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Motivation:

%, The role of statistics (data analysis) is not so much to
summarise what has already happened, but to infer the
characteristics of randomness in the process that generated
the data set regarding the sequence of its realisations.

Y Omne of the aims of this study is to verify whether extreme
values related to weather attributes on a regional scale show
structural change/break/intervention-points (Chow & Pettitt
tests), which can reflects the pretended global “changing”.

%, Extreme weather and climate events have received
increased attention in the last few years, due to the often large
loss of human life and exponentially increasing costs associated
with them. Variations and trends in extreme climate events have
only recently received much attention.

%, Short-duration episodes of extreme heat or cold are often
responsible for the major impacts on society. It is likely that
anthropogenic forcing will eventually cause global increases in
extreme precipitation, primarily because of probable increases in
atmospheric water vapour content and destabilization of the
atmosphere.
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Y A rare event?

Approaches based on frequency of
occurrence.

Y An intense event?

Approaches based on threshold exceedance.

Y An extreme with respect to the impacts?

Need to deal with the vulnerability and
adaptability of system.

Y An extreme impact is not always associated
with a weather extreme! (extreme versus severe!)
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Y The rapid growth due to instabilities caused by
positive feedback: the rapid growth of storms due
to convective and baroclinic instability;

$ The displacement of weather systems into
regions where extremes are uncommon into a :
new spatial location (e.g., heavy rain in the
Australian desert during an ENSO event); different
time period (e.g., damaging frost in late spring);

Y The simultaneous occurrence of several non-
extreme conditions: soil moisture deficit + lack of
vegetation + elevated temperatures leading to a
heat wave;




Y The persistence or frequent recurrence of
weather leading to chronic extremes: moderate
but continuous precipitation leading to floods;

L, The natural stochastic/chaotic variation
resulting in more extreme values being recorded
as the length of the record increases in time.




Y Embedded within the general atmospheric
circulations;

$ Modulated by decadal-scale climate variability
(ENSO, NAO, AO, ...);

Y Enhanced by a warmer climate due to increased
atmospheric greenhouse-gas concentrations.




(—
L

l—
W
(L
CC

S It is often suggested that a warmer climate may

be accompanied by a greater variability (IPCC,
2001).

..., ..e., warmer temperatures induce larger
variance...

Y However, an analysis of 20th century records in
Switzerland shows that warmer temperatures
have not experienced an increase in variance -
rather the contrary!
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[t is difficult to quantify shifts in extremes in relation
to changes in mean climatic conditions;
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to changes in mean climatic conditions;

How many extreme events are needed to constitute a
link with « global warming / changing »?;
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[t is difficult to quantify shifts in extremes in relation
to changes in mean climatic conditions;

How many extreme events are needed to constitute a
link with « global warming / changing »?;

Studies of past climates show that some variables
(e.g., temperature) are more closely linked to
warming than others (e.g., precipitation or wind
storms);
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[t is difficult to quantify shifts in extremes in relation
to changes in mean climatic conditions;

How many extreme events are needed to constitute a
link with « global warming / changing »?;

Studies of past climates show that some variables
(e.g., temperature) are more closely linked to
warming than others (e.g., precipitation or wind
storms);

Because of the potential severity of the impacts related
to extreme events, and the risk that extremes may
increase 1n the future, current research is
increasingly focusing on these aspects.
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% The analysis of extreme meteorological events indicates
that there has been a sizable change in their frequency in
Continental Portugal. This suggests that natural variability of the
climate system could be the cause of the recent changes, although
anthropogenic forcing due to increasing greenhouse gas
concentrations cannot be discounted as another cause.

% The long-term trend detected for TMIN in Portugal
indicates that the magnitude of the air temperature for
“winter” max(TMIN) is increasing; whereas the long-term trend
detected for TMAX indicates an increasing magnitude of the
air temperature for “winter” min(TMAX).

% The long-term trend detected for TMIN and TMAX in
Portugal indicates that the magnitude of the air temperature
for “spring” and “summer” are increasing.

Probably SUMMER is contaminating SPRING and SPRING is
contaminating WINTER!
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Peaks-over-Thresho

Y, In the peaks-over-threshold (POT) methodology,
inferences are based on exceedances over a low/high
threshold. Under some general conditions, the distribution
function of these exceedances (threshold excesses) is well
approximated by the GPD (Generalised Pareto Distribution),
defined by two basic parameters: scale (0) and shape (g).

%, The validity of the thresholds for TMIN and TMAX have been
assessed checking the stability of the maximum likelihood estimates
for the re-parameterised models:

% The threshold diagnostic (min TMIN) was made by taking into
account 9, 16 and 13°C for spring, summer and autumn, respectively.

%, The threshold diagnostic (max TMIN) was made by taking into
account 15, 21 and 18°C for spring, summer and autumn, respectively.

%, The threshold diagnostic (min TMAX) was made by taking into
account 20, 27 and 23°C for spring, summer and autumn, respectively.

% The threshold diagnostic (max TMAX) was made by taking into
account 27, 35 and 31°C for spring, summer and autumn, respectively.
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Y, The number of warm mnights is increasing on
spring, summer and autumn!

Y, The number of warm days is increasing on
summer!

Probably SUMMER nights are contaminating SPRING
nights and AUTUMN nights!
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REANALYSES OVER EUROPE.

Case Study: Temperature Extremes.
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HadCM3 (CGM Model): NCEP (Reanalysis):

16 long x 19 lat =
15°W - 41.25°E
30°N — 75°N

31 long x 25 lat =
15°W - 41.25°E
29.52335°N - 75.23505°E

The NCEP Reana
HeacdCM3 Sirnula 'r"u' 13, So it is not possible to compare the models
directly. Rather, some regriding or rescaling (solution to the change
of support problem) with an accurate bivariate interpolation for

comparability defining a common grid (exploratory analyses). It
requires a statistical procedure with “reasonable” precision.
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To get global comprehensible information, it is more
useful to analyse the extremes considering their
anomalies ( ): the grid-point deviation of the long term
absolute extreme temperature from the long term
average value. The reason for using anomalies is to
attempt to remove the influence of latitude, longitude,
and land /ocean differences.
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NCEP Climatology by HadCM3 1Q Climate Signal - TMIN.W
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The objective of this basic analysis was just to present a way to
validate spatially extremes of a particular GCM. The overall
objective of this study was to understand HadCM3 limitations in
simulating the current climate extremes in order to more
appropriately interpret the simulations of the future climate.
Based on this proposal, the spatial patterns of extreme anomalies
in the NCEP Reanalyses are not recognised from the HadCM3
model. Such instability may persist in the future.

Though uncertainty is inherent in any statistical model, such
uncertainties can be reduced by judicious choices of model and
inference, and by the utilization of all sources of information.
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“A map is a poor model of reality if it does not depict
characteristics of the real spatial distributions of those
attributes that most affect how the phenomenon
responds.*

Prof. André Journel

... FURTHERMORE ...

It is better to have a model of uncertainty
than an tllusion of reality.”




ASSESSMENT OF THE CPTEC/COLA AGCM
PRECIPITATION EXTREMES VIA PEAKS-
OVER-THRESHOLD ANALYSIS.

TARGET AREA: BRAZIL (1970-2001)

Paulo Sérgio Lucio

M pslucio@ccet.ufrn.br X pslucio@uevora.pt




Since a good representation of the extreme distribution of
probability can facilitate the development of “rectification and
improvement” techniques seeking for a better numerical
simulation of meteorological extremes events in climate models .

The purpose of this work is to apply the classical extreme value
model, making use of the peaks-over-threshold (POT) methodology
(inferences are supported on exceedances over a low/high
threshold). Hence, daily precipitation totals measured at some
Brazilian meteorological stations were used as an input dataset
and the extreme value sub-series are declusterized considering
the most intense event and excluding those which might be
sprung by a common meteorological phenomenon.
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In this work a hierarchical cluster analysis was performed over
monthly precipitation over the Brazil for the simulated by model
and observed data sets. We have used clustering of variables to
identify groups whose variables share common characteristics —
regional climatology and to classify the uncertainty associated to
the grouping process. The results of the cluster analysis indicate
differences in the spatial structure of the some regions with
common characteristics for the model and observation. The
number of clusters obtained is bigger in the model analysis,
indicating a bigger spatial variability of the simulated precipitation
than observed precipitation. The persistence feature of extreme
precipitation attributes was analysed taking into account daily
records of the long-term time period over 32 years (1970-2001).
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In the present study, results of 50-
year simulation, using the
CPTEC/COLA AGCM for the period
of 1952-2001 are analysed. The
model is spectral and the resolution
is T62L28, corresponding to 1.89°
horizontal resolution. This model is
derived from the Center for Ocean,
Land and Atmosphere (COLA)
interactions. @ Some  preliminary
results has shown relative high
skill in north-eastern and northern
South America, assessed using
anomaly correlation and ranked
probability skill score.




Extremes by POT modelicuuyaliimetdy

Extreme events occur naturally in physical systems. The same
physical processes that are responsible for generating non-
extreme events can contribute to the occurrence of extremes.
When the distribution of extreme events is considered in the
phase space of a system, the extremes are found, by definition,
near the edges of the distribution, at least in the
directions/variables in which extremes are defined.

The analysis of the tail behavior of asset returns is important from
the point of view of climate risk management. The most commonly
used definition of extreme weather is based on an event's
climatologically on exceedances over threshold distribution, the
peaks-over-threshold (POT) methodology. The Generalized Pareto
Distribution (GPD) is widely used for modeling exceedances of a
random variable over a high threshold and it has been shown to
be one of the best ways to apply extreme value theory in practice.




Extremes by EOASUeIiCTmyaltauetdy

The POT model is based on “Pickands-Balkema-de Haan Theorem”
that postulates that the distribution of the observations in excess
of certain high threshold can be approximated by a GPD. In the
POT model, first a threshold is identified to define the start of the
tail region. Then the distribution of the excesses over the
threshold point is estimated with the help of a GPD approximation.
Hence, for the POT methodology, inferences are based on
exceedances over a low/high threshold.

Under some general conditions, the distribution function of the
exceedances (threshold excesses) is well approximated by the GPD,
defined by two basic parameters: scale (0) and shape (). The
validity of the thresholds for precipitation has been assessed
checking the stability of the maximum likelihood estimates.
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Diagnostic plots for threshold exceedance analysis. MLE are the maximum likelihood estimate
for both GPD parameters and SE (MLE) is the associated standard error.
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Diagnostic plots for threshold exceedance analysis. MLE are the maximum likelihood estimate

for both GPD parameters and SE (MLE) is the associated standard error.
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Diagnostic plots for threshold exceedance analysis. MLE are the maximum likelihood estimate
for both GPD parameters and SE (MLE) is the associated standard error.
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Diagnostic plots for threshold exceedance analysis. MLE are the maximum likelihood estimate
for both GPD parameters and SE (MLE) is the associated standard error.




et e e ] sl e ] e~ ]

There are realistic misfits between the empirical and simulated
probability distribution of precipitation for some Brazilian cities.
The goodness-of-fit in the quantiles plot seems convincing and
the confidence intervals on the return level plot suggest
acceptable uncertainties that become bigger once the model is
extrapolated to higher level of complexity. The results are very
interesting, since they put in evidence the main differences of the
distributions of extremes between model and observation. The
diagnostics suggest that there is reasonable evidence that the
CPTEC/COLA AGCM simulations are insufficient for reproducing
precipitation extremes. In general, the model overestimates
precipitation over Brazil - the return levels as well the frequency
of extremes are underestimated.
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Thank you for your attention!

Paulo Sérgio Lucio
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