doi:10. 11676/ qxxb2018. 027 % i

ARz=EES ﬂﬁé%ﬁ%lﬂ[
*ﬁ ?H 5 28 Er'/ I]r]

FaH K O£ A #H e
WANG Haibo'* ZHANG Hua'? JING Xianwen' XIE Bing'**

MR TR R ARG O T U 5 A By ) R8T PO e AT, 210044
HE SRR U IE e R H R K AR 908 4 b 5T, 100081
R R AR ST S B = [ A A R, B Rt 100081

Collaborative Innovation Center on Forecast and Evaluation of Meteorological Disasters, Key Laboratory of

=W N~

Meteorological Disaster of Ministry of Education, Nanjing University of Information Science and Technology »
Nanjing 210044, China
2. State Key Laboratory of Severe Weather , Chinese Academy of Meteorological Sciences, Beijing 100081, China
3. Laboratory for Climate Studies of China Meteorological Administration , National Climate Center ,
China Meteorological Administration, Beijing 100081, China
2017-12-25 Y Fi ,2018-04-05 i [a].

il wAE . FISC, vk, 2018, R & EESHON S IRAKR W XELLE 2w, KL%, 76(5):767-778
Wang Haibo, Zhang Hua, Jing Xianwen, Xie Bing. 2018. Effects of different cloud overlapping parameters on simulated total
cloud fraction over the globe and East Asian region. Acta Meteorologica Sinica , 76(5) :767-778

Abstract The cloud overlapping parameter (vertical decorrelation length, L) from CloudSat/CALIPSO is implemented in Bei-
jing Climate Center’s GCM (BCC_AGCM2. 0) to reduce the uncertainly in radiation field. Comparing the climate simulation re-
sults obtained by using the constant L of 2 km with those using the above retrieved L, it is found that the total cloud fraction
simulation has been obviously improved by using the satellite-based L. The error of global mean total cloud fraction between
simulations and CERES (Clouds and the Earth’s Radiant Energy System) satellite data is decreased by 1. 6% in both the winter
and summer, of which the positive deviation of total cloud fraction at tropical convection area and the negative deviation in sub-
tropical region both are significantly reduced. These improvements are helpful for better simulation of energy budget differences
between different regions. In East Asia, using the satellite-based L can decrease the error of average total cloud fraction (com-
pared to the CERES) by 1.8% (1.4%) in the winter (summer). Overall, using L. from CloudSat/CALIPSO satellite data can
improve the simulation of total cloud fraction and thus obtain more accurate simulation of radiation field.

Key words Cloud overlapping parameter, Vertical decorrelation length, Total cloud fraction

 E EEZAETOERKF RN BCC_LAGCM2. 0 5] A —4 4T CloudSat/ CALIPSO T0E WL #Y |\ AE 4% 14 3
S A AR RHIE 10 = T B S S RGO QR B, Lo Bl - LB/ th 2 i 7 2 08 2 B0 48 5 37 B R Wl . X B TSR I
AW B HESHONR MEE 2 &S B TBBLEE R R TCIB7E A BROE 2 7R W X 3, SR T JE T LRV = &S

* VTBHURA : 6 58 F B 3R 0 H (2017 YFA0603502) ([ 58 B 48 B2 2 4 1 H (41375080 .,91644211) FRHE #4245 AT (50O L&
T (GYHY201406023) ,
fE& A EWED . EENE R TE L = MRS EAE U . E-mail: haibo_0225@126. com
R TR L 32 DA S A A AR R A A A A R 0 S RO A B 5 S R K AT LA T 9T . E-mail: huazhang

(@cma. gov. cn



768

KR 2018.76(5)

Acta Meteorologica Sinica

BOFHAN B o BEE —ERENUE ., RANS AN ESSH)5 .2  EHE2RTH =85 = AR 0 556
£ 5 (CERES) TR BB R 22 #0071, 6 %6 o Ho v 4 of Ui DX 30 A 2 0 1 10 i 25 A0 J1 A0 b X8 2 3k 199 97 4 25 4 B I 0
3 e A Bl IE B AR [5) DX B BB I S 25 . TEAR IR R AN S B Z E &SRS A E P KT KI8T
P niE CERES DERRMIRZE M/ T 1.8% M 1.4% . £ F ik, 3T CloudSat/CALIPSO T & %kt 8H 52 W
Lo A5 Bl 003 R AR TR 2% 8 25 et B0 DA 2 3 5 20 4 G 3 e B K 2

XBIE ZEESH PIHREE, Bow
FEEDES P426.572

1 5 5

Hi BRI 2 60 26 11 1 B8k = 8 35 (Liou, et al,
1993) o it i 5 3 K P 04 S A i e st 5 =
R BRI R - R G A S ST
A E R . TR 2 LR I R G Y K 2 A6
B R R A OC e iR AR5, 2016) . g
UCBUR )35 A2 4k % 1] % 51 25 (TPCO) Ak 4 45 957
s IR A 1k 5 e A AR A AT U Y i %
ES AR L | S 3 S N 1DAER o > NI S s R (1R |
470 TR A A i e B ARG 51 R g 23 C TR,
Fez W 25 9 R A L B T Ui 2800 (Randall, et al,
1984) . [N+ 25 B 40 B8R 2 2 T ) A A A 400 B
R 4 R T AR 7 by XA A A 401 45 00 ) o e 1 R A

5 H A A R R A i T K 2 R 8
RGERE]H T AR 7R B X 2 9 B 72 1Y
HERR R (a0 = W S T HO & — > MR
(Wigley, et al, 1990; Wyant, et al, 2006; Jing, et
al, 2016) , KR AR A H R T2 B0k 07 5k 1
W% ORI B B (Lu, et al, 2013), FH L,
R ET R0 A5 380 4 2 19 P B ke PR Al B X b = 1 2 8k
FEZB T HARFM Tz X (Hinkelman, et al,
1999; Hogan, et al, 2001; Sengupta, et al, 2004;
Bouniol, et al, 2010; Paquin-Ricard, et al, 2010;
Song, et al, 2013), W FRERA MR %5 8] 43 FF
RS s P FEEGNEHZ Eah ok,
B 25 76 %2 1) 78 35 % (Hogan, et al, 20000, =&
BRI BRI X 2 A e T H Oy ) b
BRFER T BRI B S S 1S s R
S 2 K AR W K F 20 A R TR W 2 i G R
HE R 135 i % (Barker, 2008; Li, et al, 2005),
I, = TS AL B T5 1k DAl R S X R T
BMRCR B R E

RGN o T B B SRR 22 % T [ & 1Y B &R
W, FIUMEZESE A . KES HILES &
K-FEHLE S 1 4 A (K%, 2016), Hogan 5§
(2000) ,Mace 4% (2002) , Bergman 4 (2002) %k B =
J2 2 [8] Y T S OC AR A B AT =2 (8] A I R A R
MR N 2 THREERES Ao EES
B— P REE SR (L) KRR B R Z A &
BXRFR, B WA R —EAE R Ly i 22 Bk
DL R 7545 43 A1 A5 8 I 78 42 BR A5 B = b Az
(Barker, 2008; Shonk, et al, 2010; Zhang, et al,
2013; #NSE, 2013), XF T Hi AH ¢ & JE 1 o 1] AR
RO e SR B2 BRI Ly = 2 km (Barker,
2008), Oreopoulos 22 (2012)$2H T L Jli 45 5 12
AR TR AH R X A S B T RAE S AL B
FAAEBR I . Zhang 5 (2014b) 21 T AN = 28 W Lo
5 7 25 AHIX R 5 ik RO T 2 R AR A s
EARTE M = KTTR .

Zi e o W BRI O A iR A X
XF 2t R ADURG B B A SR . AR X
& R ) 22 KUK [] P 3 52 38 5 6 o it L 9 114 52 W
oz a1 43 Ay B i 1T 0 b S R0 A R AR (R R R
S, 2010, . B2 ARk ME— R B )2 & X
(Klein, et al, 1993), LA |6 4 ¥ i K = 6% 5
B (Yu, et al, 2004; Li, et al, 2004). FiFHREHF
L AER IR = 8B 2 500 2 5 ) 42 Bk A i
KB EZERNR ., b7 ERERER =2
AT HE A TR UL ER VX & &
BB E RN FR AR A LT 3RS [F
PUAH IG5 B 1) J7 28 o 28 3 4 RS 2 b i LR 55 0
(DRABRFHE Ly =2 km; (2) FH 4 4F (2007 —
2010 4F) i CloudSat/CALIPSO T2 WL % k315
B8 Lo CRF3CH La Fm) . RS 50R T #Fp
T3 48R T AP R 580 AR D A BROR U R 5K
BCC_AGCM2. 0, Fu A [] J5 5806 4 Bk L B AR W 3



F A AN ) 2 3 B S O A ORI 7R 0 b, DX A48 2 i 5 )

XRS5 B R S = S TR BT
PR S AT e AR LBE S B o
HKAR,

2 BTk

2.1 # B

AT 5T R A CloudSat/CALIPSO T & %8k, 75
SRR AR K M i H Ly, CloudSat/CALIP-
SO TR & A-Trian H# F 2K 51 . F 2006 4F & 5
Yy, CloudSat & 55 — Bl ] 3 2l 2 K I T ik E 42
BRI BB NI S B 9 2 i L 2 A0 A R I A A L
R B K A5 B AL #5303k i 2 94 GHz
(3 mm ) = BELE & ik A DL = 9 38 o 1 3R
HEZ ., CALIPSO LA F Z A 4R A5 1E 52w 4k -
SRR B 35 (CALIOP) | 58 93 A8 HL (WEC) il
ZLAM AR R T (TR, AT 2 Ak 42 35k 2 0 A0 95 1 O )
A T 5T 2= RS0 BEAEAE 19 A% 08 LA B
)AL . F R RS A A —
Al LLAS B 5E ) = 1) %% B (Hagihara, et al,
20105 Mace, et al, 2009), 74 #f 5% % i 2007—
2010 4F 2B-GEOPROF #1 2B-GEOPROF-LIDAR
W PE R, 2B-GEOPROF ¥ 44 i 1 12 2 1 )L
il BR 2k, 3240 & CloudSat Huidh # i b k5 =
JZ 0 5 Bz T B 2 0 500 A5 80 (E R R X Rz ) 7
S 2B 2 H 30 A S8 2 A 5 T IR S % [
A EEVE B A AR A KR W] = 1 8] {5 S
AT 4, 2B-GEOPROF-LIDAR 77 ji & |1 85 35 Al
BWOL T BB R3], Hh 94 GHz 2K = W
D76 38 TR AN 5] 25 J2 1) o 2 J B i 8ok 3 3k %
T2 PRI B Sy SRR R R S B S R A R 3 B
IRV = T ARG R . % R AL T T T N
ZIEMEH o8 IR DL & 2 Bz 0
RIEEE . 2B-GEOPROF 2t iy J& 2K M 1y = L
Al Bt 28, i 2B-GEOPROF-LIDAR #2 it iy & Bt &
94 GHz 2K 2 WL 75 ik F CALIOP 1) 2 JL A B
2RO MERR . A UGBS BEAT A B S8 0 1T AR A AR
H1,2B-GEOPROF $t#i 1 94 GHz 2 kK i 2 WL 25
K 1 25 ) A BUE =20, 2B-GEOPROF-LIDAR 4§
Pt P 2 5 =99 00 DA I IR BT R = — 30 dBz =
R S R B B RE N = WA, B
IR B IE S % Jing 55(2016)

>R 1 2= F 1 2K 1) 5 5 RE it R 48 (CERES) T A&

769

LI bt 55 S [R) 5 A JA5 31 10 . o R AT X A
#r. CERES J&H1 NASA £ 1997 4 % 4 09 T2 A%
SRS LRI 7= ol A 45 45 o S 3 i DA R s I R
% Sk Bl CERES SYNldeg-Month Ed3A ff

2006—2015 4EfY o~ B PE . Hoar pe R o 17X 1°,
2.2 K ik
2.2.1 YUAKEE (Lo

B L TWES 5 kML R RN S
B/ Co M C, o 187 B 1Y 45 B0 I S 15 Y
PLETITHZE (e ML MNEEREL S EN
(Jing, et al, 2018)

Cii = i, CP 4+ (1 — . DC @D)
A, Crr = max(C,, CH R C = C, + C, — CC, 41
MERRRKEZS MY ESN NS S8, a0 BN
W2 o B E S R o, E B RN P2 = &R
JEBE . NS E SR PG H Y a, =0
8O WA L E S5 2 a0 = 1 I FE 5

EWHESPWNEKESE, o, AU TAKXITESR
(Bergman, et al, 2002)
Z[
B . dz
ar, = exp[ il‘cf(z) (2)

KT LeRR BN ESSEPUHCERE . W E X
HEEE R« EWE e TWPZE e ML EZ
I BE RS . Zo R Z, 430 KoK ke J2 T L J2 1 v [E] A
MR, N LEE . X FTHE Z MZ,, b
H LW R . X+ Cou i & BRI Lot B
BN Coy s BN Ly X WK Coyo L5 52
KA 8l 1124 & (Naud, et al,2008)

Wil 5 Bk 2 BRI R s AT Lo (A I TR 8 K R
WA . R Z 58 & AR AR ORI Lo i B 23 20 A
HEAT T #E— B RS . Barker(2008) # 5 1 4 H 1)
CloudSat/CALIPSO T3 & %8 B3 Lo 19 4 7] °F
Y14y 45 . Zhang % (2013) [6] £ F] A} CloudSat/
CALIPSO T2 B2 Ak X 75 0 i X Lo AN [) b X 2277
AT BFSE. Di Giuseppe 28 (2015) | /i Cloud-
Sat fl CALIPSO TR % k245 & ECMWE X375 #r
TORMR S TR S Lo &R . Jing 45 (2016) |
i CloudSat/CALIPSO T ARG S| T L. 4Bk
R A% 4 7 86 . Jing 45 (2018) 7643k 2 20 B i =X
HIBFSE Lo 5 #0H M XK SOR R S O R . S



770

B e K dhe I T B SR D 1 RO AR
DAE L5 3 A B 25 B R A I L 2SR
2.2.2 BN

T T Lo g0 A 6 A0 0 2 M A
G IR R R R I 5 b RS

sl BCC_AGCM2. 0 A7 B BF 58 . BCCL

AGCM2. 0 J£7E 3 [ NCAR & Bk 4 KSR
CAMS3 Ll | % R . A X LLBR 3% 3h 1) 8
SEmh R A2 P = A AR KT 7 8 (T42, 55 B F
2.8"x2.8%, EEH Iy R IR E o B bR &, 3
26 2 A TZE K 2.9 hPa(Wu, et al, 2010), Wu
Z5(2010) 7 el it 3l g HE B 1 [] Biof 38 Xef 50 - 47 P 2 4
A7 SEHEAT T R — 20 0 TR R R i R R 2 8
b J7 S TN T 2 PR B Ty SRR HEAT T TR A KR
o TR DL RS R A ki —
St . Wu 55 (2010) $ 45 2K i 452 40 25 S 55 W0 ¢ et
AT & B, BCC_AGCM2. 0 5§ CAMS3. 0 #H It
X 2R AT BR A B ROR A 4 e R
TEASS UL AT R BT K37 Vs G B I T SR AR
KA B, BCC_AGCM2. 0 [ 46 3035 5 5 47

BCC_AGCM2. 0 #1231 T BCC_RAD ¥4 5 &
#i )7 % (Zhang, et al, 2003, 2006a, 2006b; 3K4&,
2016) . %I %4 0. 21000 pm [ P X ] & 43
17 A~ (0. 2—3. 73 pm 9 A5 U I B DL KX
3.73—1000 pm H 8 NP B . TEBPME T 5
Pl A IR = SR (H,0,CO, .05 JN,OLCH) BL &
3 M AR (CFCs) R AT 0k i AH ¢ & 43 A 1 F
CKD_2. 4 J7 %47 53t 55 LA b 3 43 08 W Ac f 328 8 Wi
e .

o /AR X A (] 43 B RG2S il R AL
BT A ok By R 22, R B C 4 (2012) £ BCC _
AGCM2. 0 5] AT 5 45 = 3 2l 37 SAE 3 Bl (Mel-
CA) R H 38 WK W #5211 45 # (Pincus, et al, 2003;
P SCEE, 20125 Zhang, et al, 2013, 2014b) , i o
K 4% Bl L = A= B #% (Réisdanen, et al, 2004a,
2004b) S 2 78 K 7 F 3R B 7 1) b X8R RS 40 1
A
2.2.3 k¥t

AW FEAN 5 18 T S 2 H0 o572 AR 1) s o
T I B I 52 ] TR 2B SR A St . O 12 W I Al
SEMA A A IR AR 2 1y B A I [R]E K N X R & i
HEAT — BN RS 2R 1 i R R

KR 2018.76(5)

Acta Meteorologica Sinica

BN E 5 28 57 R SO AN ) Lol R B RE R . A A
AR BT SR 1 T B A B B o 45 R
AT T =B R E . WL, LR T2 Rt R
Mt A A A s, s T IR Dy 10 48
#1 W Loy rBdElssot
Table 1 Experiments conducted to diagnose

the effect of L.

BG4 B SRR B 4TI E] ()
K 1(EXPD) Lg=2km 10
R 2(EXP2) L& 10

3 HRHr

3.1 LaiW&n T
3.1.1 4Bk L;

K1 Rh&ZEA2 A KE2 A)ME % (68
HOLG W28k i . T 052 7 W b B 30 %) 00300 7
FERR MR 22, R IE Lo A A 80048 8] 5 1 Oy (82°S—
82°N,180°W—180°E) . Jt k& F i T K< AHH XS
AFa 2 5 XA, o R X g (L, et al,
2015; Zhang, et al, 2014a), Lg #HXM /N, MR
AR A ZERAERE .. 2R L XK,
MAERASR 245 Lo /Y 26 0] °F- 35 (B 2) ] DL 3T B0
WA AR W L B E R R, B K H A #
4.2 km, B R 2 M X, OB R AU AR E
= T RS R Y 46 7 T A O L 38 3 AT LU AE fif
BT ORIEEA R i JE B DA R B 1 I T 4544 5 7
FERTE 30°S—EQ. A FHHEF K, A FiKF 2.9 km
1M 780y 1.8 km, v 2 B M X A VB 2R 119 22 1))
R EER 26 2 0P . = )2 A8 AN P R 46
DI B =450k, 35 3] 4. 8 km,

ME T LRI E e R ATk R H
WA #02 Lo 0 mifE X, 4 ZEly 56 km, H %
M 3—4 km, X 5 Mace 2 (2002) L } Oreopou-
los 45 (2011) (¥ b 1h7 75 15 W00 45 5 — 3. ED VR AR
TEH X Lo i KT 2 km, 3R BT AE ED T
R IE M X2 H R A R RS T B s WARK Y &
E—H AR G)ZE EJr (Wang, et al, 1998), fF
MR B S Ew X, Lo 3 — /N 1—
2 km, X HUBE R BAR ALK 2R = & A
(Wood,2012) , X Ff = BA A H I B AR, 76 3 B



WA A B S RO A BRORUR W 3t X AL = 1 3 T

771

B 1 SRR L CGafrkm) (9215 010
(a. &%, b. %)

Fig.1 Seasonal distributions of global mean L

(a. winter, b. summer, unit: km)

>
— Tt

I

T

e

Mean L, (km)

Summer

Winter

Tyl B E KRR S 1. e T 55 NV OK T U
K. A&FMEFMBIT L PN, B BUNT
1 km HE .
3.1.2 ARWHIIX Y L

AR L 092745 43 A B BT 0 XJURE A5, A
ik FRE A BEMERT L ELRS P4 TE
B X, S48 G 34 3. 20 13,14 km) 4Bk -1y
I 350k 2. 78 F1 2. 60 km) & T 15. 1% F120. 8%,
E 3 A LUEH R HIX = EESHN— 8%
FRAE 20 (B 22 5 0 . & 2 b [ AR G Lo %

— —
90 60 30°S EQ 30°N

B2 SERA CEME LG Offikm) 1945 m]F 3
Fig.2 Global zonal-mean L (unit: km)

in winter and summer

&l 3

WTE 5 km DL b2 B R AR, 29288 km, T 7E AR
W LAAR WP TE b L W (E AR XK, K Z 7€ 3 km L)
T EFEAERWLIARMEER F Ly 53] 46 km, 1
FEZR W KRG B Lo W{E AR /N s KZ/NF3 km,

T
60 90

70 90

110 130 150°E

2 3 4 5 6 7 8 9 10

AR AR Lo CRfn k) 1 2295 43 4 (e 43, b 5D

Fig.3 Seasonal distributions of East Asian mean L}

(a. winter, b. summer, unit: km)



772

3.2 LXEMBEZENH M
3.2.1 LXK B = & 1 52

Kl 4 % ZPiZE CERES [ 6 = &8 U LA IR
AR S s 2R F 4. M CERES
TR B R 5 2 i 78 O Xl 4
TR AN T {2 i L RS A - v NI S XV
T KR4 RRAE . CERES TR BB  E B &1

K444 2018,76(5)

Acta Meteorologica Sinica

SEREH RSB 0,61, ARE 1.2 BlA 4
BROVI B B (B4 5K 0. 68 0. 675 543 5
9 0.65 1 0. 64) ¥R F TR BRI B 05 2 8
B 1 MERG . W8 2 AT 1 A VAR A
B R AR5 CERES T ERR MR ZW D T
1.6%.

0 60 120°E 180

120°W 60 0

0 60 120°E 180 120°W 60 0

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

€l 4 CERES TR (a.b) XL 1(c.d) AR5 2Ce DERIHA (asc e,
H (bod DW= RRF-H) 8 = R o A
Fig.4 Global distributions of total cloud fraction from CERES satellite data (a, b) and from simulation results
of EXP1 (c, d) and EXP2 (e, f) averaged in winter (a, ¢, ) and summer (b, d, f)
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Fig.5 Differences (EXP 1(2) — CERES) between simulations of (a, b) EXP1 and (¢, d) EXP2 and
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and EXP2 for winter (a) and summer (b) over the globe

(Black dots indicate significance at the level of 0.1 by z-test)
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