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Optimal weighted model for ensemble forecast of the surface air
temperature in mainland China and its regional applications

SU Qihua', ZHOU Renjun', KE Zongjian®, LIU Changzheng®, DU Liangmin®, YAN Yan'
(1. School of Earth and Space Sciences . University of Science and Technology of China . Hefei 230026

2. National Climate Center » China Meteorological Administration, Beijing 100081; 3. Wuhan Regional Climate Center , Wuhan 430074)
Abstract: Based on Coupled Model Intercomparison Project, Phase5 (CMIP5) muti-models, an optimal
weighted model for ensemble forecast (Op-SE) of the surface air temperature in mainland China was
presented. In order to assess the capability of Op-SE, it was compared with equally-weighted ensemble
(EE) and superensemble (SE), and anomaly correlation coefficient (ACC) and root-mean-square-error
(RMSE) were chosen to evaluate their forecasting skills. As shown from the results, ACC between Op-SE
and observation is optimal in most of China, especially eastern China, which indicates that ACC has passed
the significance test at 0.5 level. However EE has poor performance in ACC. As for RMSE, EE is also

relatively weak. And Op-SE is better than SE in eastern China, while SE is better in a few other areas like
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Sichuan Basin. The comprehensive assessments of ACC and RMSE show that the {orecast skill of Op-SE is

best in northeast, north, eastern, southwest and northwest of China, but is not good enough in Sichuan

Basin and southern Gansu. In conclusion, Op-SE provides a new method on selecting outstanding models

into ensemble climate forecast, which can improve the forecast skill in regions to some extent,

Key words: global climate model; CMIP5; multi-model ensemble; temperature; regional application
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Tab.1 Basic information of 27 global climate models from CMIP5®

FA 2 FR B AR )8 W K KA R
BCC-CSM1.1 BCC, Hh [H 128 X 64
BCC-CSm1.1-m BCC, HH 320 X160
BNU-ESM GCESS, i 128 X 64
CanESM2 CCCMA. &k 128 X64
CCSM4 NCAR, % H 288 < 192
CESM1-CAM5 NSF-DOE-NCAR,Z[E 288X 192
CNRM-CM5 CNRM-CERFACS,#:E 256 X128

CSIRO-Mk3.6.0 CSI RO-QCCCE. #AF[W 192 X 96

FGOALS-g2 LASG- CESS. i 128 X 60
FIO-ESM FIO. 1[4 128 X 64
GFDL-CM3 NOAA GFDL, % 144 X 90
GFDL-ESM2G ~ NOAA GFDL, % 144 X 90

GFDL-ESM2M  NOAA GFDL, % H 144 X 90
NASA GISS, % [ 144 X 90

NASA GISS, EH 144 X 90

GISS-E2-H
GISS-E2-R

k1

1 2 44 B A4 FR TR E R KA %
HadGEM2-AO NIMR/KMA, i/ EE 192 X145
HadGEM2-ES UKMO, ¥ [H 192 X145
IPSL-CM5A-LR IPSL. 96 X 96
IPSL-CM5A-MR 1PSL. % [ 144 X143
MIROC-ESM MIROC, H 7 128 X64
MIROC-ESM-CHEM ~ MIROC, H % 128 X 64
MIROC5 MIROC, H A& 256 %128
MPI-ESM-LR MPI-M, f# 192 X 96
MPI-ESM-MR MPI-M. {# 192 X 96
MRI-CGCM3 MRI, H A 320 X160
NorESM1-M NCC, 95 ) 144 %96
NorESM1-ME NCC, ¥ 144 X 96

F2 ARkHMBERRED

Tab.2 Rcps (Representative Concentration Pathway) scenarios
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Tab.3 significance analysis of 27 global climate models

NEC NC EC CC SC SWC1 SWC2 NWC

BCC-CSM1.1 . * % * % %

BCC-CSml.1-m % % x % * % %

BNU-ESM * % * % %
CanESM2 * % % % % %X % %
CCSM4 % % %

CESM1-CAM5 % % % ¥ * % % % * % % % * X % % * % % ¥ % %
CNRM-CM5 * % % % * % % % * % %

CSIRO-Mk3.6.0 * % % * % % % % %
FGOALS-g2 * % * * % % % * % % * % %

FIO-ESM
GFDL-CM3 * %

GFDL-ESM2G * % % * % * % %

GFDL-ESM2M ¥ % x x % % % % % * % % % *
GISS-E2-H * %
GISS-E2-R * % % % % % % % %

HadGEM2-A0O * %ok % * % % % % * % % * % % % x % x % %

HadGEM2-ES * % * % ¥ * K ¥ ¥ ¥ % % * * % * * % * % % ¥

IPSL-CM5A-LR *

IPSL-CM5A-MR % x x *
MIROC-ESM * %

MIROC-ESM-CHEM * % * %
MIROCS * % % * % % %  x

MPI-ESM-LR

MPI-ESM-MR * % * % % * %
MRI-CGCM3 * % % % %X % % %
NorESM1-M . * % % * % % %

NorESM1-ME * % * % * % %

EE O I

S % o, % AR FROR LA R B0 B 2 K F ¢ =0.001,0.01,0.05,0.1 A5 5.
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Tab.4 F-statistics of SE and Op-SE

SE Op-SE
NEC 1648 3466
NC 1595 3634
EC 1236 1977
cC 1222 2215
sC 545.4 872.2
SWC1 1809 3092
SWC2 672.6 1224
NWC 1693 2882
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Tab.5 RMSE between ensemble and observation in each region of mainland China (uint: °C)
b X
O NEC NC EC CC SC SWC1 SWC2 NWC
SRS
EE 2.79 2.65 1.69 2.64 1.70 7.66 2.80 5.00
SE 2.04 1.78 1.31 1.29 1.20 1.38 1.09 1.71
Op-SE 2.04 1.73 1.25 1.30 1.16 1.44 1.08 1.70
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Fig.10 Spatial distributions of the changes in the annual mean surface air temperature over mainland China in early
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Fig.11

Differences in projection of the changes in surface air temperature
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