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BĐKH và các hiện tượng cực đoan 

•  Biến đổi khí hậu dẫn đến sự 
tăng giá trị trung bình hoặc 
phương sai hoặc cả hai, và 
do đó làm gia tăng các hiện 
tượng cực đoan 



Dao động khí hậu và các hiện tượng cực đoan 

|  Dao động khí 
hậu trên quy mô 
thời gian hàng 
chục nghìn năm:  
{  Chu kỳ 

Milankovich: 
~100.000 năm  

|  Xu thế: 
{  Tăng: Băng hà 

à Gian băng 
{  Giảm: Gian 

băng à Băng 
hà 



Dao động khí hậu và các hiện tượng cực đoan 

|  Dao động khí hậu trên 
quy mô thời gian ngắn 
(dưới 10 năm):  
{  Chu kỳ ENSO: ~2-8 

năm  

|  Biên độ dao động có 
thể bị biến đổi 
{  Biên độ tăng: Làm 

gia tăng hiện tượng 
cực đoan 

|  Không xác định xu 
thế vì thời gian quá 
ngắn 



Dao động khí hậu và các hiện tượng cực đoan 

|  Trong một chu kỳ dao động khí hậu dài năm (hàng nghìn 
năm hoặc hàng chục nghìn năm) có thể có các giai đoạn 
(hàng thế kỷ) trong đó khí hậu có xu thế nóng lên hoặc 
lạnh đi 
{  Trong dao động có biến đổi 

|  Trong một giai đoạn đủ dài mà khí hậu đang có xu thế 
nóng lên hoặc lạnh đi, khí hậu có thể dao động lên 
xuống 
{  Trong biến đổi có dao động 

|  Khi đang trong quá trình biến đổi của khí hậu, dao động 
khí hậu có thể làm gia tăng các cực trị khí hậu è Gia 
tăng các hiện tượng cực đoan (do gia tăng biên độ 
dao động) 
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Box 2.4 |  Extremes Indices

As SREX highlighted, there is no unique definition of what constitutes a climate extreme in the scientific literature given variations in 
regions and sectors affected (Stephenson et al., 2008). Much of the available research is based on the use of so-called ‘extremes indices’ 
(Zhang et al., 2011). These indices can either be based on the probability of occurrence of given quantities or on absolute or percentage 
threshold exceedances (relative to a fixed climatological period) but also include more complex definitions related to duration, intensity 
and persistence of extreme events. For example, the term ‘heat wave’ can mean very different things depending on the index formula-
tion for the application for which it is required (Perkins and Alexander, 2012).

Box 2.4, Table 1 lists a number of specific indices that appear widely in the literature and have been chosen to provide some consistency 
across multiple chapters in AR5 (along with the location of associated figures and text). These indices have been generally chosen for 
their robust statistical properties and their applicability across a wide range of climates. Another important criterion is that data for 
these indices are broadly available over both space and time. The existing near-global land-based data sets cover at least the post-1950 
period but for regions such as Europe, North America, parts of Asia and Australia much longer analyses are available. The same indices 
used in observational studies (this chapter) are also used to diagnose climate model output (Chapters 9, 10, 11 and 12).

The types of indices discussed here do not include indices such as NIÑO3 representing positive and negative phases of ENSO (Box 2.5), 
nor do they include extremes such as 1 in 100 year events. Typically extreme indices assessed here reflect more ‘moderate’ extremes, 
for example, events occurring as often as 5% or 10% of the time (Box 2.4, Table 1). Predefined extreme indices are usually easier to 
obtain than the underlying daily climate data, which are not always freely exchanged by meteorological services. However, some of 
these indices do represent rarer events, for example, annual maxima or minima. Analyses of these and rarer extremes (e.g., with longer

 

Box 2.4, Table 1 |  Definitions of extreme temperature and precipitation indices used in IPCC (after Zhang et al., 2011). The most common units are shown but these 
may be shown as normalized or relative depending on application in different chapters.

Index Descriptive name Definition Units Figures/Tables Section

TXx Warmest daily Tmax Seasonal/annual maximum value of daily maximum 
temperature

ºC Box 2.4, Figure 1, Figures 9.37, 
10.17, 12.13

Box 2.4, 9.5.4.1, 10.6.1.1, 
12.4.3.3

TNx Warmest daily Tmin Seasonal/annual maximum value of daily minimum 
temperature

ºC Figures 9.37, 10.17 9.5.4.1, 10.6.1.1

TXn Coldest daily Tmax Seasonal/annual minimum value of daily maximum 
temperature

ºC Figures 9.37, 10.17, 12.13 9.5.4.1, 10.6.1.1, 12.4.3.3

TNn Coldest daily Tmin Seasonal/annual minimum value of daily minimum 
temperature

ºC Figures 9.37, 10.17, 12.13 9.5.4.1, 10.6.1.1

TN10p Cold nights Days (or fraction of time) when daily minimum 
temperature <10th percentile 

Days (%) Figures 2.32, 9.37, 10.17 
Tables 2.11, 2.12

2.6.1, 9.5.4.1, 10.6.1.1, 
11.3.2.5.1

TX10p Cold days Days (or fraction of time) when daily maximum 
temperature <10th percentile

Days (%) Figures 2.32, 9.37, 10.17, 11.17 2.6.1, 9.5.4.1, 10.6.1.1, 
11.3.2.5.1,

TN90p Warm nights Days (or fraction of time) when daily minimum 
temperature >90th percentile 

Days (%) Figures 2.32, 9.37, 10.17 
Tables 2.11, 2.12

2.6.1, 9.5.4.1, 10.6.1.1, 
11.3.2.5.1

TX90p Warm days Days (or fraction of time) when daily maximum 
temperature >90th percentile

Days (%) Figures 2.32, 9.37, 10.17, 11.17 
Tables 2.11, 2.12

2.6.1, 9.5.4.1, 10.6.1.1, 
11.3.2.5.1,

FD Frost days Frequency of daily minimum temperature <0°C Days Figures 9.37, 12.13
Table 2.12

2.6.1, 9.5.4.1, 10.6.1.1, 
12.4.3.3

TR Tropical nights Frequency of daily minimum temperature >20°C Days Figures 9.37, 12.13 9.5.4.1, 12.4.3.3

RX1day Wettest day Maximum 1-day precipitation mm Figures 9.37, 10.10 
Table 2.12, 12.27

2.6.2.1, 9.5.4.1, 10.6.1.2, 
12.4.5.5

RX5day Wettest consecutive five days Maximum of consecutive 5-day precipitation mm Figures 9.37, 12.26, 14.1 9.5.4.1, 10.6.1.2, 12.4.5.5, 
14.2.1

SDII Simple daily intensity index Ratio of annual total precipitation to the number of 
wet days (≥1 mm)

mm day–1 Figures 2.33, 9.37, 14.1 2.6.2.1, 9.5.4.1, 14.2.1

R95p Precipitation from very wet 
days 

Amount of precipitation from days >95th percentile mm Figures 2.33, 9.37, 11.17 
Table 2.12

2.6.2.1, 9.5.4.1, 11.3.2.5.1

CDD Consecutive dry days Maximum number of consecutive days when 
precipitation <1 mm

Days Figures 2.33, 9.37, 12.26, 14.1 2.6.2.3, 9.5.4.1, 12.4.5.5, 
14.2.1
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Một số nhận định từ AR4 

|  Từ 1950, số lượng sóng nóng tăng lên, và số lượng các đêm 
nóng tăng phổ biến 

|  Phạm vi các khu vực chịu tác động của hạn hán cũng tăng 
lên vì giáng thủy trên đất liền giảm trong khi bốc hơi tăng do 
nhiệt độ tăng nhiều hơn  

|  Số sự kiện giáng thủy ngày lớn (nguyên nhân gây lũ lụt) tăng 
lên, nhưng không phải ở mọi nơi  

|  Tần suất xoáy thuận nhiệt đới và bão biến động lớn từ năm 
này sang năm khác. Có bằng chứng cho thấy sự tăng đáng kể 
về cường độ và thời gian hoạt động kể từ những năm 1970 

|  Ở các vùng ngoại nhiệt đới, biến động về quĩ đạo và cường 
độ bão phản ánh sự biến động của hoàn lưu khí quyển, như 
dao động Bắc Đại Tây dương (NAO) 



Một số nhận định từ AR4 

|  Biến đổi của loại, tần suất và cường độ của các sự kiện 
cực trị có thể là hệ quả của những biến đổi của khí hậu 
Trái đất,  

|  Sự biến đổi này có thể xuất hiện thậm chí cả với những 
biến đổi tương đối nhỏ của khí hậu trung bình 

|  Những biến đổi của một vài loại sự kiện cực trị đã từng 
được quan trắc thấy, ví dụ sự tăng tần suất và cường độ 
của các sóng nóng và những sự kiện giáng thủy lớn 



Biến đổi của cực đoan nhiệt độ  
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nights; there were also decreases in cold days (Rusticucci and 
Barrucand, 2004).

Alexander et al. (2006) and Caesar et al. (2006) have brought 
all these and other regional results together, gridding the 
common indices or data for the period since 1946. Over 74% 
of the global land area sampled showed a signifi cant decrease 
in the annual occurrence of cold nights; a signifi cant increase 
in the annual occurrence of warm nights took place over 73% 
of the area (Table 3.6, Figure 3.38 and FAQ 3.3). This implies a 
positive shift in the distribution of daily minimum temperature 
Tmin throughout the globe. Changes in the occurrence of cold and 
warm days show warming as well, but generally less marked. 
This is consistent with Tmin increasing more than maximum 
temperature Tmax, leading to a reduction in DTR since 1951 (see 
Sections 3.2.2.1 and 3.2.2.7). The change in the four extremes 
indices (Table 3.6) also show that the distribution of Tmin and 
Tmax have not only shifted, but also changed in shape. The 
indices for the number of cold and warm events have changed 
almost equally, which for a near-Gaussian distributed quantity 
indicates that the cold tails of the distributions have warmed 
considerably more than the warm tails over the last 50 years. 
Considering the last 25 years only, such a change in shape is 
not seen (Table 3.6).

3.8.2.2 Precipitation

The conceptual basis for changes in precipitation has been 
given by Allen and Ingram (2002) and Trenberth et al. (2003; 
see Section 3.3 and FAQ 3.2). Issues relate to changes in type, 
amount, frequency, intensity and duration of precipitation. 
Observed increases in atmospheric water vapour (see Section 
3.4.2) imply increases in intensity, but this will lead to reduced 
frequency or duration if the total evaporation rate from the 
Earth’s surface (land and ocean) is unchanged. The TAR states 
that it is likely that there has been a statistically signifi cant 2 to 
4% increase in the frequency of heavy and extreme precipitation 
events when averaged across the middle and high latitudes. Since 
then a more refi ned understanding of the observed changes in 
precipitation extremes has been achieved. 

Figure 3.38. Annual probability distribution functions for temperature indices for 202 global stations with at 
least 80% complete data between 1901 and 2003 for three time periods: 1901 to 1950 (black), 1951 to 1978 
(blue) and 1979 to 2003 (red). The x-axis represents the percentage of time during the year when the indicators 
were below the 10th percentile for cold nights (left) or above the 90th percentile for warm nights (right). From 
Alexander et al. (2006).

temperature extremes. In southern South 
America, signifi cant increasing trends 
were found in the occurrence of warm 
nights and decreasing trends in the 
occurrence of cold nights, but no 
consistent changes in the indices based on 
daily maximum temperature. In Central 
America and northern South America, 
high extremes of both minimum and 
maximum temperature have increased. 
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Hàm phân bố xác suất năm của các chỉ số nhiệt độ cho 202 trạm trên 
toàn cầu có ít nhất 80% số liệu giai đoạn 1901-2003 của ba thời kỳ: 
1901 - 1950 (black), 1951 - 1978 (blue) và 1979 - 2003 (red). Trục 
hoành là % số năm với ngưỡng đêm lạnh là phân vị 10% và đêm ấm 

là phân vị 90% (IPCC, 2007). 

Cold nights decreased, Warm nights increased 



Biến đổi của cực đoan nhiệt độ  

Phân bố dị thường nhiệt độ cực 
tiểu ngày (a) và cực đại ngày (b) 
so với thời kỳ 1961-1990 cho hai 
giai đoạn: 1951–1980 (blue) và 
1981–2010 (red) sử dụng số liệu 
HadGHCND.  
 
Màu đậm hơn biểu thị số ngày 
và đêm lạnh nhất đã giảm (màu 
xanh đậm) và số ngày và đêm 
nóng/ấm nhất đã tăng (màu đỏ 
sẫm) trong giai đoạn 1981-2010 
so với giai đoạn 1951-1980 



Biến đổi của cực đoan nhiệt độ 
Xu thế tần suất năm của nhiệt độ cực trị 
thời kỳ 1951–2010 đối với:  
(a)  cold nights (TN10p),  
(b)  cold days (TX10p),  
(c)  warm nights (TN90p) and  
(d)  warm days (TX90p).  
Grey areas indicate incomplete or missing data. 
Black plus signs (+) indicate grid boxes where 
trends are significant. The near-global time series 
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•  The numbers of cold days and nights have 
decreased and the numbers of warm days 
and nights have increased overall on the 
global scale 

•  Such changes have also occurred across 
most of North America, Europe, Asia and 
Australia 

•  The length and frequency of warm spells, 
including heat waves, has increased since 
the middle of the 20th century  

•  Heatwave frequency has increased in large 
parts of Europe, Asia and Australia 
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impact on society and ecosystems compared to changes in mean cli-
mate (see also IPCC Working Group II). More recently a comprehensive 
assessment of observed changes in extreme events was undertaken by 
the IPCC Special Report on Managing the Risks of Extreme Events and 
Disasters to Advance Climate Change Adaptation (SREX) (Seneviratne 
et al., 2012; Section 1.3.3). 

Data availability, quality and consistency especially affect the statistics 
of extremes and some variables are particularly sensitive to chang-
ing measurement practices over time. For example, historical tropical 
cyclone records are known to be heterogeneous owing to changing 
observing technology and reporting protocols (Section 14.6.1) and 
when records from multiple ocean basins are combined to explore 
global trends, because data quality and reporting protocols vary sub-
stantially between regions (Knapp and Kruk, 2010). Similar problems 
have been discovered when analysing wind extremes, because of the 
sensitivity of measurements to changing instrumentation and observ-
ing practice (e.g., Smits et al., 2005; Wan et al., 2010). 

Numerous regional studies indicate that changes observed in the 
frequency of extremes can be explained or inferred by shifts in the 
overall probability distribution of the climate variable (Griffiths et al., 
2005; Ballester et al., 2010; Simolo et al., 2011). However, it should be 
noted that these studies refer to counts of threshold exceedance—
frequency, duration—which closely follow mean changes. Departures 
from high percentiles/return periods (intensity, severity, magnitude) 
are highly sensitive to changes in the shape and scale parameters of 
the distribution (Schär et al., 2004; Clark et al., 2006; Della-Marta et 
al., 2007a, 2007b; Fischer and Schär, 2010) and geographical location. 
Debate continues over whether variance as well as mean changes are 
affecting global temperature extremes (Hansen et al., 2012; Rhines and 
Huybers, 2013) as illustrated in Figure 1.8 and FAQ 2.2, Figure 1. In 
the following sections the conclusions from both AR4 and SREX are 
reviewed along with studies subsequent to those assessments.

2.6.1 Temperature Extremes

AR4 concluded that it was very likely that a large majority of global 
land areas had experienced decreases in indices of cold extremes and 
increases in indices of warm extremes, since the middle of the 20th 
century, consistent with warming of the climate. In addition, global-
ly averaged multi-day heat events had likely exhibited increases over 
a similar period. SREX updated AR4 but came to similar conclusions 
while using the revised AR5 uncertainty guidance (Seneviratne et al., 
2012). Further evidence since then indicates that the level of confi-
dence that the majority of warm and cool extremes show warming 
remains high.

A large amount of evidence continues to support the conclusion that 
most global land areas analysed have experienced significant warming 
of both maximum and minimum temperature extremes since about 
1950 (Donat et al., 2013c). Changes in the occurrence of cold and 
warm days (based on daily maximum temperatures) are generally 
less marked (Figure 2.32). ENSO (Box 2.5) influences both maximum 
and minimum temperature variability especially around the Pacific 
Rim (e.g., Kenyon and Hegerl, 2008; Alexander et al., 2009) but often 
affecting cold and warm extremes differently. Different data sets using 
different gridding methods and/or input data (Supplementary Mate-
rial 2.SM.7) indicate large coherent trends in temperature extremes 
globally, associated with warming (Figure 2.32). The level of quality 
control varies between these data sets. For example, HadEX2 (Donat 
et al., 2013c) uses more rigorous quality control which leads to a 
reduced station sample compared to GHCNDEX (Donat et al., 2013a) 
or HadGHCND (Caesar et al., 2006). However, despite these issues 
data sets compare remarkably consistently even though the station 
networks vary through time (Figure 2.32; Table 2.12). Other data sets 
that have assessed these indices, but cover a shorter period, also agree 
very well over the period of overlapping data, e.g., HadEX (Alexander 
et al., 2006) and Duke (Morak et al., 2011, 2013). 

The shift in the distribution of nighttime temperatures appears great-
er than daytime temperatures although whether distribution changes 
are simply linked to increases in the mean or other moments is an 
active area of research (Ballester et al., 2010; Simolo et al., 2011; Donat 
and Alexander, 2012; Hansen et al., 2012). Indeed, all data sets exam-
ined (Duke, GHCNDEX, HadEX, HadEX2 and HadGHCND), indicate a 
faster increase in minimum temperature extremes than maximum 
temperature extremes. While DTR declines have only been assessed 
with medium confidence (Section 2.4.1.2), confidence of accelerated 
increases in minimum temperature extremes compared to maximum 
temperature extremes is high due to the more consistent patterns of 
warming in minimum temperature extremes globally. 

Regional changes in a range of climate indices are assessed in Table 
2.13. These indicate likely increases across most continents in unusu-
ally warm days and nights and/or reductions in unusually cold days 
and nights including frosts. Some regions have experienced close to a 
doubling of the occurrence of warm and a halving of the occurrence 
of cold nights, for example, parts of the Asia-Pacific region (Choi et 
al., 2009) and parts of Eurasia (Klein Tank et al., 2006; Donat et al., 
2013a, 2013c) since the mid-20th century. Changes in both local and 
global SST patterns (Section 2.4.2) and large scale circulation patterns 
(Section 2.7) have been shown to be associated with regional changes 
in temperature extremes (Barrucand et al., 2008; Scaife et al., 2008; 

Table 2.12 |  Trend estimates and 90% confidence intervals (Box 2.2) for global values of cold nights (TN10p), cold days (TX10p), warm nights (TN90p) and warm days (TX90p) 
over the periods 1951–2010 and 1979–2010 (see Box 2.4, Table 1 for more information on indices).

Data Set

Trends in % per decade

TN10p TX10p TN90p TX90p

1951–2010 1979–2010 1951–2010  1979–2010 1951–2010  1979–2010 1951–2010  1979–2010
HadEX2 (Donat et al., 2013c) –3.9 ± 0.6 –4.2 ± 1.2 –2.5 ± 0.7 –4.1 ± 1.4 4.5 ± 0.9  6.8 ± 1.8 2.9 ± 1.2  6.3 ± 2.2

HadGHCND (Caesar et al., 2006) –4.5 ± 0.7 –4.0 ± 1.5 –3.3 ± 0.8 –5.0 ± 1.6 5.8 ± 1.3 8.6 ± 2.3 4.2 ± 1.8  9.4 ± 2.7

GHCNDEX (Donat et al., 2013a) –3.9 ± 0.6 –3.9 ± 1.3 –2.6 ± 0.7 –3.9 ± 1.4 4.3 ± 0.9  6.3 ± 1.8 2.9 ± 1.2  6.1 ± 2.2
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impact on society and ecosystems compared to changes in mean cli-
mate (see also IPCC Working Group II). More recently a comprehensive 
assessment of observed changes in extreme events was undertaken by 
the IPCC Special Report on Managing the Risks of Extreme Events and 
Disasters to Advance Climate Change Adaptation (SREX) (Seneviratne 
et al., 2012; Section 1.3.3). 

Data availability, quality and consistency especially affect the statistics 
of extremes and some variables are particularly sensitive to chang-
ing measurement practices over time. For example, historical tropical 
cyclone records are known to be heterogeneous owing to changing 
observing technology and reporting protocols (Section 14.6.1) and 
when records from multiple ocean basins are combined to explore 
global trends, because data quality and reporting protocols vary sub-
stantially between regions (Knapp and Kruk, 2010). Similar problems 
have been discovered when analysing wind extremes, because of the 
sensitivity of measurements to changing instrumentation and observ-
ing practice (e.g., Smits et al., 2005; Wan et al., 2010). 

Numerous regional studies indicate that changes observed in the 
frequency of extremes can be explained or inferred by shifts in the 
overall probability distribution of the climate variable (Griffiths et al., 
2005; Ballester et al., 2010; Simolo et al., 2011). However, it should be 
noted that these studies refer to counts of threshold exceedance—
frequency, duration—which closely follow mean changes. Departures 
from high percentiles/return periods (intensity, severity, magnitude) 
are highly sensitive to changes in the shape and scale parameters of 
the distribution (Schär et al., 2004; Clark et al., 2006; Della-Marta et 
al., 2007a, 2007b; Fischer and Schär, 2010) and geographical location. 
Debate continues over whether variance as well as mean changes are 
affecting global temperature extremes (Hansen et al., 2012; Rhines and 
Huybers, 2013) as illustrated in Figure 1.8 and FAQ 2.2, Figure 1. In 
the following sections the conclusions from both AR4 and SREX are 
reviewed along with studies subsequent to those assessments.

2.6.1 Temperature Extremes

AR4 concluded that it was very likely that a large majority of global 
land areas had experienced decreases in indices of cold extremes and 
increases in indices of warm extremes, since the middle of the 20th 
century, consistent with warming of the climate. In addition, global-
ly averaged multi-day heat events had likely exhibited increases over 
a similar period. SREX updated AR4 but came to similar conclusions 
while using the revised AR5 uncertainty guidance (Seneviratne et al., 
2012). Further evidence since then indicates that the level of confi-
dence that the majority of warm and cool extremes show warming 
remains high.

A large amount of evidence continues to support the conclusion that 
most global land areas analysed have experienced significant warming 
of both maximum and minimum temperature extremes since about 
1950 (Donat et al., 2013c). Changes in the occurrence of cold and 
warm days (based on daily maximum temperatures) are generally 
less marked (Figure 2.32). ENSO (Box 2.5) influences both maximum 
and minimum temperature variability especially around the Pacific 
Rim (e.g., Kenyon and Hegerl, 2008; Alexander et al., 2009) but often 
affecting cold and warm extremes differently. Different data sets using 
different gridding methods and/or input data (Supplementary Mate-
rial 2.SM.7) indicate large coherent trends in temperature extremes 
globally, associated with warming (Figure 2.32). The level of quality 
control varies between these data sets. For example, HadEX2 (Donat 
et al., 2013c) uses more rigorous quality control which leads to a 
reduced station sample compared to GHCNDEX (Donat et al., 2013a) 
or HadGHCND (Caesar et al., 2006). However, despite these issues 
data sets compare remarkably consistently even though the station 
networks vary through time (Figure 2.32; Table 2.12). Other data sets 
that have assessed these indices, but cover a shorter period, also agree 
very well over the period of overlapping data, e.g., HadEX (Alexander 
et al., 2006) and Duke (Morak et al., 2011, 2013). 

The shift in the distribution of nighttime temperatures appears great-
er than daytime temperatures although whether distribution changes 
are simply linked to increases in the mean or other moments is an 
active area of research (Ballester et al., 2010; Simolo et al., 2011; Donat 
and Alexander, 2012; Hansen et al., 2012). Indeed, all data sets exam-
ined (Duke, GHCNDEX, HadEX, HadEX2 and HadGHCND), indicate a 
faster increase in minimum temperature extremes than maximum 
temperature extremes. While DTR declines have only been assessed 
with medium confidence (Section 2.4.1.2), confidence of accelerated 
increases in minimum temperature extremes compared to maximum 
temperature extremes is high due to the more consistent patterns of 
warming in minimum temperature extremes globally. 

Regional changes in a range of climate indices are assessed in Table 
2.13. These indicate likely increases across most continents in unusu-
ally warm days and nights and/or reductions in unusually cold days 
and nights including frosts. Some regions have experienced close to a 
doubling of the occurrence of warm and a halving of the occurrence 
of cold nights, for example, parts of the Asia-Pacific region (Choi et 
al., 2009) and parts of Eurasia (Klein Tank et al., 2006; Donat et al., 
2013a, 2013c) since the mid-20th century. Changes in both local and 
global SST patterns (Section 2.4.2) and large scale circulation patterns 
(Section 2.7) have been shown to be associated with regional changes 
in temperature extremes (Barrucand et al., 2008; Scaife et al., 2008; 
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observing technology and reporting protocols (Section 14.6.1) and 
when records from multiple ocean basins are combined to explore 
global trends, because data quality and reporting protocols vary sub-
stantially between regions (Knapp and Kruk, 2010). Similar problems 
have been discovered when analysing wind extremes, because of the 
sensitivity of measurements to changing instrumentation and observ-
ing practice (e.g., Smits et al., 2005; Wan et al., 2010). 

Numerous regional studies indicate that changes observed in the 
frequency of extremes can be explained or inferred by shifts in the 
overall probability distribution of the climate variable (Griffiths et al., 
2005; Ballester et al., 2010; Simolo et al., 2011). However, it should be 
noted that these studies refer to counts of threshold exceedance—
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Debate continues over whether variance as well as mean changes are 
affecting global temperature extremes (Hansen et al., 2012; Rhines and 
Huybers, 2013) as illustrated in Figure 1.8 and FAQ 2.2, Figure 1. In 
the following sections the conclusions from both AR4 and SREX are 
reviewed along with studies subsequent to those assessments.

2.6.1 Temperature Extremes

AR4 concluded that it was very likely that a large majority of global 
land areas had experienced decreases in indices of cold extremes and 
increases in indices of warm extremes, since the middle of the 20th 
century, consistent with warming of the climate. In addition, global-
ly averaged multi-day heat events had likely exhibited increases over 
a similar period. SREX updated AR4 but came to similar conclusions 
while using the revised AR5 uncertainty guidance (Seneviratne et al., 
2012). Further evidence since then indicates that the level of confi-
dence that the majority of warm and cool extremes show warming 
remains high.

A large amount of evidence continues to support the conclusion that 
most global land areas analysed have experienced significant warming 
of both maximum and minimum temperature extremes since about 
1950 (Donat et al., 2013c). Changes in the occurrence of cold and 
warm days (based on daily maximum temperatures) are generally 
less marked (Figure 2.32). ENSO (Box 2.5) influences both maximum 
and minimum temperature variability especially around the Pacific 
Rim (e.g., Kenyon and Hegerl, 2008; Alexander et al., 2009) but often 
affecting cold and warm extremes differently. Different data sets using 
different gridding methods and/or input data (Supplementary Mate-
rial 2.SM.7) indicate large coherent trends in temperature extremes 
globally, associated with warming (Figure 2.32). The level of quality 
control varies between these data sets. For example, HadEX2 (Donat 
et al., 2013c) uses more rigorous quality control which leads to a 
reduced station sample compared to GHCNDEX (Donat et al., 2013a) 
or HadGHCND (Caesar et al., 2006). However, despite these issues 
data sets compare remarkably consistently even though the station 
networks vary through time (Figure 2.32; Table 2.12). Other data sets 
that have assessed these indices, but cover a shorter period, also agree 
very well over the period of overlapping data, e.g., HadEX (Alexander 
et al., 2006) and Duke (Morak et al., 2011, 2013). 

The shift in the distribution of nighttime temperatures appears great-
er than daytime temperatures although whether distribution changes 
are simply linked to increases in the mean or other moments is an 
active area of research (Ballester et al., 2010; Simolo et al., 2011; Donat 
and Alexander, 2012; Hansen et al., 2012). Indeed, all data sets exam-
ined (Duke, GHCNDEX, HadEX, HadEX2 and HadGHCND), indicate a 
faster increase in minimum temperature extremes than maximum 
temperature extremes. While DTR declines have only been assessed 
with medium confidence (Section 2.4.1.2), confidence of accelerated 
increases in minimum temperature extremes compared to maximum 
temperature extremes is high due to the more consistent patterns of 
warming in minimum temperature extremes globally. 

Regional changes in a range of climate indices are assessed in Table 
2.13. These indicate likely increases across most continents in unusu-
ally warm days and nights and/or reductions in unusually cold days 
and nights including frosts. Some regions have experienced close to a 
doubling of the occurrence of warm and a halving of the occurrence 
of cold nights, for example, parts of the Asia-Pacific region (Choi et 
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2013a, 2013c) since the mid-20th century. Changes in both local and 
global SST patterns (Section 2.4.2) and large scale circulation patterns 
(Section 2.7) have been shown to be associated with regional changes 
in temperature extremes (Barrucand et al., 2008; Scaife et al., 2008; 
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2.13. These indicate likely increases across most continents in unusu-
ally warm days and nights and/or reductions in unusually cold days 
and nights including frosts. Some regions have experienced close to a 
doubling of the occurrence of warm and a halving of the occurrence 
of cold nights, for example, parts of the Asia-Pacific region (Choi et 
al., 2009) and parts of Eurasia (Klein Tank et al., 2006; Donat et al., 
2013a, 2013c) since the mid-20th century. Changes in both local and 
global SST patterns (Section 2.4.2) and large scale circulation patterns 
(Section 2.7) have been shown to be associated with regional changes 
in temperature extremes (Barrucand et al., 2008; Scaife et al., 2008; 

Table 2.12 |  Trend estimates and 90% confidence intervals (Box 2.2) for global values of cold nights (TN10p), cold days (TX10p), warm nights (TN90p) and warm days (TX90p) 
over the periods 1951–2010 and 1979–2010 (see Box 2.4, Table 1 for more information on indices).

Data Set

Trends in % per decade

TN10p TX10p TN90p TX90p

1951–2010 1979–2010 1951–2010  1979–2010 1951–2010  1979–2010 1951–2010  1979–2010
HadEX2 (Donat et al., 2013c) –3.9 ± 0.6 –4.2 ± 1.2 –2.5 ± 0.7 –4.1 ± 1.4 4.5 ± 0.9  6.8 ± 1.8 2.9 ± 1.2  6.3 ± 2.2

HadGHCND (Caesar et al., 2006) –4.5 ± 0.7 –4.0 ± 1.5 –3.3 ± 0.8 –5.0 ± 1.6 5.8 ± 1.3 8.6 ± 2.3 4.2 ± 1.8  9.4 ± 2.7

GHCNDEX (Donat et al., 2013a) –3.9 ± 0.6 –3.9 ± 1.3 –2.6 ± 0.7 –3.9 ± 1.4 4.3 ± 0.9  6.3 ± 1.8 2.9 ± 1.2  6.1 ± 2.2

Trend estimates and 90% confidence intervals for global values of cold nights 
(TN10p), cold days (TX10p), warm nights (TN90p) and warm days (TX90p) over the 

periods 1951–2010 and 1979–2010 



Biến đổi của cực đoan nhiệt độ 

|  Từ khoảng 1950 rất có thể số ngày lạnh và đêm lạnh đã 
giảm và số ngày nóng và đêm ấm đã tăng trên quy mô 
toàn cầu 

|  Có khả năng những biến đổi như vậy cũng đã xảy ra trên 
hầu khắp Bắc Mỹ, châu Âu, châu Á và Australia 

|  Với độ tin cậy trung bình, nói chung trên toàn cầu độ dài 
và tần suất của các đợt nóng, bao gồm cả sóng nhiệt, đã 
tăng lên từ giữa thế kỷ 20 mặc dù nhiều khả năng trong 
giai đoạn này tần suất sóng nhiệt đã tăng lên trên phần 
lớn diện tích Châu Âu, Châu Á và Australia 



Biến đổi của cực đoan giáng thuỷ 

Trends in (a) annual amount of precipitation from days >95th percentile (R95p), (b) daily precipitation 
intensity (SDII) and (c) frequency of the annual maximum number of consecutive dry days (CDD). Grey 
areas indicate incomplete or missing data. Black plus signs (+) indicate grid boxes where trends are 
significant. (d) Trends (normalized units) in hydroclimatic intensity (HY-INT: a multipli- cative measure of 
length of dry spell and precipitation intensity) over the period 1976–2000. An increase (decrease) in HY-INT 
reflects an increase (decrease) in the length of drought and /or extreme precipitation events 

•  Increases in the number of 
heavy precipitation events 
since 1951 in more regions, 
but there are strong regional 
and sub-regional variations 
in the trends.  

•  The overall most consistent 
trends towards heavier 
precipitation events are 
found in central North 
America (very likely 
increase) but assessment for 
Europe shows likely 
increases in more regions 
than decreases 



Biến đổi của cực đoan khác 
|  Floods: 

{  Although the most evident flood trends appear to be in northern high 
latitudes, in some regions no evidence of a trend in extreme flooding has 
been found 

|  Droughts: 
{  It is likely that the frequency and intensity of drought has increased in the 

Mediterranean and West Africa and decreased in central North America and 
north-west Australia since 1950 

|  Severe Local Weather Events: 
{  There is low confidence in observed trends in small-scale severe weather 

phenomena such as hail and thunderstorms because of historical data 
inhomogeneities and inadequacies in monitoring systems 

|  Tropical Storms: 
{  It is unlikely that Annual numbers of tropical storms, hurricanes and major 

hurricanes counts have increased over the past 100 years in the North 
Atlantic basin 

{  Evidence, however, is for a virtually certain increase in the frequency and 
intensity of the strongest tropical cyclones since the 1970s in that region 



Biến đổi của cực đoan khác 

Normalized 5-year running means of the 
number of  
(a)  adjusted land falling eastern Australian 

tropical cyclones and  
(b)  unadjusted land falling U.S. hurricanes 

and  
(c)  land-falling typhoons in China  

Vertical axis ticks represent one standard 
deviation, with all series normalized to unit 
standard deviation after a 5-year running 
mean was applied. 



Tóm tắt 
Xu thế tần suất 
(hoặc cường độ) 
của các cực đoan 
khí hậu khác 
nhau (hướng mũi 
tên chỉ xu thế 
biến đổi) từ giữa 
thế kỷ 20 (trừ 
bão Bắc Đại Tây 
dương mà thời 
kỳ khảo sát là từ 
những năm 
1970) 


