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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

(continued on next page)
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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

(continued on next page)
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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. 

2.6.2.2 Floods

AR4 WGI Chapter 3 (Trenberth et al., 2007) did not assess changes in 
floods but AR4 WGII concluded that there was not a general global 
trend in the incidence of floods (Kundzewicz et al., 2007). SREX went 
further to suggest that there was low agreement and thus low confi-
dence at the global scale regarding changes in the magnitude or fre-
quency of floods or even the sign of changes.

AR5 WGII assesses floods in regional detail accounting for the fact 
that trends in floods are strongly influenced by changes in river man-
agement (see also Section 2.5.2). Although the most evident flood 
trends appear to be in northern high latitudes, where observed warm-
ing trends have been largest, in some regions no evidence of a trend 
in extreme flooding has been found, for example, over Russia based 
on daily river discharge (Shiklomanov et al., 2007). Other studies for 
Europe (Hannaford and Marsh, 2008; Renard et al., 2008; Petrow and 
Merz, 2009; Stahl et al., 2010) and Asia (Jiang et al., 2008; Delgado 
et al., 2010) show evidence for upward, downward or no trend in the 
magnitude and frequency of floods, so that there is currently no clear 
and widespread evidence for observed changes in flooding except for 
the earlier spring flow in snow-dominated regions (Seneviratne et al., 
2012).

In summary, there continues to be a lack of evidence and thus low con-
fidence regarding the sign of trend in the magnitude and/or frequency 
of floods on a global scale.

2.6.2.3 Droughts

AR4 concluded that droughts had become more common, especial-
ly in the tropics and sub-tropics since about 1970. SREX provided a 
comprehensive assessment of changes in observed droughts (Section 
3.5.1 and Box 3.3 of SREX), updated the conclusions provided by AR4 
and stated that the type of drought considered and the complexities 
in defining drought (Annex III: Glossary) can substantially affect the 
conclusions regarding trends on a global scale (Chapter 10). Based on 
evidence since AR4, SREX concluded that there were not enough direct 
observations of dryness to suggest high confidence in observed trends 
globally, although there was medium confidence that since the 1950s 
some regions of the world have experienced more intense and longer 
droughts. The differences between AR4 and SREX are due primarily to 
analyses post-AR4, differences in how both assessments considered 
drought and updated IPCC uncertainty guidance. 

There are very few direct measurements of drought related variables, 
such as soil moisture (Robock et al., 2000), so drought proxies (e.g., 
PDSI, SPI, SPEI; Box 2.4) and hydrological drought proxies (e.g., Vidal 
et al., 2010; Dai, 2011b) are often used to assess drought. The chosen 
proxy (e.g., precipitation, evapotranspiration, soil moisture or stream-
flow) and time scale can strongly affect the ranking of drought events 
(Sheffield et al., 2009; Vidal et al., 2010). Analyses of these indirect 
indices come with substantial uncertainties. For example, PDSI may not 

be comparable across climate zones. A self-calibrating (sc-) PDSI can 
replace the fixed empirical constants in PDSI with values representa-
tive of the local climate (Wells et al., 2004). Furthermore, for studies 
using simulated soil moisture, the type of potential evapotranspiration 
model used can lead to significant differences in the estimation of the 
regions affected and the areal extent of drought (Sheffield et al., 2012), 
but the overall effect of a more physically realistic parameterisation is 
debated (van der Schrier et al., 2013). 

Because drought is a complex variable and can at best be incompletely 
represented by commonly used drought indices, discrepancies in the 
interpretation of changes can result. For example, Sheffield and Wood 
(2008) found decreasing trends in the duration, intensity and severity 
of drought globally. Conversely, Dai (2011a,b) found a general global 
increase in drought, although with substantial regional variation and 
individual events dominating trend signatures in some regions (e.g., 
the 1970s prolonged Sahel drought and the 1930s drought in the USA 
and Canadian Prairies). Studies subsequent to these continue to pro-
vide somewhat different conclusions on trends in global droughts and/
or dryness since the middle of the 20th century (Sheffield et al., 2012; 
Dai, 2013; Donat et al., 2013c; van der Schrier et al., 2013).

Van der Schrier et al. (2013), using monthly sc-PDSI, found no strong 
case either for notable drying or moisture increase on a global scale 
over the periods 1901–2009 or 1950–2009, and this largely agrees 
with the results of Sheffield et al. (2012) over the latter period. A 
comparison between the sc-PDSI calculated by van der Schrier et al. 
(2013) and that of Dai (2011a) shows that the dominant mode of 
variability is very similar, with a temporal evolution suggesting a trend 
toward drying. However, the same analysis for the 1950–2009 period 
shows an initial increase in drying in the Van der Schrier et al. data set, 
followed by a decrease from the mid-1980s onwards, while the Dai 
data show a continuing increase until 2000. The difference in trends 
between the sc-PDSI data set of Van der Schrier et al. and Dai appears 
to be due to the different calibration periods used, the shorter 1950–
1979 period in the latter study resulting in higher index values from 
1980 onwards, although the associated spatial patterns are similar. In 
addition, the observed precipitation forcing data set differs between 
studies, with van der Schrier et al. (2013) and Sheffield et al. (2012) 
using CRU TS 3.10.01 (updated from Mitchell and Jones, 2005). This 
data set uses fewer stations and has been wetter than some other 
precipitation products in the last couple of decades (Figure 2.29, 
Table 2.9), although the best data set to use is still an open question. 
Despite this, a measure of sc-PDSI with potential evapotranspiration 
estimated using the Penman–Montieth equation shows an increase 
in the percentage of land area in drought since 1950 (Sheffield et 
al., 2012; Dai, 2013), while van der Schrier et al. (2013) also finds a 
slight increase in the percentage of land area in severe drought using 
the same measure. This is qualitatively consistent with the trends 
in surface soil moisture found for the shorter period 1988–2010 by 
Dorigo et al. (2012) using a new multi-satellite data set and changes 
in observed streamflow (Dai, 2011b). However all these studies draw 
somewhat different conclusions and the compelling arguments both 
for (Dai, 2011b, 2013) and against (Sheffield et al., 2012; van der 
Schrier et al., 2013) a significant increase in the land area experienc-
ing drought has hampered global assessment.
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Studies that support an increasing trend towards the land area affect-
ed by drought seem to be at odds with studies that look at trends 
in dryness (i.e., lack of rainfall). For example, Donat et al. (2013c) 
found that the annual maximum number of consecutive dry days 
has declined since the 1950s in more regions than it has increased 
(Figure 2.33c). However, only regions in Russia and the USA indicate 
significant changes and there is a lack of information for this index 
over large regions, especially Africa. Most other studies focussing on 
global dryness find similar results, with decadal variability dominating 
longer-term trends (Frich et al., 2002; Alexander et al., 2006; Donat et 
al., 2013a). However, Giorgi et al. (2011) indicate that ‘hydroclimatic 
intensity’ (Box 2.4, Chapter 7), a measure which combines both dry 
spell length and precipitation intensity, has increased over the latter 
part of the 20th century in response to a warming climate. They show 
that positive trends (reflecting an increase in the length of drought 
and/or extreme precipitation events) are most marked in Europe, 
India, parts of South America and East Asia although trends appear to 
have decreased (reflecting a decrease in the length of drought and/or 
extreme precipitation events) in Australia and northern South America 
(Figure 2.33c). Data availability, quality and length of record remain 
issues in drawing conclusions on a global scale, however.

Despite differences between the conclusions drawn by global studies, 
there are some areas in which they agree. Table 2.13 indicates that 
there is medium confidence of an increase in dryness or drought in East 
Asia with high confidence that this is the case in the Mediterannean 
and West Africa. There is also high confidence of decreases in dryness 
or drought in central North America and north-west Australia.

In summary, the current assessment concludes that there is not enough 
evidence at present to suggest more than low confidence in a glob-
al-scale observed trend in drought or dryness (lack of rainfall) since the 
middle of the 20th century, owing to lack of direct observations, geo-
graphical inconsistencies in the trends, and dependencies of inferred 
trends on the index choice. Based on updated studies, AR4 conclusions 
regarding global increasing trends in drought since the 1970s were 
probably overstated. However, it is likely that the frequency and inten-
sity of drought has increased in the Mediterranean and West Africa 
and decreased in central North America and north-west Australia since 
1950.

Figure 2.33 | 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) (Box 2.4, Table 1). Trends are shown as relative values for better comparison across different climatic regions. Trends were calculated only 
for grid boxes that had at least 40 years of data during this period and where data ended no earlier than 2003. Grey areas indicate incomplete or missing data. Black plus signs 
(+) indicate grid boxes where trends are significant (i.e., a trend of zero lies outside the 90% confidence interval). The data source for trend maps is HadEX2 (Donat et al., 2013a) 
updated to include the latest version of the European Climate Assessment data set (Klok and Tank, 2009). (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 (adapted from Giorgi et al., 2011). An increase (decrease) in HY-INT reflects an increase 
(decrease) in the length of drought and /or extreme precipitation events.

(b)  SDII 1951-2010

Trend (% per decade)

(a)  R95p 1951-2010

Trend (% per decade)

(d)  HY-INT 1976-2000

-0.8    - 0.4    -0.2      0      0.2     0.4     0.8

(c)  CDD 1951-2010
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-10 -5 0 5 10 15-15-20 20

Trend (Normalised units)

-10 -5 0 5 10 15-15-20 20

-10 -5 0 5 10 15-15-20 20



5. Changes in Extreme Events

Fig. 2. 34

http://earthobservatory.nasa.gov/NaturalHazards/view.php?id=12140
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Arguably, storm frequency is of limited usefulness if not considered 
in tandem with intensity and duration measures. Intensity measures 
in historical records are especially sensitive to changing technology 
and improving methodology. However, over the satellite era, increases 
in the intensity of the strongest storms in the Atlantic appear robust 
(Kossin et al., 2007; Elsner et al., 2008) but there is limited evidence 
for other regions and the globe. Time series of cyclone indices such 
as power dissipation, an aggregate compound of tropical cyclone 
frequency, duration and intensity that measures total wind energy 
by tropical cyclones, show upward trends in the North Atlantic and 
weaker upward trends in the western North Pacific since the late 1970s 
(Emanuel, 2007), but interpretation of longer-term trends is again con-
strained by data quality concerns (Landsea et al., 2011). 

In summary, this assessment does not revise the SREX conclusion of 
low confidence that any reported long-term (centennial) increases in 
tropical cyclone activity are robust, after accounting for past changes 
in observing capabilities. More recent assessments indicate that 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.

2.6.4 Extratropical Storms

AR4 noted a likely net increase in frequency/intensity of NH extreme 
extratropical cyclones and a poleward shift in storm tracks since the 
1950s. SREX further consolidated the AR4 assessment of poleward 
shifting storm tracks, but revised the assessment of the confidence 
levels associated with regional trends in the intensity of extreme extra-
tropical cyclones.

Studies using reanalyses continue to support a northward and eastward 
shift in the Atlantic cyclone activity during the last 60 years with both 
more frequent and more intense wintertime cyclones in the high-lati-
tude Atlantic (Schneidereit et al., 2007; Raible et al., 2008; Vilibic and 
Sepic, 2010) and fewer in the mid-latitude Atlantic (Wang et al., 2006b; 
Raible et al., 2008). Some studies show an increase in intensity and 
number of extreme Atlantic cyclones (Paciorek et al., 2002; Lehmann 
et al., 2011) while others show opposite trends in eastern Pacific and 
North America (Gulev et al., 2001). Comparisons between studies are 
hampered because of the sensitivities in identification schemes and/
or different definitions for extreme cyclones (Ulbrich et al., 2009; Neu 
et al., 2012). The fidelity of research findings also rests largely with 
the underlying reanalyses products that are used (Box 2.3). See also 
Section 14.6.2.

Over longer periods studies of severe storms or storminess have been 
performed for Europe where long running in situ pressure and wind 
observations exist. Direct wind speed measurements, however, either 
have short records or are hampered by inconsistencies due to changing 
instrumentation and observing practice over time (Smits et al., 2005; 
Wan et al., 2010). In most cases, therefore wind speed or storminess 
proxies are derived from in situ pressure measurements or reanalyses 
data, the quality and consistency of which vary. In situ observations 
indicate no clear trends over the past century or longer (Hanna et al., 
2008; Matulla et al., 2008; Allan et al., 2009; Barring and Fortuniak, 

2009), with substantial decadal and longer fluctuations but with some 
regional and seasonal trends (Wang et al., 2009c, 2011). Figure 2.35 
shows some of these changes for boreal winter using geostrophic wind 
speeds indicating that decreasing trends outnumber increasing trends 
(Wang et al., 2011), although with few that are statistically significant. 
Although Donat et al. (2011) and Wang et al. (2012h) find significant 
increases in both the strength and frequency of wintertime storms for 
large parts of Europe using the 20CR (Compo et al., 2011), there is 
debate over whether this is an artefact of the changing number of 
assimilated observations over time (Cornes and Jones, 2011; Krueger 
et al., 2013) even though Wang et al. (2012h) find good agreement 
between the 20CR trends and those derived from geostropic wind 
extremes in the North Sea region. 

SREX noted that available studies using reanalyses indicate a decrease 
in extratropical cyclone activity (Zhang et al., 2004) and intensity 
(Zhang et al., 2004; Wang et al., 2009d) over the last 50 years has been 
reported for northern Eurasia (60°N to 40°N) linked to a  possible north-
ward shift with increased cyclone frequency in the higher  latitudes and 
decrease in the lower latitudes. The decrease at lower latitudes was 
also found in East Asia (Wang et al., 2012h) and is also supported by a 
study of severe storms by Zou et al. (2006b) who used sub-daily in situ 
pressure data from a number of stations across China. 

SREX also notes that, based on reanalyses, North American cyclone 
numbers have increased over the last 50 years, with no statistically 
significant change in cyclone intensity (Zhang et al., 2004). Hourly 
SLP data from Canadian stations showed that winter cyclones have 
become significantly more frequent, longer lasting, and stronger in 
the lower Canadian Arctic over the last 50 years (1953–2002), but 
less frequent and weaker in the south, especially along the southeast 
and southwest Canadian coasts (Wang et al., 2006a). Further south, a 
 tendency toward weaker low-pressure systems over the past few dec-
ades was found for U.S. east coast winter cyclones using reanalyses, 
but no statistically significant trends in the frequency of occurrence of 
systems (Hirsch et al., 2001).

Using the 20CR (Compo et al., 2011), Wang et al. (2012h) found sub-
stantial increases in extratropical cyclone activity in the SH (20°S to 
90°S). However, for southeast Australia, a decrease in activity is found 
and this agrees well with geostrophic wind extremes derived from 
in situ surface pressure observations (Alexander et al., 2011). This 
strengthens the evidence of a southward shift in storm tracks previous-
ly noted using older reanalyses products (Fyfe, 2003; Hope et al., 2006). 
Frederiksen and Frederiksen (2007) linked the reduction in cyclogenesis 
at 30°S and southward shift to a decrease in the vertical mean meridi-
onal temperature gradient. There is some inconsistency among reanal-
ysis products for the SH regarding trends in the frequency of intense 
extratropical cyclones (Lim and Simmonds, 2007; Pezza et al., 2007; 
Lim and Simmonds, 2009) although studies tend to agree on a trend 
towards more intense systems, even when inhomogeneities associated 
with changing numbers of observations have been taken into account 
(Wang et al., 2012h). However, further undetected contamination of 
these trends owing to issues with the reanalyses products cannot be 
ruled out (Box 2.3) and this lowers our confidence in long-term trends. 
Links between extratropical cyclone activity and large-scale variability 
are discussed in Sections 2.7 and 14.6.2.

http://earthobservatory.nasa.gov/NaturalHazards/view.php?id=12140
https://en.wikipedia.org/wiki/Hurricane_Isabel


5. Changes in Extreme Events

FAQ 2. 2 Figure 2



6. Changes in Atmospheric Circulation

Fig. 2. 36

Sea level pressure



6. Changes in Atmospheric Circulation

Fig. 2. 38

Surface wind



6. Changes in Atmospheric Circulation

Fig. 2. 39

Tropical circulation

El Nino and La Nina



6. Changes in Atmospheric Circulation

Fig. 2. 40

Tropical belt



6. Changes in Atmospheric Circulation

Box 2.5 Fig. 1

Climate variability
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