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Application of Physical Decomposition of Atmospheric Variables to

the Prediction of Extreme Temperature Events
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Abstract: The observed geopotential height and temperature in the troposphere-stratosphere can be physi-
cally decomposed into four components to estimate climatic states and anomalies, namely zonal-mean sym-
metric climate, asymmetric climate, zonal-mean instantaneous symmetric anomaly and instantaneous asym-
metric anomaly. In this paper, the asymmetric anomaly was extracted from the NCEP/NCAR reanalysis
data and used as early signals to indicate the regional heat wave and low temperature events that occurred
in North China in June and December 2005, respectively. The result shows that the surface temperature
events are some responses to atmospheric disturbances in troposphere and stratosphere. For the heat wave
event, its early signals of positive temperature anomaly at 850 hPa and positive height anomaly at 250 hPa
can be traced from Europe 7 days ahead, while the early signals of low temperature event are negative tem-
perature anomaly at 850 hPa and negative height anomaly at 300 hPa which are also from Europe with a
lead of 13 days. The anomalous synoptic chart provided by this physical decomposition is a useful tool to
predict the surface temperature events.
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Fig. 1 Days and stations of (a) heat wave event and

(b) low temperature event respectively in June and December 2005 in North China

[Box (32°—42°N,108°—118°E) covers the selected region with 5 stations

(solid dot) that experienced heat wave and low temperature events |
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Fig. 2 The daily observational series (solid line), the daily climatic series (dashed line), the daily anomalous

series (dotted dash line) and the heat wave event with the 90th percentile series (dotted line) calculated

by the surface maximum temperature (a) at selected 5 stations from May to July 2005, while (b) for the low

temperature event with the 10th percentile (dotted line) series calculated by the surface minimum

temperature at the selected 5 stations from October to December 2005 in North China (unit; C)

(Arrows indicate the peak intensity dates of heat wave and low temperature events)
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Fig. 3 The vertical-zonal sections of atmospheric variables crossing 115°E on 23 June 2005

(a) Original geopotential height (solid line, unit: gpm) and temperature (dashed line, unit: C),

(b) height anomalies (solid line, unit: gpm) and temperature anomalies (shaded area, unit: ‘C) on the same day

(The longitude range of heat wave is highlighted by black bar in the bottom of each panel)
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Fig. 4 As in Fig. 3 but for low-temperature on 4 December 2005
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Fig. 5

(a) The surface maximum temperature anomalies on 23 June 2005 and

(b) the surface minimum temperature anomalies on 4 December 2005 (unit; C)
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Fig. 6 The horizontal distributions of temperature anomalies (shaded area, unit: C)
at 850 hPa and height anomalies (unit: gpm) at 250 hPa, on (a) 10 June, (b) 13 June,
(¢) 16 June, (d) 19 June, (e) 21 June, and (f) 23 June 2005

(The solid line and dashed line respectively indicate the positive and negative height anomalies,

the symbol H indicates the anomalous centers)
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Fig. 7 The horizontal distributions of temperature anomalies (shaded area, unit: C)

at 850 hPa and height anomalies (unit: gpm) at 300 hPa, on (a) 20 November,
(b) 23 November, (¢) 26 November, (d) 30 November, (e) 2 December, and (f) 4 December 2005

(The solid line and dashed line respectively indicate the positive and negative height anomalies,

the symbol C indicates the negative anomalous centers)
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