o8 1M
2017 4 1 A

VAN IR S o 4
JOURNAL OF APPLIED METEOROLOGICAL SCIENCE

Vol. 28, No. 1
January 2017

B B il 95 55 & T GRAPES 86X C-P i 2 5 R B S 8. T4 4. 2017, 28 (1) :52-61.

DOI: 10.11898/1001-7313. 20170105

& AT GRAPES #3 C-P AR B 77 Vi iT FI L3

I

Ll # B

O EAG R BEBUHR H G st 100081

i

=

ST K B M6 U7 52 205 5 B AR E 3 SR FIRR S 3 SR P S R R 2 L SRIBURCR A s
R A A 1) £ B )2 B B B T Charney-Phillips B a3 (R} C-P Bk RO I #1277 % 2 5 GRAPES
2 EREE C-P Bk A B A L i 2k 1 Lorenz Bk sl Wy B #2 5 C-P Bk 3l 3 HE S48 5 1o 46 {38 A A Blb 9 [ A [s)
R 38 6 TR I B S A (B Y TR 2% L B R T L AR Y R R 2 Bl R RO R v e A A Bl R
WY C-P Bk i i 52 D 58 DR D e G 1 3l 2 R 98 B8 A T L5 i) 466 D 9 R T 9l AR kA R U b Al R R
gy o IR R A O A T A LB TR HUR IR 22 R R G PR CR AR B — E . C-P MR T % B

JtT GRAPES 4 BRSSP T4 A BE

X1 GRAPES Biz{; i 2102 ; C-P ks s Lorenz B8

1l

hfll

TLAE 20 28 90 AF AR . B(E il & 2t 42 i
T YRGS RS I HER Z B R W AL IR
o 1 Bl g HE R 2 ) A 0 T AR A A o
WA ERE LM H W, XL A B BT T
Yy A R Bl HE B 2 ) S A I TR P A
R CE RIS B H R KRB 7 2 T W B A
2l I HE 2R UNAT R 5 A BE A 2] v A L 2 R RS
JEE o AT R 45 ) £ TR AIOCR:

AR AE I () _E s 7 s Ji) E {E TR R A
e B AR A Bl S HE R G B B R PR . H R
ot R 2 BORE TR Y ) B AR BB AR AE K F O 1)
bR A A (R T 1) R S TR O S X B
BSHACRIRTTEMRBE AR, B
L7 A1 38 H A R B T 56— Fh 2 Lorenz BT,
5 RS AR A SC R AE R BE R R K BT KPR
SE Ay AR AE R 25 53— Fh & Charney-Phillips Bk

2016-03-22 Y &], 2016-10-12 Y £ FF IR .

A CHRTRR C-P ks AP RO A £ 2 2 3 L2
FIK Y 5043 A 7E R 21T 0 F 5 F W]« 76 58 I8 I 3R
JE VARG e 3 o A 4 R A A B e, C-P Bk A
i F Lorenz Bk it . HATHEER LKL HAL
Ak 55 FEHIT AL B BE R PR 3R A Lorenz
B L 280 B B AR 38 Lorenz Bt 570 A i3
it WA DAY G055 O B E R PR AR X
KM C-P ki e E AR5 .

GRAPES #1 i 3) J1 #E 58 % j§ 5] C-P Bk
SR AL A L 7 3 B R BT EoR AT C-P gk s
BUE L TA Y R 3 AE Lorenz Bk g1 B F5E.
YT RXAER BT O TR B Bl ) HE 2 AN B A A
i FL A 5 A A — B GRAPES 8 U7E #E A W)
o A 2 R 07 3 K ) TR R A (B R 5
Py B AR TR SE B 2 K W B R 5 4 3 T A
SRR A7 3t FK Wy R TR A PN E R A (E R R . R
A (ELIE i R SR P o 6 L 119 468 6 D7 58 0T 2% JE A (EL 7
RPN A E R B TR R T
155 2B TR AR L Ay 3 R R T Y 4 1

PEEHIRE b T E R R SR (2012BAC22B02) , [ 5K A SR B3 3 435 H (41375051,41105067,41305090) 4 23 28 M ATk (K %) B F
LI (GYHY201406005) , H1 S 4 5 Bl il 3k GRAPES & J % 5 (GRAPES-FZZX-2016-02)

* email: cjiong(@cma. gov. cn



%1

BR M4 3E T GRAPES B C-P 3L A2 7 R Wi i Fi sk 8L 53

2558 4 b A (B 22 TR IS bl T R A O %6 i
FH)Z A0 S TCTE RAIE 3 52 S 80 7 B S 0
S P L 1 B B A A A S BRI S . R, X
T2, %2 B E CP Bk 2 8k
J5 ZEff eI 55 By Iy HE B 22 0] (R R o LA ol £ 4 A 1
TG I 5% 2 R0 ) -2 ) R A I AS R

i C-P Bk A5 A0 3 3 A0 S KU Bk U2 4 Ao £
it 97 300 I b, 3 i ) B Ao AR B ) HE 4L 2 (R] )
BART 2 BRSOk O B b B R I
WETE CP kSRR WS BB E LB, Hold-
away SR T — R RRE A2 R L A
1E C-P Bk AT RES B T s TR LU #R T Lorenz
Bl AR C-P BT 2 2 R R Bl ) HE SRR A 1 2
PR P8 T 0 FZFE R4S 2 T S 8k
difE#. X F GRAPES £ i) C-P Bk a5, 5 2L i
FN RS RRAE C-P Bk b 3R Jr vk 5 4
BRZE Y AR L R 0 ) o R AR S RE SRR S R P

AWK T GRAPES £ R #9104 9 3 5t
207 % Bl de g i 2 R R O RS e i A2
() C-P J5 8 it DA B idn S 45 4 [m) B, &8 i1 C-P
B B RR SR DT % DL Y B ) R A B
JIHEZR T EAK SN — SO0 o) 1, {3 L2 Fn 8 ) E
W [ AR A AR YRR . A AR AT A T R
a1 FH IS A A R A X i 5 T

1 GRAPES 2k iy 52 5 i/

KA AZE (PBL) i #J2 KA8 2 iy B A v
M) —ADEEHWH . KRBT BRAH T Reyn-
old A FNF- 34 7 A T w/w’, w07 S AR £ 1 R it
Hep o K FER & A EER &0
MR s R o w” w0 K i A2 B X B i A
S A B . RO I O R N B B 2 Y
o A TG 72 S A 3R 30 S8 T S 0 R AR L BT LR
R )2 SR TP 249 6 R 3 2 U A Y 3
LR A T AT DASR A . 3 P 3 a4 A
T Y ) At i S ) 2o AR 86 BE S 5k .

HHT GRAPES 2 BB i L2 7 28 R AT &
B MRE IR 2R Z T EHZ B K A&
M K BRI A R AR AR AR
Moo AR [l R T AR R M i
SO P ik s s R g KA R RA R

Mo K P 108 R A A2 € 9 Bod B . S8 [ NCEP
T AR A A T BT G R A A A R 2 TR
FLMHT M MRF J5 %, fEHT I MRF J5 &t %
JE T B ZE T2 () e 26 25000 i U i 328 4 1 A Ao
A 2 M BT B i T A 2% 4 3 A £

MR EZHA TN

o __Qw¢ _ Orpop
ot oz 5K, 1 D

KDL FoR s R GBI m KRz K.
R ] s <’ FETR i A2 B0 Bh i B A Y R
ik .= FoRTE H K RN R T HUR B R
B BE R IR T y R R i) T8 B i 5Tmk . SR
AL B4 5 B 2 SR IBOAR I 119 52 48 3% 0 KL 4R Jim oo 5K
(L) AT 3 LA A5 8 AL » B R A B w45 20 3 52
Py B R — I 20 08 . AT A5 2 0 572 B i A
A

2 GRAPES @ 8k#: C-P i A )2 R IT

#1457 GRAPES 2k 52 07 &
K 7AF g AE C-P fl Lorenz M ELA% 5 B A, Hip
0 ML g F IR u Al v KKK Ky R s8
BARE Ky N 3h B A8 R (07, Ny b 3R
Haon HEHZERCN HTZE, 478 C-P Bk it
SR TT AW K R B HOA T AN . IR Y
BIHUE T R AE R R BOR AR, H A R Ky 75 1E
K2 FKR AR

k1 R, C-P Bk s AHELT Lorenz Bk fi A IX
S T Uk B T 7K T IR B8 8 A A 20 A1 Y TR B i
A A K ME i 58 4 R K 2 S5 A% 20
Aii o C-P i 10 3t 2 A 125 AR A1 0 (B30 12 )2 BB 7E
n=0.5FJE L.
2.1 ABELREHRZHEREAIKE

B b T 2 B R 2 TR S IR AR X
— 3 H R TR R K R 5 5 8K i i B R 4
SEYHRE Ky FIEGE T TR Ky 73059108

Koy kasz(l—%)za (2)

Ky = kw.=(1 —§>2P:u (3)

Horb k=0, 4 H R T8 B w, iz b 2 3 R
o hEEE,H WA ZmE, P,y Prandtl
BAREIREZT Po=0u /Dy Py Fl Ou 43514



54 AN I W S % 28 &
1 BRABRAREEECPH Lorez EER R LRSS
Table 1 C-P and Lorenz configurations of variables in PBL scheme
FTHIZW C-P Lorenz
n=NCFi#FH 0,q
n=N—0.5 u,v, Ky Osqsusv
n=1.5 u,v, Ky Osqsusv
n=1 0sqsKm Ku Ky
n=0.5 usv,(wo ) Kn Osqsusv
n=0C1 ) 0sqsus w0 ¢ yus
{15 (2 B (3) T BLAR i AR E 50 2 o g _ .
7 oz’

SR AR S Z AT L R R R A
K L C-P Bkl b ANERE 1 5 R i i L
BAR K Rl e = il B2 3 e 21 2 Al 15
B2 JZ A PR S 4 A R T Bl SR R Ky
B
2.2 BEBLBFREMBBHASHIHRALHKE

1T C-P ks A4 7K P JXURT L B AS 7E ) — > 2
HLJZE U FroR B P44 A2l A i R AR — 2
UCs TR RS A5 1F T ey T 55 J5) s PR A AR R L A
AT SRIRUSZ #2820 Koo JM T ALY G B

fE Lorenz B i b . 3 i > 2 19 B A7 3 0. . 5t AT
PASK H B2 197 7 AT A 2 48 2 B Y 5 b B A 2R
R

P MR (AT BV )Z B BORBUEZ
HES EE S S ORIEE SUEE S @ SRR
i I AR AR SR A 2 B B S R K.
2.3 THRFHHLE

PR S BRSUR T R RN IS i PRS-
M phy 3 2 9K 2l (9 AR ) b A i A SC He . Lorenz B
SRR T R R FOR AR R R R B
M s g . nifE C-P Bkl b iR 7 FE 1
JZ BRI R R A R MU Mt T F
FERARE CRZ) LRI & A i R 5 # i T
FLAAT A BT AU 3508 B s . MBS TR
BRJZ AR B0 T & AT LG 2 09 — A D X
RRZN/NTFRARZE®SEN 22— Bl

. o GRAPES % 1 24 2 % 22 m. Bt £ 16 2 B Jy
4. A O 10 mo Fab B T DU
o R G B AR RSB - — 2 FF B

KO g NEIMEE .U e, EER S
AP RHNE BE AR A O . B R S R BN

KII.M - ZZFII.M | aan ‘o (5)
2z

KGO HENRE K Fuult R IEK R

1E C-P b s B KCF KURR B A AR R — )=
e B — 2 0 Ry S0RE 5 KU 56 9 A . n
BT A5 515 2 04 B A R sk 5 I B AR DG Y i
AR QTP 3 L A B o 2 Y A 2R K0 B0 B 23 i)
AR S 75 21 2 020 J2 0 B A AR B, DT 23001 15 21 5l
MG A S R A

AR AT Y R 30 Ll AR G 4 SR
A BRACROR e i IR G B S B = IR EE 3
B R BRI

HESL L MR R EASKE TR H AR R B2
A i LR 2 M 2 U= K 7 2 A e 0 R
e T B0 R L2 LAY

3 AEAT R

¥ C-P i B2 T AP 42 3] GRAPES_GFS
o AT AN B R 5 R 5 R AE Lorenz Bk 5
FHB S5 R AT HEHK

PEH NCEP FNL 73 87 58 BHE 0] 16 37 » B 4 if
[ 2013 4F 5 A 1 H 1200 (A BF, FaD . fHt
SRR ON 0.25°X0. 25°, I L JZ K 60 )2, WA A K
B 300 s, 3 ad ARk 4 §5 RRTM g 5 )5 %
CoLLM Bfi i B2 =C . 7 i) SAS B = Xf it 2 B fb o7 %%



&1

PR 2% 3& T GRAPES £ C-P i AR5 S i e it A se 8l 55

T U i AP RO B R AR 0 T R TR
24 GRAPES H F#F & B & 22 KA 7 % . #E A
550 A Y B R TR Lorenz Bk B AT i L2
Fi NMRF J5 % % ik g i 52 C-P Bk S 7 %%
HAE C-P B A

BT R T IR 6 h iy 4 BRoF 3 I R R R Y

1500

(a)
. o o——o——o il G
? @eraa0--r-0 C-PIIA R %

1000
g
N
b=
iz

500

0
-2 6

dg/dt/(107° K - s7')

NFE . BB LRI, i A ZEAE Lorenz Bk AG 1
VB THEE S SO RS LR RN Rk A
A S, It R 20 30 1) 9 4R 95 G sk B i C-P il it
J2 77 ZE R ) A T AR AR R E CP
Bl F TR A RO A T X — A S IR

Pl 225 11 2 6 hids S )2 Wk B 32 40 ) 11 26 1)

1500

(b) AL
@----0----0 C-PIIHEH L

1000
£
N
i
i

500

0 ‘ & | \ T
0 1 2 3 4

dg/dt/(107° kg - kg™ - s7™)

Bl 1 Wik 6 h(f) aERF 34 0 A2 Gk R I s Y R0k B 0T 1n) JET £
Ca) o7 0T 110 B 4+ (o) 3B JBE 1 1) B 4%
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Boundary Layer Coupling to Charney-Phillips Vertical Grid in GRAPES Model

Chen Jiong Ma Zhanshan Su Yong

(Numerical Weather Prediction Center of CMA , Beijing 100081)
Abstract

It is an important challenge in numerical weather and climate prediction to obtain accurate coupling be-
tween physical parameterization and high resolution dynamic framework. Increased resolution in models
and the use of large time-steps in semi-l.angrangian advection stress the need for an equally accurate com-
putation in time of the corresponding physical parameterizations and the physics-dynamics coupling on the
temporal aspects. Physics-dynamics coupling on spatial aspects also plays a very important role on the ac-
curacy of model predictions, for there is a choice for how to vertically arrange the predicted variables,
namely, the Lorenz and Charney-Phillips grids.

The physics-dynamics coupling on spatial aspects in GRAPES model is studied. As the Charney-Phil-
ips grid is used, the horizontal velocity is staggered relative to potential temperature, which means poten-
tial temperature and water substances are calculated at full levels, while horizontal velocity is calculated at
half levels. In Lorenz physics scheme, all variables are set at half levels and the correspondent tendencies
are estimated at half levels. The interpolation has to be used between full and half levels in physics-dynam-
ics coupling before and after physics scheme package is called. The interpolation error is unavoidable and
an unexpected zigzag noise appears because of the second-order difference in PBL (planetary boundary lay-
er) scheme.

In C-P PBL scheme, the momentum diffusivity Ky is required at full levels and the heat diffusivity Ky
is required at half levels. It is easy to compute Ky and Ky in unstable PBL because Ky and Ky depend on
the PBL height and surface variables. For local scheme in stable PBL and free convective atmosphere, dif-
fusivities are functions of local Richardson number which has relation with both potential temperature and
horizontal velocity. Here potential temperature gradient is averaged so that Richardson number is calculat-
ed at full levels. Ky can be calculated at the full level and Ky can be averaged at the half level. The bound-
ary condition is given by the surface flux according to the constant flux layer. C-P PBL parameterization is
developed to assure the accurate coupling of PBL physics and vertical Charney-Phillips grid.

Improvements are detected using C-P PBL parameterization spatial physics-dynamics coupling in
GRAPES_GFS model. The zigzag noise of temperature and moisture in PBL is removed and the corre-
spondent profiles appear to be smooth with C-P PBL parameterization. The accuracy of PBL and dynamics

coupling is improved, and an overall enhancement is found in the forecast of height and temperature.

Key words: GRAPES model; planetary boundary layer; Charney-Phillips grid; Lorenz grid



