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Fig.1 The spatial distribution of the binging data of First frost in Northwest China
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Fig.2 The inter-annual variation, the M-K curve and MHAT wavelet

analysis of the data of first frost in China Northwest
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Fig.3 The spatial distribution of linear trend of long—term variation of the data of first frost in Northwest China
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Table 1 The correlation coefficients among the circulation indices and the end data of first frost in Northwest China
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Changes in the First Frost Date from 1961 to 2009
in Northwest China
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Abstract: Using daily surface minimum air temperature data from 135 observational stations from
1961 to 2009 in northwest China and NCEP/NCAR reanalysis data, we examined changes in the
date of first frost over time. We found that first frost starts in southern Gansu and south Shanxi in
the first 10 days in November and in southern Xinjiang in mid-October. On the Qinghai plateau
first frost appears in late August. The first frost period has poor stability, especially in northern
Xinjiang and the Qinghai plateau. The average first frost date occurred later at a rate of 1.8 d/10a,
and 9 days for the whole area. There was an abrupt change in patterns in 1986. For 85% of stations,
the date of first frost was postponed, and majority were postponed at a speed of (2~4) d/10a. Since
1980, 50% of stations have a late first frost date, especially in the last 10 years where a late first
frost date was found at 90% of stations. The subtropical high and polar vortex affect first frost
across northwestern China, the subtropical high has a positive correlation and the polar vortex is
has negative correlation. The 500 hPa composite analysis indicated, in first frost late years the East
Asian trough is week, the Western Pacific vice-high in the west strong, and the Mid-northern Asian
is the prevalent zonal circulation. In first frost early years, the Ukraine mountain high ridge is
strong, the East Asian trough is deep, the Western Pacific vice-high easterly is weak, and the
Mid-northern Asian is the prevalent radial circulation. We suppose that a changing polar vortex and
high-pressure results in the date of first frost being postponed; climate warming is also
contributing. Frost is a by-product of cold air and climate warming causes increased vice-high and
a decreasing vortex, and prevents cold air moving south.

Key words: Data of first frost; Climatic change; Circulation characteristic; Composite analysis;
Northwest China
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