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Spatiotemporal distribution characteristics and
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Based on an objective identification technique for regional low temperature event (OITRLTE), the daily minimum
temperature in China has been detected from 1960 to 2013. During this period, there were 60 regional extreme low
temperature events (ERLTEs), which are included in the 690 regional low temperature events (RLTEs). The 60 ERLTEs are
analyzed in this paper. The results show that in the last 50 years, the intensity of the ERLTEs has become weak; the number
of lasted days has decreased; and, the affected area has become small. However, that situation has changed in this century.
In terms of spatial distribution, the high intensity regions are mainly in Northern China while the high frequency regions
concentrate in Central and Eastern China. According to the affected area of each event, the 60 ERLTEs are classified into
six types. The atmospheric circulation background fields which correspond to these types are also analyzed. The results
show that, influenced by stronger blocking highs of Ural and Lake Baikal, as well as stronger southward polar vortex
and East Asia major trough at 500-hPa geopotential height, cold air from high latitudes is guided to move southward and
abnormal northerly winds at 850 hPa makes the cold air blow into China along diverse paths, thereby forming different
types of regional extreme low temperatures in winter.
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1. Introduction
Under the background of global warming, the tempera-

tures in most areas of China and even Asia display a significant
upward trend, and the low temperature days in most areas of
Northern China present a marked decreasing trend.[1–5] In the
last 50 years, low temperature events in winter have generally
reduced. In particular, since the mid-1980s the frequency of
low temperature events around 40◦ N in China has decreased
obviously. However, since 2000 the frequency and intensity
of low temperature events have been higher than those in the
1980s and 1990s. Particularly, in winter 2007 and 2008 of East
Asia, a wide range of continuous low temperature weather oc-
curred in Southern China, which had a tremendous influence
on the economy and society.[6–9] In addition, in winters be-
tween 2010 and 2011, between 2011 and 2012, as well as be-
tween 2012 and 2013, low temperature events with maximum
duration, coverage area, and losses occurred in East Asian ar-
eas, which increases in the frequency of abnormal low tem-
perature events in East Asia.[10,11] Therefore, a study of low
temperature events in winter (especially extreme low temper-
ature events) has attracted a number of researchers.

Research on extreme climate events develops from ex-
treme value analysis of stations or grid points to both

spatiotemporal characteristics. Some new concepts have
been proposed, such as spatial and temporal mass extreme
events,[12,13] regional events,[14,15] etc. Generally, regional
low temperature events (RLTEs) are wide in space range and
high in intensity, and they last a long time, which causes enor-
mous casualty loss. There are certain similarities between this
type of event and a cold air or cold wave, such as low tem-
perature, abnormal impacted area, etc. Nevertheless, there are
differences between them: the eruption of a cold wave lasts
1 to 2 days and the falling temperature in the cooing process
rises gradually, while RLTEs last a relatively long time (more
than 30 days at maximum) and these events include many
processes of cold wave or cold air.[16–18] The occurrence of
RLTEs is likely to experience various cooling processes. For
example, low temperature events are probably caused by cold
wave at the very start, and they continue to occur due to cold
air, or the temperature slowly drops down to the standard of
continuous low temperature. Therefore, the physical mecha-
nism of RLTEs probably has different characteristics from the
processes of cold wave or cold air.

For the detection, analysis, and research on RLTEs,
Gong et al.,[19] developed an objective identification tech-
nique for regional events (OITRLTEs),[20] improved and gen-
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erated an objective identification technique for regional ex-
treme low temperature events, and established corresponding
RLTE database. From spatial distribution and temporal vari-
ation tendencies, Ren et al.,[20] Zhao et al.,[21] and Wang et
al.[22] studied the spatial and temporal variation characteristics
of RLTEs and revealed their overall variation trend in the last
50 years. The extreme low temperature events (ERLTEs) were
identified and classified into six types, according to the spa-
tial distributions of these events, that is: nationwide style, east
style, northeast–north China style, north–south China style,
south style, and northwest–South China style. The circulation
backgrounds of different styles of low temperature events were
also analyzed.[23–26] Zhang and Qian,[27] by means of physi-
cal decomposition of air variable,[28] found synoptic scale dis-
turbing signals which indicate extreme events, and they also
studied the early signals of RLTEs in winter in China. Bueh
et al.[29] analyzed the typical large-scale circulation character-
istics of RLTEs in winter in China, and argued that a pair of
trough and ridges of Eurasian scale, located at the middle tro-
posphere and leaning towards northeast–southwest direction,
is an important circulation mode of RLTEs in winter in China.
Zhao et al.,[30] Gong et al.,[31] and Kistler et al.[32] studied the
relationship between abnormal configuration of Eurasian key
areas at 500-hPa geopotential height and RLTEs in winter in
China. In addition, there were some other international studies
about regional events at low temperature. Zhou et al.[33] stud-
ied the extreme characteristics and the climate background on
low temperature sleet weather in the south of China from Jan-
uary to February in 2008. Shulski[34] did some research on
the spatiotemporal evolution characteristics of RLTEs which
lasted 37 days in winter in Alaska. But international to iden-
tify the RLTEs still use the traditional temperature anomaly.
There is relatively less research of the objective identification
technique.

In researching the intensity of RLTEs, previous studies
have measured he duration, influencing area, accumulated in-
tensity, and integrated index. RLTEs can be divided into differ-
ent grades, that is: extreme, severe, moderate, and minor. At
present, most research focuses on analyzing the overall spatial
and temporal evolution characteristics and causes of RLTEs,
and those that have enormous influence on society and the
economy mainly refer to ERLTEs, similar to the low temper-
ature event in the winter of 2008. Thus, it is essential to se-
lect the ERLTEs from broad regional low temperature events
(RLTEs) and study them separately. On the one hand, the
spatial and temporal evolution characteristics of these events
(ERLTEs) are analyzed. On the other hand, the possible causes
forming these events are analyzed from an external intensity
and circulation background, which helps to understand some
new features of RLTEs. In the present paper, we carry out pre-
liminary studies into this problem. Our materials and methods

are discussed in Section 2, and the temporal evolution char-
acteristics and spatial distribution of extreme low temperature
events are given in Section 3. The differences between circu-
lation backgrounds corresponding to the frequency of extreme
low temperature events are mainly presented in Section 4. The
corresponding relation between different blocking high distri-
bution types and extreme low temperature events is demon-
strated in Section 5. Finally, the main summary and relevant
discussion are given in Section 6.

2. Material and method
2.1. Data

The daily minimum temperatures at 731 stations are
adopted in this paper, which is a quantity controlled and is-
sued by National Meteorological Information Center (between
November and March in the following year during the pe-
riod from 1960 to 2013). Considering the problem of miss-
ing data, 35 stations with relatively high defect detection rate
are eliminated and, in fact, there are 696 stations to be ana-
lyzed. NCEP/NCAR daily height field and wind field are used
to analyze circulation background, with a horizontal resolu-
tion of 2.5◦×2.5◦ and a vertical resolution of 17-layers. The
monthly sea surface temperature (SST) from 1961–2010 is de-
rived from the data set of NOAA ERSST,[35] with a resolution
of 2◦×2◦.

2.2. Method of identifying RLTEs

The RLTEs are identified by using the objective iden-
tification technique for regional extremely low temperature
events, which are developed by Ren et al.[20] The method is
used for: 1) determining the thresholds of extreme low tem-
perature; 2) identifying the regions of extremely low tempera-
ture events; 3) extracting a continuous process of the regions;
and, 4) establishing an index system. The regions of extremely
low temperature events, and the coincident information about
temporary events and low temperature belts are identified se-
quentially, and finally the information is integrated so that ex-
tremely low temperature events of continuous process can be
identified objectively.

In this study, the daily minimum temperature data cover
the period from November to the next March during the pe-
riod of 1971–2000. The threshold value of extremely low
temperature events is determined based on the percentile. 5%
of the temperature value is considered as the threshold value
of extremely low temperature. The weather chart analysis
method is improved to identify the space domain of the daily
extremely low temperature events and the information combi-
nation of temporary events and low temperature belts (Fig. 1).
The RLTE is adopted to identify daily minimum temperatures
during the period from 1960 to 2013, and 690 regional low
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temperature events are detected.
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Fig. 1. Information combination of temporal possible events and low tem-
perature belts. Circle denotes the temporal possible events, diamond denotes
the low temperature belts, and shadow denotes the overlapped part between
temporal possible events and low temperature belts.

Regional low temperature events include both spatial and
temporal characteristics, so we take two indicators to identify
them: the first indicator is process amount, the second indi-
cator is daily variation. The second indicator is mostly used
to describe the daily evolution of a regional low temperature
event, including the daily process extreme value (Qd), daily
accumulated process intensity (Ld), daily accumulated influ-
enced area (Ad), daily maximum influenced area (Amax). The
integrated index (Zd) includes all of these three kinds of char-
acteristics, and is expressed as follows:

Qd = Min(Tj), j = 1,2, . . . ,m, (1)

Ld = ∑
j
(Tj −T j

0 ), j = 1,2, . . . ,m, (2)

Ad = ∑
j
(a j), j = 1,2, . . . ,mp, (3)

Zd = e1Qd + e2Ld + e3Ad . (4)

Here, j represents the station which reaches the daily threshold
of low temperature events, T j

0 the threshold of the station, and
m the number of stations which reach the daily threshold of
low temperature events. When calculating the daily influenced
area in formula (3), we interpolate station into grid with a res-
olution of 0.5× 0.5. The a j represents the area of each grid.
e1, e2, and e3 denote the weight coefficients in formula (4).
The first indicator is mostly used to describe the comprehen-
sive features of the process, which mainly include the process
extreme value (Q), accumulated process intensity (L), accu-
mulated influenced area (A), maximum influenced area (Amax),
and duration (N). The integrated index (Z), which is designed
to better portray the overall influence and intensity of events
and to fully consider the influences of single indices, can com-
prehensively portray the characteristics of multiple indices. Its
computational formula is as follows:

Q = Min(Qd), d = 1,2, . . . ,N, (5)

L =
n

∑
i=1

Ld , (6)

Amax = Min(Ad), d = 1,2, . . . ,N, (7)

A =
N

∑
i=1

Ad , (8)

Z = e1Q+ e2L+ e3N + e4A, (9)

where d is the day that the event happened; and, e1, e2, e3, e4,
and e5, are weight coefficients. By normalizing single indices
and combining them with economic losses and affected pop-
ulation caused by low temperature disasters, after repetitive
calculation and detection, the values of weight coefficients e1,
e2, e3, e4, and e5 are determined to be −0.21, −0.18, 0.15,
0.22, and 0.24, respectively.

3. Spatial and temporal evolution characteris-
tics of ERLTEs

3.1. Analysis of the temporal evolution characteristics of
ERLTEs

We mentioned in Subsection 2.2 that 690 regional low
temperature events are detected during the period from 1960 to
2013. Abnormally extreme events have taken place six times
in the last 60 years, and if 10% is rated as a criterion of divid-
ing these events, ERLTEs that have had a considerable inte-
grated influence have occurred 60 times. The common charac-
teristics of 60 ERLTEs are wide influenced area, long duration,
high intensity, as well as enormous influences over society and
the economy. The annual average variation characteristics of
ERLTE indices are shown in Fig. 2.
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Fig. 2. (color online) Annual variation trends of ERLTE (strong event)
indices (1961–2013), showing (a) extreme intensity index, (b) accumu-
lated intensity index, (c) accumulated influenced area index, (d) dura-
tion index, and (e) integrated index.

It can be seen that the extreme intensity and accumulated
intensity of ERLTEs generally present a downward trend (in-
dices are negative values, and the smaller the values, the higher
the intensities of these events are, so the intensities fall as the
indices rise), but the tendency of former is relatively weak.
Meanwhile, the accumulated influenced areas, durations, and
integrated indices of ERLTEs each display a downward ten-
dency. Therefore, ERLTEs have been decreasing overall since
1961. Nonetheless, it is worthwhile noting that the frequency
of ERLTEs increased to some extent around the year 2010 and
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these events took place frequently between 1960s and 1970s,
in the mid-1980s, and around 1990, 2000, and 2010.

The decadal accumulated variation characteristics of re-
gional extreme low temperature event indices (namely total in-
dices of decadal extremely low temperature events) are given
in Fig. 3. Our results show that from the 1960s the intensity,
influenced area, and duration of the regional extreme low tem-
perature events in China present an overall decreasing trend,

but in the first 10 years of the twenty-first century the accumu-
lated indices of these events varied significantly and compre-
hensively. Since the 2010s, extremely low temperature events
have taken place frequently in winter, which indicates that
China is likely to enter into an increasing stage of extremely
low temperature events, providing a reference for future stud-
ies and a prediction of extremely low temperature events in
winter.

1960 1970 1980 1990 2000

-6000

-3000

0

1960 1970 1980 1990 2000

-1500000

-1000000

-500000

0

1960 1970 1980 1990 2000
0

30000

60000

90000

1960 1970 1980 1990 2000
0

100

200

300

1960 1970 1980 1990 2000
0

20

40

60

(a) (b) (c)

(d) (f)

Fig. 3. (color online) Decadal accumulated variation of ERLTE indices (1961–2013), showing (a) extreme intensity index, (b) accu-
mulated intensity index, (c) accumulated influenced area index, (d) duration for annual average index, and (e) integrated index.

Most of the ERLTEs concentrate in winter. In order to
study the evolution processes of ERLTEs better, the monthly
accumulated distributions of 60 ERLTE indices between 1961
and 2013 are given in Fig. 4. It is shown that ERLTEs mainly
took place between November and February of the following

year. Among 60 ERLTEs, there were two events in Novem-
ber, 23 in December, 30 in January, and five in February. In
terms of each index, both the extreme intensities and accumu-
lated intensities of these events in December and January are
obviously higher than those in other months.
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Fig. 4. (color online) Monthly accumulated variation trends of ERLTEs (1961–2013), showing (a) extreme intensity index, (b) accumulated intensity
index, (c) accumulated impacted area index, (d) duration index, and (e) integrated index.
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3.2. Analysis on the spatial characteristics of ERLTEs

The temporal evolution characteristics of ERLTEs have
been analyzed above, but there are enormous differences be-
tween the southern and northern parts of China, the mecha-

nisms for producing low temperature events at different lati-

tudes are diverse, and the intensities and durations of ERLTEs

are also distinct, so it is essential to effectively study the spatial

distributions of nationwide ERLTEs.
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Fig. 5. (color online) Station frequencies of 60 ERLTEs with maximum integrated index values (1961–2013), showing (a) accumulated intensity index, (b)
extreme intensity index, and (c) space diagram of index.

The spatial distributions of indices of 60 ERLTEs with
maximum integrated index values between 1961 and 2013
are shown in Fig. 5. The frequency distributions of ERLTEs
at nationwide stations between 1961 and 2013 are given in
Fig. 5(a), where it is shown that these events mainly occurred
in central and eastern parts of China, which have a great influ-
ence on our national economy and society, with a wide area of
influence and high frequency. The accumulated intensity dis-
tributions of ERLTEs at all stations between 1961 and 2013
are shown in Fig. 5(b), where it is shown that the regions with
higher accumulated intensity are mainly located in the north-
ern part of China, especially in the northern Northwest, In-
ner Mongolia, and central Northeast, which are affected by
regional extremely low temperatures for a longer time. Mean-
while, the extreme intensity distributions of ERLTEs at all sta-

tions between 1961 and 2013 are shown in Fig. 5(c), where it
is shown that the strongest low temperature events take place
in eastern part of Inner Mongolia and northern Northeast, indi-
cating that the highest intensities of strongest low temperature
events in these areas.

4. Analyses of the classification and circulation
background of ERLTEs

4.1. Classification of ERLTEs

In accordance with the maximum influenced areas of the
60 events, we first select the six different types of events.
We then calculate the ACC between the six events and oth-
ers, in order to obtain the most correlated events for each type
of ERLTEs. In this way, 60 ERLTEs with maximum integrated
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Fig. 6. (color online) Classification of 60 ERLTEs with maximum integrated index values, showing. (a) National event, (b) East event, (c)
Northeast–North China event, (d) North China–South China event, (e) North China event, and (f) Northwest–South China event, where colors
symbolize the relative frequencies of ERLTEs of stations.
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index values[36,37] can be divided into six types (as shown
in Fig. 6), including: 19 National events, 15 East events,
five Northeast–North China events, seven North China–South
China events, three North events, and ten Northwest–South
China events.

4.2. The circulation backgrounds of different types of
ERLTEs

To better analyze the six types of ERLTEs in this subsec-
tion. Figures 7(a) and 8(a) show the compositions of the corre-
sponding synthetic distribution graphs of 19 national ERLTEs
at 500-hPa geopotential height and 850-hPa winds abnormally,
respectively. It is shown that, influenced by stronger blocking
high of Ural and northeast cold vortex as well as stronger East
Asia major trough at 500-hPa geopotential height, the cold air
is guided in moving southward from East and West paths, and
that the northerly wind at 850 hPa becomes stronger, which is
helpful for the decrease of the whole. Figures 7(b) and 8(b)
show the compositions of the corresponding synthetic distribu-
tion graphs of 15 East ERLTEs at 500-hPa geopotential height
and 850-hPa winds abnormally, respectively. It is shown that
influenced by a little stronger blocking hight of Ural, stronger
blocking hight of Lake Baikal as well as stronger East Asia

major trough at 500-hPa geopotential height, the cold air is
guided in moving southward from central and east paths, and
that the northerly wind at 850 hPa in Eastern China becomes
stronger, which is helpful for reducing eastern China’s tem-
perature. Figures 7(c) and 8(c) show the compositions of the
corresponding synthetic distribution graphs of five Northeast–
North China ERLTEs at 500-hPa geopotential height and 850-
hPa winds abnormally, respectively. It is shown that, influ-
enced by a little stronger blocking heights of Ural and Lake
Baikal, as well as slightly stronger East Asia major trough
at 500-hPa geopotential height, the abnormal northerly wind
at 850 hPa is guided in moving southward from central and
east paths to about 30◦ N areas, while the circulation anomaly
over the south area an is anticyclone, which is helpful for
reducing Northeast–North China’s temperature. Figures 7(d)
and 8(d) show the compositions of the corresponding syn-
thetic distribution graphs of seven East ERLTEs at 500-hPa
geopotential height and 850-hPa winds abnormally respec-
tively. It is shown that, influenced by stronger blocking hight
of Lake Baikal, weaker polar vortex as well as stronger East
Asia major trough (slightly leaning to East China) at 500-
hPa geopotential height, the cold air is guided in moving
southward from central path to North China–South China
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Fig. 7. (color online) The 500-hPa geopotential height of six types of ERLTEs in the corresponding period.

109201-6



Chin. Phys. B Vol. 24, No. 10 (2015) 109201

80O E

50O N

30O N

10O N
100O E 120O E 140O E

5

(f) UV850↩Abor

80O E

50O N

30O N

10O N
100O E 120O E 140O E

5

(e) UV850↩Abor

80O E

50O N

30O N

10O N
100O E 120O E 140O E

5

(c) UV850↩Abor

80O E

50O N

30O N

10O N
100O E 120O E 140O E

5

(d) UV850↩Abor

80O E

50O N

30O N

10O N
100O E 120O E 140O E

5

(b) UV850↩Abor

80O E

50O N

30O N

10O N
100O E 120O E 140O E

5

(a) UV850↩Abor

Fig. 8. (color online) The 850-hPa winds abnormally of six types of ERLTEs in the corresponding period.

area, and that northerly wind at 850 hPa in this area becomes
stronger, which is helpful for reducing North–South China’s
temperature. Figures 7(e) and 8(e) show the eight compo-
sitions of the corresponding synthetic distribution graphs of
three North eight ERLTEs at 500-hPa geopotential height and
850-hPa winds abnormally, respectively. It is shown that, in-
fluenced by stronger blocking heights of Ural and Lake Baikal
as well as stronger East Asia major trough at 500-hPa geopo-
tential height, the circulation to the south of 40◦ N presents
a straight distribution and that the abnormal north–east wind
at 850 hPa appears only in North China, which contributes to
reducing the temperature in the northern part of China. Fig-
ures 7(f) and 8(f) show the compositions of the correspond-
ing synthetic distribution graphs of 10 Northwest–South China
ERLTEs at 500-hPa geopotential height and 850-hPa winds
abnormally, respectively. It can be seen that the most appar-
ent feature at 500 hPa is abnormally stronger blocking hight of
Ural and East Asia major trough, which helps to guide the cold
air in moving southward from the West. Meanwhile, stronger
north–west wind at 850 hPa takes place in the area north of
30◦ N and the stronger north–east wind at 850 hPa takes place
in the area south of 30◦ N, corresponding to low temperatures

in northwest–south China.

5. Conclusions and discussion
In recent years, the ERLTEs in China have frequently

taken place under the background of global warming, so there
is an urgent need to analyze and study the climate character-
istics and backgrounds during these frequent periods of low
temperature events. In this paper, based on an objective iden-
tification technique of the ERLTEs, we investigate, detect, and
analyze ERLTEs during the period from 1960 to 2013.

Since the 1960s, there have been 690 regional low tem-
perature events, including 60 ERLTEs. By analyzing the spa-
tiotemporal of the 60 events, it is found that the indices of
ERLTEs display a downward trend from the 1960s, while this
trend has changed since the 2000s, which provides a signifi-
cant reference for predicting the temperatures in winter. These
ERLTEs concentrate in December and January. From the spa-
tial distribution of indices, the ERLTEs mainly take place in
Northern China, as do the accumulated intensity and single-
event intensity, especially in the Inner Mongolia and Northeast
areas, while these events concentrate in Central and Eastern
China, as does the frequency.
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In accordance with the influenced areas of these events,
60 ERLTEs are divided into six types, in which the national
and eastern types of events are high in frequency, reaching 19
and 15, respectively. Meanwhile, the circulation backgrounds,
specific analyses, and influencing mechanisms of all types of
events in the corresponding period are given in this paper. Our
results show that, influenced by the stronger blocking hight
of Ural and Lake Baikal, as well as the stronger southward
polar vortex and East Asia major trough at 500-hPa geopo-
tential height, the cold air from high latitudes is guided in
moving southward, and that an abnormal northerly wind at
850 hPa makes the cold air blow into China along diverse
paths, thereby forming different types of regional extreme low
temperatures.
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