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Large-scale budget equations
(updating tendencies for u, v, t, q)
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467 CAPE 3T s enbis 2 AT £ £ (MIW) » #4715 »2 s;_L i N e T3
20 BorR B AR % R 3 B (rescaling, MY, /MLy 50 s 1»15'»4 - RBraEE
ﬁf&_ o M E o AFEH T M A Acde R o & & (mixinglevel) BB BRFZ { F A
o BIFRE R BT o BEAREIIN A AR FEOR Y 5 BB e 0 etk 2 P AT 2 k CTL

ﬁrd"f&iﬁ F s oo
I v~  WRF 442 new Tiedtke %#cit % %

Adp oy b 24 35 WRF (Weather Research and Forecasting)ﬁf;;“ 3.8.1 % & ¢h new
Tiedtke f# 2 % #ci* & %ie 72 o 4 2 % Tiedtke f# 2 %41 = % & MPAS £ WRF
LBt ARG 4RI o WRng_ ;U o Tiedtke # 2 S8k > % 0 (1)3 4
mfﬁi f?ﬁaﬂ T R ded EARY Gk~ (2)ﬁ s AP B R ’}\?'F 5 b | (Kf
1+ Quogp ) ~ QVHREX G R K BALS R ERER ¢ B 0 12 () E T R
SR H R g A N F g o R AR L AR o R AR .
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version J WRF v3.8.1

Updraft entrainment 1
rate gghallow — (55 x — + 10~* eamallow = 0.8 x = +2x 107
(shallow convection) dz

Simplified updraft Gpor = Pz+1
equation zr1 _ _ = [Gaeep(Pz41 + P)H1 — Qgeep)* P21/
0.5a + o, )(1—a *
(parcel ascent) deep ((Pz+1 (pz) ( deep) Pz (1 + adeep)
H
Convective adjustment " Tpr = 10’:_“;_; for water
. __ flbase
time (;c];a;:e, Tpr | Tl = for water Tpr > 300 (5)
process
Edown

Downdraft entrainment _ —a 0.5gB
rate Edown = 2X 107"+ My - dz =2X10_4-Md-dz-—7zg

1-— Bdz

surf

# 2: MPAS ¢ WRF #C5% 3.8.1 % & ¢ new Tiedtke %-#cit > % Z B ' . © ageep= 0.5

X egp xdz » B9 e L FHA T B ITH B4 B ik r F 0 R 3 L75x 107 X

_ 3
q — — v . 2 N | 1 , 2 N v . e 8 NS KE 8
P BT P P TR EVE TS RS NE R PR

(updraft property) °

Bl 6B 74 % & NCEP £ 4 47 7 # & CWB/GFS #25" ##% MJO-2 # % <7 OLR %
OREET PER B o AP - new Tledtkeyf—*-”"’ i > & { st h WRF #5538 3.8.1 s A 18 >
REE R MIO ik 3t %fﬁﬁé[@ 68 7(c)] e EHFHEE Rk E R
dxMPAS s & 2 new Tiedtke #% 2 Ziﬁt L3 H LR L X > om ad T EAR R
TRACHE I 3 9 DA o
» 0t WRF & MPAS "Ra 20 2 T2 2355 e RPN & o0
R APE- B4 BHrImgH > T ABGRERE ) BRSSP A F L I
Hrx SR KPR C R G[E 6 B 7(d) -~ ()] $3 MIO2 ¥ i 2 #4% OLR & % -k 2
7 PR 22 MPAS 5% & 2 new Tiedtke f4 2 $o#icit = TR %80 o @ T 23 F Hdp
A S fesite o d B 8 RV RE-E G BlP o AEor i@ * WRF %< & 2 new Tiedtke ##
1

St ko 0wy ME S F AR RE RF A A MPAS AR S R RE 0 @ A H
R ALE R RET %\i‘}i;‘@%fi{”‘[@ 68 7(f)]> & f’-ﬁfﬁmﬁ/f%fé i 2R
4}35@&‘/]&3—’]/0&@‘5»‘—'#’ i‘@ﬁ‘,’%f’fl@)\*‘ '\u"%ﬁﬁ ;Fﬁ 'E_’-{-?’T?fti}?‘:i%
EI 4] °
}3 X

BioAFAFE TR FPE LRI AORE B RS R P et
d [B] 6~ E} 7(Q]" »EREAE P PR H B F sk HEIRR R E ERY

POEEH e 0 £ 7 MIO-2 k AAEPER o A4 60 o
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% KSR EL AW (R 0) AERFE A F 2GR R AR RN
9(d) - 9(e)] BT Rk G Bk ¢ B A 2 B 2 CTL @ %5 0 [F 9(b)] «
m WRF =AM Z 5w J?%j{(pz+1 SdownF Fee | BR) 9(C) 9(f) 9(g)] %E'TI%\%L;} Kk
FREREVIRE 0 M cqoun T ROT R TIOLT BRI o TP 0T B~ A
OB cipd S nB R 0 #F p4et i d CWB/GES $45F MJIO-2 B % s b & o

11DEC2011

6DEC2011

1DEC2011
| e ]
‘
s 26N0V2011
& LS~
11DEC2011 v
. .
. '
. 21NoV2011
6DEC2011 q
16N0V2011
1DEC2011 4} ‘ 4
i g o+ =
26N0V2011 ‘1 11DEC2011
21N0V2011 6DEC2011
4
&
16N0V2011 ) 1DEC2011
40E 6O0E 8O0FE 100F 120F 140F 160F 180

26N0V2011

21NOV2011

16N0OV2011
40E 60E B8OE 100 120E 140E 160E 180 40E GOE 80E 100E 120E 140E 160E 180 '0F G60E B8OE 100E 120E 140E 160E 18

OLR ano. (W/m”2)

-70 -50 -40 =30 -20 =10 [J 10 20 30 0 50

6:OLR §E-T & /i [ » A uJ : ()NCEP £ 2 {5 742 ~ ())MPAS 42 & ~ (QWRF fii3% 3.8.1 5%
2 S WRF g 0 () A 2 i CEBREMIAERRE A (D
e R Eﬁ" CE R AR F R R ()T 1@”

i

o

_L,-A.
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11DEC2011

6DEC2011

1DEC2011

26N0V2011
11DEC2011

21NOV2011
6DEC2011

16N0V2011
4

1DEC2011

26N0V2011 11DEC2011

21NOV2011 6DEC2011

16NOV2011 o
40E 60E B80E 100E 120E 140F 160E 180

1DEC2011

26NOV2011

21NOV2011

16NOV2011 - bl ; i
4 E 60E 8OE 100E 120F 140F 160E 180 f(OE 60E 80E 100E 120E 140F 160E 18(
PLCC:AN0; (mm) -6 -4 =3 z ‘ 10 12 14
Bl 7: BB 6 e i "5 -KREET H(mm) e
otential temp. (k) parcel specgic humidity (kg/kg)
63E~83E, ON~7N average 63E~83E, ON~7N average
100- 100-
200 1 2001
it —— MPAS o —— MPAS
" — —-parc.asc(WRF) — —-parc.asc_(WRF)
400 1 4004
500 1 500
6001 6001
7001 700
800+ 8001
900 9001
\\
1000 by [ by
180 200 220 240 260 280 300 320 340 360 380 400 420  -0.005 0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045

B 8: 3t new Tiedtke f# 2 S#icit = ¥ > G § fF M40 (% 22 F 23R (2)3E
B(E)EE 3G R - ZFRE MPAS SR AR % o B 5L F His4 2 #2582 22 5 WRF 50
381K RS el % o
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shallow

- (b) new Tiedkte Eup

~SELERERE R

% EQ N 4N 6N E]
latitude latitude

300 , = -
10S  8S 65 45 S K@ N 4
latif

(R EEREEIEIE]

900
105 &5 65 45 25 EQ 2N 4N 6N &N (N 0S @85 65 45 25 EQ N 4N 6N 6N 10N (S 85 65 45 25 EQ 2N 4N 6N 6N
latitude latitude latitude

« 6 & 10 1z 14

B O W S0 ie(c)s WRF B3 381 5% 4 > 112 & lb SR AR A 25 0 158 3 3
el TR ANOE Y B g L R ORE TIEE T Cal L S T
R (g™ i » 5

+ ~  NSAS ## Z $-#it i3

NSASf# 2 S-dcit > &7 >R RE 7 ALY
e k2 HES zﬂ%**’%???fg* ?érﬁ:ii T if;l*w , ijw’ T = (quasi-

-+

equilibrium) B3k » FEFTNEF <~ FhHEIFELE -
a. NSAS # Z F#civ = RTE 4

NSAS f# 2 %dici* » %38 5427 (W 10)> 11+ & 3 700hPa ]}tk ~ &% i (moist
static energy; h) it & # ﬂ.:}r—i g2 48 & & (Convection Starting Level ; CSL) » 7 § 3. B
dede 18 0 32 X B & 2 T (Subcloud Layer) > # 4 BB 7 F @ > R o § RE W (h)
< 3 Ap e i (hgPF > K 25 440 P d 05 % & (Level of Free Convection ; LECnt) o §
ﬁ‘g’ AR RO REZFENDPEFEIp IR TELE mmw i) B (MIIE)

Z m}i"}\%i%ﬁ:ﬁxﬁrﬁfim%lb ’T'iiélif"‘ "‘5&?% Z %rgfg(Hbase)’E:’F
ﬁﬁ’ pd ¥R RLFC®) @R AEin2 2PN FI S é BT A A2
# & (Hipy)

% NSAS # 2 $#icit * % ¢ » BXK S B 2 5@ 1% 2 (trigger condition):(1) K 4~
o2 A B R MHI ) s A 4B B (CSL) 2. B ehg R E &> F & 413 120~180-hPa 2 ¥
Hgondrd] g @ (Critical Convection Inhibition) B~ i3t 2 K €8 i# B (W) * B 2 7% 40

- >

Wpase — W4
— W < w4
a1 = w3 — wi base ,
_(wbase + W4) W —w4
w4 — w3 base =
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w3=-5x10"3 ;w4 =-5x%x10"* forland -
w3=-1x10"3 ;w4 =-2%x10"> for water »
Critical Convective Inhibition(CCI) = 180 — al x 30 (120~180 hPa)

o ¥ b5 (2) B A7 4e(LFCMY) 2 B 9 p d $inF & (LFC™Y)ehg B E & » 7% Jf -] > 25hPac
A A2 AR e —wmﬁé@a@mmmmmw~§@@mg—ngwﬁw%mﬁ

L IFHRZ R 2R ARFL o FHEERMEE O NSASH Z St S R
AT £ 3 HEow HIBL gt HIPL % Sfico s 2T A 1 R FIREIRE T
B ARG B o A WA R ORI L T Wi R PR TR E -

¥t i 172 78 (overshooting cloud top) s &J®. » R r14= 42 78 % B (H) 2 5 2 #
El'ﬁs:(Cloud Work Function)sn+ & 2. - 55w F enie# 4 5 & ’{,‘7 L 4L R TR
RBEMZTEE R(Hgy )% * F RRETIRIREFHI L~ BR el i
SARMCGYNSAS 2 R P o IR G 10 4)) 0 BB AR (feedback mechanism) < % % 5
R R RF BRSO EERTE 2 St RTFRHIE 2 ERE T R ST
B s 0 1538 B T §FiEK (quasi-equilibrium assumption) » i IR Z P B E A 45
FRIE o @ R E PIRA 0 BIIBRK (8 P2 R F £ i £ (final cloud base mass flux, m,)
SR K e B R O& (convective velocity scale, w)Ap B > H 2 4o o

my, = 0.03pw, > (33)
W, = [(Q/TO)(W'913)01‘11E’L?L]1/3 ’ (34)
P Hpgp s PBLER Ty 2 BRBER > dwo, it & L3 il £ -
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Update tendencies

foru,v,t,q
1
|
quasi-equilibrium assumption:
At—cA® newA'-AY|  _
IR +M At ™ 0 Final cloud base mass flux:
1 my, = 0.03pw,
recalculate CWF, A*
stabilization effect of the cumulus cloud
t
|
update u, v, T, q profile
(modify by convection on short time scale)
feedback mechanism ‘ l
Cloud Work Function (CWF), A* || Final cloud top, H[i"
Large scale contribution (0.1 X CWF =0)
L3

I
downdraft calculations
(entrainment/detrainment)

i

deep convection shallow convection
(cloud depth H, >150hPa) | | (cloud depth H, <150hPa)

j T init

I He = Higp — Hpase

first guess downdraft mass flux, M0 |-—

First guess cloud top, H{nL

<0 N
e s recalculate HERE Hih and Hiy
I trigger condition (1) S LFC™¥

| LFC™¥ — LFC™t < 25 hPa

*
I

(with entrainment, B > 0)

&= cloud properties, modify by entrainment/detrainment
[Grell (1993)]

' trigger condition (1) | | Level of Free Convection (LFC™t), H, .,
dp < 120~180 hPa | (h>h,)

-I first guess updraft mass flux, M&',‘,“

without entrainment s } dp = Hya5e — Hest,

Convection Starting Level (CSL), Hcg;,
(maximum moist static energy, Ryqyx)

Bl 10:NSAS # 2 it * K3 H i 42mH -

b. Al t itk FEAF

145 Pan and Wu (1995)s#7 7 > Z A2 THZ p ) e 2 23 & chd-2 ¥
it o g?%iﬂ'alﬂ)“fflﬂﬂﬁ’—""réﬁk s
1 o0M
—— = E"W — p¥ , 35
M 0z (33)
RGN ER > TR FET B XA T
M, = MGt x [1 + (E¥P — D¥P)dz] » (36)
dz = zF — zk=1
FHQGO) 0 BRARARIAFEARE PV R AR THEE - P REAE
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AR Z A S FEHI R 0 BK 2 R 2 T (subcloud layer) il ~ B R oA F
d 0.1
ESeP = Eghgt =22 (37)

3
Wh
=
\3}
@e

Z > 295 Bechtold et al. (2008) T_& & °

EZ? = EoFy + 107*(1 — RH)F, - (38)

0.1 a-\2 7= \3 Voo ey R Y .
#9Ey = 7’F0=(qq_72) ’F1=(qq_72) " qsTeqsy Bl s F BB 2 K ende et e d

B8 Waw § REIBARHARF > 7 5 204 > BB T § @& -‘“fiﬁf“’\ P E 20 Pl
NEARA oIS > PR RZTZ 2N Y ERENL AR

d
Dusep = Epase ° (39)
RAR RN 0 R K2 T AR P g » Joik A B BERK R
0.1
DShal Ebase o (41)

d. £ # .38 (cloud work function)

Wf; Grell (1993) - B3kt et/ i ph ch2 # s 2AL 20 R R 2 3 f A
FEAREAA e PIEY S T AN LT G

top —h_

g (h—hy) T,
4 =j ._"___-p+(—-gc quz (42)

“ base CPT 1+ Y Ta py /
base * I
g P -(h—hy) 7,

A =J [1+<——1>cyT L]dz 43

¢ top CpT  1+Y Tq w1/ @)
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> LZ q_ Y a7 2, - v
Ry =—D 0 PR REH IET AT = Ay + A

TyCp T2

e. w4 i/(feedback mechanism)
BlOLLGRPT R R AR ATROR I E ’%"fPB’:‘F'* R UEER A R VS 3

iﬁij,‘*ﬁmﬁﬁi 1% Grell (1993) > rRE e 5 b > 40 % k & chw AR B2 7 £
— hk+05 Mk+0.5_P*_Mk+O.5 _}_lk—O.S Mk—O.S_P*_Mk—O.S
[kk(*k o (M P Ma ) (44)
old(E M, + P Ede)-I-(D Mihi + P Ddehd)] g/dp °
AP PR AEAasE o TR usd AL RS TER c )N EFLEDF - 2 HE L
SRR E 00 K0S o k0.S oA ST A AT R 5 2
I8 A JA Z2EEY S kK RX T BRBE > ERIPRDITH G REREE T o

E*
d (44)7¢ %‘Li': NgE R L5 B w A (forward) e 54

hfiew - hold + d}_lk dtcu

45
dt., = 10 (sec) (45)
FF B w AR PR IRE R E S o
(I)ctl()ﬁ(Mk+05 P 5 M(ll(+0.5)
DEME gk + P* . DEM¥qK Gora(BLEMS + P - EZME)
_qultlUS(Mk 0.5 P" ) M(I;—-U.S)
B 1L 2w @847 LR
f. T @K (quasi-equilibrium assumption)
NSAS 7&1 —:5 SR ENURTEER OTIWNERF A FFHRAZIP DT EELE o HiR
KatF P RUTAL DT # Sl SEFHNZ DB &G %ﬁfﬁ?‘ 7 TS

T ?ﬁ;}%‘& o 9% Pan and Wu (1995)cr#7 7 > # T HriER ¥ £ 7 5
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At-40 new A*-AY
At s 8t cu

¢ TR LS vou B AR T RESPIRHIA 2 DT RIT 0 Ae AFA A

BHEFHNZ 2 Sl A G 9% Lord (1978)42 WEELB A 4T TR D IR B 2 S
Bl B (reference cloud work function) - @ < % & TE‘}*UE pE R A B R ROt 0 R T
ZRLI R AEPE

Wpase + 41072

Otys = dt + (1800 — dt) (=55 o5+ 7 102

(47)
HeY dt i \FAREHL o
=~ EMCH,®&2ZLEB L

b5 ATEMC &2 CWB/GFS %< &7 > NSASHFZ $#icit > %1 8 L R 4 5 = BN

()R waEfr 8% K& =02 R &) ks ad o0 Q5 5
s Z 7K (convective cloud water)¥? (3)¥+/ 2 & ¥ (convective cloud cover) % ﬁt@aj a1 e

EMC KA ¥ » $Hin 2 kerftin 2 RE € 8 €40 o
— . 9 g,
cnvw = q. - M}°V = dt (48)
cnvc = 0.04 X In(1 + 675 - M;;®Y) » (49)

(48):" ¥ ge » ZoKR & (kg/kg) K F w4 B A2 R g;gar;g] 12 #7571 > B ¥ k+0.5 & k-
0.5 & & £ BB chg B> @ k /é] RIE & 2 N ch B o i CWB/GFS = & 1 NSAS ##
TR H NI TARERE > GEPR L NP E 2R (kAR F R gf =
(@05 + qK705)/2 0 FIB O REEH IO > PSR 2 L ot R A
Kood e EMC A& @ o 30 b i b o k0.5 B (1 B IR )F B fopk G i
* e fort iR 0 k-0.5 K RIS e CWB RAAER » X dpk S AR D 2R (K
K)o s T R o B k0.5 (T A TRB R )BT EE IR B E 2 A K Kk
E

N o
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CWB version EMC version

k+0.5 -- Qunsat qg:gts o kK+05 Qunsat k+0.5
Goversat = Gsat T 4c

q oversat

o A Fo YO S
k-0.5 --|Qunsat k—0.5 __ Kk-05 ===~ Qunsat K—05

- 44 sat = Qdoversat. =~

qoversat - qsat + qC
qDUE’TS[lt - Clsat + qC

Bl 12: CWB 2 EMC %% & 51NSAS % #ici i > B 2 K (k &) B 27 4B ° Qunsar ™

AR Qopersar N F AT R sgr n T IBRA Qs RORR G o T uNd A
B A b R T R o

e. EMC K # gt &

B 13 5 CWB/GFS #:% 2 EMC %% & ¢ NSAS #f 2 %8t 2 %3 MJO-2 e
% > 1 #2 NCEP & OLR T £ » {5 F#lfc GPCP " -kjE-T F4LiE (71t o d OLR §E
T AR Y o % EMC K A& e NSAS % 8icit = % 5 22 B B %% 138 i CWB/GFS 5t eh
$in s R A Mol Sl 0 OLR BT o) BRI o 3 2k § w B AR ik
dok g éﬂw nﬂﬁ]M)EM:%*m&;%zggﬂf$L$%H@
CWB/GFS %= 4 5 % > @@ FIHRB -RBAEH 4r > g 2 5 13 MJO & SLHn 3 B sk B o

B2 2R - NSAS f# 2 $dcit & & L AT5 54T EMC 55 & 18 > 3% MJO-2 0% & 5

% A% > fe 4p 0 Tiedtke #2 NCEP 4 e MIO-2 $im & 5558 & PP BF th 33 » 0 Ev
R R e R EET (0P B o
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6DEC2011

1DEC2011

26NOV2011

21NOV2011

16N0V2011 ‘ ) ;
40F 60E B8OE 100E 120F 140E 160F 180 E 60E 80E 1008 1208 140E 160E 180

-80 ~-20 -10 [] 10 20 30 40 &0 OLR ano. (W/mz)
GPCP -
M) ¥

-70 ~-50 ~-40

11DEC2011

6DEC2011

1DEC2011

26N0V2011

21NOV2011

16NOV2011 ;
o=
40F G0E 80F 100F 120E 140F 160E 180 OF 60F B8OE 100F 120E 140F 1608 180 '0E 60E 80E 100F 1208 140F 160E 180

——TTT T T T prec. ano. (Inm)

B 13:4 %] 5 CWB/GFS #:5¢ ¢ Tiedtke ~ NSAS %#icit = % 22 EMC % 4 5 NSAS = % »
# MJO-2 7 OLR §EE (W/m2)£2 * -k BT (mm)ehis & o 25 5 5 4» 43P 2011/11/15 4o
2011/11/30 »

wpdraft detrainrment Slu=x
T‘iz;ne=1 1/15~12/?5

200

300 -
400 — NSAS_ old

— —— - NSAS new
500 A
600

700 -

8800 -

900 \
N— —
7000 e

0O 7 2 3 4 5 6 7 8 9 1071112

Bl 14: f 2 w2 ? b Bl ok F 3 £(10° -kg/s’'mP)E-E 25 B
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AN~ “P‘-’ﬁ#—’ﬁs?i

3+ % ¥ CWB/GFS #i5¢ ¢ Tiedtke 48 2 $-#ci* { #7 5 MPAS ’}3":;‘ e new Tiedtke %
#it = %15 ¥ DYNAMO # B o MJO-2 1 % i 7 ip)3% - % % B CWB/GFS #:5¢

25 MIO §77 J Sefihist b o dp ot NCEP 2 4 47 i Tledtke Sl R

LALE Rl N g iAo BB M T RO REREZLREMEFIERE Y >
51—9—%_1(% 3 A0 ¥ ﬂ}ii@i dvm H ’f]’v:\ MIO ¥ti% ks svengd B > iEm lé (L S P .s«bi@ﬁ . °

¥oeb o k3t d 44 WRF #55¢ 3.8.1 %% & 0¥t new Tiedtke f#f 2 48t » %22
OB RURHINZ g Bup Tk e ded o 3 B B VRSB R 0% 1 (simplified
updraft equation) » & {8 ¢ A ~ § B & ook F 8 4o o iE SRk AL R }‘Jﬁ‘%&ﬁ P AR
%01 G s B R e ® AT Bra ik r (T BALY RS BHA R S F R (7 S
et L 5N MIO-2 e R AR R o

. EMC % & ¢ 9 NSAS 44 2 $diciti2 » Bee- B 2 w aiAey 1 /™ fein
VOB i Bt R 2 3 g R AP CWB/GES R A iR Bk F B S 0 R
If’iﬂ'/mfv «iﬁﬁgl;’i"‘% ’J\}"‘a g

r+F % % Tiedtke S8t > % > fpi>t p o CWB/GFS 17 £ 5% A #7i¢ * 1 NSAS
SHcit 2 o #3 DYNAMO # B e MJO $in s S35 R 3 P 823 4e > 22 3% CWB/GFS
o i R r’v”:ﬁf%i’ ¥ 4 * Tiedtke S#cit 2 % o Ak > PR * Lt »47 F3H
*FfEZ FBc it 23 & CWB/GFS >t MJO x S & A R e Fl o ptob » 7 444
PR RECEDNR § Aol ~ B s e 38T REEPIE > M= Tiedtke $-#kcit
~ %% CWB/GFS 2. i * % o
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cE¥ANumerical Simulations of the Madden-Julian Oscillations During DYNAMO
Field Campaign Using the Taiwan CWB Global Model

Monday, 23 January 2017 More
4E (Washington State Convention Center )

Ming-Jen Yang, National Taiwan University, Taipei, Taiwan; and C. H. Lin, J. H. Chen, M. Y. Chang, C. H. Sui, M. M. Lu, and B. J.
Tsuang

This study investigates the simulation results of three Madden-Julian Oscillations (MJOs) during the 2011-12 (DYNAMO)
Dynamics of the MIO (DYNAMO) field campaign, using the Taiwan Central Weather Bureau (CWB) global model. The Real-time
Multivariate MJO (RMM) index with an emphasis on the zonal wind fields is used to examine the model’s skill in predicting
global patterns of the MJOs. Eastward propagation of the model simulated precipitation and cutgoing longwave radiation
(OLR) of three MIO events during the DYNAMO field campaign is also compared with the National Center for Environment
Prediction (NCEP) Reanalysis data. In terms of the RMM index, the CWB global model is capable to capture the initiation,
development, and weakening of three MJO events around the globe (i.e., the different phases of MJO). On the other hand, the
CWB global model has different degrees of agreement of the eastward propagation (in terms of timing, propagation speed,
and strength) of convection and precipitation among three MJO scenarios as compared with observations, and the simulation
results are highly dependent on the cumulus and air-sea feedback parameterizations used in the model. In a sensitivity
simulation with a new Tiedkte cumulus scheme and an air-sea flux scheme, the CWB global model has a better skill in
predicting the eastward propagation and intensity of precipitation for three MJO events during the DYNAMO field campaign.
Detailed analyses and comparisons of model results of MJO features with available observations during the DYNAMO field
experiment will be given at the MIO Symposium.

- Indicates paper has been withdrawn from meeting
§ - Indicates an Award Winner

See more of: Fifth Symposium on Prediction of the Madden-Julian Oscillation: Processes, Prediction, and Impact
See more of: Fifth Symposium on Prediction of the Madden-Julian Oscillation: Processes, Prediction and Impact
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Numerical Simulations of the Madden-Julian Oscillations during DYNAMO \
Field Campaign using the Taiwan CWB Global Model
Ming-Jen Yang?', Chang-Hong LinZ, Jen-Ho Chen?, Chung-Hsiung Sui', and Mong-Ming Lu2
National Taiwan University, Taipei, Taiwan
2central Weather Bureau, Taipei, Taiwan

Nahmlal Taiwan University

Objective: Toinvestigate the capability of the Taiwan Central Weather Bureau (CWB) Global Model to 20 to 100 Day Band-Passed Filtered 20 to 100 Day Band.-Passed Filtered 20to 100 Day Ban

simulate the propagation, evolution, and intensity of Madden-Julian Oscillations (MJOs) during the 201112 for OLR Anomaly for U200 Anomaly
Dynamics of the MJO (DYNAMO) field campaign. .

Background: Three convection events of Madden-Julian Oscillations (MJOs) occurred during the 2011-12
DYNAMO field campaign, and intensive radar and satellite observations are available for verification

Methodology: 1) The Taiwan Central Weather Bureau (CWB) Global Model with a grid resolution of
T319L40 is used. 2) The Real-time Multivariate MJO (RMM) index with an emphasis on the zonal wind
field is used to examine the model's skill in predicting global patterns of the MJOs. 3) Simulated
precipitation and outgoing longwave radiation (OLR) of the MJO even is compared with the National
Center for Environment Predi (NCEP)R lysis data. 4) i ‘o cumulus, boundary layer,
and radiation parameterizations are examined

OLR anomaly (103 to 10N) from CTL Run Change of Anomaly Coefficient and
RMSE of OLR with Forecast Lead Time

[C] 5 i ® P

The Consecutive Run and OLR Anomaly (10S to 10N) for Band-Passed OLR Anom
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Results: 1) For the RMM index, the CWB global model is capable to capture the initiation, deve\opm
and weakening of three MJO evenis around the globe (i.e, the different phases of MJO). 2) The CWE
global model has different degrees of agreement of the eastward propagation (in terms of timing,
propagation speed, and strength) of convection and precipitation among three MJO scenarios as
compared with the reanalysis. 3) Simulation results are highly sensitive to the cumulus and boundary-
layer parameterizations; in particular, the simulations with the Tiedtke cumulus scheme have better skil
in predicting the eastward propagation and evolution of three MJO events during the DYNAMO field

[r—

[

campaign.
‘_] Reference: Wheeler, M. C_, and H. H. Hendon, 2004: An all-season real-time multivariate MJO index:
Natmna] Talwan I'IlVe]‘S]ty Development of an index for monitoring and prediction. Mon. Wea. Rev., 132, 1917-1932.

Changes of Water Budget and Precipitation Efficiency of Typhoons Nari (2001) anq
A & Morakot (2009) during Landfall on Taiwan .
Ming-Jen Yang?, Scott A. BraunZ, and Chung-Hsiung Sui!
National Taiwan University, Taipei, Taiwan
2NASA/Goddard Space Flight Center, Greenbelt, Maryland, USA

Natlonal Taiwan University

Objective: Toinvestigate the common physical mechanisms contributing to the heavy orographic rainfall  nari's Water Vapor Budget over Ocean  Nari's Water Condensate Budget over
by vapor- and water-budget calculations for the a small and axisymmetric TC (Typhoon Nari) and a large and and After Landfall Ocean and After Landfall
asymmetric TC (Typhoon Morakot) o
Background: Typhoons Nari (2001} and Morakot (2009) are among the top five fropical cyclones (TCs)
in terms of 24-h accumulated rainfall on Taiwan in the past 50 years. The two TCs had very different
characteristics of rainfall patterns, their tracks relative to Taiwan topography, and the synoptic-scale flows.
Methodology: The MM5 model on a quadruply-nested grid with the finest grid size of 2 km is utilized
to simulate Typhoon Nari (Yang et al. 2011), and the WRF model on a triply-nested grid (down to 1-km
grid size) is used to simulate Typhoon Morakot (Huang et al. 2014). Both models reproduces reasonably
well the storm track, intensity change, kinematic and precipitation features of two TCs. Vapor and water
condensate budgets, formulated following Braun (2006), are conducted using model output at 2-min
time intervals for 2-hour periods (1 hour prior to landfall and 1 hour after landfall on Taiwan).

Nari's Track Narf's Intensity Observed Radar Echo Observed Radar Echo Morakot's Water Vapor Budget over  Morakot's Water Condensate Budget Time Series of CMPE and Rainr|
= = s Before Landfall After Landfall Ocean and After Landfall over Ocean and After Landfall of Typhoon Morakot

-
rena= 7

- Resda1s 1

s - wERTEE |
"
im = Water Vapor Budget Equations: Water Condensate Budget Equation:
b /\__/ Tend = HIFEC + VEC 4+ Div-+ DT+ Cond. Tend = HFC ¢ VFC & Div 1 Diff 1 £ - Condy.
- ol + Evap + PBL + Resd Evap + PBL + Resd

R

Results: 1) The precipitation efficiency (PE) in Nari, defined from either a large-scale (LSPE) or
. ; microphysics (CMPE) perspective, was increased by 10-20% after landfall. 2) For Morakot, the PE was
meorakot s S-Dﬂax A:cumulnleg“l:ulnlall highly correlated with the surface rainrate; in particular, the PE reached more than 95% over southern
- Taiwan when the surface rain rate was greater than 50 mm/h. Without Taiwan terrain, the PE of Morakot
for the same area was reduced to 60-75%. 3) A common feature of the water budgets between Nari
and Morakot was that after landfall on Taiwan, both TCs had enhanced water-vapor convergence,
increased PE and greater surface precipitation. 4) For a local area (with a size of 50 km by 100 km) on
the steep terrain over southwestern Taiwan, the PE of Morakot remained 75—100% for 6 hours, which
may explain why the storm produced 2780 mm of accumulated rainfall over 3 days on Taiwan.
References:Yang, M-J., S_A Braun, and D-S. Chen, 2011: Water budget of Typhoon Nari (2001). Mon.
Wea. Rev., 139, 3809-3828,
Huang, H.-L., M.-J. Yang, and C_-H. Sui, 2014: Water budget and precipitation efficiency of Typhoon Morakot
(2009). J. Atmos. Sci, 71, 112-129,
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Numerical Simulations of the Madden®Julian Oscillations during DYNAMO
Field Campaign using the Taiwan CWB Global Mode!
Ming-Jen Yang', Chang-Hong Lin?, Jen-Ho Chen?, Chung-Hsiung Sul’, and Mong-Ming Lu?
'National Taiwan University, Taipei, Taiwan
#Central Weather Bureau, Talpel, Taiwan
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Morakot (2009) during Landfall on Taiwan

Ming-Jen Yang', Scott A. Braun?, and Chung-Hsiung Sui' a
National Taiwan University, Taipei, Taiwan
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7y v‘ [85] Numerical Simulations of the Madden-Julian Oscillations during
" DYNAMO Field Campaign using the
Taiwan CWB Global Model
P Ming-Jen Yang', Chang-Hung Lin?, Jen-Ho Chen?, Chung-Hsiung Sui’, and Mong-Ming Lu?
National Tainan Univesiy “National Taiwan University, Taipei, Taiwan
*Central Weather Bureau, Taipei, Taiwan

Objoctive: To investigate the capabiity of the Tawan Central 2040 100 ooy S s v 20t0 100 Day B Filtered
Weather Bureau (CWB) Giobal Model to simulate the propagation, for OLR Anom:

evolution, and intensity of Madden-Juian Oscillations (MJOs) during ...

the 2011-12 Dynamics of the MJO (DYNAMO) field campaign.

Background: Three convection events of Madden-Julian Oscillations
(MJOs) occurred during the 2011-12 DYNAMO fiekd campaign, and
intensive radar and satelite observations are avaiable for verification.

Methodology: 1) The Taiwan Central Weather Bureau (CWB) Globa!
Model with a grid resolution of T319L60 is used. 2) The Real-tim
Multivariate MJO (RMM) index with an emphasis on the zonal wind
fied is used to examine the models skill in predicting global
pattems of the MJOs. 3) Simulated precipitation and outgoing )
longwave radiation (OLR) of the MJO even is compared with the
National Center for Environment Prediction (NCEP) Reanalysis 2010 100 Day Band-Passed Fiftered
data. 4) Sensilivities 1o cumulus, boundary layer, and radiation for UBSO Anomaly
parameterizations are examined.

OLR anomaly (10S to 10N) fror

TLRun

Zonal Wind (63 E to 83 E, 10S to 10N)

YA, nrq T T
) 4

Results: 1) For the RMM index, the CWB global model is capable to capture
initiation, development, and weakening of three MJO events around the globe (iff.,
the different phases of MJO). 2) The CWB global model has diferent degre

agreement of the eastward propagation (in terms of timing, propagation s

and sirength) of convection and precipitation among three MJO scenarios
compared with the reanalysis. 3) Simulation results are highly sensitive o th)
cumulus and boundary-layer paramelerizations; in particular, the simulations wit
the Tiedtke cumulus scheme have better skill in predicting the eastwa
* propagation and evolution of three MJO events during the DYNAMO fi

campaign.

Reference: Wheeler, M. C., and H. H. Hendon, 2004: An all-season real-time
multivariate MJO index: Development of an index for monitoring and prediction.
Mon. Wea. Rev., 132, 1917-1932.

Ghange of Anomaly Cosflicient and RMSE of OLR
i with Forecast Lgad Time

41



