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Abstract Variations in Asian upper tropospheric temperature during summer is closely related to, and may, indeed,
serve as a useful predictor of East Asian precipitation. The predictability of these interannual variations in summer UTT
(upper tropospheric temperature, represented by 500-200 hPa thickness) for the period 1960-2005 in the ENSEMBLES
multi-model seasonal forecast, initiated 1 May every year, was examined in this study. Results showed that the
interannual variability of Asian UTT in summer was skillfully predicted by ENSEMBLES, as measured by the good
prediction of its standard deviation centers in the mid-latitude and high correlation coefficient of its first two leading
interannual variability modes compared with observations. The main deficiency of the multimodel ensemble mean
(MME) was that the temperature at high-latitudes could not be captured. The correlation coefficients of the first (PC1)
and second (PC2) principle components in the MME with those from NCEP/NCAR (National Centers for Environmental
Prediction/National Center for Atmospheric Research) reanalysis were 0.63 and 0.77, respectively. The first two leading
models of Asian UTT in summer in observation were dominated by (1) the silk-road teleconnection at the upper
troposphere forced by Indian monsoon precipitation anomalies in an ENSO-developing summer, and (2) the Pacific—
Japan teleconnection forced by northwestern Pacific Ocean rainfall anomalies in an ENSO-decaying summer,
respectively. These processes were well-predicted by ENSEMBLES; thus, a high prediction skill for Asian summer UTT
was shown in ENSEMBLES. The first two leading modes of Asian summer UTT well-represented the zonal and
meridional thermal contract variation. A comparison with two previous widely-used East Asian Summer Monsoon
(EASM) indices was performed; results showed a much better predictive outcome for PC1 than for the traditional zonal
thermal contrast. Using PC1 of Asian summer UTT and the traditional meridional EASM index as two predictors of
summer precipitation over eastern China, a dynamical-statistical forecast model was established. The cross-validation
results showed that the new forecast model significantly improved the predictive skill of summer precipitation over
Northeast China and the upper stream of the Yangtze River. The first leading mode of Asian summer UTT and
corresponding PC could well represent the zonal thermal contrast, which has a correlative relationship with summer
precipitation over eastern China, and can be well-predicted by climate models. It can effectively serve as one predictor of

summer precipitation over mid-latitude China, particularly northeastern China.
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(a) MME PCC=0.86, RMSE= 13.6 (b) IFS/HOPE PCC= 0.88, RMSE= 12.6
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Fig. 1
hPa) from the NCEP/NCAR (National Centers for Environmental Prediction/National Center for Atmospheric Research) reanalysis data and the
standard deviations (shadings, units: m) of Z,,,—Zs,, from (a) MME (multimodel ensemble mean), (b) IFS/HOPE model, (c) ECHAMS/OMI1 model,
(d) ARPEGE4/OPA model, (¢) HadGEM2/AO model, (f) ECHAMS5/OPA8.2 model predictions during 1960-2005. Contour intervals are 2.5 m.
Numbers on the right corner denote the pattern correlation coefficient (PCC) and root mean square error (RMSE, units: m) of the standard deviations

of Z,y,—Zs, between models predictions and NCEP/NCAR reanalysis data

Distributions of (a—f) the standard deviations (contours, units: m) of Z,,,—Zs,, (the geopotential height differences between 200 hPa and 500
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(a) MME W= 0.47 T= 0.70 E= 0.34 (b) IFS/HOPE W=0.36 T= 0.64 E= 0.21
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Fig. 2 Temporal correlation coefficients of JJA (June, July, August) Z,,,—Z,,, anomalies between the NCEP/NCAR reanalysis data and the one-
month-lead predictions by (a) MME, (b) IFS/HOPE model, (c) ECHAMS5/OMI1 model, (d) ARPEGE4/OPA model, (¢) HadGEM2/AO model, (f)
ECHAMS/OPAS.2 model during 1960-2005. Dots indicate correlation coefficients statistically significant above the 95% confidence level. Numbers
on the right corner of each plot denote the area-averaged correlations over the whole area (0°-60°N, 80°E-180°, “W”), tropics (0°-20°N, 80°E-180°,
“T”), and extratropics (20°-60°N, 80°E-180°, “E”)
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Fig. 3 Spatial patterns of the first (top panels, EOF1) and second (middle panels, EOF2) leading empirical orthogonal function (EOF) modes of the
interannual variability of JJA Z,,—Z,,, and their corresponding principal components (PC1, PC2) in East Asian (0°N-60°N, 80°E-180°) during
1960-2005: (a, ¢) NCEP/NCAR reanalysis data; (b, d) MME predictions; (e, f) principal components. In Figs. e, f, the black solid line and the red
solid line indicate principal components obtained from the NCEP/NCAR reanalysis data and MME predictions, numbers on the upper right-hand

corners indicate the temporal correlation coefficients between NCEP/NCAR reanalysis data and the MME predictions
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Fig. 4 Regression coefficients of (a, b) SST anomaly (units: °C), (c, d) precipitation anomaly (units: mm d™') and 850-hPa wind anomaly (vectors,
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exceed the 90% confidence level in Figs. a-d, only the wind anomalies exceeding the 90% confidence level are shown in Figs. c—f, the Z,,, anomalies
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Fig. 7 Normalized time series of East Asian summer monsoon index from observations and one-month-lead predictions by MME during 1960—

2005: (a) Wang-Fan index; (b) ZZ index. Red and black lines indicate observations and MME predictions, respectively. Solid and dashed lines denote

the original and detrended time series, respectively. Numbers in brackets show the correlation coefficients between prediction and observations
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