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starting late in the 19th to early 20th century, and allow analysis of
meteorological drought (see Box 3-3) and unusually wet periods of the
order of a month or longer. To examine changes in extremes occurring on
short time scales, particularly of climate variables such as temperature
and precipitation (or wind), normally requires the use of high-temporal
resolution data, such as daily or sub-daily observations, which are
generally either not available, or available only since the middle of the
20th century and in many regions only from as recently as 1970. Even
where sufficient data are available, several problems can still limit their
analysis. First, although the situation is changing (especially for the
situation with respect to ‘extreme indices,’ Box 3-1), many countries still
do not freely distribute their higher temporal resolution data. Second,
there can be issues with the quality of measurements. A third important
issue is climate data homogeneity (see below). These and other issues
are discussed in detail in the AR4 (Trenberth et al., 2007). For instance,
the temperature and precipitation stations considered in the daily data
set used in Alexander et al. (2006) are not globally uniform. Although
observations for most parts of the globe are available, measurements
are lacking in Northern South America, Africa, and part of Australia. The
other data set commonly used for extremes analyses is from Caesar et al.
(2006; used, e.g., in Brown et al., 2008), which also has data gaps in
most of South America, Africa, Eastern Europe, Mexico, the Middle East,
India, and Southeast Asia. Also the study by Vose et al. (2005) has data
gaps in South America, Africa, and India. It should be further noted
that the regions with data coverage do not all have the same density of
stations (Alexander et al., 2006; Caesar et al., 2006). While some studies
are available on a country or regional basis for areas not covered in
global studies (see, e.g., Tables 3-2 and 3-3), lack of data in many parts
of the globe leads to limitations in our ability to assess observed
changes in climate extremes for many regions.

Whether or not climate data are homogeneous is of clear relevance for
an analysis of extremes, especially at smaller spatial scales. Data are
defined as homogeneous when the variations and trends in a climate time
series are due solely to variability and changes in the climate system. Some
meteorological elements are especially vulnerable to uncertainties caused
by even small changes in the exposure of the measuring equipment. For
instance, erection of a small building or changes in vegetative cover near

the measuring equipment can produce a bias in wind measurements
(Wan et al., 2010). When a change occurs it can result in either a
discontinuity in the time series (step change) or a more gradual change
that can manifest itself as a false trend (Menne and Williams Jr., 2009),
both of which can impact on whether a particular observation exceeds
a threshold. Homogeneity detection and data adjustments have been
implemented for longer averaging periods (e.g., monthly, seasonal,
annual); however, techniques applicable to shorter observing periods
(e.g., daily) data have only recently been developed (e.g., Vincent et
al., 2002; Della-Marta and Wanner, 2006), and have not been widely
implemented. Homogeneity issues also affect the monitoring of other
meteorological and climate variables, for which further and more severe
limitations also can exist. This is in particular the case regarding
measurements of wind and relative humidity, and data required for the
analysis of weather and climate phenomena (tornadoes, extratropical
and tropical cyclones; Sections 3.3.3, 3.4.4, and 3.4.5), as well as
impacts on the physical environment (e.g., droughts, floods, cryosphere
impacts; Section 3.5). 

Thunderstorms, tornadoes, and related phenomena are not well
observed in many parts of the world. Tornado occurrence since 1950 in
the United States, for instance, displays an increasing trend that mainly
reflects increased population density and increased numbers of people
in remote areas (Trenberth et al., 2007; Kunkel et al., 2008). Such trends
increase the likelihood that a tornado would be observed. A similar
problem occurs with thunderstorms. Changes in reporting practices,
increased population density, and even changes in the ambient noise
level at an observing station all have led to inconsistencies in the
observed record of thunderstorms. 

Studies examining changes in extratropical cyclones, which focus on
changes in storm track location, intensities, and frequency, are limited
in time due to a lack of suitable data prior to about 1950. Most of these
studies have relied on model-based reanalyses that also incorporate
observations into a hybrid model-observational data set. However,
reanalyses can have homogeneity problems due to changes in the
amount and type of data being assimilated, such as the introduction of
satellite data in the late 1970s and other observing system changes
(Trenberth et al., 2001; Bengtsson et al., 2004). Recent reanalysis efforts
have attempted to produce more homogeneous reanalyses that show
promise for examining changes in extratropical cyclones and other climate
features (Compo et al., 2006). Results, however, are strongly dependent
on the reanalysis and cyclone tracking techniques used (Ulbrich et al.,
2009).

The robustness of analyses of observed changes in tropical cyclones has
been hampered by a number of issues with the historical record. One of
the major issues is the heterogeneity introduced by changing technology
and reporting protocols within the responsible agencies (e.g., Landsea
et al., 2004). Further heterogeneity is introduced when records from
multiple ocean basins are combined to explore global trends, because data
quality and reporting protocols vary substantially between agencies (Knapp
and Kruk, 2010). Much like other weather and climate observations,
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Figure 3-1 | Definitions of regions used in Tables 3-2 and 3-3, and Figures 3-5 and 3-7.
Exact coordinates of the regions are provided in the on-line supplement, Appendix 3.A.
Assessments and analyses are provided for land areas only.


