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 The Grid-point Atmospheric Model of IAP LASG

(Version 2; GAMIL2) is integrated with the CESM (herein

referred to as CESM-GAMIL2). The only difference between

the CESM and the CESM-GAMIL2 is the atmospheric

component.

 To eliminate the influence of any external forcing, the

CESM and CESM-GAMIL2 are run under pre-Industrial (PI)

conditions and integrated over 500 years. The first 100 years

are model spin-up and monthly simulations from the

following 200 years (i.e., years 101–300 in the simulation)

are used to conduct ENSO analyses.

 The SST is from the merged products of HADISST1 [Met.

Office Hadley Centre sea ice and sea surface temperature

dataset (1870 onward)] and OI.v2 [National Oceanic and

Atmospheric Administration (NOAA) Optimum Interpolation

SST Version 2 dataset (November 1981 onward)]. The cloud

cover and LWP for the period from 1984–2009 are obtained

from the International Satellite Cloud Climatology Project

(ISCCP). The LWP from the Special Sensor Microwave

Imager (SSM/I) is also used for comparison. The

precipitation dataset for the period from 1984–2009 is

obtained from the Climate Prediction Center (CPC) Merged

Analysis of Precipitation (CMAP) and from the Global

Precipitation Climatology Project (GPCP). The Vertical

velocities at 500-hPa and surface wind stress data are

supplied by the 40 year European Centre for Medium-Range

Weather Forecasts Re-Analysis (ERA-40), which covered the

period 1958–2001. Objectively Analyzed Air–Sea Fluxes

(OAFlux) combined with ISCCP values of short- and

longwave radiation are used for the period 1984–2009.

• The ENSO amplitudes in the Coupled Model Intercomparison

Project Phase 5 (CMIP5) models better converge around

observations than those in the CMIP3 models. However, two

important ENSO-related feedbacks remain underestimated in

CMIP5 models: the wind–SST feedback and the heat flux–SST

feedback which may result in the seemingly accurate amplitude.

• These feedback errors likely originated from many complex

factors. It is difficult to determine how a single atmospheric

general circulation model (AGCM) contributes to the feedback

errors and ENSO amplitude.

 The Community Earth System Model (CESM) with a strong

ENSO, is selected to be coupled with the atmospheric

component of the Flexible Global Ocean-Atmosphere-Land

System Model (Grid-point Version 2; FGOALS-g2) with an

ENSO simulation close to observation. The ENSO amplitudes

simulated using CESM, the new constructed CGCM and

another “parent” model FGOALS-g2 are then analysed to

further reveal the mechanisms that underlie the atmospheric

feedbacks that affect the ENSO, with an emphasis on factors

that contribute to weak SW feedback in the CESM.

 The ENSO amplitudes simulated by the two

models are different; e.g., the standard deviation

of the Niño3 index in the CESM is up to twice that

in CESM-GAMIL2. The strong amplitude in the

CESM is consistent with its weak seasonal cycle

strength.

 The results indicate that too large ENSO 

amplitude in the CESM is reduced by half by the 

new AGCM, due mainly to shortwave radiation 

feedback. Weaker shortwave radiation feedback in 

the CESM is found to be closely related to the too 

negative feedbacks of the cloud fraction and cloud 

liquid amount in the lower layers.

Figure 1. Time series of the Niño3 (5°N–5°S, 150°–

90°W) index for (a) HadISST observations during 1901–

2000, (b) CESM-GAMIL2, (c) FGOALS-g2 and (d) CESM

during years 101–300 in the PI control run.

Tracing the source of ENSO simulation differences to the 

atmospheric component of two CGCMs

Yanli Tang1, Lijuan Li1, Wenjie Dong2, Bin Wang1

1.State Key Laboratory of Numerical Modeling for Atmospheric Sciences and Geophysical Fluid Dynamics (LASG), Institute of 

Atmospheric Physics, Chinese Academy of Sciences, Beijing, China

2. School of Atmospheric Sciences, Sun Yat-sen University, Zhuhai 519082, China

Figure 2. Normalized power spectra of full monthly Niño3

SST for (a) HadISST, (b) CESM-GAMIL2, (c) FGOALS-g2

and (d) CESM. The red values indicate the percentage of

total spectral energy in the annual and semi-annual cycles

respectively.

Figure 3. Composite El Niño evolution along the equator for

the shortwave flux anomaly (shading) and SST anomaly. The

contour interval for SST is 0.4 K. (a) OAFLUX (which

includes ISCCP radiative fluxes; 1984–2009), (b) CESM-

GAMIL2, (c) FGOALS-g2 and (d) CESM.

111Figure 4. Vertical cross-section of cloud fraction feedback

(colour shading) and cloud liquid amount (CLDLIQ)

feedback (black contours) for (a) CESM-GAMIL2, (b)

FGOALS-g2 and (c) CESM averaged over the equatorial

Pacific (5°N–5°S) (units: percent for cloud fraction and 10–6

Kg/Kg for CLDLIQ).

Table 1. Coefficients of linear regression against SST of the

surface net heat flux, shortwave radiation, and latent heat

(W m–2 K–1); total, convective, and stratiform precipitation

(mm day–1 K–1); total liquid water path (g m–2 K–1); 500-

hPa vertical velocity (hPa day–1 K–1); and total-, high-,

middle-, and low-cloud fraction (% K–1) over the Niño-3

region and average annual Bjerknes feedback in the Niño4

region (10–3 N m–2 K–1) from observations, CESM-

GAMIL2, FGOALS-g2 and CESM, and their Niño3

amplitudes (K).


