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Abstract Based on observational data sets of general, basic, and standard climate stations in the coastal regions of China from 1965 to
2004, summer wind speed changes are analyzed. Twenty global climate models and three regional climate models have been evaluated
based on their capabilities to simulate summer wind speed for 20th century, and the results are used to project the summer wind speed
changes in the coastal regions of China for the 21st century. The following conclusions are drawn: (1) in recent 50 years, both summer
mean wind speed and maximum wind speed observed all show declining trends over the coastal regions of China. This changing feature of
wind speed in China’s offshore areas is related to the changing characteristics of typhoon frequency in China. (2) Both global climate
models and regional climate models possess the certain capabilities to simulate the patterns of the summer mean wind speed. The
capabilities of regional climate models are slightly better than that of global climate models. (3) Both global and regional climate models
are unable to simulate the obvious decrement trend shown by the observed data. Only a few of them are able to simulate the slightly
decrement trend of summer wind speed changes in China for the last 50 years. (4) Global and regional climate models all predict that the

summer mean wind speed in coastal regions of China for the early 21st century decreases slightly for SRES B1 and A1B scenario. The
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projection of summer wind speed in China’s offshore areas for the early 21st century is that the speed is slightly increasing for SRES A2

scenario than that for the 20th century.

(5) It is worth noting that due to current restrictions on the scientific understanding, in either

case of global climate models and regional climate models, there is a considerable uncertainty in the projection of the regional climate

changes, especially in projection of the wind speed. The studies on the wind projections have just been in the beginning, a large number

of tests need to be done in order to get more reliable conclusions.

Keywords coastal regions of China; wind speed changes; maximum wind speed; typhoon changes

0
’ 9 [172] o
o 100 (1906—2005)
0.74°C(0.56~0.92°C) ,
50~100 B,
, 5 (1)
[7-13],
[14-16] ,
(7. 17-18) 19
1o , 50
; M Elsner
, (TC)
9 o ( 2 )
o Walsh P9 e
[19]
( ) ; v
;  Knutson ™ s
TC o Wu P Wu Wang™
i, =, (3) (PDI)
[26-28]
4) o
P93I Knutson 23
s ;Walsh B4
(30km) CO, , TC o
3, (s)
Il 22

[21,33,3549]
(1980—2004
) 9
50
s 20 3
-1
1.1
( 10m)
1956—2004 200
s WMO
[51-53]
1.2
1.2.1
(WCRP)
(CMIP3) s IPCC AR4“20
(20C3M) 23 19
( 10m)
IPCC 5
CSM1.0.1) 20C3M
1 | IPCC AR4M!
BCC_CSM1.0.1 o
20 \2011—2030 21
20

[36,50]
o

90%

21

(61 )
¢ 1o

(BCC_

130] [54

1980—1999



] jcmik

2011,29(06)

(Articles)

|

ﬂf:&
S|

1
Table 1 Brief introduction of models
20 21

1 BCC_CSM1.0.1 T421.26 1x1L30 A~C,F A2 Al1B,B1
2 BCCR-BCM2 T631.31 0.5/1.5L35 A~H ,N~R A2 Al1B,B1
3 CCCMA_CGCM3 T631.31 0.9x1.4L.29 A~G,N~R A2 Al1B,B1
4 CNRM_CM3 T63145 0.5/2.0L31 A~H,N,P A2,A1B,B1
5 CSIRO_MK3 T63L18 0.8x1.9L31 A~G, A2,A1B,B1
6 GFDL_CM2_0 2.0x2.51.24 0.3/1.0L.24 A~G,1,J,N~R A2 Al1B,B1
7 GFDL_CM2_1 2.0x2.51.24 0.3/1.0L24 A~G,1,J,N~R A2,A1B Bl
8 GISS_AOM 3.0x4.0L12 3.0x4.0L16 A~G,P A1B,B1
9 GISS_E_H 4.0x5.0L20 2.0x2.0L16 A~G,I~K,M~R Al1B
10 GISS_E_R 4.0x5.0L20 4.0x5.0L20 A~G,I~K,M~R A2,A1B,B1
11 TAP_FGOALS1 T421.26 1.0x1.0L16 A~G,R A1B,B1
12 INMCM3 4.0x5.0L21 2.0x2.5L33 A~E,G,0,R A2,A1B,B1
13 IPSL_CM4 2.5%3.8L19 1.2x2.0L31 A~C,F,G,L A2 Al1B,B1
14 MIROC3_H T106L56 0.2x0.3L47 A~G,1,],L~R A1B,B1
15 MIROC3_M T421.20 0.5/1.4143 A~G,1,J,L~R A2,A1B,B1
16 MIUB_ECHO_G T30L19 0.5/2.81.20 A~G,L,0,R A2,A1B,B1
17 MPI_ECHAMS T63L31 1.5x1.5140 A~G,L A2,A1B,B1
18 MRI_CGCM2 T421.30 0.5/2.51.23 A~G,0,R A2 Al1B,B1
19 UKMO_HADCM 2.5%3.8L19 1.5x1.5L20 A~G,L,0,R A2 Al1B,B1
20 UKMO_HADGEM 1.3x1.91.38 0.3/1.0L40 A~G,1,J,L,M,0~R A2 AlIB

5 A B ,C .D JE F el JH 1

N K L M N ,0 ,0 R ;03 4 ,

L T , T30 3.8°x3.8°, T42 2.8°x2.8°,T63 1.8°
x1.8°, T106 1.1°x1.1°, .

Notes: The symbols represent of line 5 that A is CO,, B is CH,, C is N,O, D is Stratospheric Ozone, E is Tropospheric Ozone, F is CFCs, G is SO,, H is

urban, I is black carbon, J is organic carbon, K is Nitrate, L is st indirect, M is 2nd indirect, N is dust, O is volcanic, P is sea salt, Q is land use, R

is solar. On the line 3 and 4, L. means the number of vertical layer, T means the number of truncated spectrum waves horizontally, T30 means model
horizontal resolution is about 3.8°x3.8°, T42 is about 2.8°%2.8°, T63 is about 1.8°x1.8°, T106 is about 1.1°x1.1°, the others is the space of grid on

latitude or longitude.
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Fig. 2 Evolutions of annual and summer mean wind speeds for coastal regions of China from 1956 to 2004
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Fig. 3 Evolutions of summer maximum wind speed and strong wind days in northern offshore (a) and
southern offshore (b) of China from 1980 to 2009
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Table 2 Linear change trends of summer wind speeds for global climate models, the differences and the correlation coefficients
of summer mean wind speeds between the models and observations in coastal regions of China from 1980 to 1999

/(m-s7-10a™") /(m-s™)

1 BCC_CSM11.0.1 0.05 0.15 0.15 0.11 -0.01 0.0 0.36
2 BCCR-BCM2 0.14 051" -0.25 -0.04 0.01 0.02 -1.16
3 CCCMA_CGCM3 0.02 -0.14 0.20 -0.12 -0.01 0.02 0.06
4 CNRM_CM3 0.23" 043" 0.09 027" 0.0 -0.01 -1.15
5 CSIRO_MK3 0.15 0.18 -0.01 -0.05 0.01 0.02 0.40
6 GFDL_CM2_0 0.04 038" -0.11 0.01 0.0 -0.02 -0.98
7 GFDL_CM2_1 0.02 045" -0.21 026" 0.01 -0.07 -0.86
8 GISS_AOM -0.15 0.02 0.04 —-0.40 0.0 0.02 -0.22
9 GISS_E_H -0.20 —-0.06 -0.05 -0.10 0.0 0.02 -0.47
10 GISS_E_R -0.12 -0.09 0.20 -0.22 0.0 0.02 -0.51
11 IAP_FGOAILSI1 -0.08 0.05 0.02 0.07 0.0 -0.01 1.58
12 INMCM3 -0.06 0.12 -0.18 0.06 0.01 -0.03 -0.25
13 IPSIL_CM4 0.32" 0.15 0.16" 0.17" -0.01 -0.01 -1.48
14 MIROC3_H 0.20" 044~ -0.09 0.15 0.0 -0.02 -0.23
15 MIROC3_M 0.34" 034" -0.11 -0.07 0.0 -0.04 -0.13
16 MIUB_ECHO_G -0.06 0.29" 022" -0.19 -0.01 0.02 -1.16
17 MPI_ECHAMS5 -0.01 042~ -0.30 -0.13 -0.01 0.01 -0.97
18 MRI_CGCM2 -0.04 0.15 0.24 0.07 0.01 0.0 -0.57
19 UKMO_HADCM -0.01 036" -0.26 0.21° 0.01 -0.08 -0.03
20 UKMO_HADGEM 0.01 042~ 0.25™ -0.03 0.0 -0.02 -0.66
21 20 0.04 0.23 0.0 0.0 0.0 -0.01 -0.42
22 0.06 0.17 0.09 -0.03 -0.01 0.01 -0.64
23 0.23" 0.34™ -0.04 0.07 0.0 -0.01 -0.62
24 0.09 0.40™ -0.08 0.04 0.0 -0.02 -0.73
25 0.07 032" -0.19 0.12 0.01 -0.06 -0.32
26 — — — — -0.28 -0.24 —

¥ 95% L¥% 0 99.9% o °

Notes: * and ** denote significance at the 95% and 99.9% confidence level for the correlation coefficient with observation, respectively. The same as below.

-0.07 -0.08m/(s-10a), 3
-0.24m/(s+10a) o (1971—1990)
3.2 Table 3 Correlation coefficients of summer mean wind
speed pattern over coastal regions of China between the
(5. regional climate models (or model ensemble)
and observations (1971—1990)

¢ 3 RegCM3 .PRECIS
/(m-s™-10a™) /(m-s™)
0.48, 99.9% ;
5 RegCM3  0.60™ 0.68™ 0.00 -0.03 0.40
CMMS5 , PRECIS 0.48" 0.67" 0.07 0.07 0.98
95% ( 3) 0.63" 0.75" 0.05 0.03 0.69
, CMM5 — 025 — 0.19 1.73
50 — — -0.28 -0.24 —
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Fig. 5 Distributions of summer wind speed over coastal regions of China for every
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4 2011—2030 2030) 20 (1980—1999)
4.1 s 0.06m/s( 6, 4);
A2 21 (2011— ( 20 -0.06~0.78m/s ) ,
4 21 20 ( :m/s)

Table 4 Summer mean wind speed changes over coastal regions of China projected by all models (data for early 21st century
minus data for late 20th century), mean and range (unit: m/s)

A2 2011—2030 1980—1999 0.08(-0.20,-0.68) 0.06(-0.06,-0.78)

AlB 2011—2030 1980—1999 -0.03(-1.50,-0.58) 0.02(-0.55,-0.83)

B1 2011—2030 1980—1999 -0.02(-1.37,-0.51) 0.02(-0.53,-0.74)
CMMS5 B1 2020—2029 1990—1999 -0.05 -0.07

o

Notes: Bracketed figures denote that, of the 20/3 models, the range of summer mean wind speed changes, e.g., (-0.20, —0.68), respectively.
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Fig. 6 Distributions of summer wind speed changes over coastal regions of China in 2011—2030 relative
to 1980—1999 projected by each model for SRES A2 scenario
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Notes: 19 figures express 20 global climate models and models ensembles, observations, ERA_40 and NCEP, respectively.
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