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Abstract: Using EC reanalysis data and the data from observation stations in China, this study analyzes the
53 freezing rain processes which occurred during the period 1978 —2002, defines the incidental region and
discusses the variability of their spatial-temporal features in recent decades. The result shows that the in-
tensity of the freezing rain events these years has a significant decreasing trend, whose break point hap-
pened in 1990. Then, two kinds of norms that measure the intensity of freezing rain: the number of sta-
tions that experienced the freezing rains and the durations are compared, finding close connections in
them. The effects of the two methods used for describing the variability of freezing rain are similar. In ad-
dition, through the methods of composite analysis and empirical orthogonal function (EOF), it is revealed
that the reverse layer is not only the essential requirement for producing freezing rains, but also acts as an
intensity adjustor of the change of {reezing rain intensity.
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Table 1 Onset time of low temperature and freezing events during 1978 —2008 offered by Central Meteorological Observatory

HO AR B /4E 7. H KE/d  BOEGARRE /AR ] H KB/ A FARRmE /4. H K¥/d
(1) 1978.1.15—18 4 (22) 1985.12.7—12 6 (43) 1994.12.31—1995. 1.5 6
(2) 1978.2.9—17 9 (23) 1986.1.30—2.5 7 (44) 1996.1.12—21 10
(3) 1979.1.11—16 6 (24) 1987.2.18—22 5 (45) 1996. 2. 16—24 9
(4) 1979.1.29—31 3 (25) 1988.1.16—18 3 (46) 1997.1.22—24 3
(5) 1980.1.28—2.9 13 (26) 1988.1.23—26 4 (47) 1997.2.1—7 7
(6) 1981.1.4—9 6 (27) 1988.2.7—11 5 (48) 1998.1.13—25 13
(7) 1981.1.20—31 12 (28) 1988.2.15—20 6 (49) 1999.1.11—14 4
(8) 1981.2.24—28 5 (29) 1988. 2.24—29 6 (50) 2000.1.13—17 5
(9) 1982.1.29—31 3 (30) 1989.1.10—19 10 (51) 2000.1.21—2.5 16
(10) 1982.2.2—14 13 (31) 1989.2.21—26 6 (52) 2000.12.12 1
(11) 1982.12.5—8 4 (32) 1989.12.22—23 2 (53) 2001. 1. 23—27 5
(12) 1983.1.7—13 7 (33) 1990. 1. 15 1 (54) 2002.12. 24—30 7
(13) 1983.1.17—21 5 (34) 1990.1.30—2.5 7 (55) 2003.1.5—38 4
(14) 1983.2.19—22 1 (35) 1990. 2. 23—28 6 (56) 2003.2.10—13 4
(15) 1983.12.28—1984.1.1 5 (36) 1991.1.23—26 4 (57) 2004.1.18—20 3
(16) 1984.1.15—2.6 22 (37) 1991.12.24-—1992.1. 3 11 (58) 2004.12.22—31 10
(17) 1984.2.9—11 3 (38) 1992.1.31—2.4 5 (59) 2005.1.9—13 5
(18) 1984.12.15—22 8 (39) 1992.2.7—10 4 (60) 2005.2.7—13 7
(19) 1985.1.6—9 4 (40) 1993.1.10—23 14 (61) 2007.1.13—19 7
(20) 1985.2.17—22 6 (41) 1994.1.17—20 4 (62) 2008.1.10—2.2 24
(21) 1985. 2. 24—27 1 (42) 1994.2.23—28 6
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Fig. 1 Horizontal distribution of frequency of
freezing rain events from 1951 to 2008
(The dashed line box corresponds to the

key region defined by this study)
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Fig.2 (a) The time series of the number of
freezing rain stations (solid line) and
that of days during 1978 — 2008
defined by the Central Meteorological
Observatory (CMO) (dashed line) ,
(b) Curves for abrupt change coefficients UF
(dashed line) and UB (solid line with “*+7),

based on the solid line shown in (a)
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Fig. 3 Standard time series of the day
numbers of freezing rain during the 53
low-temperature and freezing
disastrous events (solid line)
(The dashed line corresponds

to 1 standard deviation)
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Fig. 4 (a) 500-hPa geopotential height and 850-hPa wind averaged by 53 freezing rain events,

(b) composite analysis of 850-hPa wind between the stronger and weaker events

based on the time series of the day numbers of freezing rain shown in Fig. 3,

(c) same as (b), but for 975-hPa wind, (d) same as (b), but for 700-hPa wind

(Shaded area refers to the values exceeding the «=0. 1 significance level of test)
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Fig.5 Composite analysis of temperatures in the 53 freezing rain events

(a) distribution of 850 hPa temperature in high index of freezing rian,

(b) same as (a), but for 700 hPa temperature, (c¢) same as (a),

but for 600 hPa temperature

(The shaded regions exceed «=0. 1 significance level of test),

(d) the 700-hPa (850-hPa) zero degree lines averaged by the

53 freezing rain processes during 1978 —2002
(The dashed line is for the 700 hPa, the solid line for 850 hPa)
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Fig. 6 Composite analysis of the intensity of reverse layer during the 53 freezing rain events

(a) the horizental distribution of reverse layer intensity in high index of freezing rian,

(b) same as (a), but for the low index of freezing rain

(The shaded regions exceed a=0. 1 significance level of test)
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Fig. 7 The spatial pattern of reverse layer
for the 53 freezing rain events
(a) the same as Fig. 5d, here is the spatial pattern of the
leading EOF mode, accounting for 96% of the total variance
[ The solid (dashed) line means 850-hPa (700-hPa) zero degree];
(b) the time series of the number of freezing rain stations

(solid line) and the leading EOF mode (dashed line)
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