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Abstract
This study analyzed the possible causes of cold weather in 2011. Including the use of Wavelet
to study the relationship between temperature, air pressure and humidity. In addition, this
study also reviewed the Southern Oscillation Index (SOI) and Arctic Oscillation Index (AOI)
values in 2011 and tried to find out their relationship with the cold winter in Hong Kong.
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1. Introduction
Cold wave is a natural phenomenon in winter, which will bring economic and human losses to
the affected areas. According to the data from 1951 to 2015, the frequency of cold waves is
generally decreasing in Southern China (Zhang, Chen, Ou, & Zhuang, 2017). However, in
recent years, South China is still affected by many high-intensity cold waves, and this situation
deserves attention.
In January 2011, a cold wave has swept central and southern China, accompanied by
snowstorms and ice rain, affecting 300 million people in the five worst affected provinces
(Jiangxi, Hunan, Chongqing, Sichuan, and Guizhou). The average temperature in Hong Kong
from January to March was 1.1 degrees Celsius below normal, and the average temperature in
January was only 13.7 degrees, 2.4 degrees below normal, and was the coldest January since
1977. The number of cold days in January was 14 days, twice the time of the normal 7 days.
The cold wave was caused by the cooling effect of La Niña event. La Niña refers to the
extremely cold sea water in the eastern and central surface of the equatorial Pacific Ocean,
which in turn affects atmospheric circulation around the world. The La Niña phenomenon,
which began in the second half of 2010, has developed rapidly and is the worst in the past
decade. The entire Northern Hemisphere includes North America, Europe, and Asia, especially
Japan and China. Affected by the continuous influx of cold air from the Arctic and continuous
snowfall, the cold weather continued until May 2011, making the winter climate in the northern
hemisphere last for seven months, and the spring of that year was shortened to one month.
A phenomenon that has a potential affected Hong Kong's winter weather is Arctic oscillation
(AO). Thompson and Wallace (2000) mention that it is closely related to the North Atlantic
Oscillation (NAO) and is the dominant climate and circulation pattern in the mid-high latitudes
of the Northern Hemisphere. Therefore, this study will analyze the relationship between Arctic
Oscillation Index (AOI) and the cold weather in Hong Kong.
Another phenomenon which is closely related to La Niña and El Niño is the Southern
Oscillation. Southern Oscillation refers to the east-west equilibrium movement of air masses
between the Pacific Ocean and the Indonesia-Australia region. It can be measured by the
Southern Oscillation Index (SOI). When the values of the SOI is positive, it means that La
Niña has occurred while the values of SOI is negative, it refers to the El Niño has occurred
(HKO, n.d.).
In this study, an extreme cold day is defined as a day with daily minimum temperature is 12
degrees Celsius or below. Cold wave is defined as the minimum daily temperature is 12
degrees Celsius or below for three consecutive days or more. This study analyzes the winter
of Hong Kong in 2010/2011 and 2011/2012 respectively. Also, the study will mainly focus on
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the low temperature events that occurred in Hong Kong in 2011 and study the causes and effects
behind them to better understand the cold wave.

2. Data, methodology
2.1 Data
This study used data mainly obtained from the Hong Kong Observatory and National Oceanic
and Atmospheric Administration. The mean daily minimum air temperature, mean air
temperature, mean daily maximum air temperature, departure from mean value, mean wind
speed, and mean pressure are from Hong Kong Observatory. The Southern Oscillation Index
(SOI) and Arctic oscillation index (AOI) are from National Oceanic and Atmospheric
Administration.

2.2 Methodology
Spectral wavelet analysis
Wavelet coherence (WTC) and cross-wavelet transform (XWT) are used in this study to
estimate the correlation between temperature and air pressure. Wavelet analysis is a common
tool for analysing different time series and find the localized variations of power (Torrence &
Compo, 1998). Even if the common power is low, WTC can find significant coherence
between the two CWTs and shows how to calculate the confidence against the yellow noise
background. It can be regarded as the local correlation between two time series in the timefrequency space. XWT analyses multiple time-frequency of two time series from multiple
time-scale points, so that the region has a common high power, and further reveals information
about the phase relationship in the time-frequency space to determine the correlation (Grinsted,
Moore, & Jevrejeva 2004). The data used for wavelet analysis will be standardized by Standard
score. The mean and standard deviation will be calculated using the daily minimum
temperature and daily pressure in 2011.

3. Results
3.1 Temperature data of 2010/2011 and 2011/2012 winter
According Hong Kong Observatory, the winter months are from December to February.
Therefore, this study will be divided into the winter of 2010-2011 and the winter of 2011-2012.
In 2011, as shown in Tables 1-7, there were a total of 25 days of extreme cold day, of which
14 days in January, 5 days in February, and 6 days in December. From the above data, we
know that Hong Kong suffered the most severe cold wave in January 2011. The minimum
temperature for 14 days was less than 12 degrees, which can be defined as extremely cold. In
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addition, the three types average temperature in January was lower than the normal level by
more than 2 degrees, which reflected that the cold wave was very strong.
However, the cold wave subsided in February, with only 5 days of extremely cold days. The
mean air temperature and the mean daily minimum air temperature are very close to the normal
value, and the maximum temperature is 0.5 degrees higher than the normal value.
In December 2011, there were 6 days extreme cold day. The mean daily minimum air
temperature, mean air temperature, and mean daily maximum air temperature were about 1
degree lower than the normal value.
In general, the two winters involved in 2011 were colder than normal winters, but the winter
of 2010-2011 suffered a stronger cold wave than the winter of 2011-2012. Not only the total
number of extremely cold days is more, but the departure from a normal value is also farther
away.

Table 1. Temperature data of December 2010
Data for December normal value (OC)
2010 (OC)
Mean daily minimum 15.6
15.7
air temperature
Mean air temperature
18.1
17.8
Mean daily maximum 20.8
air temperature

20.3

Table 2. Temperature data of January 2011
Data for January normal value (OC)
2011 (OC)
Mean daily minimum 11.6
14.1
air temperature
Mean air temperature
13.7
16.1
Mean daily maximum 16.3
air temperature

18.6

Table 3. Temperature data of February 2011
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Departure from
normal value
0.1 ° C below
normal
0.3 ° C above
normal
0.5° C above
normal

Departure
from
normal value
2.5 ° C below
normal
2.4 ° C below
normal
2.3 ° C below
normal

Data for February normal value (OC)
2011 (OC)
Mean daily minimum 14.2
14.4
air temperature
Mean air temperature
16.2
16.3
Mean daily maximum 19.1
air temperature

18.6

Table 4. Temperature data of December 2011
Data for December normal value (OC)
2011 (OC)
Mean daily minimum 14.6
15.7
air temperature
Mean air temperature
16.9
17.8
Mean daily maximum 19.4
air temperature

20.3

Table 5. Temperature data of January 2012
Data for January normal value (OC)
2011 (OC)
Mean daily minimum 13.5
14.5
air temperature
Mean air temperature
15.1
16.3
Mean daily maximum 17.0
air temperature

18.6

Table 6. Temperature data of February 2012
Data for February normal value (OC)
2011 (OC)
Mean daily minimum 14.0
15.0
air temperature
Mean air temperature
15.8
16.8
Mean daily maximum 17.8
air temperature

17.9
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Departure
from
normal value
0.2 ° C below
normal
0.1 ° C below
normal
0.5 ° C above
normal

Departure
from
normal value
1.1 ° C below
normal
0.9 ° C below
normal
0.9 ° C below
normal

Departure
from
normal value
1.0 ° C below
normal
1.2 ° C below
normal
1.6 ° C below
normal

Departure
from
normal value
1.0 ° C below
normal
1.0 ° C below
normal
1.1 ° C below
normal

Table 7. Number of extreme cold days from Dec 2010 to Feb 2012
Number of extreme cold days
December 2010
7
January 2011
14
February 2011
5
March 2011
0
April 2011
0
May 2011
0
June 2011
0
July 2011
0
August 2011
0
September 2011
0
October 2011
0
November 2011
0
December 2011
6
January 2012
8
February 2012
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3.2 Southern Oscillation Index (SOI)

Figure 1. Southern Oscillation Index (SOI) from Jan 2010 to Apr 2012 (Source: climate.gov)

Figure 1 shows the Southern Oscillation Index (SOI) from January 2010 to April 2012. In
general, in the case of El Niño, the SOI is negative; while in the case of La Niña, the SOI is
positive. In the second half of 2010, the SOI value changed from positive to negative, and
reached its peak in December 2010. The highest value is 3.20, the highest in half a century.
Previous studies have pointed out that when the La Niña phenomenon occurs, the winter
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monsoon affecting Hong Kong will generally be stronger, resulting in a greater chance of
winter temperatures below normal (Wu & Leung, 2009). In fact, the winter of 2010/2011 and
the winter of 2011/2012 are indeed under the La Nina phenomenon. As can be seen from
Tables 1-6, the temperature in both winters is lower than normal, which coincides with the
research. This shows that the two winters of 2011 are likely to be affected by the La Niña
phenomenon and lead to extremely low temperature weather.

3.3 Spectral wavelet analysis

Figure 2. Cross-wavelet transform (XWT) and Wavelet coherence (WTC) of the standardized
mean daily minimum temperature and mean pressure for Jul 2010 to Jun 2011 period. The 5%
significance level against yellow noise is shown as a thick outline. The arrows represent the
phase difference. The arrow pointing to the right: in-phase relationship; the arrow pointing to
the left: out-of-phase relationship. A Cone of Influence (COI) indicates the edge effect that
cannot be ignored.

Figure 2 presents the wavelet coherence, cross-wavelet transform, and phase angle between
mean daily minimum temperature and mean pressure time series. The unit of time and period
is day. The winter of 2010/2011 is about 150 to 250 days. CWT and XWT have edge artifacts
because wavelets are not fully localized in time. Therefore, an edge effect that cannot be
ignored is marked by the Cone of Influence (COI) to indicate the area where the data is distorted.
XWT shows common power in the 4-16 days period band, especially in winter. Also, the
temperature and the pressure have an out-phase relationship. The temperature and the pressure
relationship failed to pass the significance test at 5% level in other period in the winter of
2010/2011. WTC shows the distribution of significant coherence at periods from 4-16 days,
16-32 days and 64-128 days. Most of the time, temperature and pressure have an out-phase
relationship, and the temperature sometimes leads (the arrows point upward and left).
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Figure 3. Cross-wavelet transform (XWT) and Wavelet coherence (WTC) of the standardized
mean daily minimum temperature and mean pressure for Jul 2011 to Jun 2012 period. The 5%
significance level against yellow noise is shown as a thick outline. The arrows represent the
phase difference. The arrow pointing to the right: in-phase relationship; the arrow pointing to
the left: out-of-phase relationship. A Cone of Influence (COI) indicates the edge effect that
cannot be ignored.

Figure 3 presents the wavelet coherence, cross-wavelet transform, and phase angle between
mean daily minimum temperature and mean pressure time series. The unit of time and period
is day. The winter of 2011/2012 is about 150 to 250 days. XWT shows common power in the
4-16 days period band, especially in winter (from 150 to 250 days). Also, the temperature and
the pressure have an out-phase relationship, while some time temperature leading (the arrow
pointing up and to the left). The temperature and the pressure relationship failed to pass the
significance test at 5% level in other period in the winter of 2011/2012. WTC shows the
distribution of significant coherence at periods from 4-16 days, 16-32 days and 32-64 days.
Most of the time, temperature and pressure have an out-phase relationship, and the temperature
sometimes leads (the arrows point upward and left).
Figure 4 presents the wavelet coherence, cross-wavelet transform, and phase angle between
mean daily minimum temperature and mean relative humidity time series. The unit of time
and period is day. The winter of 2010/2011 is about 150 to 250 days. XWT shows common
power in the 4-16 days period band, especially in winter. Also, in winter, temperature and
relative humidity have an in-phase relationship, but in summer, they show an out-phase
relationship. The temperature and the relative humidity relationship failed to pass the
significance test at 5% level in other period in the winter of 2010/2011. WTC shows the
distribution of significant coherence at periods from 4-16 days, 32-64 days and 64-128 days.
In winter, temperature and relative humidity have an in-phase relationship, but in summer, they
show an out-phase relationship.
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Figure 4. Cross-wavelet transform (XWT) and Wavelet coherence (WTC) of the standardized
mean daily minimum temperature and mean relative humidity for Jul 2010 to Jun 2011 period.
The 5% significance level against yellow noise is shown as a thick outline. The arrows
represent the phase difference. The arrow pointing to the right: in-phase relationship; the arrow
pointing to the left: out-of-phase relationship. A Cone of Influence (COI) indicates the edge
effect that cannot be ignored.

Figure 5. Cross-wavelet transform (XWT) and Wavelet coherence (WTC) of the standardized
mean daily minimum temperature and mean relative humidity for Jul 2011 to Jun 2012 period.
The 5% significance level against yellow noise is shown as a thick outline. The arrows
represent the phase difference. The arrow pointing to the right: in-phase relationship; the arrow
pointing to the left: out-of-phase relationship. A Cone of Influence (COI) indicates the edge
effect that cannot be ignored.

Figure 5 presents the wavelet coherence, cross-wavelet transform, and phase angle between
mean daily minimum temperature and mean relative humidity time series. The unit of time
and period is day. The winter of 2010/2011 is about 150 to 250 days. XWT shows common
power in the 4-16 days period band, especially in winter. Also, in winter, temperature and
relative humidity have an in-phase relationship, but in summer, they show an out-phase
9

relationship. The temperature and the relative humidity relationship failed to pass the
significance test at 5% level in other period in the winter of 2011/2012. WTC shows the
distribution of significant coherence at periods from 4-16 days and discontinuous coherence in
the 32-64 days and 64-128 days period band. In winter, temperature and relative humidity have
an in-phase relationship, but in summer, they show an out-phase relationship.

3.4 Arctic Oscillation Index (AOI)
(a) AO index from Dec 2010 to Feb 2011
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(b) AO index from Dec 2011 to Feb 2012
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Figure 6. AO index from (a) Dec 2010 to Feb 2011 and (b) Dec 2011 to Feb 2012 (blue line:
Dec; orange line: Jan; red line: Feb)
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In this part, the relationship between the daily minimum temperature and the Arctic Oscillation
will be analysed. Due to the large amount of data, a sudden drop in temperature will be selected
for analysis in each of the two winters.

(c) Mean daily minimum temperature from Dec 2010 to Feb
2011
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(d) Mean daily minimum temperature from Dec 2011 to Feb
2012
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Figure 7. Mean daily minimum temperature from (c) Dec 2010 to Feb 2011 and (d) Dec 2011
to Feb 2012 (blue line: Dec; orange line: Jan; red line: Feb)
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Figure 8. Surface air temperature (K) of Northern hemisphere from 11 Dec to 19 Dec in
2010(Source: NOAA Physical Sciences Laboratory)

During the period from December 11 to 19 in 2011, a sudden drop in temperature occurred, so
we selected and analysed it. In the figure above, the top is the coastal area of South China. On
December 10, AOI began to fall sharply, from -0.233 on the 10th to -5.265 on the 16th. On
December 15, Hong Kong's minimum temperature dropped sharply, from 20.1 degrees of the
previous day to 11.2 degrees. In addition, as can be seen in the figure, starting from December
11, the cold air began to go south to affect a wide range of China. The cold air then entered
the south China coast and continued to affect that area, including Hong Kong. As a result,
Hong Kong continued to be extremely cold for four days.
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Figure 9. Surface air temperature (K) of Northern hemisphere from 5 Dec to 13 Dec in
2011(Source: NOAA Physical Sciences Laboratory)

During the period from December 5 to 13 in 2011, a sudden drop in temperature occurred, so
we selected and analysed it. In the figure above, the top is the coastal area of South China. On
December 5, AOI began to fall sharply, from 3.571 on the 5 Dec to 0.991 on the 9 Dec.
Coincidentally, On December 7, the temperature in Hong Kong began to fall. It dropped from
20.4 degrees on December 7 to 9.6 degrees on December 10. In addition, as can be seen in the
figure, starting from December 5, the cold air began to go south to affect a wide range of China.
The cold air then entered the south China coast and continued to affect that area, including
Hong Kong. As a result, Hong Kong continued to be extremely cold for three days.
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Table 8: Standard deviation of monthly average temperature in 2011

SD

SD

Jan

Feb

Mar

Apr

May

Jun

1.712

2.824

2.028

1.745

1.710

1.088

Jul

Aug

Sep

Oct

Nov

Dec

1.136

0.827

1.324

0.933

2.042

2.297

Table 8 shows the standard deviation of monthly average temperature in 2011. In general, the
temperature in summer is the most stable, followed by spring and autumn, and the temperature
in winter is the most unstable.

4. Discussion
Both winters experienced by Hong Kong in 2011 were colder than normal winters. One of the
potential factors is probably the strong La Nina phenomenon. In the second half of 2010, the
SOI changed from negative to positive, and reached a peak of 3.20 in December of the same
year, the highest in half a century. Due to the strong La Niña phenomenon, the winter monsoon
that invades Hong Kong is stronger, resulting in cold weather.
As can be seen from Table 8, the winter temperature in Hong Kong is more unstable than in
other seasons. In winter, the strong northeast monsoon brings cold air to Hong Kong, but this
is not a constant occurrence. When the monsoon is weak, Hong Kong will be warmer, causing
a temperature difference. In addition, the weather in winter is relatively clear. In the daytime,
the ground absorbs the heat energy from direct sunlight; at night, the daytime heat energy is
lost through IR radiation, which causes a large temperature difference between day and night.
In summer, Hong Kong is relatively cloudy. Clouds block sunlight during the daytime, so that
the ground absorbs less energy. At night, the cloud will block the energy through IR radiation
by the ground, producing a small temperature difference between day and night.
Through the study of XWT and WTC, we learned the relationship between temperature and air
pressure. From figure 6 and 7, we can observe a common power in the 4-16 days period band
of XWT. WTC also shows the distribution of significant coherence at periods from 4-16 days.
Also, temperature and pressure have an out-phase relationship in most of time, and the
temperature sometimes leads. When the temperature falls, the air pressure will rise; when the
temperature rises, the air pressure will fall, this is in accordance with the laws of physics. This
is because the northeast monsoon brings cold air to Hong Kong, making the air pressure drop,
and once every week or half a month.
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XWT and WTC also show the relationship between temperature and humidity. During a week
to a half month, the temperature and humidity are show the in-phase relationship in winter.
However, they show an out-phase relationship in summer. This is because Hong Kong is
affected by the northeast monsoon in winter, bringing cold and dry air. On the contrary, in
summer, Hong Kong is affected by the southwest monsoon, bringing warm and humid air.
When the Arctic Oscillation Index is negative, the cold wave may go south in different regions,
such as Europe and North America. In addition, the is different path of the cold wave into
China will cause the different impact on Hong Kong. However, the Arctic Oscillation is still
one of the potential reasons for bringing cold weather to Hong Kong.
From the analyse of daily minimum temperature and the Arctic Oscillation, we can observe
that when the AOI drops, the cold air will be easier to descend south from Asia and affect Hong
Kong. In this study, cold air usually takes 4-5 days to reach Hong Kong and will affect Hong
Kong for 3-4 days.
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