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Abstract The ability of climate models in reproducing climate over the Qinghai-Tibetan Plateau, where the
natural environment is sensitive and vulnerable to climate change, remains unclear. Here, we examine the performance of
44 models participating in the Fifth Phase of the Coupled Model Intercomparison Project (CMIPS) over the
Qinghai—Tibetan Plateau by comparing their outputs with ground observations of surface air temperature and precipitation
for the period 1986-2005. The results show that CMIP5 models underestimate annual and seasonal temperatures, with an
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average of —2.3°C for the annual mean and larger cold biases in autumn and winter. CMIP5 models can reasonably

capture the climatological spatial patterns of annual and seasonal temperatures, but they overestimate spatial variability.

The ability of CMIP5 models in reproducing annual and seasonal temperatures can be improved through topographic

correction. Comparatively, CMIP5 models perform poorly in reproducing annual and seasonal precipitation. They can

capture the climatological spatial pattern of annual precipitation that mainly features a northwest-to-southeast increase, but

they overestimate annual and seasonal precipitation amounts, with an average of 1.3 mm d ' for the annual mean mainly

derived from spring and summer. Moreover, the simulated spatial variability of annual and seasonal precipitation is greater

than that in the observation, particularly in spring and winter. In general, the ensemble mean of 44 models shows a better

skill than most of individual models; the 44-model ensemble mean with the same weights performs better than the median

of 44 models; and the ensemble mean of the chosen models with a demonstrable ability can further improve the skills of

climate models, particularly for annual and seasonal precipitation.
Keywords CMIP5 models, The Qinghai-Tibetan Plateau, Evaluation
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Table 1 Basic information on the 44 climate models in the Fifth Phase of the Coupled Model Intercomparison Project (CMIP5)

KATRIKFE i MR AL R AR
' i EIEES ST BUAL TR (& X i) B Pt

1 ACCESS1.0 WRF I CSIRO-BOM 192X 145 J v
2 ACCESS1.3 WRF I CSIRO-BOM 192X 145 v \
3 BCC-CSM1.1 o BCC 128 X 64 v v
4 BCC-CSM1.1(m) o BCC 320X 160 N v
5 BNU-ESM EY GCESS 128X 64 J v
6 CanESM2 YN CCCma 128 X 64 v v
7 CCSM4 % NCAR 288X 192 v \
8 CESM1(BGC) % NSF-DOE-NCAR 288X 192 N \
9 CESMI1(CAMS) % NSF-DOE-NCAR 288X 192 v \
10 CESMI1(FAST CHEM) £ NSF-DOE-NCAR 288192 J \
11 CESMI1(WACCM) % NSF-DOE-NCAR 144X 96 N \
12 CNRM-CM5 ik CNRM-CERFACS 256X 128 v \
13 CSIRO-MK3.6.0 AT CSIRO-QCCCE 192X96 J J
14 FGOALS-g2 o LASG-CESS 128 X 60 \ v
15 GFDL-CM3 % NOAA GFDL 144 X90 v v
16 GFDL-ESM2G % NOAA GFDL 144 X90 \ v
17 GFDL-ESM2M % NOAA GFDL 144 X90 \ v
18 GISS-E2-H % NASA GISS 144 X90 N \
19 GISS-E2-H-CC % NASA GISS 144 X90 N \
20 GISS-E2-R %I NASA GISS 144 X90 N \
21 GISS-E2-R-CC %I NASA GISS 144 X90 N \
22 HadCM3 e MOHC 96X 73 v v
23 HadGEM2-CC e MOHC 192X 145 v v
24 HadGEM2-ES e MOHC 192X 145 v v
25 INM-CM4 ez INM 180X 120 v v
26 IPSL-CM5A-LR vk IPSL 9696 J v
27 IPSL-CM5A-MR VEHE IPSL 144X 143 J v
28 IPSL-CM5B-LR VEHE IPSL 9696 J v
29 MIROC4h MIROC 640X 320 \ \
30 MIROCS MIROC 256X 128 \ v
31 MIROC-ESM MIROC 128 X 64 \ v
32 MIROC-ESM-CHEM MIROC 128 X 64 \ v
33 MPI-ESM-LR MPI-M 192X 96 v \
34 MPI-ESM-MR MPI-M 192X 96 v \
35 MPI-ESM-P MPI-M 192X 96 v \
36 MRI-CGCM3 MRI 320X 160 J v
37 NorESM1-M 7104 NCC 144 X96 N \
38 NorESM1-ME 7104 NCC 144X 96 N \
39 CMCC-CESM YN CMCC 96X 48 v v
40 CMCC-CM YN CMCC 480240 v \
41 CMCC-CMS o] CMCC 192X 96 N \
42 EC-EARTH W+ EC-EARTH 320X 160 J v
43 FIO-ESM o FIO 128 X 64 v v
44 HadGEM2-AO L NIMR/KMA 192X 145 M v

BRI SAE I T RS, 39~44 SRGCE OB BORNTHEE R 1. 5 PSR SO 5 SC LR BT A4

WARZE (ED. BEMNIAbsEZE (o0, 0,)

739

R= 3 (1, =)o, - o0,

QP)

(2)

(3)



PN S

928 Chinese Journal of Atmospheric Sciences

38 %
Vol. 38

0=+ 3 (7). e
n=1

Forf, £ R S R BRI UL I HH e, N
NS BRI A% g, fEASCH,
NAE A 1020, FIRPUAN G &2 A AFEAEE I F o
:%:

E” :af2+0'r2—20'f0'rR. (5)
EAARARGERLER, MR, . o FME 4>
BTN =AM =45, W R A E X4 FTRH
A% . W ExCnr %, R K, o, Mo, 1)
EAARAS,  E ), Bl Aoy o 4 T
FLA R I Taylor B /s AREIRE ), FATSEXT
T AR HEAT T hRUEAGAE S, B IR A7 Tk
HEZE A 1A, MIBME 2 R s MEEE o,/ o,
B B 2 I EE B E /o, B S 5
MU 5 A BT I A AR 2 AHAT N R,

3 HERHH
3.1 #RFE

R R A R R AR EEZ —,
SR AR P B 2 S R bR . I 2 BRI
1986~2005 =45 34 1 2 I DY I FIASE AL 3 A7 v
DL, 5 9 v ot DX 9 A 1) e B 5 Ml PR 3 02 ¥
g, 44 A~ CMIPS #E R F AL B PR REIE 5%
U P ASEADL HH A 2 b e A 1) 2 B AR, R
S RO VA R Wi [ iR 27 L = AR WY VAR R
TR L kAR i, e SR RN AR e a2 % DA S B
TR 7 1 T 2 by 5 0 8 b XA, T R B v
THWTHL R . AR, AR KT
IIHERATIG AR AR 1) b 2 AL A W I 37 5 Ay P
T, A AR 0 53 R R I R M ARG AE Z i, R
JEAE e i R AR P R X O R . S AME A

0
40°N Ta
35°N —
30°N —
) - r
||
25°N T T T T T
75°E 80°E 85°E 90°E 95°E 100°E 105°E
| -
| |
25°N | | T T T
75°E 80°E 85°E 90°E 95°E 100°E 105°E
[ [ AeEEEEEEEEEEEEE |
-10 -8 6 -4 -2 0 2 4 6 8 10 12 14 16 18°C

Bl 2 e X 1986~2005 RAFF Bl /04T (AL °C): () CNOS.2 ll: (b) 44 A4~ CMIPS Bl A5 B AE 4511y
Fig. 2 Geographical distribution of climatological annual temperature during 1986-2005 over the Qinghai-Tibetan Plateau from (a) CN05.2 observations and

(b) the ensemble mean of 44 CMIPS models with the same weights (units: °C)
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Fig. 3 With reference to the observations, area-averaged annual temperature biases over the Qinghai—Tibetan Plateau for the period 1986-2005 as derived

from CMIP5 models and their ensemble mean (units: °C). Shadings (oblique lines) represent the results when topographic correction is (is not) taken, and

asterisks represent the models whose topographic data are not available
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Fig. 4 Taylor diagram for climatological annual temperature over the
Qinghai—Tibetan Plateau between the CMIP5 models and observations for
the period 1986-2005. Each number represents a model ID listed in Table 1;
brown and blue represent results without and with topographic correction;
and red and green represent the results without and with topographic
correction for the chosen models. Solid dots represent the ensemble mean of
multiple models; solid triangles represent the median of multiple models.

Oblique dotted line corresponds to the 99% confidence level
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