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Analysis of and coping with the extreme phenomena snd occassional extreme
events of the surrounding natural environment is of great importance for societies.
Different aspects of the investigation of such meteorological events sre dealt with from
a conceptual point of view. Among others, the relative character of the occurrence of
extreme values, their relation to the climatic variability, the limitations concerning the
application of theoretical methods of analysis, the role of case studies and case-scenarios
are considered. Because of the complexity of these problems and the potential signifi-
cant socioeconomic impacts, in the authors’ opinion, further interdisciplinary research

is needed on extreme meteorological events in order to improve society’s ability to cope
with them.
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A s2€lsbséges meteoroldgiot és éghajlati események vizsgdlatdnak Jébb szempontjai.
A természeti kérnyezet szélsGséges jelenségeinek, eseményeinek és lehetséges tdrsadalmi
hatésaiknak elemzése fontos feladat, E dolgozat célja e szélsbséges meteorolégiai ese-
mények f6bb vizsgalati szempontjainak sttekintése. Ezek sordban, tébbek kézétt, kiilon
figyelmet forditunk a szélsértékek relativ jellegére, azoknak az éghajlati véltozékony-
séggal vald kapesolatéra, az elméleti médszerek alkalmazdsit korldtozd egyes tényezdk-
e, vagy az esettanulményok és az un. ,eset-scendridk™ jelentdségére. A problémakor
bonyolultsiga és a sz¢élsOséges meteorolégiai események tdrsadelmi-gazdasigi hatdsai-
nak jelentSsége miatt — a szerzOk véleménye szerint — az érintett tudoményégak kép-
viseldinek tovabbi kutatssi egyiittmikodése sziikséges annek érdekében, hogy az emli-
tett szélsGségek negativ hatésait jelentsen csékkenthessiik.

*

Climate has for a long time generally been identified by the average mete-

orological conditions of a region. The atmosphere, however, like other environ-
mental elements, exhibits varying states over different time scales, and those

* The National Center for Atmospheric Research is sponsored by the National Science Foun-
dation, USA. ’
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variations are of great importance to ecological systems and to societies depen-
dent on them. In searching for optimal ways of adaptation, extreme meteorologi-
cal events identify some natural boundaries (i. e., thresholds), the crossing of
which stimulates responses for adjustment to either established or gradually
changing external conditions. Thus, climate variability in general and weather
and climate extremes in particular are very important topics for scientific rese-
arch in the physical and social sciences.

Extreme meteorological events refer to any kind of significant departure or
deviation from normal or expected atmospheric conditions. These events often
have significant ecological and socioeconomic impacts. Thus, the impacts aspects
of extreme events should not be overlooked. However, “pure” meteorological
extremes can also be analyzed in order to develop a more complete characteriza-
tion of a region’s climate. Occurrences of record or near-record values of mete-
orological elements gradually widen their empirical and expected ranges, but
the concept of extreme is even broader. This concept encompasses all cases when
certain threshold values are reached or are surpassed by particular meteorolo-
gical elements. These thresholds exhibit the limits of tolerance for ecological or
socioeconomic systems within which their established patterns of interactions
can be maintained. It concerns elements of climate commonly viewed as “‘static”,
like temperature or precipitation on different spatial or temporal scales, their
variability as well as other “dynamic” parameters such as, for example, the in-
terdiurnal or interannual variations or even the rapidity of the changes. These
are very important parameters from the point of view of environmental and so-
cietal resilience or adaptability.

The relative character of meteorological and climatic extremes

Both climatological and socioeconomic research on this topic imply the re-
lative nature of the concept of extreme meteorological phenomena. On the one
hand, the “local climate” determines what might be regarded as an “‘extraor-
dinary” event; cold temperatures or droughts take on quite different meaning
(and thresholds) for the Sahelian region of West Africa than for the Scandinavian
peninsula. With slowly changing climates the definition of extremes and their
likelihood of occurrence will also be altered. On the other hand, socioeconomic
changes could be viewed in an analogous way (e. g., a society can “create” a
drought situation as a result of a gradual population increase in a region in which
the per capita water supply becomes increasingly insufficient (see, for example,
Perkey et al., 1983).

In addition, a weather or climate anomaly could have adverse impacts on
some sectors of the economy while having beneficial effects for others. This rela-
tively complex character of meteorological events (and especially extreme events)
should be properly taken into account. Assessments of such extreme events must
be undertaken with specific impacts in mind, because what is considered ex-
treme with respect to one ecosystem or societal activity may not be considered
extreme for other ecosystems or activities (such an event is characterized by
Ambrézy and Faragé (1988) concerning some beneficial aspects of an extremely
cold winter episode for agriculture). In other words, extreme meteorological
events should be considered within the context of their location, timing, and
impact on specific ecosystems as well as on economic and other societal activi-
ties.
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Long-term variations in climale and ils extremes

Long-term and large-scale changes have taken place in the climate of the
past. Such changes are possibly going on today and will certainly occur in the
future. Many of their causes and impacts are now being investigated. For examp-
le, a carbon dioxide/trace gases-induced global warming is currently predicted
by many scientific researchers. Besides the estimates of changes in the averages
of climatic parameters, the probable changes in their variability and the corres-
ponding ““threshold events” are also of paramount importance (Mearns et al.,
1984 Katz, 1988). Unfortunately, relevant credible inferences concerning the
behavior of extreme phenomena,cannot usually be made on the basis of scenarios

generated by general circulation models because of certain limitations inherent
within these models.

Exireme events as recurrent elemenis of climate

Besides the ‘normal’”’ or the most probable events, extreme meteorological
events are also fundamental elements of climate. They are recurrent (even for
record events), although the timing of their onset may remain quite uncertain.
Thus, they can be considered as inherently aperiodic phenomena. Because of
this characteristic, the long-range (i. e., climatological) forecasting of extreme
events is, for all practical purposes, rather difficult, if not impossible. Never-
theless, climatic information may be effectively used for the estimation of pro-
babilities of occurrence of various extreme events.

Methods of analysis

The general methods of extreme value theory can be used for analyzing mete-
orological variables as well (Gumbel, 1958 ; Leadbetter et al., 1983; Tabony, 1983;
Tiago de Oliveira, 1983 ; Balog et al., 1984). However, a basic ‘‘physical’”’ under-
standing is needed in order to properly interpret the results of such an analysis.

Theoretical results allow to find the principal probability distributions for
the extremes of various meteorological elements, hence the problems of ex-
ceedances, return periods or records could be solved effectively for idealized
variables. Yet, there are severe limitations concerning these approximations, the
most complex of which is the availability of a satisfactory sample size (Boyack,
1985; Court, 1986).

Problems related to extreme meteorological events occasionally involve mo-
re than one parameter (Cehak, 1986). Thus, some extreme value analyses must be
multidimensional. For example, in relation to severe cold episodes, a considera-
tion of the joint distribution of temperature and wind velocity is useful. The im-
pacts of a combination of different elements are sometimes merged into a simpli-
fied indicator as, for example, in the case of the wind-chill factor, a winter seve-
rity index or a drought index. These procedures should be reflected in the treat-
ment of the corresponding extreme value problem. (Kaiz and Glantz, 1986;
Skaggs, 1988 ; Faragé et al., 1988 also consider several climatological and statis-
tical properties of some drought incides; similarly, for instance, severity indices
might be used for the analysis of extremely cold winter episodes, as discussed by
Ambrézy and Faragd, 1988.)

Problems of extreme value analysis in meteorology are frequently further
complicated because of the fact that the time-series or samples of the meteoro-
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logical variables exhibit dependence (see, e. g., Kalz, 1977; Faragd, 1977; Lead-
better et al., 1983).

Meteorological approaches are concerned with the causes of onset, persisten-
ce, and recurrence of extreme meteorological phenomena. Finding the relevant
meteorological and statistical methods is complicated by the fact that the series
of meteorological observations are sometimes disturbed by larger-scale climatic
fluctuations and/or changes. Therefore, extreme meteorological events should be
delineated against a slowly and perhaps significantly changing background
which, among other influences, tends to distort the homogeneity of observations.
Moreover, since extreme events are relatively rare in occurrence, long time 'se-
ries are necessary to accurately quantify their likelihood. ‘

Case studres and case scenarios

Case studies can be extremely useful in attempts to assess society’s ability
to identify and cope with extreme meteorological events. These studies are not-
only useful for assessing our ability to deal with climate variability and extreme
climatic events but are also of value for determining how well we are prepared
to deal with potential climate changes. Case studies are based on the investiga-
tion of actual situations. They are focused on regional and local levels, so their
findings can serve as imputs into national as well as local decision-making pro-
cesses. .

Case scenarios are slightly different and somewhat more speculative. They
are attempts to determine whether other more appropriate decision pathways
might have been taken with respect to responses to past events (e. g., an extreme
meteorological event). Thus, the researchers attempt to re-enact societal res-
ponses to a previous climate extreme, seeking to identify more effective and effi-
cient responses that might have been taken in the past with the purpose of see-
ing whether they could be taken in the futurein the face of similar extreme events
(see Glantz, 1982; Glanlz, 1988a).

Case scenarios are also useful as attempts to identify how well societies are
prepared to deal with future climate changes such as those that might occur as a
result of a carbon dioxide/trace gases-induced global warming (Glaniz, 1988b).
Here, case scenarios can help, for example, to identify rigidities in existing sys-
tems with respect to economic and other societal responses to present-day extre-
me meteorological events. Once identified, such rigidities might be removed,
enabling societies to make more flexible responses to an uncertain climatic future
(with changes in the mean as well as in the extremes).

Extreme phenomena: the typical cases

There are many kinds of extreme meteorological events with which societies
must cope. Drought, perhaps, is one that draws the most attention as it usually
has an adverse impact on agricultural production. There now exist many defi-
nitions of drought (see, for example, Wilkite and Glantz, 1983), and these defi-
nitions are often specific to aregion or to an agricultural activity. Not only a spe-
cific drought within a given year, but successive years of drought as well, can be
identified as an individual extreme event (Karl and Quayle, 1981; Karl, 1983;

W10, 1986; see also the analysis of the recent drought episodes in Hungary by
Dunay et al., 1988). ' '
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Other common extreme events include floods. The timing, intensity, or
duration of such floods could be what makes a particular one considered to be an
extreme event. Extremely cold wintertime temperatures, as occurred in the win-
ter of 1986 —87 in Hungary provide another example as discussed by Ambrozy
and Faragé (1988). The unusual recurrence for a few consecutive years of such
cevere winter conditions can also constitute an extreme meteorological situation
(Diaz and Quayle, 1980). Repeated freezes in the citrus-growing regions of central
Florida in the first half of the 1980s, and repeated frosts in the wine-growing
regions of Hungary in the mind-1980s are also examples of meteorological extre-
mes (see Glantz, 1988a; Csapd and Kozma, 1988, respectively). While one such
year might be expected to occur relatively often, a run of such years is conside-
red quite unusual. These examples represent just a few of the extreme meteorolo-
gical events that merit further research.

Another approach to classifying extreme meteorological events is to consider
them from the point of view of those weather- and climate-sensitive socioecono-
mic activities which are heavily influenced by them. Agriculture is the most
critical sector for such an analysis (see, for example, Varga — Haszonits, 1987).
Another field of growing importance is energy management (Bach, 1980; some
aspects of this problem are treated by T'drkdny: and Ambrézy, 1984, as well as
by Ambrézy and Farago, 1988).

Continued research on the impacts of these extreme meteorological events is
likely to be of benefit to societies everywhere.

Coping with extreme meteorological evenis

One of the basic aims of investigations of extreme meteorological events is
to develop strategies to cope more effectively with these events. Changes in the
environment, especially in the climate, raise the problems of vulnerability, resili-
ence and adaptation or, in the most direct sense, the “acclimatization” of the
ecosystems and societies ; extreme events can be considered as the most important
indicators of such changes (Schneider, 1977; Czelnai, 1980; Faragd, 1981; Parry,
1985). The results of investigations concerning extreme meteorological events and
their impacts will be of some value if they are taken into account in the forma-
tion of corresponding socioeconomic decisions.

There are different ways to cope with or prepare for the potentially adverse
consequences of extreme events. As one example, these methods can be classified
as follows: methods to prevent the onset of the meteorological hazard, to pre-
vent the adverse impacts, to mitigate these impacts, or to adapt to them (Glaniz

- and Ausubel, 1984). For example, society attempts to mitigate the impacts of

drought on crop yields and crop production by adopting agricultural strategies,
such as crop selection and irrigation (Wilkite et. al., 1986; Wilhite and Hubbard,
1988). Such actions attempt to minimize the possibility that a meteorological
drought will become an agricultural one. Equipments such as heaters and wind
machines are sometimes used by orchardists for protection against frost damage.
In all cases, a decision should be made concerning the expected efficiency of the
different actions: for instance, the probable cost-loss ratio should be assessed
before using a protective equipment against frost in fruit-growing regions (Kalz
et al., 1982). However the prediction of adverse extreme meteorological events is
a complicated problem and an erroneous climate-related forecast can have con-
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siderable societal implications (Glantz, 1982). Hail suppression demonstrates a
method which is aimed at the prevention of the development or onset of a mete-
orological hazard. :
Unfortunately, in many instances efforts to develop strategies and to further
monitor or manage & particular severe meteorological event end immediately
after the particular event and its ditect impacts have seemingly ended. The best
example of this would be drought. Often interest in drought is high in the midst
of such and event. Once the drought ends, however, interest rapidly evaporates,
even though it is known that cuch events can and will recur. In addition, while the
physical aspects of a drought might end, its socioeconomic impacts often remain
for years. Therefore, there is & need to foster multidisciplinary research on extre-

. me meteorological events and on their direct and indirect impacts in order to

improve society’s ability to identify and cope with them.
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