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Preface

The present volumne is the edited set of proceedings of the International Symposium
HS1 on Hydrological Extremes: Understanding, Predicting, Mitigating scheduled for
the XXIT General Assembly of the Intemational Union of Geodesy and Geophysics
(IUGG), 18-30 July 1999, Birmingham, UK. The symposium was a part of the
scientitic programme of the International Association of Hydrological Sciences (IAHS)
in Birmingham and was convened by the International Commission on Water
Resources Systems (ICWRS) and the Intemational Commission on Surface Water
(ICWS) of IAHS. The International Association of Meteorology and Atmospheric
Sciences (IAMAS) was a collaborating association to this event.

In the last decade, extreme hydrological events—floods and droughts—have
caused significant losses all over the world. Aiming at reduction of these losses and
improvement of the present preparedness, a need for more holistic approaches has
become evident. Four issues of particular importance were identified:

— to improve understanding of hydrological and atmospheric processes that lead to
hydrological extremes;

'~ to predict their occurrence and severity;

- to solve management issues related to preparedness and mitigation; and

- to estimate hydrological extremes in a changing environment.

The symposium, organized under five sessions, offered a broad perspective on
these issues. They embrace such themes as: (1) links between atmospheric circulation
patterns and hydrotogical extremes; (2) processes responsible for nonstationarity in
time series of hydrological extremes; (3—4) methodelogies for prediction of severity
and magnitudes of droughts and floods; and (5) mitigation of hydrological extremes.
The contributions represent a variety of natura] conditions from arid and humid tropics
to tundra and glacial environments.

This edited volume confains 39 centributions—a selection from the total of 80
abstracts submitted to the Symposium HSI1.

The editors acknowledge the efforts of IAHS Press, and in particular Frances
Watkins, who produced the camera-ready copy. We appreciate the scientific
contributions of the authors and thank them for their patience and cooperation during
the editing process.

Editor-in-chief:
Lars Gottschalk

Co-editors:
Jean-Claude Olivry
Duncan Reed

Dan Rosbjerg
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Large-scale atmospheric and sea surface processes
leading to excessive rainfall in Tuscany, Italy

FRANCESCO MENEGUZZO, ALFONSO CRISCI

Applied Meteorology Foundasion (FMA), Via Einstein 35, 1-50013 Campi Bisenzio, Firenze,
ftaly

BERNARDO GOZZINI, DANIELE GRIFONI

Laboratory for Meteorology, Climatology and Environmental Modelling (LaMMA ),
Viq Einstein 35, I-50013 Campi Bisenziv, Firenze, Italy

e-mail: gozzini@lamma.rete.toscana.if

STEFANO PAGLIARA

Dipartimento di Ingegneria Edile, Idraulica e del Territorio, University of Pisa, Via Gabba 22,
1-56126 Pisa, Faly

Abstract Monthly extreme rainfalls at several gauges and several durations
(1, 3 and 5 days) in Tuscany, Italy, are compared with simultaneous and
previous patterns of large-scale circulation, synthetized by the North Atlantic
Oscillation (NAO) index, and patterns of sea surface temperature (SS8Ta) in
the central western Mediterranean. Several statistical methods are employed,
from simple contingency tables to frequency histogram. Scenarios of global
change in terms of changes in Mediterranean SSTa anomalies are considered
and the quantitative consequences in terms of extreme rainfalls are derived.

INTRODUCTION

Recently, it was a general opinion that any climate change will lead firstly to changes
in the frequency and intensity of extreme events such as floods and droughts; this was
supported by some enhanced-greenhouse simulation studies analysed in terms of
changes in precipitation intensity (Mearns et al., 1990; Noda & Tokioka, 1989). Some
other studies found correlations between sea surface temperature anomalies (S5Ta) and
thunderstorm and tornado frequency in USA and western Canada (Edwards & Weiss,
1996; Etkin, 1995).

Meteorologists have long noticed that the monthly and seasonal {particularly
wintertime) average sea level pressure in stations in Iceland and the Azores, display an
out-of-phase relationship with one another; this pressure pattern was called the North
Atlantic Oscillation (NAQ). The NAQ is defined as the normalized pressure difference
between a station on the Azores and one on Iceland. An extended version of the index
can be derived for the winter half of the year by using a station in the southwestern part
of the Iberian Peninsula (Hurrell, 1995).

In this work we have studied the influence of patierns of large-scale circulation
synthetized by the NAO index and patierns of Mediterranean sea surface temperature
(88Ta) on monthly extreme rainfalls, in the period 1951-1995, at several durations
(1, 3 and 5 days) for some locations in Tuscany.
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Fig. 1 Tuscany in Europe and a Digital Terrain Model of Tuscany with the main
rivers. Sea surface temperatures refer to the black point in the northern Thyrrenian
sea, Test sites are: 5 Florence and 6 Nugola.

STUDY AREA

Figure | represents Tuscany in Europe and ltaly and a Digital Terrain Model (DTM) of
the Tuscany region indicating the locations used in this study. The region is
characterized by a complex physical geography (topography, climate and vegetation),
with extreme heterogeneity in morphological and climatic features.

DATA
Sea surface temperature anomaly (SSTa)

Monthly average sea surface temperature anomalies were obtained from COADS
(Comprehensive Ocean—Atmosphere Data Set) of the central western Mediterranean
for the period 1951-1991,

S8Ta data for the period 1992-1997 were obtained from NOAA Global Area
Coverage {(GAC) derived from AVHRR (Advanced Very High Resolution Radiometer)
observations. The two series were made homogeneous by means of a simple linear
regression calculated between the two series of data for the period 19811991 (when
the two series were simultaneously available).

Extreme rainfalls

For the period 1951-19%7, the maximum monthly rainfalls cumulated on 1, 3 and
5 days were calculated for two raingauges in Tuscany (Fig. 1): Florence in the interior
and Nugola near the sea, to underline the differences.

NAO data

NAQ index data were obtained from the Climatic Research Unit, University of East
Anglia, UK. The index is calculated as the difference between the normalized sea level
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pressure over Gibraltar (Spain) and the normalized sea level pressure over southwest
Iceland.

ANALYSIS AND RESULTS
Extreme rainfall vs NAQ index and S8Ta

A preliminary analysis was performed to find significant correlations (P =35%)
between monthly extreme rainfall cumuiated on 1, 3 and 5 days ws westem
Mediterranean 5STa and North Atlantic Oscillation (NAO) index of previous months.

The dependence between extreme rainfall (cumulated on 1, 3 and 5 days) and
NAO index is expressed by means of contingency tables of extreme rainfall vs monthly
average NAO index over the period 19511995 Rainfall extreme data were partitioned
into three equally spaced percentiles according to their ranks (lower, medium, higher);
NAO was also classified into three equally spaced percentiles. Such contingency tables
are shown in Tables 1 and 2 and relate to some cases of significant correlations:
extreme February and November rainfall at Florence and Nugola gauges vs average
previous October and April NAO index respectively over the period 1951-1995.

The dependence between extreme rainfall (cumulated on 1, 3 and 5 days) and
SS8Ta is expressed in terms of frequency histograms. The SSTa values were partitioned
into two classes, based on the order statistics of the series, from 0 to 66.6% percentile
(lower S5Ta) and from 66.6 to 100% percentile (higher $8Ta).

Significant examples of frequency histograms of extreme monthly rainfalls (1, 3,
5 days durations) vs SSTa of previous months for Florence and Nugola, respectively,
are shown in Figs 2 and 3, The frequency of maximum monthly rainfail events in the
higher rainfall classes increases from SSTa in the 0-66.6% percentile class to SSTa in
the 66.6-100% percentile class.

Table 1 Contingency tables of extreme February rainfall at Florence and Nugola gauges vs average
previous October NAQ index vver the period 1951-1995.

NAQ/Rainfall Lower: Medium: Higher:
Florence  Nugola Florence  Nugola Florence  Nugola

{ day:

NAO <-0.74 9 10 3 3 3 2

-0.74 £ NAO £ +0.67 2 2 7 6 6

NAO > +0.67 4 3 5 6 6

3 days:

NAO <-0.74 10 8 4 6 1 H

-0.74 SNAO < +0.67 2 6 4 7 7

NAQ > +0.67 3 3 & 3 6 7

5 days:

NAO < -0.74 9 8 4 6 2 1

~0.74 SNAO < +0.67 3 4 4 4

NAO > +0.67 3 3 7 ] 5 7
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Table 2 Contingency tables of extreme November rainfall at Florence and Nugola ganges vs average
previous April NAQ index over the period 19511995,

NAO/Rainfall Lower: Medium: Higher:
Florence  Nugola Florence  Nugola Florence  Nugola

1 day:

NAO <-0.73 9 5 2 6 4 4

-0.73SNAOZ<+0.8 3 6 8 5 4 4

NAQ > +0.8 3 4 3 7

3 days:

NAC <-0.73 8 7 4 5 3 3

~0.73 S NAO < +0.8 2 4 8 8 3

NAOQ > +0.8 5 4

5 days:

NAQ <073 3 8 5 3 2 4

0.73ENAOS+0.8 3 4 9 8 3

NAO > +0.8 6 3

Cctober extreme rainfall vs Sepgtember SSTa
Rainfall cumulated on 1 day

Dacember extreme rainfall vs June S5Ta
Ralnfall cumulated on 1 day

&0 60
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Fig. 2 Frequency distribution of monthly extreme rainfall events on 1, 3 and 5 days
for Florence in QOctober (left) and December (right), vs September and June S5Ta

classes, respectively.
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Fig. 3 Frequency distribution of monthly extreine rainfall events on 1, 3 and 5 days
for Nugola in October (left) and December (right), vs September and average April-
May—June 5S8Ta classes, respectively.

The Wilkoxon-Mann-Whitney U test (Wilks, 1995) was performed to check the
hypothesis that extreme rainfall events occurring in different (not overlapping} ranges
of 55Ta belong to different statistical populations as to the overall magnitude. The test
confirmed this hypothesis for Florence at the 1% level for October extreme rainfall
cumulated in 1 and 3 days and at the 5% level over 5 days; for December; it also
confimmed the hypothesis at the 5% level for the 5-day extreme rainfall and at 10% for
the 1- and 3-day events. For Nugola the test confirmed the hypothesis at the 2% level
for October extreme rainfall for the l-day events and at the 1% level for the 3- and
5-day events; for December extreme rainfall, the hypothesis was verified at the 10%
level for the 1- and 5-day events and at 5% for the 3-day events.

As an example, the effect of the combination of the NAQO index and SSTa on the
monthly extreme rainfall for 1, 3 and 5 days, over the period 1951-1995, are shown by
means of contingency tables in Table 3. In this case the NAO index was divided into
two classes and the SSTa were partitioned into three equally spaced classes.
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Table 3 Contingency 1ables of February rainfall at Nugola gauge vs October NAO index and October
S58Ta over the period 1951-1993.

NACO 58Ta Lower Medium Higher

1 day

NAQ>0 <044 2 5 L
—(.44/+0.2 1 3 3
>+0.2 0 2 6

NAO<( <044 6 1 0
-0.44/40.2 4 2 2
>+0.2 2 2 3

3 days

NAOQ>0 < ~0.44 4 3 1
—0.44/+0.2 1 3 3
> 4.2 0 2 6

NAO <O <-0.44 4 2 1
—.44/+0.2 4 3 1
>+0.2 2 3 3

5 days

NAQ>0 < -0.44 3 2 3
-0.44/+0.2 2 2 3
>+0.2 0 3 5

NAO<(Q <044 4 2 1
-0.44/+0.2 4 3 0
>40.2 2 3 3

Analysis of these data shows that the features of the large-scale atmospheric
circulation represented by the NAQ index and the regional environmental feature
represented by the SSTa can partly explain the variations in the onset of extreme
rainfall events. In the case of the Nugola site, the occurrence of positive NAO index
and SSTa in October is likely to lead to the onset of high rainfall events in the
successive February.

Scenarios of global change

With the aim to simulate the possible quantitative response to global warming in terms
of extreme rainfall on the site of Florence, the hypothesis that mediterranean SST will
suffer from a +1.8°C increase was based on the linear trend observed (Maracchi et al.,
in press) and on the basis of the worldwide distributed results of the Hadley Center
Model concerning the expected temperature increase in the 2050s compared with the
present day (Gregory & Mitchell, 1997). Further, the hypothesis is made that no
relevant shift in atmospheric large-scale circulation (and thus NAQO index) wilil occur.

The only extreme monthly rainfall events of 1, 3 and 5 days duration which
occurred in Flozence after the sea surface temperature in a previous month (the “best
correlated” one) was at least 1.8°C above the lowest recorded value were retained to
evaluate the effect of increasing SST on such events by means of simple linear
regressions (Fig. 4). The trivial hypothesis is that the SST distribution simply shifts
towards higher values preserving the overall spread.






