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V 

P r e f a c e 

The present volume is the edited set of proceedings of the International Symposium 
HS1 on Hydroiogical Extremes: Understanding, Predicting, Mitigating scheduled for 
the XXII General Assembly of the International Union of Geodesy and Geophysics 
(IUGG), 18-30 July 1999, Birmingham, UK. The symposium was a part of the 
scientific programme of the International Association of Hydroiogical Sciences (IAHS) 
in Birmingham and was convened by the International Commission on Water 
Resources Systems (ICWRS) and the International 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 hydroiogical 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 hydroiogical and atmospheric processes that lead to 

hydroiogical extremes; 
- to predict their occurrence and severity; 
- to solve management issues related to preparedness and mitigation; and 
- to estimate hydroiogical 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 hydroiogical extremes; (2) processes responsible for nonstationarity in 
time series of hydroiogical extremes; (3-4) methodologies for prediction of severity 
and magnitudes of droughts and floods; and (5) mitigation of hydroiogical extremes. 
The contributions represent a variety of natural conditions from arid and humid tropics 
to tundra and glacial environments. 

This edited volume contains 39 contributions—a selection from the total of 80 
abstracts submitted to the Symposium HS1. 

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 





C o n t e n t s 

Preface by Lars Gottschalk, Jean-Claude Olivry, Duncan Reed & Dan Rosbjerg 

1 Understanding—circulation patterns 

Large-scale atmospheric and sea surface processes leading to excessive rainfall in 
Tuscany, Italy Francesco Meneguzzo, Alfonso Crisci, Bernardo Gozzini, 
Daniele Grifoni & Stefano Pagliara 
Impacts of climate change on mid-European river basin hydrology A. Bârdossy, 
H. Giese, G. Hartmann, H. P. Nachtnebel, W. Diernhofer & K. Hebenstreit 
Investigating the influence of atmospheric circulation patterns on regional 
streamflow drought in southern Germany Kerstin Stahl & Siegfried Demuth 
Atmospheric processes leading to droughty periods in Romania Mary-Jeanne Adler, 
Aristita Busuioc, Monica Ghioca & Sabina Stefan 
Effects of quasi-stationary wave anomalies on the regional hydrologie cycle in the 
continental United States Zaitao Pan, Moti Segal, Raymond W. Arritt, 
Tsing-Chang Chen & Shu-Ping Weng 

2 Understanding—nonstationarity 

Cluster-based hydroiogical analysis and prediction of long-term climate change and 
drought discharge Toshiharu Kojiri 
Climatic variability and its impact on rainfall extremes and urban runoff design in 
Tuscany Alfonso Crisci, Bernardo Gozzini, Daniele Grifoni, Francesco Meneguzzo, 
Gaetano Zipoli & Stefano Pagliara 
Forecasting the occurrence of low precipitation three to twelve months ahead 
Ian Cordery, Mark McCall & M. Jafar Nazemosadat 
Studies on hydroiogical extremes—ENSO signal A. A. L. N. Sarma, 
B. Padma Kumari & S. Srinivas 
Dependence of the frequency and magnitude of extreme floods in Costa Rica on the 
Southern Oscillation Index Irina Krasovskaia, Lars Gottschalk, Alexis Rodriguez & 
Sadi Laporte 
Trends and variability in Swedish floods Gôran Lindstrôm 
Recent change and prediction of glacier-dammed lake outburst floods from 
Kunmalik River in southern Tien Shan, China Liu Jingshi & 
Yoshihiro Fukushima 
A study of extreme floods in China for the past 100 years Liu Guowei & 
Wang Jingping 
Effect of noise in nonlinear hydroiogical time series analysis and prediction 
A. W. Jayawardena &A.B. Gurung 
Variability in spectral characteristics of hydrologie data Khaled H. Hamed & 
A. R. Rao 



vin Contents 

3 Prediction—drought 

Global modelling of runoff and irrigation requirements in typical dry years 
Petra Doll, Frank Kaspar, Stefan Siebert & Joseph Alcamo 

Regional partial duration series modelling of hydrological droughts in Zimbabwean 
rivers using a two-component exponential distribution Thomas R. Kjeldsen, 
Allan Lundorf & Dan Rosbjerg 

Modélisation de l'occurrence des étiages à partir des débits moyens journaliers à 
l'aide des processus ponctuels Assia Chebchoub, Zoubeida Bargaoui, Irene Abi-Zeid 
& Bernard Bobée 

On the necessity to use three-dimensional groundwater models for describing impact 
of drought conditions on streamflow regimes Alain Dassargues, 
Jean-Christophe Maréchal, Guy Carabin & Olivier Sels 

Deep freezing of cryolithozone rivers Svetlana Arzhakova 

Incidences éventuelles sur la relation pluie-débit d'un contexte régional de 
diminution des ressources en eau en Afrique de l'Ouest et Centrale non sahélienne 
M. Ouedraogo, E. Servat, J. E. Paturel, B. Kouamé, M. Travaglio, H. Lubès-Niel 
& J. M. Masson 

4 Prediction—floods 

On the distribution function of extreme flood discharge Mikhail V. Bolgov, 
Vladilen F. Pisarenko & Marina I. Fortus 

Practical application of historical flood information to flood estimation David Archer 

Analyse des pluies extrêmes annuelles sur la région de Minas Gérais (Brésil): 
modèle de régionalisation TCEV Bruno Rabelo Versiani, EberJosé de Andrade Pinto 
& Philippe Bois 

Reassessment of flood risk for Scottish rivers using synthetic runoff data 
Michael E. Steel, Andrew R. Black, Alan Werritty & Ian G. Littlewood 

Predicting short duration design storms in South Africa using inadequate data 
Jeffrey Smithers, Roland Schulze & Geoffrey Pegram 

Spatial-temporal stochastic rainfall modelling for hydrological design 
Paul J. Northrop, Richard E. Chandler, Valerie S. Isham, Christian Onof & 
Howard S. Wheater 

Regional frequency analysis: a new vocabulary Duncan W. Reed, Dôrte Jakob, 
Alice J. Robson, Duncan S. Faulkner & Elizabeth J. Stewart 

Estimating floods in permeable drainage basins Duncan S. Faulkner & 
Alice J. Robson 

Factors affecting the relationship between the frequency of a flood and its causative 
rainfall Paul Webster 

Investigation of the probability of flood events in small ungauged Austrian 
catchment areas using basin characteristics Evelyn Krall 

Regional estimation of design summer flood discharges in small catchments of 
northern Slovakia Silvia Kohnovâ & Jân Szolgay 

Design discharge of the large rivers in The Netherlands—towards a new 
methodology Bart Parmet, T. Adri Buishand, Théo Brandsma & Rainer Mulders 



Contents 

Seasonality of flood processes in Austria R. Merz, U. Piock-Ellena, G. Blôschl & 
D. Gutknecht 

5 Mitigation 

Influences combinées de la sécheresse et de la pression anthropique sur un système 
d'eau aménagé en Afrique de l'Ouest: cas du bassin du Bandama (Côte d'Ivoire) 
Aka Akpa, Eric Servat, Jean Emmanuel Paturel, Alain Dezetter, Hélène Lubès-Niel, 
Jean Marie Fritsch, Jean Marie Masson 

Evaluation of seasonal forecasting methods for water resource management in 
northeastern Brazil Carlos Oliveira Galvào, Robin T. Clarke, Trevor D. Davies & 
Phil D. Jones 

Occurrence, severity and magnitude of hydroiogical drought in Zambia: impacts and 
implications Henry M. Sichingabula & Happy Sikazwe 

Flooding in monsoon rivers: complex hydrometeorological risk analysis 
Boris Gartsman & Mark Karasyov 

Performance evaluation of a storage reservoir: a case study Ivan Muzik 





1 U n d e r s t a n d i n g — c i r c u l a t i o n p a t t e r n s 





Hydroiogical Extremes: Understanding, Predicting, Mitigating (Proceedings of IUGG 99 Symposium HS1, Birmingham, July 1999). IAHS Publ. no. 255, 1999. 3 

L a r g e - s c a l e a t m o s p h e r i c a n d s e a s u r f a c e p r o c e s s e s 
l e a d i n g t o e x c e s s i v e r a i n f a l l i n T u s c a n y , I t a l y 

FRANCESCO MENEGUZZO, ALFONSO CRISCI 
Applied Meteorology Foundation (FMA), Via Einstein 35,1-50013 Campi Bisenzio, Firenze, 
Italy 

BERNARDO GOZZINI, DANIELE GRIFONI 
Laboratory for Meteorology, Climatology and Environmental Modelling (LaMMA ), 
Via Einstein 35,1-50013 Campi Bisenzio, Firenze, Italy 
e-mail: gozzini@lamma.rete.toscana.it 

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

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 (SSTa) 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 (SSTa) 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 (NAO). The NAO 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 patterns of large-scale circulation 
synthetized by the NAO index and patterns of Mediterranean sea surface temperature 
(SSTa) on monthly extreme rainfalls, in the period 1951-1995, at several durations 
(1,3 and 5 days) for some locations in Tuscany. 

mailto:gozzini@lamma.rete.toscana.it
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1 » — » 
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 1 represents Tuscany in Europe and Italy 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. 

SSTa 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 1981-1991 (when 
the two series were simultaneously available). 

Extreme rainfalls 

For the period 1951-1997, 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 

NAO 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 NAO index and SSTa 

A preliminary analysis was performed to find significant correlations (P = 5%) 
between monthly extreme rainfall cumulated on 1, 3 and 5 days western 
Mediterranean SSTa 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 1951-1995. 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 
SSTa 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 SSTa) and from 66.6 to 100% percentile (higher SSTa). 

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 rainfall 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 NAO index over the period 1951 -1995. 

NAO/Rainfall Lower: 
Florence Nugola 

Medium: 
Florence Nugola 

Higher: 
Florence Nugola 

1 day: 
NAO < -0.74 9 
-0.74 < NAO < +0.67 2 
NAO > +0.67 4 
3 days: 
NAO <-0.74 10 
-0.74 < NAO < +0.67 2 
NAO > +0.67 3 
5 days: 
NAO < -0.74 9 
-0.74 < NAO < +0.67 3 
NAO > +0.67 3 

10 
2 
3 
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Table 2 Contingency tables of extreme November rainfall at Florence and Nugola gauges vs average 
previous April NAO index over the period 1951-1995. 

NAO/Rainfall Lower: 
Florence Nugola 

Medium: 
Florence Nugola 

Higher: 
Florence Nugola 

1 day: 
NAO < -0.73 
-0.73 < NAO < +0.1 
NAO > +0.8 
3 days: 
NAO < -0.73 
-0.73 < NAO < +0.1 
NAO > +0.8 
5 days: 
NAO < -0.73 
-0.73 < NAO < +0.1 
NAO > +0.8 

2 
8 
4 

4 
8 
3 

5 
4 
6 
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Fig. 2 Frequency distribution of monthly extreme rainfall events on 1, 3 and 5 days 
for Florence in October (left) and December (right), vs September and June SSTa 
classes, respectively. 
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Fig. 3 Frequency distribution of monthly extreme rainfall events on 1, 3 and 5 days 
for Nugola in October (left) and December (right), vs September and average April-
May-June SSTa classes, respectively. 

The Wilkoxon-Mann-Whitney FJ test (Wilks, 1995) was performed to check the 
hypothesis that extreme rainfall events occurring in different (not overlapping) ranges 
of SSTa 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 
confirmed 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 1-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 NAO 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 tables of February rainfall at Nugola gauge vs October NAO index and October 
SSTa over the period 1951-1995. 
NAO SSTa Lower Medium Higher 
1 day 
NAO>0 <-0.44 2 5 1 

-0.44/+0.2 1 3 3 
>+0.2 0 2 6 

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

3 days 
NAO>0 <-0.44 4 3 1 

-0.44/+0.2 1 3 3 
>+0.2 0 2 6 

NAO<0 <-0.44 4 2 1 
-0.44/+0.2 4 3 1 
>+0.2 2 3 3 

5 days 
NAO>0 <-0.44 3 2 3 

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

NAO<0 <-0.44 4 2 1 
-0.44/+0.2 4 3 0 
>+0.2 2 3 3 

Analysis of these data shows that the features of the large-scale atmospheric 
circulation represented by the NAO 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 NAO index) will occur. 

The only extreme monthly rainfall events of 1, 3 and 5 days duration which 
occurred in Florence 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. 
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Fig. 4 Results of the linear regressions between extreme monthly rainfall in Florence 
and SSTa. Linear regression was calculated for sea surface temperature in the 
previous month at least 1.8°C above the lowest recorded value. 

Straightforward linear extrapolations to SST 1.8°C higher than present day 
maximum recorded values suggests, for example, that the highest rainfall event 
occurring during 1 day in October increases by 25 mm (about 40% more) and the 
highest rainfall event recorded during 5 days in December increases by 65 mm (about 
65% more) in the warmer climate. 

CONCLUSIONS 

The effects of large-scale atmospheric processes represented by the North Atlantic 
Oscillation (NAO) index, and of regional-scale features represented by the 
Mediterranean sea surface temperature anomalies (SSTa), in building up favourable 
environments for the onset of intense monthly extreme rainfall events were 
investigated. 

The two quantities (NAO and SSTa) were found to partly explain the large 
variations in the intensity of extreme monthly events, thus constituting the background 
to build some sort of regional scenarios for the future occurrence of extreme rainfall 
events. A plausible explanation may be that this is a sort of "analogue forecast", in the 
sense that the SST anomalies and/or the NAO index (SSTa and NAO seem generally 
uncorrelated) may "catch" different features of the atmospheric state at some (even 
different) times (on a monthly time basis). Due to the inertial behaviour of the sea, the 
SST anomalies may also catch atmospheric features occurring some months before. 
Since the atmosphere is a perfect model of itself, if the SST anomalies and/or the NAO 
index are somehow representative of the atmospheric state at some moment, they 
should lead to "statistically identical" future states, which lead to partially predictable 
phenomenology. 

Future scenarios for extreme rainfall events were inferred by means of the 
relationships between their intensity and SSTa, in turn derived after the extrapolation 
of the detected trends or on the basis of forecasts by global climate models. Increases 
in the magnitude of the extreme rainfall events in the warmer climate were revealed 
and quantified. 

The results obtained should be considered only indicative of a future trend in 
extreme rainfall and emphasize the need to investigate the effects of NAO index and 
SSTa on an areal rather than point basis. 


