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Abstract The ability of the 17 CMIP5 models in simulating the ENSO phenomenon is examined by using the outputs of these
models from the historical experiments of the 20th century. In general, the models can simulate some major characteristics of
the ENSO phenomena, such as the mean sea surface temperature (SST) in the tropical Pacific; the temporal and spatial evolu-
tion of the SST anomalies; the interactive relation between oceans and the atmosphere; the periodicity of the ENSOj; the phase
locking feature of the ENSO and so on. There is large difference in the ability of simulating the ENSO between various models.
(1) The simulated SST still has some errors in various degrees. This error is small for the multiple model ensemble with the
root mean square error (RMSE) between the simulated and observed SST being below 1. 0°C and otherwise for each single
model in which the RMSE is larger than this. Some good models can have error of 1.2 —1.3C ., majority of the models has er-
rors below 1. 6 C, and there are still few models which have RMSE exceeding 2. 0'C. (2) According to the Empirical Othorgnal
Function (EOF) analyses, the temporal and spatial variation of the simulated SST anomalies and Sea Level Pressure (SLP) a-
nomalies for a few of the models is close to the observation, its first mode is ENSO mode and the corresponding time coefficient
represents the ENSO evolution. Its second mode represents the increasing trend of the SST anomaly during the last period of
more than 50 years. For most of the models the sequence of the temporal and spatial variation mode of the simulated SST/SLP
anomaly is opposite to that of the observation. The increasing trend becomes the first mode with the major variance contribu-
tion, while the ENSO becomes the second mode. This means that the mechanism which produces the temperature increase from
the CO, induced greenhouse effect is too strong in these models, while the ENSO oscillation mechanism is rather weak. It is
showed that no matter it is the first mode or second mode, the corresponding time coefficient of the southern oscillation has the
good correlation with the SST anomaly. This means the CMIP5 models can well represent the close relationship between the El
Nino — La Nifia and the southern oscillation. (3) The spectral analysis shows that the ENSO phenomenon has 2 — 7 year quasi-
periodicity and the 4 year periodicity is the most obvious. In most of the CMIP5 models the ENSO has the periods of 2 =7
years, this is consistent to the observation. But some models have ENSO period of 2 year or so, and few has too long period of
11 years. And, (4) in the simulations of most of models the peak phase of the El Nifno/La Nifia appears in later fall through
winter (November — February) . which is consistent to observation. There are also few models whose simulated ENSO peak ap-
pears in September — October or even in summer and this is not consistent with observation.
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Table 1 Information of the 17 climate models in the CMIP5
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Fig.1 Biases of the simulated and observed (GISST) SST averaged over 1958 to 2001

(The model name is labeled at the top of each panel; the same below)
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Table 2 The root mean square error (RMSE) between the simulated and observed (GISST)
SST over the tropic region ( 10°S—10°N, 20°S—20°N) and Nino3. 4 region (170°W —120°W,
5°S=5°N), and the mean square deviation of the Nino3. 4 index time series during 1870 — 2003 (unit;: C)

R k) 7 AR 22 . .

g e SN T S e T N 1 Nino3. 4 #5503 )5 2
MME 0.984 0.991 1. 283 0.776
BCC_CSM1. 1 1.241 1.294 1. 641 0.812
BCC_CSM1. 1m 1.504 1.483 1. 980 1.425
CanESM2 1. 237 1.147 1.735 1.343
CCSM4 1.268 1.238 1.379 1.186
CNRM-CM5 1.399 1. 441 1.638 1.418
CSIRO-Mk3-6-0 2.011 2.024 3. 259 0. 849
FGOALS-g2 1.442 1. 469 1. 406 1.763
FGOALS-s2 1.358 1.393 1. 894 1. 180
GFDL-ESM2M 1.474 1.477 1. 836 1.720
GISS-E2-R 1.535 1.408 1. 815 0.902
HadGEM2-CC 1.317 1.484 1.833 1.741
inmcm4 1.573 1.392 2.026 0.725
IPSL-CM5A-LR 1.417 1.561 1.832 1. 820
MIROC5 1.413 1.461 2.010 2. 886
MPI-ESM-LR 1.390 1. 299 2.230 1. 215
MRI-CGCM3 1.273 1. 426 1. 589 0.745
NorESM1-M 1.473 1.625 1. 609 2.081
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Fig. 2 Biases of the simulated and observed (ERA-40) sea level pressure averaged over 1958 to 2001
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Fig. 4 First two EOF modes of the observed (GISST) and simulated SST over the tropical Pacific over 1958 — 2001
(EOF1 and EOF2 at the top left of each panel indicate the first EOF mode and the second EOF mode, respectively.

Variance explained by each mode is labeled at the top right of each panel)
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Fig.5 Time series of the first two EOF modes for the observed (GISST) and simulated SST
over the tropical Pacific over 1958 — 2001
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Table 3 The periodicity (unit: a) and trend of the time series of the first two EOF modes for the observed
and simulated SST and SLP over the tropical Pacific over 1958 — 2001
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Fig.6 First two EOF modes of the observed (ERA-40) and simulated
SLP over the tropical Pacific over 1958 — 2001 (the illustration is the same as in Fig. 4)
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Fig.7 Time series of the first two EOF modes for the observed (ERA-40)
and simulated SLP over the tropical Pacific over 1958 — 2001
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Fig. 8 Correlations of the time series of the first two EOF modes for SLP with respect to the SST anomaly for observation

(top left) and simulation over 1958 — 2001 (the correlation coefficient larger than 0. 11 is significant at the 95% confidence level)
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Table 4 The correlation coefficient between the SOI and

Nino3. 4 index for the observation and the CMIP5 outputs

N MXAEH B R AR K
OBS 0. 595 GFDL-ESM2M 0. 664
BCC_CSM1. 1 0. 300 GISS-E2-R 0.417
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Table 5 The average number of month in which the

Nino 3.4 index extreme appears for the 5 strongest
El Nifio and La Nifa events during 1870 — 2003
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NorESM1-M 11 10




£

75 45 : CMIP5 5 % ENSO 34 1y 52 #0L g 1 774k

OBS Period (month) BCC_CSML.1 Period (month) BCC_CSMI1.1m Period (month) CanESM2 Period (month)
0.0 50 25 16.7 0.0 50 25 16.7 0.0 50 25 16.7 0.0 50 25 16.7
24 | T 71 P it 35 ) T 35 ) ! )
16 1 251 254
8 8 8 8
= =l =R =R
8 S S 8
5 5 91 /\ 515 5151
> =] \/\N NV \LW = >
3 S 53 59
0 T T T T T T T T T T T
0.020 0.060 0.020 0.060 0.020 0.060 0.020 0.060
Frequency (cycles/month) Frequency (cycles/month) Frequency (cycles/month) Frequency (cycles/month)
CCsm4 Period (month) CNRM-CM5 Period (month) CSIRO-MKk3-6-0 Period (month) FGOALS-g2 Period (month)
0.0 50 25 16.7 0.0 50 25 16.7 0.0 50 25 16.7 0.0 50 25 16.7
60 | T 35 R ) 40 P 1 D) P
254 ] 24
8 8 8 ST
g g 520 8
£ £159 5 5164
= > = = TN T
5+ : CE
0 T T ; ! , 0 , ‘ s
0.020 0.060 0.020 0.060 0.020 0.060 0.020 0.060
Frequency (cycles/month) Frequency (cycles/month) Frequency (cycles/month) Frequency (cycles/month)
FGOALS-s2 Period (month) GFDL-ESM2M Period (month) GISS-E2-R Period (month) HadGEM2-CC Period (month)
0.0 50 25 16.7 0.0 50 25 16.7 0.0 50 25 16.7 0.0 50 25 16.7
32 L L L L 120 L L L 14 L L L 35 L L L L
244 25
8 8 8
=I =] =]
3 —_ g 8
160 N T & 5151
= - = =
83 N 51
; S 0 ; ; — 2 ‘ ‘ ‘ : ‘ ,
0.020 0.060 0.020 0.060 0.020 0.060 0.020 0.060
Frequency (cycles/month) Frequency (cycles/month) Frequency (cycles/month) Frequency (cycles/month)
inmem4 Period (month) IPSL-CM5A-LR Period (month) MIROCS Period (month) MPI-ESM Period (month)
0.0 50 25 16.7 0.0 50 25 16.7 0.0 50 25 16.7 0.0 50 25 16.7
28 L L L L 21 L L L L L 100 L L L L 50 L L L L
16 1
(&) [} [} [)
] g S60 830
3 3 8 8
g 5 9 g fo)
N «© © - ©
= = > =
- 20 10
0.020  0.060 0.020  0.060 0.020 0.060 0.020 0.060
Frequency (cycles/month) Frequency (cycles/month) Frequency (cycles/month) Frequency (cycles/month)
MRI-CGCM3 Period (month) NorESM1-M Period (month)
0.0 50 25 16.7 0.0 50 25 16.7
21 L L L L 40 L L L L
154
g ] g
£ ol A £
; ,\/\/\’A\/ g
3 \/\/\/\/\/\[
, ! , 0 \ ! |
0.020 0.060 0.020 0.060
Frequency (cycles/month) Frequency (cycles/month)

B9 WA CMIPS £ #E xR HLLY 1876-—2004 4F pd J7 ¥ sl 48 B 13 43
(& g 5 75 sh 45 BOm I % Rk [ ORI S 2 )5 iR http: / www. bom. gov. au/climate/current/soihtm1. shtml)
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(the observation of SOI are from Australian Government Bureau of Meteorology, http: / www. bom. gov. au/climate/ current/soihtml. shtml)
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