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Abstract The initial condition and lower boundary forcing are the main sources of the predictability in extended range. and
they play different roles in different time scales and different regions. Using the latest version of BCC_AGCM, four experi-
ments with different combinations of atmospheric initial condition and sea surface temperature (SST) boundary forcing are de-
signed in this study to investigate the roles of atmospheric initial condition and SST boundary forcing in the extended prediction
over different regions around globe. Results show that the skills in extended prediction are strongly dependent on initial condi-
tion at lead times less than three weeks, and different initial conditions with the same boundary conditions lead to significant
differences in the prediction skills at sub-monthly time scales. However, the initial condition can still provide some useful infor-
mation for the prediction exceeding monthly time scales. From a global perspective, SST boundary forcing affects the prediction
skill at lead times of more than one week. It will take roughly four to five pentads for boundary conditions to have the same
effect as initial conditions have on the predictability of geopotential height at 850 hPa in the tropics, and this lag time will be
longer in other regions. Similar results can also be found in the geopotential height prediction at 500 hPa except that the lag
time is 5 pentads in the northern hemisphere and 6 pentads in other regions, which means the above effects in the upper atmos-
phere lag behind that in the lower atmosphere by one to two pentads. In the region of East Asia, the contribution of boundary
forcing to the prediction skill appears on the second pentad accompanied with significant improvements in forecast at this time.
As for the extended forecast, impacts of the lower boundary forcing are concentrated in low-latitude regions, and are more stab-
ly shown in the forecast of geopotential height at 500 hPa. Significant improvements caused by the boundary forcing are shown
in the forecast after the 5th pentad. The results indicate that both initial conditions and boundary conditions are very important
in extended forecast, and understanding the relative roles of initial and boundary conditions in the extended prediction is the ba-
sis to improve forecast skills.
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Fig. 2 Same as Fig. 1 but for RMSE (10 a average)
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Fig. 5 Same as Fig. 3 but for 500 hPa height (10 a average)
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7

10BO 5 10BC J5 £ % & 500 hPa /& B 3% MSSS $E50 40 Aii (a—i. 55 1—9 f3)
Fig. 7 MSSS of 500 heights between IOBO and IOBC (a—i. First to ninth pentad)

L
—OO000000O00O
SRR o e N N

SO ODODODODOODODO =
—IOWERUAAN0OO



K2 2017,75(1)

Acta Meteorologica Sinica

| oo oococoooo—
W R U100 0O

|
—ocoocoCcoooo
SO AU R LI —

& 8 [ 7.1HK 850 hPa 45
Fig.8 Same as Fig. 7 but for 850 hPa heights

5 R E TR B T A A B A I 25 L A
HHE HL DXL 5 4 A6 i S I8 I 04 AH X5 /E I E 850 hPa
1 B 5 RS0 E A A VR A XY 5 72 88 o
RAWMERERT . X % i 300 990 i ok 136, 565 4 ¢ IE
A AN SR Y B[] RO, — T KR 1 AR
SR 4y FE AR K R ) RO b i 0 4
TGVER A B 55— 5 1T W i 1 2 &R B
(RS 42 AP A T00I000 52 175 el A 6 Sk R A AR
B . TE BT S b DX KAWL ) A/ B S B 2, 1
TR PO ARG P AR X 4 55 . 6 #HE S AL BR b X 26
5 i Fif Je KA B B4 AR G A FH 28 8 A 2 5 i TR Y
VTR Y 5 1 75 $f7 S1 ma 2 3K 04 1 R AR XT38/ S 7
2 8 3L A 3 5 R ALV F A 24 1 B ) 3 5 T 34
ALK BR b DX — i 72 A5 5 A6 AR 0 b X AR 2 26 0
WA 5 S E R I mE R 4B . X 500 hPa &
JEE 3 A2 S U o AW MBI AR 1 R X A
5 Ja &L AH RS WIME Y 5TERTE 500 hPa /& JiF
Sy S0 A 340 T O A 205 A S TV 3R 1 BT K R 9 )2 IR
55 5 W LUG R

TR AL 5 0 I 4 R b X 1 e ok B L IR
J3E b DX T R T T2 R T Liu 45 (2015) 48 R
b 14 AR R[] T T 58 36 1 R A TS ) 2
O L B0 AL 15 B R ) — A

R o TEZEE WL AR IR 76 i 5 30 UL N ¥ 31 A
XTI LD B S AE R A LR s X A
WBL/N TR BE S U 2R 22 5 R 5 34 M A AUAE Y
500 hPa fj B2 37 Hb IX ) 5% 22 3 i 48 1< 4 3 40 A0 1
AP I A 38 14 1 P AR X R B AN WD 2. PRk 98 3t
SEIE X R IAE R T A BR 20 5 k2 5 il 5 38
FR 1 T i A 5 HL 32 288 P (e B IR 4 B IX
Af LU F —J5 1 TR AIE S T IR A B A A R
2% 75 —J7 10 H AR 8 (E AR A A7 A 0] PN A D o
I Ay ke B S B8 o0 KI5 T U A S e ) Y
ARV P B 3R 22 B 48 ot o (HU AR AT LA B R
AL 55 T I GF S i 0 552 s T AR P S R B T
A+ RBERNEE. I EA ARERNRA 2R
FY IR 23 P AIE

A LU s — T 1A S5 B 0 AR RS R R
B TAR A9 FF F 2 BE4R P AE 3 A LA L 78 5K A9
] RUBE B R ASCRIE W A FH /0 T e 3L B0 e 3L 14 49 1
Xt 3 JE LART A9 /N RO B0 A — € (19 B mi {1 A
O 5 5 — 05 10 KR 5 AR AR AR LR I
RZAEO0 T XMELL IR Sy B 45 H RS2, R, X
e S0 T R A v A 14 K A0 (45 TR AR R R T TR
ROR B B2 H o R R

AN S B 1 B L AL 9E T R



TE PN A - S0E S0 541 v A DR ML A R 3 (AR X AR T

(L5 T8 3t X 2 i 3 592 B W] TR R ) 52 0 TR 0L TR —
2 AR BEAT R 1 3L X 32 e 393 J9T 43 85 A T
AR AP A XA P 04 BIF 5 A 5 L2300 0 S e 38 99 4 $2
2 MR 2 )

2%k

L RG EAEKSF. 2009, Lt T ORI R AKX F Y
R IR, K52, 67(6): 912-922. Dong M, Wu T
W, Wang Z Z, et al. 2009. Simulations of the tropical in-
traseasonal oscillations by the AGCM of the Beijing climate
center. Acta Meteor Sinica, 67(6): 912-922 (in Chinese)

WA, G, 2010, BRI B BCC_AGCM2. 0. 1 %t
1998 4F 5 7= VL ¥ Jad 3803 B /K 5 R 0 Tl i sl i . RARE
2, 34(5): 962-978. Jie W H, Wu T W. 2010. Hindcast for
the 1998 summer heavy precipitation in the Yangtze and Hua-
ihe River valley using BBC_AGCMZ2. 0. 1 model. Chinese J At-
mos Sci, 34(5): 962-978 (in Chinese)

Rl B HE, T—i0, 3K#i. 2014. BCC_AGCM2. 1 #5343 i J2 ¥ i
R AR AIE () B5(E A 0 B LR PP Al R g . 72(1) . 49-
61. Lu C H, Ding Y H, Zhang L. 2014. Validation of BCC_
AGCM2. 1 model in simulating variations of the stratospheric
circulations. Acta Meteor Sinica, 72(1): 49-61 (in Chinese)

Fihk, AEW, TR, 2014, BRSSP LRI RBERLE
BB 22 FRAE S M. ) B, 63(9): 099202, Wang H,
Zheng Z H, Yu H P, et al. 2014. Characteristics of forecast
errors in the National Climate Center atmospheric general cir-
culation model in winter. Acta Phys Sinica, 63(9): 099202 (in
Chinese)

TERIN, 85, BHEMA. 2015, BCC_CSM X B 2 56 4 X i IR
FIRPEAG. KA R, 39(2): 271-288. Wang X J, Zheng Z
H, Feng G L, et al. 2015. Summer prediction of sea surface
temperatures in key areas in BCC_CSM model. Chinese J At-
mos Sci, 39(2): 271-288 (in Chinese)

kW], 2016, KL Wb X FE K 50—80 d IR A5 43 ik 1y Y 2 15 U
WFoE. %2247, 74(4); 491-509. Yang Q M. 2016. A study
on the subseasonal forecast of low frequency rainfall over the
lower reaches of Yangtze River Valley based on the 50 — 80 d
oscillation. Acta Meteor Sinica, 74(4): 491-509 (in Chinese)

I AT EH . FEE. 2009, 3T 25 A0 AT HUR 2> 4t 64 R 8
R ZEITIE 7k MAUE 256, Y FL4E 4. 58(10): 7359-7367.
Zheng Z H, Ren H L, Huang J P. 2009. Analogue correction
of errors based on seasonal climatic predictable components and
numerical experiments. Acta Phys Sinica, 58(10): 7359-7367
(in Chinese)

IRRRIT . BT, BEEAE. 20120 ST ) AT B M 0 4R A B
I EMEUE IS, PR . 61(19) . 199203, Zheng Z H.
Feng G L, Huang J P, et al. 2012. Predictability-based ex-
tended-range ensemble prediction method and numerical exper-

iments. Acta Phys Sinica, 61(19) . 199203 (in Chinese)

121

Abhilash S, Sahai A K, Borah N, et al. 2014. Prediction and moni-
toring of monsoon intraseasonal oscillations over Indian mon-
soon region in an ensemble prediction system using CFSv2.
Climate Dyn, 42(9-10): 2801-2815

Chang Y H, Schubert S D, Suarez M J. 2000. Boreal winter predic-
tions with the GEOS-2 GCM.: The role of boundary forcing
and initial conditions. Quart ] Roy Meteor Soc, 126 (567) :
2293-2321

Charlton A J, Orneill A, Lahoz W A, et al. 2004. Sensitivity of
tropospheric forecasts to stratospheric initial conditions. Quart
J Roy Meteor Soc, 130(600): 1771-1792

DeMott C A, Stan C, Randall D A, et al. 2014. Intraseasonal varia-
bility in coupled GCMs: The roles of ocean feedbacks and
model physics. J Climate, 27(13); 4970-4995

Dong M, Wu T W, Wang Z Z, et al. 2012. A simulation study on
the extreme temperature events of the 20th century by using
the BCC_AGCM. Acta Meteor Sinica, 26(4) . 489-507

Feng G L, Sun SP, Zhao ] H. 2013. Analysis of stable components
for extended-range (10 — 30 days) weather forecast: A case
study of continuous overcast-rainy process in early 2009 over
the mid-lower reaches of the Yangtze River. Sci China Earth
Sci, 56(9): 1576-1587

Hall N M J, Lin H, Derome J. 2001. The extratropical signal gen-
erated by a midlatitude SST anomaly. Part [[ ; Influence on
seasonal forecasts. ] Climate, 14(12): 2696-2709

Huang J P, Wang S W. 1992. The experiments of seasonal predic-
tion using the analogy-dynamical model. Sci China (B), 35
(2): 207-216

Huang J P, Yi Y H, Wang S W, et al. 1993. An analogue-dynami-
cal long-range numerical weather prediction system incorpora-
ting historical evolution. Quart J] Roy Meteor Soc, 119(511):
547-565

Kang IS, Kim H M. 2010. Assessment of MJO predictability for
boreal winter with various statistical and dynamical models. J
Climate, 23(9) . 2368-2378

Liu X W, Yang S, Li Q P, et al. 2014. Subseasonal forecast skills
and biases of global summer monsoons in the NCEP Climate
Forecast System version 2. Climate Dyn, 42(5-6): 1487-1508

Liu X W, Yang S, Li J L, et al. 2015. Subseasonal predictions of
regional summer monsoon rainfall over tropical Asian oceans
and land. J Climate, 28(24) . 9583-9605

Lorenz E N. 1975, Climate predictability: The physical basis of cli-
mate and climate modeling. WMO, GARP Pub Ser, 16(1).
132-136

Mo K C, Kalnay E. 1991. Impact of sea surface temperature anoma-
lies on the skill of monthly forecasts. Mon Wea Rev, 119
(12) . 2771-2793

Reichler T, Roads J O. 2005a. Long-range predictability in the
tropics. Part | : Monthly averages. J Climate, 18(5): 619-
633



122

Reichler T, Roads ] O. 2005b. Long-range predictability in the
tropics. Part]] ;. 30-60-day variability. J Climate, 18(5) . 634-
650

Reichler T J, Roads J O. 2003. The role of boundary and initial con-
ditions for dynamical seasonal predictability. Nonlin Process
Geophys, 10(3): 211-232

Roads J O, Chen S C, Fujioka F. 2001. ECPCs weekly to seasonal
global forecasts. Bull Amer Meteor Soc, 82(4): 639-658

Stockdale T N, Molteni F, Ferranti L. 2015. Atmospheric initial
conditions and the predictability of the Arctic Oscillation. Geo-
phys Res Lett, 42(4) . 1173-1179

Wu T W, Wu G X. 2004. An empirical formula to compute snow
cover fraction in GCMs. Adv Atmos Sci, 21(4): 529-535

Wu T W, YuR C, Zhang F. 2008. A modified dynamic framework
for the atmospheric spectral model and its application. J Atmos

Sci, 65(7): 2235-2253

K2 2017,75(1)

Acta Meteorologica Sinica

Wu T W, YuRC, Zhang F, et al. 2010. The Beijing Climate Cen-
ter atmospheric general circulation model: Description and its
performance for the present-day climate. Climate Dyn, 34(1):
123-147

WuTW, LiWP, Ji] ], etal. 2013. Global carbon budgets simula-
ted by the Beijing Climate Center climate system model for the
last century. J Geophys Res Atmos, 118(10) . 4326-4347

Zhang G J, Mu M Q. 2005. Effects of modifications to the Zhang-
Mcfarlane convection parameterization on the simulation of the
tropical precipitation in the national center for atmospheric re-
search community climate model, version 3. J Geophys Res,
110(D9) . D09109

Zheng Z H, Huang J] P, Feng G L. 2013. Forecast scheme and
strategy for extended-range predictable components. Sci China

Earth Sci, 56(5): 878-889



