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Abstract The Asian-Pacific Oscillation (APO) is a phenomenon in which the temperature changes out of phase over the East
Asia continent (15°—50°N,60°—120°E) with the North Pacific (15°—50°N,180°—120°W) in the upper troposphere. The
APO index reflects the Asian-Pacific zonal thermal contrast. The performance of the fast coupled version of the LASG/IAP cli-
mate system model FGOALS_gl in simulating the upper troposphere temperature and the APO index over the 20th century is e-
valuated. Compared with the ERA-40 reanalysis data, it is shown that the model performed well in simulating the climatology
and the dominant modes of the upper troposphere temperature. However, the results show that the simulated APO index failed
to capture the descent trend after 1960s over the East Asia continent as indicated in the ERA-40 data. Based on the power spec-
trum analysis, the 2 — 3 a variability of the model APO index is equivalent with that in the reanalysis but the 5—7 a variability
is weaker. Despite several regional departures, the large-scale circulation over Asian monsoon section related with the APO in-
dex is well reproduced in the model. A comparison among the 20th century simulations shows that external forcing could
change the interannual variability of a couple system. The natural forcing causes a spectrum shift to low frequency and the an-
thropogenic forcing does inversely. Natural forcing and anthropogenic forcing can play different roles in different periods. It
seems that anthropogenic forcing could limit the interannual variability of APO and enhance the interdecadal variability. The
dominant mode of the upper troposphere temperature in the model is modulated by ENSO and further impacts the interannual
variability of APO. The defect of the model in the ENSO simulation may be an important limitation to reproducing the upper
troposphere temperature and the variability of APO index.
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Fig.4 First two EOFs (shading, a—d) and PCs (lines, e —h) of 500—200 hPa averaged temperatures
of ERA-40 (left) and FGOALS_gl (right) in summer (JJA) during 1960—1999

(The numbers on top right corners are the percentage of explained variances)
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Fig. 6 Corresponding wavelet spectrum (shading) of the PCs to Fig. 4e — h (The area circled by black dashed lines

is significant at the 10% confidence level; the area below the bold solid line is the cone of influence)
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Table 1 The correlation coefficients between the detrended APO indices, 500—200 hPa averaged
temperature over the East Asia continent, temperatures over the North Pacific and the corresponding
first two PCs of ERA-40 and FGOASL_gl to Fig. 4 e — h respectively during 1960—1999
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Table 2 The means, standard deviations and trends of the APO indices, the 500—200 hPa averaged temperatures
of the East Asia continent and the North Pacific from the experiments of CNTL, NAT and ALL during 1900—1999
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Fig.7 Simulated APO index (a), the power spectrum (b) and 11-year running standard deviations of the APO index
series (¢) and the same as in (¢) but for 10-year low-pass-filtered series (d) from the control run (CNTL, blue solid lines) »
nature-forcing run (NAT, red solid lines) and all-forcing run (ALL, black solid lines) in summer (JJA)
during 1900 — 1999 (Corresponding red noises (dashed lines) are showed in (b))
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Fig. 8 (a) 10-year low-pass-filtered APO index and (b) trends of the series (orange bars) and correlation

coefficients (blue bars) between the detrended model series (CNTL, NAT and ALL) and those from ERA-40

(The bars with diagonal lines are significant at the 5% confidence level)
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(a—d) Correlation coefficients between the PCs in Fig. 4e — h and the SSTs

(shading is for the areas that are significant at the 1% confidence level)

(e— ) Anomalies of the 500 — 200 hPa averaged temperature regressed onto the normalized Nino3

index (dotted shading is for the areas that are significant at the 1% confidence level)

(Observation on the left and FGOALS_gl on the right; The area for

defining Nino3 index is also showed (¢, dashed black box))
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