 47 BIHEESHE
HOT ~ PSR =RV EE B [ - A E PR R RS A AE A (Land -
Atmosphere Interactions, LADEF ¥ 70 [ae7K H 85 Lom Y 2 2 - Fofast 1 RIsH B g -
4B E ERE KR B EAEFH(VVM 84 LSM) 5 55 4058 H Bkt
KRR OAEREVEEREA VVM) FIH S — 40 B B 6 & s i 22 SR AR s R g
AENDRE AN KR FE L - B RBEANFZERAYER T - W
HE S H R KE ERIENR 2GR 22 EAY2ETE - (oA B P KRR B AE
FHASEE -

BRI  IE=TEPEAIRE - A H R AR RS A /E AR K H 1k
e FEE (B KRR TP e /K A B i 2 /K SR (o R AR = ) 4 B R SRS B A
F o S—En ARAEER OV E SR T Pk H 2 Ll i B b 7K i 8 7 SRR B
ARG S SN B B 7 FL R o T 2 71 % T A /K H 88 B 1 2 S A A%
FEEAR HEE BT - ARV OB E A RGRI M I ERsS2
MEIAZ T AR R N AR SRR 0 E - R A BRI R RS A
ANE SR T /2B R 2 R — (B IE R REAR - T 27 BRIt KR B
BT 2 E e I RREEMIIN T UESNGR AR R 2 & B %
IR o TERCS SR Y B B Pl PR Ry T 2 T T P B m 55 > (A 8 i R
FEAE « FEPLAEFAVD T AR BT R S FEED T LR (AR M B AR A BT B - - [RKAY
H 888 { L5 P R o /K S5 (A Bt R SR A B F 9 A B BURR
RASETE © FIREMENR - oM~ BEMRRACE MR ~ 2 BRI H #44k
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— i

FER B ARG E K H (LIS
J& DARF 22 RUEE& A H 88 E KU (diurnal
scale) fo/NZE[E RS (BT 2 HE A
H )W F & B ¥ i (afternoon
thunderstorm) 55 & > i L {HEE 25T
75 i B R R R S s AR B E A
IR 1% BV 4 e PSS /Ko e
LM > Horh Hamada et al.(2014)i5 78
T B KERIEETRT 0.1% 2 BR M2
KEMp SEREUR T S 120
mm hr BRI K S T B AR T
1% Y (5, I B [ )t st & HLRE K H
88 (b1 {H (diurnal peak of precipitation)
e et B PR EE PR e B 5AE
&R -

PRV B 1% BV R
/K% > Saito et al.(2000)7 285 (5 fE
% g HH iy B fR /K H 8BRS > &
T2 B R R AR B2 R
s/ o

72 A e AR U 4 e 1Y B M A
Feng et al.(2015) & & &% ¥ 4
(intersecting cold pools)Zg fif] K & A4

T2 B 4 (isolated cold pools)Y RS

RMFRES A% HIEES 62% » [k T
A2 MR PSS A 4 A i ey B
EREL) 45% RN > HEEATE
2 M S A M R AT 5

FEUUEHE

IR A EE4E -

bR T RREAG S M RIEER AT
T2 Ah - R 2 AR A 8
AT R N R (SEEL v 3 IR SR
J& R S B B4 5 e i e A
7K H 8 (L58f% - 41 Drager and van den
Heever(2017)45 t 775 4 i1 11 2 7K £ 72
A SR (5 St 1 Y ] Rl B & (sensible
heat flux) [ {5 H 5 /11178 248 & (latent
heat flux) 4 54 & B (wet patch) » H
ERA IR EIT R AR EE -

ANBHFE M — 2 5t E A A [E] e [ R
BT BN EBLR R 2 [ Yt 2% i
MhHDR AT A S E RS EERT
R BRI 2R - DA
RERSENBEREEBGRE -
Ve 7K 5 S B AN TR i 2 K 45 2R -
R EIERIEH D 77 Chen etal (2014)&5T
ZEREL T (B (Urbanization) EEBI{E 1980
FHY 20% EFFZE 2011 /Y 50% @ Bow
AT 30 A ENE B W A [ T Y A& (land
cover)HEIZHIE - KIS —Eb
(PIPRET A e [ B G (e AR AR SR ST
I A EHEE KRG EA T
17> H 7K S A g 2 YRR R Y D5 2

1 725 38 1 3 fi# 17 15 = (Cloud -
Resolving Model, CRM) H [#/K Z/L1ig
FE B AS R rTE Bh R M 22 GCM
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T B U R & et [ 7K A B
R B8 o £ Guichard et al. (2004);
Betts and Jakob (2002) and Bechtold et
al.(2004)) tr §5 > A & B =
(General-Circulation Model, GCM and
Single-Column Models, SCMs)1 » FH7

» BUE A Y R R

21 B fH B = Vector-Vorticity

Equation Cloud-Resolving Model

(VVM)

AW 52 # FH Jung and Arakawa
(2008) 5% fEery —HEERFATIE VVM >
R 0 Ry 125 8 FEE T R A A T 0 JEE PR R
& - HEBZE TR ERK
J#EH E$5 o Lin and Cheng (2015)&F
Noah [iE#f & = (Land Surface Model,
LSM)FEH#E VVM U E Ak 22 i
B2t > tHE A HE S

B1{H - Bk T REREARR TR $EE
JoEL S5 S T T i i R T B
Fen T BEHIRZ AN » A IB M E
IR R 1 P S O
[EIFRH & - ST it A AR B
N R RER RN E -

RIRE ~

2.2 B . Noah Land-Surface
Model(LSM)

KB 5¢ F {8 H #Y Noah Land
Surface Model(3.4.1 R AN) Fy—4fEEHE
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SCMs ¥ e a8 F 3 LR A 1=
TEEEAEREK - B3 H B bRKIEE
B A HEg BRI R > EREE
e B e B K H S b
i

B0 AE BESFI RS - K&
PR FERE o EMATIE = B e it =
HIRE & T B A A E AR TR R
7K~ 3T 3 T R R R R - A
AR B A es ~ TEORE - FLIRR
KA ERSEECER - SR
7] 85 & o 5] & 2438 & (sensible heat
fluxes) Jz %2k & (latent heat fluxes)Eh

Bl > ARy AT Ut T 28 SR R 1 -

2.3 HE LRt
2.3.1 Bk FEHAREEE
R AT L AR RSBV B
B I > R[EREE AR N A KR
L EAFHER T REVR RS &
PRI S A b B AR B AR 3T S 4R
BLEH NS EAEE - AR5
2% Baker et al.(2001) » 3%t —{HEE
43170 A B @AM ELEFEE )
HIPFEBFGEN RIS - SR
{HI R 0 [ R PR R 4 FE AT 302(K) -
B S JEIS o3 o P 4 E R/ N P
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JEU(&Y 3.2 m s )Y(REAEEEREHIEE
REGE o KREERZE 4 AIER
AV G4 BlERET Nl G YRS E
SR ROK R AT -
fERE A REEE Tl oy FMERE
T Z#HPERIARE 73 A& ER i (Urban)
H5(Pasture) F1ELI(Grass) » sE4HEE A
IR SEECENFE 1 -5 =4I
T 22 A BBy M 1] 7% 3% BE (evaporative
fraction, EF) 77 Al R/ N K - fE#ED e
EMh REE F R BEEE
(sensible heat fluxes, SH) » Hiih Al 32
V8RR & (latent heat fluxes, LH) 7%
LAt E R T
LH

~SH+LH
(EF:Z£8510 | LH: /B3 A © SH: AL

EF

VARRY

iHE)

VVM 7K 5 T 8 i e 18 Hi i 57
R AP RERE By S12 A H *512
N RIS R 2 NB > EHEERE
LEN 17.5 N H - R TE AT
B (K 100 23 RY) - A% e Fp AT S 22
AR - PEBERF REIE H HBA4G (R oS
B2 HIE(TAF7SED) » 312 /N - 55
SMERHERT EEA N EREKA
(ensemble member){F ¥}t 5 4 #E 12
HHEEF SRRV LRE -

FEUUEHE

2.3.2 AR AR O IER

Ko T al et E R4 EIRE T A
Ji P K R AT B F AR BT
S | HE(LREKRERE - M
s bR R e T A AR B R VR & &
HEE B HEAKE - RIS
7RISRV E B R BaE -

F—4HEERTE(E Coupled » BHE
Pt KRS B AF T RIS EE - A
RN U & e U T 1R 2
B KK H 4L - EfETHEA g
S SR - RG-S S T R
s RS R
CE A S R P 3 T 2 R4S AT A
FofTHIth 28 SR - M RSB FN
T B I it 7 v S ] B2 2 ] 8 S Ty
A 5 DA S RS A

% AHEETEE Prescribed © F5)2
A H PR R RAS A AE T AR

st LR B A EIE SRR T

B AR = e b A AR fe 1 S (LK
it E = SR AZ RS Coupled BB
i HO T T L A 2 B R R 45 S
M=t - (RIHEAE Coupled K Prescribed
WA 4H B B 1 2 s e P AL 2 [ s
YN A -
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3.1 /KR A B RE Z H BLEE
sl

R SR B /K 4 72 52 B
AL EH 5 A FRYEE AR - H AR
TRV S Y H KA RALE R
BOPATEES - IR EEESTT
[ HCFEEE(Y J51E) - A E PR E T
i S 5 B AT b [ JEL 2R Y Hovmoller
diagram &2 H = (BB AV -

47 Hl By Initiation ~ Propagation 1 Merge °

Az PA Urban Coupled B &S R R 2 57
S _E¥IR K4S - BREK T
B 3T St T L 355 7 A (] R A A (e (e
l.a) «

1E Initiation HFHA » FANEELY 20 2
HERFHEES R AR EETR
FE7K > B RRE/KGRAELY 18 mm hr' (]
1.b)i /K A Y T 77 (downdraft) &
IIEE D N CTPANE = s 5 S Bl 3
P2 H5RE (cold pool intensity)F
dabETR (8 2.0) /4 MR I R e S
A 4 T 548 P55 (g VRS IR 22K iR
MR ESE - BT
Propagation F§ifff » R FHERRE LR
{HFERS AT BRI ZE A= R K (i 1.0) > I
R EREREPE HIE 4 50 A B R B
S BERA F R AR ETH  (HILES

BB Pkt B LU NGEEZ 2K R L
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A TEME T4ERFAE 18 mm hr' > ffi 45
% 8 FEE B 2 ) B — A B KB (89
49 ms)(&E 2. -

TE Merge W5 HANE - MDA 3R
TEE A 5 BUR SR HISH BB & OF -
B HoE BT RS AR TH(E 1.d) - 7F
TN VU S 7 4 ] A R RGN (5 B
K58 H b DR R - TR R
KRG 30 mm hr! > AR R
REAAE(ET 4.7 ms™) - 17 HFEKEAL
EIEZ Merge HRHART BN o8 B 20

=

4
1

[ I R P 5 o5 - BRI
K (E 22)F] B HIEEZRE Urban 3
SR 1 R K EAK7Y Pasture Fl
Grass( ¥ % J5 (R 2 1E PE [ AE FE AR HY K
REZR)  EIEFREER AR
KEEE = (HEEERE T 2N
3 BUR RN = KR E R/
(Urban) > {7 5] i AR 58 1) /5 LB 2 1
FH(IE 3 75 b2 AR e s A A S 2 o
JEE (I 20K -

Hbr TH] 44 3 & (total surface fluxes,
A R B B GRS A B3 ([ 2b)
E=(EEERE TR EE - K
H Grass HY4E 3 & s > Urban (K -
JREBEAE ARG IMENT > Grass [EiiZA#
TEIZE S B E PR R B G A R 3,
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[ AR RER S 7Y Urban -

FEFAE Urban [& A1 3 88 5 DA
A REGEE Ny (R BILERE - SRR
) IhEE R G RE e S 2 R
= (1 km)( fH ¥f Pasture(0.75 km) Al
Grass(0.5 km))([&| 2¢)> H. Urban H[fj7H
B LA RS £V - SIS
4t = & (Lifting Condensation Level,
LCL)E A FE Pasture A1 Grass IRIE([H|
2d) - (K@ KRR
Energy, MSE)ES 47 ([ 2¢) » ={EFEHE R

& BE (Moist  Static

FEUUEHE

BT B e SR pton T e 0 B
MSE 7 241E 2(K) A » B R
PR RAKSE MSE 3255 -

B Y J7IA S EIR AT
FYEE EL AT T R o e R I (1 3) -
£ Urban EEGIF - ¥R R4V EKE
VKR & Eb (cloud water and ice mixing
ratio) k¢ 7 B AR e 58 HAE T - B e
A RS T I LA Rt L e R
ZJAE Pasture Jz Grass HYERST » ¥t
IR i 4 1 22 L 45 M 250 0 B ELIR 99

(a) 18

/»# * 99

. f:'
t5,0% °

L

0 50 100
50km X (km)

1 (a) AyAHIE (0~300 23 R fE)u J5 [ E(contour - [EFE A 1 ms™) B ZETH RS M F#EST (out-going
long wave radiation, OLR)fi Y 75 14 F44 1904 7 & (shaded » FFF 5 10 Wm™) » f #H &
YRS R (R B B e = (¥ 28 FE HIBF HH (Initiation, Propagation, Merge)

(b)~(d) 43 B B = (B St S PR MRS B - [t /KSR AR TRl » Ef €8 shaded Ayl 7K(mmhr) ~ K
1 shaded 5 OLR(REIF@ Ay 5 Wm™) ~ S75E BT u 5 M El Y 5 mSEEEEAL R ms™)
ALEFNFEE - BT E o
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5 (a) Precipitation rate 800 (b) Total surface fluxes
15
£
E T
T}
o
o 05
O 1 . L 1 0 1 . L . 1 1
8 10 12 14 16 18 Urban 8 10 12 14 16 18
Local Time (hr) Pasture Local Time (hr)
) (c) Boundary layer depth Grass_ | (d) Lifting condensation level
B
=
=
(=]
©
T
0 1 . 1 . 1 1 0 1 . Il . 1 1
8 10 12 14 16 18 8 10 12 14 16 18
Local Time (hr) Local Time (hr)
343 (e) Moist static energy 6 (f) Cold pool intensity
342 ~
< 341 :
& =
= 340 ';-';,:
339 £
338 1 . 1 . 1 1
8 10 12 14 16 18 8 10 12 14 16 18

Local Time ¢hr)

2 Urban ~ Pasture 2 Grass BEFAIRE E15(a)fE7K (mm

Local Time (hr)

BGTER) (W m

hr') ~ (b) b4 & (7T RL

N OEBFRESEKD) - (BAEESE (km), (©) FTHIEO~2km)BEFEERRL C(K) R At
58 (ms’) for Urban, Pasture and Grass experiments, respectively. 43 FHY shaded 575 ensemble 45
DRI E] o B i b Wa (SR B 53 A1 £ 11,13 Bh(Initiation, Propagation H#HH) » #H4% EAYEL Ry Merge
HFHA -
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FIU 5k

Coupled

™

= = Height (km)

Urban|

180

Prescribed

Coupled

Pasture]

Prescribed

- :

0

Urban (9/kg)
0.45
0.4
0.35
0.3
0.25
i 0.2
Pasture 0.13

Coupled

— Height (km)

1.2

Grassg

Prescribed

3 1E Merge HFHARS » 215 Y JFHISEIFEAYTE B3 AlE o PKE shaded Sz H 8 contour AEAES

PR(ZEAK+

RFY 05~ FERA 1~ 1.2ms”

=

EKREER) » [ contour BE A 0.4 ~ 0.5 gk 5 418 R 4L contour £ B
EE Rt shaded Ko B €8 contour Ay X 7 [l R\ EREL/KSE F5 1) X J5 1A

JEE I (R A ms ") - BB A 400,003 ms”) » B contour By BRI - BAE S HI K-
0.01 ~ -0.02(ms") °

F 1 =(EPEmEBRAEM S S REEE - DURAE R (B R A (L Bh 2 7S B & BE
Coupled EBp&h A 197485 th(evaporative fraction) °

Experiment Land Land Soil type soil moisture porosity Green | Evaporative
type use (volumetric) fraction fraction
Urban urban sand -- -- 0.1 0.035
Pasture | pasture sand 0.29 0.339 0.1 0.629
Grass grass organic 0.32 0.439 0.65 0.803
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TS E PR R A S Lk
/N ST BB GE B R D R AR
Ho( R imE LI RV E) » (H15E)E
MSE /(& 2.e) » LCL $&/1([El 2.d) > ¥f
AR B R ia R R T A RE
JE& e YA B o R L B AR
] 8 45 ¥ M &R 40 (aggregated
convection) » [ /K5@ S HEF - 1M
E YRR IE B 5R[EK785 2 Al [
KNDUES R N EDR - B AR
R R g AR R 2
A 22 SR R A0 - AR AT A 2 R
At ETH R A AR e A R T HY 5
HA{EH(cold pool front interaction)fF iy
& A A 2 57T 4 3%t (Feng et
al.(2015)) > fy—IEREIER#ETE - HREkRS
& 7 L PR R P B R = - Al

frzEtbfmm =T T (Pasture, Grass) »

AR (R 59 ELRRAY /2 Ay SRS
LU 2 AR FE Erbh iy > (B =F
o T B A et Py~ 2 e /K B [
Bl 1% f K 7K 5% 2R R P 24T

B LA A SIS T -

3 AREBEEMARRREIEN
(Coupled vs. Prescribed)” H #/(LiE &
=52

AN AT = T P AR T Y
Coupled F1 Prescribed 45575 BAESTH
REFEEM KR EFEREREERS
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S NSRS -

£ Prescribed Efz([E 3 17) » H
Pt AT HE (LA Coupled E g
AT > ISR £ 400 H 8 LB A2 A
AT - B EE E A4S EEREL Coupled B4
REFREY > H Pl Urban AYSHRASHE
7SN 0 Grass Z258/]N o EMD -V
PR /KR A K H 88 BIEE (diurnal
amplitude) {F & [Fe i Ea s th Prescribed
B ALK AE Coupled Bl HIF/KoE
FEMREAE Urban WYZEFERA » BEEE
[HITUEETE Pasture F| Grass BF4E/\([E 4)
Urban B Grass 7 72 57 K A2 71%
(BARTR)

5T A W B E1] 75 86 2 el i e 7K
BrR o AmE(E 6 AT AEL
Urban 1] Coupled FI Prescribed [y
SYARAEREZK TR 20 mm hr' 1% ({H
FRIAEE AL 7ZSE > 1F Pasture IRHEARIAT
oy I B S 2 KGR RS A 50 mm
hr''> Grass GRS AR TF2H

3.3 ERSNTEESH

BT T M S O L T
HEEEER I M SINERE &
R EIR RS R TR AR R
TR ARG TR AR - SR H
JKEEE IR

ARFZEER A Tsai and Wu(2017)H
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1y 7N ¥ 3 45 43 | VL (six-connected
segmentation method) » 4158 H AT & 32
(FE/K+EK(ice water))EELEATY 107
kg kg A& IS BRI > B
HEAENRS - BT aE=(EkEE
EERAE Merge HFHARTIEAYENT S 408
fEE7K > PRIELAE R ] b4 — BEN N AT
BN RGAE TECVAY i NES N S

W25 ER T 4eat45 R4 Urban
Pasture~ Grass § Coupled F1 Prescribed
ERIIRE % —2(BRR) » i
75588 Prescribed BERIEE M AT
M B s fRygnviR & - BURH
HFEBEKEKRELE PRI
B A R i i R I RS AT
FAF SRR 8

Ry T EREHHERGSRTER A
AR P ISR = AP Ry
TR EEERNRAEBETHE BN
5 HEE RV 0.5 ms™ Ry
k%002 (convective core cloud) (& 5)-
FEESHEEE U (2 km) 3% R EHE
A TR (6 km) AT HER Z40 1A% 0
% (core cloud » # F A EiE M 0.5 m s
A& IEEZ H it Tsai and Wu(2014)
H R HAERE R R BT EE S &
KR E » YRS ELLE R
MERST » RO EREE AR
ITENS I

-

FEUUEHE

BRI R R R AT
WfE 6 > fEARERERBIRE T » $RI% L
TSR HI MR T R BE R (10°
k) TSR 21470 (DA AR R ) i
4375 » Ti7E Coupled /1 Prescribed B
72 S ARSI/ NP B RUE (DU T RS
R/ NE IR ER(E 6 ) > SIME
Urban B Pasture 251 » Coupled 1
Prescribed BBy R ZE B A= S ]
B Grass [EHIEREE - B REHT 7= SE88
{bEAREK H M LlE = RAR DL - Hh4S
RETSHBERNEN K RX G /EH
B RER S5 A W BN HIECR -
FEHRZOE R L P/ NREIE R

3.4 FHERRREEEDH IR

bR T e EREE s A H /K58
FERIEURME B Z 51 - BT T
KRERIRET R UG R B i B P2 e it
KB ENEHANEE - T REEH
BOnE SRS EEE 4 km)HYR
FE e H T ER R 20% 2 1% » HIETE
A ] e T B Y H e 7K 5 FEE A AR
BEiEL -

fesi R AT A (B DHIERFEIEKR
SRIREE N > A E M AR A
B ZR M fmE R ERY - EIREAR
[FIEE T Coupled BERIY H /K58
EEwaaE SRR I1(1.2RH)
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RO+ AL R H /Ko AR R (89
16 Bh) 2 &8P K TR E 9146
MRS R RIBIR T B E 2 A H
PERR R - AT RE R AE 22 B a5 /K
Z A PR REKE SR T KR &
SHFREIE R R AR KR D -

MAEAR [FI WG RE R T
LAI fER[EIBEE F A2 240 MR
7= (& 7 &) > &B2AE Urban HY5
EiBIZ > Grass BRI - (BAE
Urban B Pasture [zEmIfG > LAL ¥ H[E
7K o Y 52 BA PR 140 R SRR Y
INMmEEE - FEZILEURIVRRER
BERETR BEE Coupled B R4 T ML
S GEE 25 4 km Y35 BE A F1) 88 R -

Sfds 130

17 7E A B R A 2 L s 5 b T B SR %
Al 2RI SR /2 Al SUE & B
JKGIAE Prescribed AR » HEIT
g9 H KGR - BRUEA Urban JTH
SANEE - NI R SRAG R 531
BUR MRS

£ Grass ¥ HHY H FEE/KGRE 225
Fole/ N8 4) > REAE Merge TS
TSR R ARE(E S5) - EHA
2= BAHEAEA WA RE A HY 23t
PR HEE 4ERF(IRRITE LAT $ H 2K
SRIEHR A A B - B LALE
H /Ko R A SRR R B
BUR R -

1

)
o
fed

o
»
T
—e—

Prec difference (mm hr ~
o
~

o
N
T

{

Urban

4 TEAREIRE TR & H KR 2

Pasture

Grass

(mm hr') » AIFLE(E R Coupled 1 Prescribed B

WA 2 P K A 22 ORI SRR & 3 KR s & > bar RN RSB EH A EN

g -
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convective core cloud

6000

Height (m)

2000

0 10 20 30 40 50 60
X (km)

5 HFRAZ L E (8] TP AL 6 RO P AR ) R ] o [ TP shaded R R EAVIEK - &L
AR eIk B T2 EL A 0.5ms-1 AYIERIE -

Urban Urban
Oe -1 T T
o ® Coupled Coupled
ot ®  Prescribed 15 | Prescribed
-4 -2
- 25 ¢
-6 "J("."'. ° 3t
) ) ®woemo wne 35 ) ) )
0 50 100 150 2 3 4
Pasture Pasture
__ 0O -1 T T
x x
o * o
T2 =
2 )
54 5
5 o g
09_ -6 '.:;u‘::‘,'.’-s-:: 09_
0 50 100 150
Grass
Ose
o
2t
-4
6 , ' "‘:.'...; , , r
0 50 100 150 2 3 4
Prec. (mmhr 1) Core size (10 X km %)

6 T4-FELEZE NEEHARS > 7E Urban, Pasture, Grass = B[R E B EH (S 2 BT MR KRS 7F
(I B R A% O E RS RE e R A (A HE) 4143 5 H HREERE S (coupled) B bR - HA4ARAIE
Y9 EAERE A (prescribed) B g o
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Precipitation on Urban

= 1.2RH
21— Original
I . 0.8RH
=157
E
E
s 1T
o
o
0.5
1 (3IBR3300RRA3RR1 " L L L
8 10 12 14 16 18
Time (LST)
Precipitation on Grass
2 L
E15 ]
£
E
g 17
o
o
0.5

12 14 16
Time (LST)

8 10

[ 7
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Precipitation on Pasture

8 10 1:'2 1;1 1‘6 18
Time (LST)
1 ,

- o RHO08
0. ' o RH10|1
% o RH12
Eo6 | + { 1
£ ¢
= 0.4 ¢
: :
® 0.2
5 {ii

0 M

Urban Pasture Grass

PHERREE AT - FFE ARG 4km PLE)EIEEERE DT E 0.8,1.0,1.2 5% - =

{EFE Coupled B ESHIIE M /KIFEE » shaded B HAEEENITFHIE - A A
&l Byl gl & 3 H /KR E YRS 2E (Coupled J8(Z= Prescribed B » 51E 5 EE] 4) » bar B

AN 2B B H K oi i 22 SRR = -

S EREEEM AR EERZHE
(LI R 22 AU ERE

#E Rk Coupled i1 Prescribed B ERHY
Y50 7 FA[E 9 Bk o £ Coupled
EEAT TR BTRAE G S 45T > B
TSR 2SR 7K RO N 2 A 22
RARE R LM A » AR
45 F A B T BT DR Hh A Y5

F {EY) - e R A RN E 2
B GHIHEE > RAR (e R AR IHY
FEe o AU RAKELEN AL
(convection aggregated process) * £451%
HSER 2SR ZE [ RS0 - B
§z 22 SRR ANE IR EEEIR R 801 5
THEL R REN A E B S 4T -
b AR 240 Ry — IE Bl BRI AE -
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Coupled Prescribed
150 - 150 1 =
L]
100 - 100
c °
= =
>
50 A 50 A
-
0 . ; e 0 ~
0 50 150 0 50
Coupled UPasture Prescribed
(63 s g
150 - P =\ 1504
o~ it o -
-y e
100 - 100
E
< .
N 0
01 e 1 —e
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100 100 A
E
= - ~
>
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Coupled

Urban
///
Pasture
v

Grass
increase /s % / /_/_
moisture - T = -
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Abstract

This study investigates the impact of land-atmosphere interactions (LAI) on the
diurnal intensity of precipitation over a tropical island. Idealized simulations are
performed with three different land surface conditions urban, pasture and grass using a
3-D Vector Vorticity equation cloud-resolving Model (VVM) coupled with the Noah
Land Surface Model (LSM). Two sets of experiments are performed in this study. The
first set considers direct LAI in which VVM is fully coupled with LSM. The second set
of experiment eliminates direct LAI by prescribing surface fluxes in VVM, in which
the high spatiotemporal variabilities are preserved from the fully coupled VVM/LSM.
With this approach, the difference in temporal and spatial evolution of precipitation and
convective systems can be interpreted as the impact of LAL

The results show that the diurnal amplitude (the maximum averaged precipitation
over land) and extreme precipitation is stronger with direct LAI than without under all
land surface conditions. The impact of LAI is profound on the diurnal amplitude with
urban experiment, which is 71% larger compared with grass experiment. This is due to
strong cold pool intensity by convective systems with large updraft core clouds in urban
experiment. There is a positive contribution to convective updraft core cloud
development by strong cold pool intensity. The surface cooling in the experiments
without direct LAIL on the other hand, produces a weak divergence to suppress the
convection development. The convective cells prefer to develop at the boundary of
surface cold patch. In experiments over pasture and grass, the strength of surface
cooling becomes weaker and weaker impact on the convection development. These
findings imply that the diurnal intensity of precipitation as well as the extreme events
are sensitive to LAI over tropical islands through processes such as urbanization or

deforestation.

Keywords: afternoon thunderstorm, cold pool, land atmosphere interaction, tropical island,

diurnal cycle of precipitation, doi: 10.3966/025400022019064702001
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