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ABSTRACT

This study examined the variability in frequency of tropical night occurrence (i.e., minimum air tem-
perature >25°C) in Beijing, using a homogenized daily temperature dataset during the period 1960-2008.
Our results show that tropical nights occur most frequently in late July and early August, which is consis-
tent with relatively high air humidity associated with the rainy season in Beijing. In addition, year-to-year
variation of tropical night occurrence indicates that the tropical nights have appeared much more frequently
since 1994, which can be illustrated by the yearly days of tropical nights averaged over two periods: 9.2 days
of tropical nights per year during 1994-2008 versus 3.15 days during 1960-1993. These features of tropical
night variations suggest a distinction between tropical nights and extreme heat in Beijing.

We further investigated the large-scale circulations associated with the year-to-year variation of tropical
night occurrence in July and August, when tropical nights appear most frequently and occupy 95% of
the annual sum. After comparing the results in the two reanalysis datasets (NCEP/NCAR and ERA-40)
and considering the possible effects of decadal change in the frequency of tropical nights that occurred
around 1993/94, we conclude that on the interannual time scale, the cyclonic anomaly with a barotropic
structure centered over Beijing is responsible for less frequent tropical nights, and the anticyclonic anomaly
is responsible for more frequent occurrence of tropical nights over Beijing.
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1. Introduction

High temperature events in summer such as ex-
treme heat and tropical nights greatly affect the hu-
man life and social activity. For instance, a high death
count was associated with heat waves (among severe
weather events such as hurricanes, tornados, floods,
lightning, earthquakes) in the United States from 1979
to 1998 (Thornbrugh, 2001). During the summer of
2003, Europe sustained a severe heat wave that re-
sulted in 35 000 heat-related mortalities in many coun-
tries: France, Germany, Spain, Italy, England, etc.
In the future, high temperature or heat waves may

*Corresponding author: LU Riyu, Ir@mail.iap.ac.cn

become more intense and longer lasting with climate
change (Meehl and Tebaldi, 2004; Park et al., 2008).
High-temperature events can cause heat-related ill-
ness and can affect cardiovascular disease and cere-
brovascular disease indirectly. When the human body
is exposed to high temperature for extended periods,
it starts to lose thermoregulatory capability, which
is necessary for homeostasis; thus, heatstroke, heat
exhaustion, heat syncope and heat cramps can de-
velop (Cinar et al., 2001; Park and Lee, 2006). Many
countries are applying and developing the heat/health
warning systems to reduce adverse affects of high tem-
perature. Tan et al. (2004) developed a heat/health
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warning system in Shanghai, China, using an excess
death algorithm.

At a latitude of ~40°N, Beijing is located at the
northern edge of the East Asian summer monsoon
region. In mid-July, the western North Pacific sub-
tropical high advances northward and retreats east-
ward, and the East Asian upper-tropospheric westerly
jet shifts northward (Lu, 2001; Lin and Lu, 2008).
Concurrent with this change in large-scale circulation,
the Meiyu season withdraws in the Huaihe River and
Yangtze River basin, and the rainy band shifts north-
ward to North China. Thus, the rainy season appears
in late July and early August at Beijing. Prior to the
rainy season, the maximum air temperature is gener-
ally high. During the rainy season, on the other hand,
the southerly flows transfer a large amount of water
vapor into North China, and Beijing is frequently hu-
mid.

There have been many previously studies on the
extreme heat (Zhai and Pan, 2003; Gong et al., 2004;
Wei et al., 2004; Jung et al., 2009; Wei and Chen,
2009; Ding et al., 2010; Ding and Qian, 2011; Qian
et al., 2011; Sun et al., 2011; Wei and Chen, 2011).
In general, these studies, especially recent ones, sug-
gested that extreme heat has increased over most parts
of China. In particular, Ding and Qian (2011) sug-
gested that the frequency of wet heat-wave events,
which are defined considering both air temperature
and relative humidity, were relatively low in the 1980s
and increased remarkably since the 1990s. Wei and
Chen (2009, 2011) indicated that there is an abrupt
increase in the number of days with high temperature
around the early 1990s. Wang and Gong (2010) con-
sidered both factors of surface air temperature and hu-
midity, and found that “sultry weather” occurred less
frequently in the 1990s than in the 1940s. They ar-
gued that this phenomenon was due to the “urban dry
island” effect induced by the urbanization in Beijing
during recent decades. Most of these studies, how-
ever, have focused on maximum temperature extreme,
and have given less attention to higher minimum tem-
peratures. If minimum air temperature is >25°C (so-
called “tropical night”), people over 65 years old are
especially vulnerable (Jung et al., 2009). Wei and Sun
(2007) revealed that tropical nights may show a differ-
ent variation with extreme heat.

Weather in Beijing during summer is affected both
by the western North Pacific subtropical anticyclone
from the south and by mid-latitude disturbances from
the north. Therefore, the mechanisms responsible for
variability in the frequency of tropical nights in Bei-
jing would be more complicated than those in the mon-
soonal region in China, where tropical night variability
is affected by the monsoonal flows to a larger extent.
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In addition, as a metropolitan city in China, Beijing
has a population of ~20 million, which is growing at
a speed of 0.5 million per year. This dense and large
population requires better understanding and forecast-
ing of the tropical night variability.

In this study, we first investigated the subseasonal
and interannual variability in tropical night frequency
in Beijing, and we made a brief comparison with vari-
ability in extreme heat (section 3). Then we exam-
ined the large-scale atmospheric circulations associ-
ated with the interannual variation of tropical night
occurrence (section 4). The conclusion is given in the
final section (section 5).

2. Data and methods

Temperature data used in this study were the Ho-
mogenized Daily Mean/Maximum/Minimum Temper-
ature Series from 549 National Standard Stations in
China during the period 1960-2008, a dataset pro-
vided by Li and Yan (2009, 2010). This dataset has
been used in several previous studies on temperature
extremes (e.g., Ding and Qian, 2011; Wei and Chen,
2011).

Tropical nights were defined simply by the criterion
that the minimum air temperature >25°C. This defini-
tion is the same as that used by Wei and Sun (2007).
Extreme heat days were defined as an occurrence of
daily maximum temperature above the 95th percentile
of the daily maximum temperature distribution dur-
ing the study period, which was 33.2°C for Beijing.
This value was lower than the criterion (35.0°C) for
extreme heat days widely used for the whole mainland
China, partially because air temperature in Beijing is
generally lower than that in South and Central China.

Circulation data used in this study were from
both the European Centre for Medium-Range Weather
Forecasts (ECMWF) ERA-40 reanalysis data from
1960 to 2002 (Uppala et al., 2005) and the National
Centers for Environmental Prediction/National Cen-
ter for Atmospheric Research (NCEP/NCAR) reanal-
ysis data from 1960 to 2008 (Kalnay et al., 1996).

3. Subseasonal and interannual variability in
tropical night

Figure 1 shows the daily occurrence frequency of
tropical night and extreme heat at Beijing from May
to September, averaged over 49 years from 1960 to
2008. The tropical nights are clearly concentrated in
July and August, while there is only 1 day of tropi-
cal night in May and 11 days in June, and there is no
day of tropical night in September during the entire
analysis period 1960-2008 ( Fig. 1a; Table 1). There
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Fig. 1. Frequency of (a) tropical nights and (b) extreme
heat days at Beijing from May to September, averaged
over 49 years from 1960 to 2008. Units: d yr~*.

is a sharp increase in tropical night frequency after
17 July and a decrease after 10 August. This period
of frequent occurrence of tropical nights is consistent
with the rainy season in Beijing. On the other hand,
the days of extreme heat increase after early May and
reach a peak in late June (Fig. 1b). After the peak,
the days of extreme heat fluctuate for ~1 month, and
decrease after late July. In September, there are only
6 days of extreme heat in the total 49 years (Table 1).

Figure 1 indicates that the subseasonal variation in
tropical nights differs remarkably to that in extreme
heat. The frequency of extreme heat days reaches its

Table 1. Monthly occurrence of tropical nights (Tiin >
25.0°C) and extreme heat (Tmax > 33.2°C) days at Beijing
during 49 years from 1960 to 2008. Units: d.

PARK ET AL.

May Jun Jul Aug Sep
Tropical night 1 11 151 82 0
Extreme heat 70 323 351 157 6
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peak much earlier than the tropical night frequency,
and begins to decrease clearly after the tropical night
occurrence reaches its peak on ~20 July. This is con-
sistent with the subseasonal change in humidity at Bei-
jing: Humidity is relatively low before middle July and
increases afterward, in concurrence with the beginning
of rainy season in Beijing. The consistency between
the subseasonal changes in tropical night occurrence
and humidity suggests that the change in air humid-
ity may influence tropical night variability in Beijing,
where the subseasonal change in air humidity is much
greater than that in Central and South China during
summer.

Figure 2 shows the monthly occurrence of tropi-
cal nights and extreme heat at Beijing from May to
September in each year from 1960 to 2008. The oc-
currence of tropical nights has significantly increased
after 1994 (Fig. 2a). Tropical nights occurred every
year after 1994, while there were 5 years of no tropical
nights before this year. The frequency of tropical
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Fig. 2. Interannual variation of monthly (from May to
September) occurrence of (a) tropical nights and (b) ex-
treme heat days at Beijing during 1960-2008. Units: d.
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Fig. 3. Interannual variation of frequency of (a) tropical
nights and (b) extreme heat days at Beijing in July and
August. Units: d.

nights averaged over the years of 1994-2008 is 9.2 days
per year, while that averaged over 1960-1993 is 3.15
days per year. The frequency of tropical nights dur-
ing the later period is almost three times as larger as
that during the former period. The highest number of
tropical nights occurred in the year 2000. In this year,
there were 19 days of tropical night in July, the only
month during the entire analysis period in which trop-
ical night frequency was >50%. Most tropical nights
appear in July and August, in agreement with the re-
sult shown in Fig. la. This is true both before and
after 1993/94.

The variation of extreme heat days differs consider-
ably from that of tropical nights. The extreme heat oc-
currence (Fig. 2b) did not exhibit an increase around
1993/94 as clearly as the tropical night occurrence.
The extreme heat days tended to occur frequently in
1960s and after the mid-1990s, with a period of fewer
days from the 1970s to the mid-1990s, which is basi-
cally consistent with the report of Wei and Sun (2007).

During the entire analysis period, there were 233

MORE TROPICAL NIGHTS IN BEIJING SINCE 1994

VOL. 29

days of tropical nights in July and August (Table 1),
comprising 95% of tropical nights across the whole
year. Therefore, in the following analyses, we focused
on the tropical night variability in these 2 months.
Figure 3 shows the total occurrence of tropical nights
and extreme heat days at Beijing in July and August of
each year. Consistent with the result shown in Fig. 2a,
July—August tropical nights appeared more frequently
after 1994, while they occurred less frequently before
1993. The frequency of tropical nights in July and Au-
gust averaged over the years of 19942008 is 8.73 days
per year, while that averaged over the years of 1960—
1993 is 3.0 days per year. The variation of extreme
heat days in July and August (Fig. 3b) is roughly
similar to that of yearly extreme heat days shown in
Fig. 2b, although the extreme heat days in Fig. 3 are
fewer without the contribution from June.

4. Large-scale circulation background for
tropical nights

4.1 Composite analysis using the NCEP/NC-

AR reanalysis and ERA-40 reanalysis

Surface air temperatures are determined by many
factors, such as atmospheric circulation, cloud cover,
surface conditions, and so on. In this study, we focused
on the large-scale circulation associated with the tropi-
cal nights at Beijing, that is, the large-scale circulation
that can provide a background favorable for the occur-
rence of the tropical nights. Other factors, as well as
the features of atmospheric circulation associated with
the tropical nights on the synoptic scale, are left to the
future studies.

Figure 4 shows the upper- and lower-tropospheric
circulations associated with the frequent occurrence of
tropical nights in July and August. The years of fre-
quent tropical nights were defined as are those with
more than seven tropical nights in July and August.
To facilitate the comparison, the circulations averaged
over the years when there was no or only one tropical
night in July and August are also given. For brevity,
these years are called “tropical-night years” and “no-
tropical-night years,” respectively. The tropical-night
years include 1981, 1994, 1996, 1997, 1999, 2000, 2002,
2004, 2005 and 2006 (10 years), and the no-tropical-
night years are 1962, 1963, 1964, 1965, 1969, 1970,
1974, 1980, 1985, 1986, 1989 and 1993 (12 years). All
of the no-tropical-night years appear before the chang-
ing point 1993/94, and all the tropical-night years, ex-
cept 1981, appear after the changing point, consistent
with the clear decadal change in tropical night occur-
rence around 1993/94. Therefore, the differences in
circulation between the tropical-night years and no-
tropical-night years may be affected by the decadal
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Fig. 4. Composite July—August mean 200-hPa zonal wind (upper panels) and 850-hPa horizontal
winds (lower panels) for the no-tropical-night years (left column) and tropical-night years (right
column). The NCEP/NCAR reanalysis data during 1960-2008 are used. The color lines indicate
the location of the westerly jet axis in panels (a) and (b).

change around 1993/94. Kwon et al. (2007) found
that the upper-tropospheric subtropical westerly jet
has weakened significantly over northern China since
1994. They explained this decadal change in zonal
winds as a barotropic response to a steady forcing from
increased precipitation in South China. The possible
effects of this decadal change on our results are dis-
cussed in the following subsection.

Figures 4a and b indicate that the upper-
tropospheric westerly jet stream in the mid-latitudes
shifts northward and weakens over the northeastern
Asia for the years of frequent tropical nights, compared
with the years of no tropical nights. This weakening of
the jet can be judged by the location of the contour line
of 25 m s™!: it extends eastwards into North China
during the no-tropical-night years but remains over
Northwest China during the tropical-night years. Fur-
thermore, the jet axis exhibits a curve over the north-
eastern Asia during the no-tropical-night years but ap-

pears almost as a straight line during the tropical-night
years. This difference in shape of the jet axis is asso-
ciated with the spatial distribution of the horizontal
winds: There is a trough at the upper troposphere
over northeastern Asia during the years of no tropi-
cal night, but this trough is almost undetectable and
thus the horizontal winds tend to be zonally oriented
during the years of tropical nights (not shown). The
lower-tropospheric circulations also show a clear dif-
ference between the years of tropical nights and no
tropical nights (Figs. 4c and d). For the no-tropical-
night years, southwesterlies dominate over East Asia.
For the tropical-night years, a ridge appears clearly
over North China, including Beijing.

The differences in circulation between the tropical-
night and no-tropical-night years can be more clearly
illustrated by Fig. 5, which shows the wind anomalies
at the upper and lower troposphere, respectively. The
composite upper-tropospheric wind anomalies for the
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Fig. 5. Same as Fig. 4, but for anomalies. The shading indicates that either zonal or meridional
wind anomalies are significant at the 95% level according to the Student’s ¢-test.

no-tropical-night years are characterized by an anoma-
lous cyclone over East Asia, with Beijing locating at
the center of this cyclonic anomaly (Fig. 5a). For the
tropical-night years, however, there is an anticyclonic
anomaly at the upper troposphere over Mongolia (Fig.
5b). The anomalous patterns exhibit a clear difference
between the no-tropical-night years and tropical-night
years: the upper-tropospheric anticyclonic anomaly lo-
cated southwest of Beijing for the tropical-night years,
while the cyclonic anomaly centered at Beijing for the
no-tropical-night years. This difference in the anoma-
lous patterns is discussed further in the following sub-
section.

In the lower troposphere, the circulation anoma-
lies associated with no tropical nights and tropical
nights share essentially similar spatial patterns but
with different signs (Figs. 5c and d). There is
a cyclonic anomaly over Mongolia, an anticyclonic
anomaly over the subtropical western North Pacific,
and a southwesterly anomaly over North China for
the no-tropical-night years. There is an anticyclonic

anomaly over Mongolia, a cyclonic anomaly over the
subtropical western North Pacific, and a northeasterly
anomaly over North China for the tropical-night years.
However, previous studies have documented that the
NCEP/NCAR reanalysis data have some problems
in the lower troposphere over the Eurasian continent
prior to 1979 and thus show an artificial interdecadal
change in the lower-tropospheric circulations (Yang et
al., 2002; Inoue and Matsumoto, 2004; Wu et al., 2005;
Huang, 2006). Due to the existence of a clear decadal
variation in the tropical nights, i.e., the significant in-
crease of tropical nights since 1994, the results shown
in Figs. 4 and 5 may have been affected by the artifi-
cial interdecadal change in the NCEP/NCAR reanal-
ysis data.

Therefore, the ERA-40 reanalysis data were used to
repeat the above analysis. Figure 6 shows the compos-
ite winds for the no-tropical-night and tropical-night
years, respectively, using the ERA-40 reanalysis data.
The results for upper-tropospheric winds are almost
identical to those obtained by the NCEP/NCAR re-
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Fig. 6. Same as Fig. 4, but using the ERA-40 reanalysis data during 1960-2002.

analysis data. This is in agreement with previous
results, which showed that the artificial interdecadal
change in the NCEP/NCAR reanalysis data is ba-
sically concentrated in the lower troposphere (Yang
et al., 2002; Inoue and Matsumoto, 2004; Wu et al.,
2005; Huang, 2006). The lower-tropospheric circula-
tions, accordingly, show a somewhat different result
using these two datasets. For the no-tropical-night
years, southwesterlies still dominate over East Asia,
but they are much weaker than those shown using the
NCEP/NCAR reanalysis data. For the tropical-night
years, there is also a ridge over North China, although
it is slightly weaker in comparison with the result by
the NCEP/NCAR reanalysis data.

Figure 7 shows the composite wind anomalies us-
ing the ERA-40 reanalysis data. Again, the results
for upper troposphere are almost identical to those
obtained using the NCEP/NCAR reanalysis data. In
the lower troposphere, there is a cyclonic anomaly over
North China, and an anticyclonic anomaly over the
subtropical western North Pacific for the no-tropical-
night years; there is an anticyclonic anomaly over

North China, and a cyclonic anomaly over the sub-
tropical western North Pacific for the tropical-night
years. These wind anomalies are significantly dif-
ferent from those using the NCEP/NCAR reanaly-
sis data (Figs. 5c and 5d), particularly over the
mid-latitudes. The cyclonic (anticyclonic) anomaly
is located northwest to Beijing in the NCEP/NCAR
reanalysis results, but is basically centered at Bei-
jing in the ERA-40 reanalysis results. In addition,
the strong southwesterly (northeasterly) anomaly over
North China in the NCEP/NCAR reanalysis does
not appear in the ERA-40 reanalysis. These differ-
ences in the lower-tropospheric winds between the two
datasets indicate that the aforementioned results us-
ing the NCEP/NCAR reanalysis are indeed affected
by the artificial interdecadal change, and the ERA-40
reanalysis results are more reliable, despite the slightly
shorter length of data in this reanalysis dataset. Fig-
ures 7c and d suggest that the cyclonic anomaly cen-
tered over Beijing is responsible for the less frequent
tropical nights and that the anticyclonic anomaly is
responsible for more frequent tropical nights.
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Fig. 7. Same as Fig. 5, but using the ERA-40 reanalysis data during 1960-2002.
4.2 Effects of the decadal change around anticyclonic anomaly centered roughly over Beijing.
1993/94 This lower-tropospheric anticyclonic anomaly is ob-

There has been a clear increase in tropical nights
since 1994. So, a question arises: Is this increase due
to the global warming trend or to a natural decadal
change? As the first approximation, we assume that
the former induces circulation anomalies on the global
scale, but the latter is related to local circulation
anomalies.

Figure 8 shows the difference in horizontal winds
between the periods before and after 1993/94, that
is, the average over 1994-2002 minus the average over
1979-1993, using the ERA-40 reanalysis data. In the
upper troposphere, there is an anticyclonic anomaly
northwest to Beijing and a cyclonic anomaly south-
east to this anticyclonic anomaly. Associated with
both the anticyclonic and cyclonic anomalies, there is
a strong easterly anomaly along 40°N, which indicates
a significantly weakened upper-tropospheric westerly
jet stream. These results are consistent with Kwon
et al. (2007). In the lower troposphere, there is an

scure and tends to locate southeastward in compar-
ison with its upper-tropospheric counterpart. These
decadal changes in atmospheric circulation tend to be
a local phenomenon, implying that they are essentially
related to natural change, rather than global warm-
ing. Kwon et al. (2007) suggested that the decadal
change in the upper-tropospheric circulation that oc-
curred around 1993/94 is due to the rainfall increase
in South China.

The composite results shown in the preceding sub-
section may be affected by the decadal change shown
in Fig. 8, due to the clear increase in the occurrence of
tropical nights since 1994. Therefore, we repeated the
analyses outlined in the preceding subsection using the
data from 1960 to 1993, to remove the decadal change
and to focus on interannual variability. For brevity,
we have shown only the results from the ERA-40 re-
analysis data. The results from the NCEP/NCAR re-
analysis (not shown) are significantly affected by the
artificial decadal changes over the Eurasian continent
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Fig. 8. Difference in horizontal winds between the peri-
ods before and after 1993/94, that is, the average over
19942002 minus the average over 1979-1993, at (a) 200
hPa and (b) 850 hPa. The ERA-40 reanalysis data are
used.

in the lower troposphere, but they are almost identical
to the ERA-40 results in the upper troposphere.
Figure 9 shows the composite winds for the
tropical-night years and no-tropical-night years, re-
spectively, for the period 1960-1993, calculated using
the ERA-40 reanalysis data. In the upper troposphere,
for the tropical-night years, the westerly jet stream is
extended further northward, and the curve of the jet
axis that appears for the no-tropical-night years over
the northeastern Asia is not detectable. These results
are similar to the results shown in Figs. 4 and 6, con-
firming that the northward extended westerly jet and
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the zonally oriented jet axis are favorable for tropi-
cal night frequency. This conclusion is not affected
by the significant decadal change in the upper tropo-
sphere around 1993/94. In the lower troposphere, the
ridge over North China for the tropical-night years is
much weaker in comparison with that shown in Fig.
6d, likely associated with the less frequent occurrence
of tropical nights during the period 1960-1993.

Notably, the tropical-night years differ from those
in the preceding subsection. There was only 1 year
of frequent tropical nights (i.e., 1981) during the pe-
riod 1960-1993 according to the criterion applied in
the preceding subsection. Thus, in this subsection we
modify the criterion as: the years with >4 tropical
nights in July and August. The tropical-night years
according to the new criterion include 1960, 1961,
1967, 1971, 1975, 1981, 1983 and 1991 (8 years). The
years with no tropical nights remain the same.

Figure 10 shows the composite wind anomalies by
using the ERA-40 reanalysis data during the period
1960-1993. The most striking difference with the re-
sults shown in Figs. 5 and 7 is the location of upper-
tropospheric anticyclonic anomaly for the tropical-
night years. This anticyclonic anomaly shifts signif-
icantly southeastward, and centered roughly over Bei-
jing (Fig. 10b). Due to this southward shift of the
anticyclonic anomaly for the tropical-night years, the
circulation anomalies over the mid-latitudes in Asia
exhibit antisymmetry between the tropical-night years
and no-tropical-night years: cyclonic anomaly for no
tropical night and anticyclonic anomaly for tropical
nights, both roughly centered over Beijing. The lower-
tropospheric circulation anomalies (Figs. 10c and d),
on the other hand, are similar to those in Figs. 7c
and d, although the cyclonic anomaly over the sub-
tropical western North Pacific for the tropical-night
years is relatively weaker. Figure 10 indicates that the
circulation anomalies for both no-tropical-night years
and tropical-night years exhibit a barotropic structure.
Therefore, it can be concluded that the barotropic cy-
clonic anomalies centered over Beijing are responsi-
ble for less frequent tropical nights and anticyclonic
anomalies are responsible for more frequent tropical
nights over Beijing.

5. Conclusions and discussion

In this study, we examined the seasonal and inter-
annual variability in frequency of tropical nights dur-
ing the period 1960-2008 in Beijing, the capital city of
China, using the homogenized daily mean/maximum—
minimum temperature series dataset prepared by Li
and Yan (2009, 2010). In addition, we investigated the
large-scale atmospheric circulations associated with
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Fig. 9. Same as Fig. 4, but using the ERA-40 reanalysis data during 1960-1993.

the interannual variation of tropical night frequency
in Beijing, using both the NCEP/NCAR and ERA-40
reanalysis datasets.

Our results show that, climatologically, tropical
nights occur most frequently in late July and early
August, which is consistent with relatively high hu-
midity associated with the rainy season in Beijing. On
the other hand, days of extreme heat appear most fre-
quently prior to the rainy season in Beijing, suggesting
a distinction between subseasonal variations of tropi-
cal nights and extreme heat days. Tropical nights have
occurred much more frequently since 1994, in compar-
ison with the prior period. There were 9.2 tropical
nights per year during 1994-2008, but only 3.15 dur-
ing 1960-1993. The frequency of tropical nights during
the later period is almost three times larger than that
during the former period.

Because the days of tropical night in July and Au-
gust occupy 95% of annual tropical nights, we focused
on these 2 months to investigate the large-scale circu-
lations associated with the year-to-year variation of
tropical night occurrence. The July—August tropi-

cal nights also appeared more frequently after 1994.
This decadal change in tropical nights concurs with
the decadal change in the upper-tropospheric westerly
jet over North China (Kwon et al., 2007), although the
mechanism for the relationship between tropical nights
in Beijing and the westerly jet over North China is still
unknown. Composite analyses based on the interan-
nual variation of tropical night frequency indicate that
the cyclonic anomalies with a barotropic structure and
centered over Beijing are responsible for the less fre-
quent occurrence of tropical nights, while anticyclonic
anomalies are responsible for greater frequency of trop-
ical nights over Beijing.

Notably, some of the circulation anomalies in the
present results are not statistically significant. This is
due to the fact that tropical nights are closely related
to weather phenomenon, and they occur during a small
potion of the summer period. The largest number of
tropical nights in July and August during the entire
analysis period was 21, which appeared in 2000, and
this number is only about one-third of days in July and
August. However, the well-organized patterns of cir-
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Fig. 10. Same as Fig. 5, but using the ERA-40 reanalysis data during 1960-1993.

culation anomalies in these results suggest that year-
to-year variation of July—August circulations may pro-
vide a favorable or unfavorable background condition
for frequent occurrence of tropical nights. This conclu-
sion should be confirmed by further analyses on both
seasonal and synoptic time scales, which are ongoing.
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