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Abstract The summer precipitation over the central and eastern Tibetan Plateau (TP ) is mainly
characterized by a dipole pattern with seesaw changes in the northeast and southeast. Based on the
empirical orthogonal function ( EOF) analysis, the abilities of 47 models participating in the Coupled
Model Intercomparison Project Phase 5 (CMIP5) historical experiments to simulate the dipole oscillation
of summer precipitation over the central and eastern TP are systematically evaluated. The results shows
that most of the models can reproduce the seesaw structure of summer precipitation anomalies in the

northeast and southeast of the central and eastern TP. However, the inter-model EOF analysis shows that
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the east-west simulation deviation in the south of 35°N stands out as the most prominent deviation of
CMIP5 models in simulating spatial patterns of precipitation. Most of the models are worse at simulating
time coefficients than spatial patterns. A comprehensive evaluation index S,,, is defined to quantitatively
describe the comprehensive simulation performances of 47 CMIP5 models on spatial patterns, time
MIROC-ESM,
HadGEM2-CC, and ACCESS1-0 ( FIO-ESM, HadGEM2-AO, and MIROC-ESM-CHEM) models perform
relatively well in the comprehensive simulation on EOF1 (EOF2) mode of observed precipitation, while
the GISS series models, CESM1-CAM5, and MPI-ESM-LR ( CMCC-CESM, MPI-ESM-MR, and GFDL-
CM3) models have poor comprehensive simulation performance on EOF1 ( EOF2) mode of observed

coefficients, and variance contribution. From the quantitative evaluation results,

precipitation. Based on the comprehensive evaluation results of EOF1 and EOF2, it is found that MIROC-
ESM-CHEM model has the best comprehensive simulation performance on the two leading EOF modes of

observed summer precipitation over the central and eastern TP.

Key words

CMIP5; comprehensive evaluation

5l

[l

98 = J5 (the Tibetan Plateau, TP) & 1 FH #
R ST B e T v D, R Ry SR R AR
SR O HERTE 4 000 m LA F AR KR T
R AT 2 KR R kAL K
BRI A AR 5 Ry SR IX el —,
(] R, PTG 43k A A8 1 7 A T B2 ), J o <
AR AT J 5K 28 A T 8% . 3% X AR AR AL AN
AT LA B 42 3K 3 v ] 2R E8 R PG e A XA ) AR
b, BTk B B RS2, £ 26 42 BR Y
S A At B A B A RO PR R A R T
PENO S U (5 A AE R K B 60% ~ 0% 17 98
JEU XS Z ek 7 2 B X S 1 R R v A
ERAKAEI 3% 23 H 352 0 200 91 2 22 XRS5 11 58
555, PE TR 2 7.0 R 0 Hs DX %) 5 2= oK AR A ™ A 5
M PRI XoT 5 7K e it DX 33 5 2 ok K ) 2 2% £k 1 BF
FHRAELEE L,

B T 7 e i X 3 O 2 ) B SR X6 i Xk
R K A HERFDURIN 3 PR M, A=A s = A F 92 7 ik
R AR AR T B T R M
AL A A2 X B R K AL AELRE ), 33 X A8 =
B 152 25 5 A D Stk — 20 i el it TAE B
W H AT 2 A DA A AR R R K
ARSI RICR S , W5 DX IR 22 4R TR FE AR W i 4 A
] T X e B X3 A A 253 2 A A A A
RAIVPAL R AH 8 53 27 5 PP G A5 X0 5
A IR B 90°E LUK 75 78 e LR
TR AN — A B A RO, s FE R A

summer precipitation over the central and eastern Tibetan Plateau; dipole oscillation;

Xof A BRI 7K 1 DAk o A /b 4 B o) ¥ v i Xk
(CTIQIEEEEVE S e N R Ry
HEAS AR LSy B 2 B4 T 98 AN HERR <5 JL A
501 A 2 X0 3% DX 3 1 8 7K A 400 A7 A AR K Y
M 2%

(B 2 A 2, 7 9 e DR AL VR AN 2R e R
K RELA S Bk (35°N) Sy i, R AR
JCEBFN AR P 78 K 7K A7 78 B AV AH 1R XU Y 7% A O
ZP T A0 AR Y I 2 22 St A B LE 7 G
BK B E K % % I 48 i 8L ( empirical
orthogonal function, EOF) 43 B R P 4~ EAEA, 7]
DA B S8 s e 77 0 e it b AR B 2 K A JR) b
PR o IF L, 3 P R AR Y 28 16 R+ 4 B
TE e AR RUEE 77 0 ey I 5 2 /KA R R
RV A 41 7 Y AR A 8 0 L A LA _E ok
AL ER G U R G, T R R 5 R
2 [ K AU B R AE 5 A R L PV 3 X = AR Y
TR B AR G 08 A DG, b PG ¥ b IX ) v it S
WOH ALK E H AL % E-P (Eliassen-Palm ) i 5
X T T R e D X 1 B K A S T
I 7 90 e i DX I R K B VP A AR TR B2 G 5 I8
2 IR K 0 R b 22 5, TR e R — - X
1 R K PR AR B4 X 8 — I PR TAE JC s 4
TR AR O 12 X R K 1 25 B BEAURUCR . o5 4b,
T X 47 G g D b AR S B 2 R 2K UM, B A AR AR
AR Pl AR M w2

BT, AR SCERE VAN 47 D2 550 TGl A AR
1R ( Coupled Model Intercomparison Project
Phase 5,CMIPS) {48 & 45 X0k 7 8 i Jt vh AR i



2 o

% ¥

542

K AU R A BEALOR , PPl A 24T X EOF
ORRIET P AN RS H TN T A R
A BRI AT g ZE5E I, X PPAG O ik AT
fi Z A4 R JE 45 Hh 47 > CMIPS ARy 32 ZEpEAS
G BRJa M P S A T B A e

1 HuEMAGE

1.1 #4E

Rk ORI Bt >k BT o [ ] 8 G T <4 o
HASGER A EHEIEE , 2ERR RS T
P8 2N SUNEPE SRR S e B rn
) FBE 2 474 Sl 1951 48 1 Dok b T JE A<,
LERG H G I 2 474 A3k i b e B i
B X 3, 4R B AE 1 500 m L |, H 1961—2005
FELRIESENY 130 S E AR HE G0l 1 2 2= (6—8
H) sl s ORI AEL, S0 B3k B Sk S (L ELOK 2 H B0HE
e R% H B o fR T R A PG S Y sk SO

#1 FATFITER 474 CMIPS BRMEAREE

Table 1 Basic information of 47 CMIP5 models used for evaluation
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CanCM4 IE-YN 64x128 0.175
CanESM2 IE-YN 64x128 0.170
CMCC-CESM ol 48x96 0. 403
CMCC-CM =S 240x480 0. 036
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Fig.1 Spatial pattern of EOF1 mode of summer

precipitation observation at stations over the central

and eastern TP from 1961 to 2005 ( a; the color

scale represents the eigenvector using the EOF

technique, the same hereafter) and corresponding

S, with 47 CMIP5 models (b)
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Fig.2 Time coefficients of EOFl mode of summer
precipitation observation at stations over the central
and eastern TP from 1961 to 2005 (a, the black
line represents 1l-year running average ) and
corresponding S, with 47 CMIP5 models (b)
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Fig.3 Spatial pattern (a) and corresponding time
coefficient (b) of the first inter-model EOF mode of
deviations of summer precipitation EOF1 spatial
pattern over the central and eastern TP from 1961 to

2005 between models and station observation
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Fig.4 The same as Fig.3, but for the second mode
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Table 2 Ranking of the top (left)/bottom (right) 15 models

according to the comprehensive evaluation index S, of

the models in simulating summer precipitation EOF1

over the central and eastern TP from 1961 to 2005
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Fig.5 The same as Fig.1, but for EOF2 mode
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Fig.6 The same as Fig.2, but for EOF2 mode

A~ CMIPS #5xC Y I [a] Z 4505 U A A 56 RECKR &,
Horp B 11 B A C R BGE T T 95% {5 1
K, Hodr FIO-ESM [ AH ¢ R 8 F o B EOF2 B
W] RE LRGP HE AR S (18 6b) K F , A F—
LG EOF2 f B 1] 3 B0 LF- WA B fig
H S, EUEJLT~ 0,52 FIO-ESM £z0%f EOF2
B ) R EN RS BRI B W A3, LR 53T
fhitdr S, PEAM R o

FIAE ] EOF 230 #r J7 i, AR 2 ) EOF1
(B 7) AT LR 7 s i rp AR B 2 =Rk i 46 —
TR FEF I M ALE 35°N LLRG A4 45 PG ) A5 400 0
2%, U AF N 9 B (8] 22 2500 DU ), GISS-E2-R (IPSL-
CM5A-LR ,ACCESS1-3 1 HadGEM2-ES # =X f141% Ff
L R 2= A XF % /N, 1 MIROC-ESM-CHEM |
CanESM2 ,CMCC-CESM ,CanCM4 FI MIROCS (1% F
B 25 AT K . e AR 2] EOF2 (1] 8) Wl L
F i 5 R B AR 25 00 T e R T AR
T DX, FEAE A AE 30° ~35°N Z ], MAAH R A B i)
ZBh Al L F H, CanCM4 | IPSL-CM5B-LR , CMCC-
CMS H1 CESM1-FASTCHEM [1 32 A 400 1 22 A %o 55

/N, 1l MPI-ESM-P | EC-Earth , ACCESS1-3 #l GFDL-
CM2. 1 A% ELL i 22 AH X R

45°N

()

25 T T T
70 80 90 100°E

[ i S — — —— —— —
-0.055-0.045-0.035-0.025 0  0.025 0.035 0.045 0.055

3.0
(b)

2.0
1.0+

0.0

N EESA

-1.0

-2.04

-3.0

CMIPS#Z,

K7 A LI 2 8] 1961—2005 457 ji e i P AR B 52
ZEE K EOF2 25 ] B 250 22 1 A 2 ] EOF 3 Hr 25
— RS S (A U2 () S ] R K (b)

Fig.7 Spatial pattern (a) and corresponding time

coefficient (b) of the first inter-model EOF mode of
deviations of summer precipitation EOF2 spatial
pattern over the central and eastern TP from 1961 to
2005 between models and station observation
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Table 3 Ranking of the top (left)/bottom (right) 15 models

according to the comprehensive evaluation index S, of

the models in simulating summer precipitation EOF2

over the central and eastern TP from 1961 to 2005
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