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Abstract The significant impact of heating fields on the upper-tropospheric westerly jet has been revealed in much
previous research, but little effort has been paid on differentiating the relative contribution of various heating fields
over tropical and subtropical regions. It is meaningful to objectively investigate the key areas of heating fields and
their association with the westerly jet and further study the relative contribution of heating fields between tropical
and subtropical regions to the variations of the westerly jet, which is helpful for understanding the mechanism of
westerly jet activity and valuable for climate prediction of East Asia. In this paper the characteristics of coupling
spatial patterns and their temporal variations of the surface heating fields and zonal winds at 200 hPa over East Asia
are investigated by using the diagnosis method of singular value decomposition (SVD) for the NCEP/NCAR month-
ly reanalysis data. The results indicate as follows: In winter, the heating intensity in the Kuroshio Current area of
the western Pacific Ocean shows significant correlation with the westerly jet in the upper troposphere with the stron-
ger (weaker) surface heating corresponding to the stronger (weaker) jet intensity, and this coupling pattern shows

evident interannual oscillation. On the other hand, the out-phase changes of surface heating between tropical and
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subtropical regions is closely associated with the uniform change of the westerlies and the key heating areas are

mainly located in tropical regions. Moreover, this coupling pattern exhibits obvious decadal variability. In summer,

the abnormally opposite variation of the heating between the land and the sea is mainly responsible for the variation

of zonal wind at mid-low latitudes, whereas the Arab sea and the northern India Peninsula are the key areas for the

meridional migration of the westerly jet, which mainly reflects the local variation of heating fields related to the ex-

istence of the Tibetan Plateau. The correlative mechanism of the surface heating fields and upper-tropospheric west-

erly jet can be explained by using the thermal adaptation exoterica that the vertical structure of atmosphere is deter-

mined by the distribution of the heat-source and the wind field always adjusts to the temperature (pressure) varia-

tions in large-scale circulation. Comparison of the atmospheric circulation differences in the anomalous years of sur-

face heating further indicates that the response of the meridional differences of mid-upper air temperature to the a-

nomalous heating is the basic reason for the zonal wind interannual variations in the upper troposphere.
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Fig. 1 Distributions of zonal wind (m/s) at 200 hPa in winter (a) and summer (b). Values larger than 25 are shaded
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Table 1 The variance contributions and correlation coefficients of the first four pairs of singular vectors in singular value decompo-

sition (SVD) between the surface sensible heat flux, latent heat flux and zonal wind at 200 hPa in winter

W BT 25 Tk L7 22 DRk VERIWIE-WiLiN FHE R R

FF 5 Variance Accumulated variance Variance contribution Variance contribution Correlation
Singular vector  contribution contribution for heating field for wind field coefficient
SR 1 27.6% 27.6% 12.7% 35.9% —0. 885
Sensible heat 2 17.1% 44.7% 13.7% 19.3% 0.722
flux 3 9.9% 54. 6% 7.5% 12.3% 0. 705
4 8.6% 63.2% 4.5% 12.1% —0.803
THPGE 1 25.9% 25.9% 10. 9% 35.6% 0. 885
Latent heat 2 14.9% 40. 8% 5.4% 22. 4% 0. 917
flux 3 9.9% 50. 7% 6.3% 12.4% —0.753
4 9.0% 59. 7% 6.1% 9.8% —0.782
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Fig. 3 The distributions of the inhomogeneous correlation and variations of the time coefficients of the first two pairs of singular vectors in

the SVD between the surface sensible heat flux and zonal wind at 200 hPa in winter: (a), (d) The left inhomogeneous correlation distribu-

tions for the first (a) and second (d) singular vectors; (b), (e) the right inhomogeneous correlation distributions for the first (b) and (e)

second singular vectors; (¢), (f) the time coefficients for the first (¢) and second (f) singular vectors. Areas larger than 95% confidence

level are shaded; the profile for the Tibetan Plateau is 2500 m
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Table 2 The variance contributions and correlation coefficients of the first four pairs of singular vectors in SVD between the sur-

face sensible heat flux, latent heat flux and zonal wind at 200 hPa in summer

T3 2 TRk R 22 5Tk 7375 2 SR HY7J5 2 TR R R

BT 51 Variance Accumulated variance ~ Variance contribution Variance contribution Correlation

Singular vector  contribution contribution for heating field for wind field coefficient

oSk 1 17.9% 17.9% 18.1% 18.3% —0.702
Sensible heat 2 13.1% 31.0% 7.9% 21.2% —0.725
flux 3 9.7% 40.7% 5.3% 11.8% —0. 880
4 7.0% 47.7% 4.3% 8.7% 0. 811

[P S iy 1 16.9% 16.9% 12.7% 20.5% —0. 748
Latent heat 2 11.2% 28.1% 5.5% 19.4% —0.781
fux 3 9.6% 37.7% 4.7% 12.7% —0. 884
1 7.0% 44.7% 4.4% 8.4% 0. 825
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Fig. 5 The variations of the mean surface sensible heat flux and latent heat flux in the Kuroshio area of the western Pacific Ocean
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Fig. 6 The difference distributions of the zonal wind (a, units: m/s) and meridional differences of temperature averaged from 500 hPa to

200 hPa (b, units: K) between the strong and weak heating years in the Kuroshio area of the western Pacific Ocean
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