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CHANGES IN THE 100-YEAR FLOOD AT THE DANUBE RIVER
IN BRATISLAVA DUE TO THE EXPECTED CLIMATE CHANGE

Ladislav Gaal, Danica Leskova, Eva Kopacikova

The paper aims at assessing changes in the 100-year flood that are expected to occur during the 21% century due to
climate change, in the light of similar estimates derived from observed data (1984-2014). For the future (2015-2100),
a number of simulated time series of river discharge from the SWICCA database are used, which represent combined
outputs of 3 hydrological models and 11 regional climate models. The target location is the Danube River in Bratislava,
Slovakia. The case study is an at-site and stationary frequency analysis where data samples are derived using the block
maxima approach, and flood quantiles are modeled by the Generalized Extreme Value (GEV) distribution. In case there
is a significant linear trend in the data samples, the non-stationary approach is adopted with a time-dependent location
parameter of the GEV distribution. Flood quantiles and their confidence intervals are numerically estimated on the basis
of the Differential Evolution Markov Chain approach. The multitude of model outcomes (that represent different
greenhouse gas emission scenarios) from the SWICCA database is an excellent basis to get the first glance on the
possible range of expected changes in the 100-year flood, with no need to run complex hydrological models locally.
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ZMENA 100-ROCNEHO PRIETOKU DUNAJA V BRATISLAVE PRI OCAKAVANEJ KLIMATICKEJ
ZMENE. Clinok ma za ciel' odhadniit zmenu v 100-roénom prietoku, ktord sa oakava v 21. storo&i pdsobenim
klimatickej zmeny, vo svetle podobného odhadu zalozeného na pozorovanych udajoch (1984 — 2014). Ako udaje
z budtcnosti (2015 — 2100) sa pouziva niekol’ko simulovanych ¢asovych radov prietokov z databazy SWICCA, ktoré
reprezentuji kombinované vystupy troch hydrologickych a jedenastich klimatickych modelov. Ciel'ovou lokalitou je
rieka Dunaj v Bratislave. Pripadova $tidia je lokalnou a stacionarnou frekvenénou analyzou, kde vyberové stibory su
skonstruované na zaklade metddy blokovych maxim a kvantily prietokov sit modelované zov§eobecnenym extremalnym
rozdelenim (GEV). V pripade ze sa vo vyberovych stiboroch pozoruje signifikantny linearny trend, aplikuje sa nesta-
cionarna frekvencna analyza, kde sa predpoklada ¢asova zavislost’ prvého parametra rozdelenia GEV. Kvantily prieto-
kov a ich intervaly spolahlivosti su numericky odhadované pomocou metody Markovovych retazcov s diferencialnym
vyvojom. Velky pocet modelovych vystupov (ktoré tiez reprezentujii rozdielne scenare emisii sklenikovych plynov)
z databazy SWICCA je excelentnym zakladom k ziskaniu prvého pohl'adu na mozny rozsah ocakavanych zmien v 100-
ro¢nom prietoku, navySe bez nutnosti spustania komplexnych hydrologickych modelov lokalne.

KEUCOVE SLOVA: Dunaj, 100-roény prietok, frekvenéna analyza, klimatickd zmena, SWICCA

Introduction

Flood frequency analysis is a part of the operational
services of the Slovak Hydrometeorological Institute
(SHMI). So far, estimation of 7-year return values of
floods has generally been based on local data (at-site
approach), using principle of the stationarity of
environment, and analyzing annual or seasonal maxima.
While in the last couple of years, regional approaches to

flood frequency analysis have been successfully adopted
in Slovakia (Gaal et al., 2008) and the Central European
region (Gaal and Kysely, 2009), no methods accounting
for the non-stationarity of environment have been
locally developed and implemented in the practice. Si-
milarly, little efforts have been done with implementing
the peaks-over-threshold (POT) methodology (where all
independent events exceeding a pre-defined threshold
are taken into account; see, e.g., Bacova-Mitkova and
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Onderka, 2010), which is generally considered as
a more rigorous statistical approach when compared to
the block maxima method (e.g., Madsen et al., 1997).
Therefore, MicroStep-MIS and SHMI decided to co-
operate on alocal case study ‘Flood warnings in a
changing climate’, which aims at developing flood
frequency estimation methods with two novel
directions. First, the non-stationarity of environment
will be accounted for, and secondly, the return levels of
river discharges will be estimated using the POT
methodology. Nevertheless, before dealing with the
POT method, an interim step is adopted where flood
quantiles are estimated on the basis of the annual
maxima series (AMS) approach — and the result of this
procedure are presented in the current paper.

The case study ‘Flood warnings in a changing climate’
is being carried out under the framework of the
SWICCA project (http://swicca.climate.copernicus.eu/).
SWICCA (Service for Water Indicators in Climate
Change Adaptation) is about a two-year project
governed by the Swedish Meteorological and
Hydrological Institute, and serves as a proof-of-concept
for a Sectorial Information Service on water manage-
ment to Copernicus Climate Change Services. The goal
of the SWICCA project is to offer freely available
climatological and hydrological data (climate change
indicators) collected from a number of Pan-European
climate /hydrological model runs, to facilitate working
with climate change adaptation in the water sector and
the decision-making process of water managers. The
transfer of the information from global to regional
and/or local scales is demonstrated by means of
anumber of local case studies from different regions
across the whole Europe.

Methods

The presented study aims at assessing changes in the
100-year return value of river discharge (or simply the
100-year flood, Q;o9) that might be expected to occur
due to climate change during the 21* century compared
to what was observed during the past couple of decades.
We define a simple indicator CCQq, termed as Climate
Change Indicator of the 100-year Flood:

Qloo,future
CCQ100 = Oroomast
100,past

(M
which is the ratio of the 100-year floods estimated on
the basis of the future and the past datasets,
respectively. For the past, the observed data are used, as
usual. For the future, a number of simulated time series
of river discharge from the SWICCA database are
processed. See the following section for details on the
respective datasets.

Since the outputs of regional climate model runs are
generally affected by bias (errors due to conceptualiza-
tion, discretization and spatial averaging), bias
correction has to be applied to make the model outputs

more similar to the reality. For this reason, the so called
variance scaling methodology of bias correction is
adopted that makes use of monthly statistics (averages
and standard deviations) derived from the common
period where both observed and modelled discharge
data are available (Teutschbein and Seibert, 2012).

The case study is based on an at-site and stationary
frequency analysis. The data samples are derived accor-
ding to the block maxima approach (namely, the annual
maxima are identified for each year), and the flood
quantiles are statistically modeled by the Generalized
Extreme Value (GEV) distribution (Coles, 2001). The
rigorousness of the AMS/GEV approach is justified by
the extreme value theory (e.g., Katz et al., 2002).

The stationarity of time series is analyzed by means of
the Mann-Kendall test for the presence of monotonic
trends (e.g., Wilks, 2011) at the significance level of
o = 0.05. In case there is a significant linear trend in the
given data sample, the non-stationary approach to
frequency estimation is adopted with a time-dependent
location parameter of the GEV distribution.

Flood quantiles and their confidence intervals are
estimated on the basis of the Differential Evolution
Markov Chain (DEMC) approach (Cheng et al., 2014).
The DEMC is an enhanced alternative to the Markov
Chain Monte Carlo (MCMC) approaches where target
posterior distributions are sampled through five Markov
chains constructed in parallel; however, in the DEMC
approach, the chains are allowed to learn from each
other, which ensures simplicity, speed of calculation,
and convergence over the conventional MCMC (Cheng
and AhgaKouchak, 2014). For each dataset in the
current analysis, 12,000 random samples are generated
by the DEMC algorithm, from which the first 4,000 are
rejected (these are the so called burned samples), thus
the parameters of the distribution function and the
related quantiles and the confidence intervals are
estimated on the basis of 8,000 ensemble members.

Data
Observed data

The presented frequency analysis focuses at a single
target site, which is Bratislava, the capital city of
Slovakia along the Danube River. For the analysis, the
daily discharge data from Bratislava station (with
geographical coordinates 48.1397 N, and 17.1082 E) are
available covering the period from January 1%, 1984 till
December 31%, 2014, i.e., 31 complete calendar years
with no missing values.

Simulated data

From the SWICCA database, simulations of daily
discharge data were downloaded for the grid box
(48.14 N, 17.11 E) corresponding to the location of
Bratislava station, and for the combination of 11 climate
(Tab. 1) and 3 hydrological models (Tab. 2).
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Table 1. Summary of the climate model runs used in the SWICCA database (according
to  http://swicca.climate.copernicus.eu/wp-content/uploads/2016/10/Metadata_
RiverFlow.pdf). GCM = Global Circulation Model, RCM = Regional Climate
Model, RCP = Representative Concentration Pathway

Tabul’ka 1. Suhrn behov klimatickych modelov, ktoré boli pouzité v databaze SWICCA (na
zaklade stihrnu z http://swicca.climate.copernicus.eu/wp-content/uploads/2016/
10/ Metadata_RiverFlow.pdf). GCM = globalny cirkulaény model, RCM =
regionialny klimaticky model, RCP = reprezentativna cesta koncentracie

. ) RCP
Code | Institute GCM RCM Period

2.6 4.5 8.5
a KNMI EC-EARTH RACMO22E 1951-2100 v v
b SMHI EC-EARTH RCA4 1970-2100 v v v
c SHMI HadGEM2-ES RCA4 1970-2098 v v

d IPSL CMS5A WRF33 1971-2100 v
e CSC MPI-ESM-LR REMO2009 1951-2100 v v v

Table 2. Summary of the hydrological models used in the SWICCA database

Tabulka 2. Suhrn hydrologickych modelov, ktoré boli pouzité v databaze SWICCA

Short name Full name Information

HYPE E-HYPE 2.1 http://hypecode.smhi.se/

VIC VIC4.2.1.g http://vic.readthedocs.io/en/master/
Lisflood Lisflood Burek et al. (2013)

Table 1 shows that climate model runs were obtained by
means of various Global Circulation Models and
Regional Climate Models with different assumptions for
the greenhouse gas concentration trajectories (RCPs,
i.e., Representative Concentration Pathways). Two
(five / four) of the 11 climate model runs correspond to
low (moderate / high) radiative forcing by greenhouse
gas emissions (IPCC, 2007). Letters indicated in the
first column (‘Code’) in Tab. 1 along with abbreviations
of RCPs (2, 4 or 8 that stand for 2.6, 4.5 or 8.5) are used
in this paper to refer to the particular climate model run,
e.g., CM-8b denotes results of SMHI-EC-EARTH-
RCA4 with RCP of 8.5.

Since the real observations are from period 1984-2014,
and the control period for the modelled data is 1971—
2000, we decided to use the 17 years long common
period 1984-2000 as basis to derive statistical characte-
ristics for bias correction. In line with this decision, the
period 2015-2100 was declared as ‘future’.

Results
Bias correction

The 33 time series of simulated discharge data were bias
corrected on the basis of the variance scaling metho-
dology (Teutschbein and Seibert, 2012) using statistical
characteristics from the common period 1984-2000.

The results of bias correction are shown in Figs. 1 to 3.
The comparison of raw and bias corrected data yields
different patterns that is not straightforward to
generalize. Nevertheless, in a number of cases, and
dominantly for the hydrological model HYPE (Fig. 1),
the bias correction reduced the scale of the discharge
values. In other cases (mostly for the VIC and Lisflood
models, Figs. 2 and 3), the bias corrected data show
much more realistic seasonality, i.e., the annual maxima
were moved from the spring towards the summer
months, and at the same time, the annual minima were
pushed from autumn to early spring.

Frequency estimation of the observed data

The frequency estimation using the AMS/GEV
approach was carried out for the observed discharge
data from the period 1984-2014. The results of the
analysis are presented in Fig. 4. It can be seen that
although there is an increasing linear trend in the annual
maxima series (Fig. 4, top), it is not significant at level
o = 0.05. Therefore, the stationary frequency analysis
was adopted. The quantile-quantile plot between the
empirical quantiles and the theoretical ones correspon-
ding to the GEV distribution function (Fig. 4, middle)
indicates that the GEV distribution is acceptable for
modelling the flood quantiles nearly in the entire range
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of discharges, perhaps with the exception of the largest
extremes. The frequency plot (Fig. 4, bottom) shows the
median and the 90% confidence intervals. Higher
degree of uncertainty (i.e., wide confidence intervals)
can be accounted for the shortness of analyzed AMS
series (31 years).

Frequency estimation of the simulated data

Similarly as in case of observed data, the frequency
analysis was carried out for the combination of 3 x 11
bias corrected datasets for the future period 2015-2100.
Fig. 5 shows graphical outputs of the frequency analysis
for two selected datasets.

The Mann-Kendall test rejected the null hypothesis
about the presence of a linear trend at the significance

level oo =0.05 in the majority of cases, i.e., 31 times.
There were only two datasets (both related to the
Lisflood hydrological model) where this test indicated a
significant linear trend. Therefore, the non-stationary
approach to the frequency analysis was adopted in these
two cases (one of them is shown in Fig. 5, right). As in
case of the observed data, the quantile-quantile plots
also confirm the applicability of the theoretical distribu-
tion function GEV for the statistical modelling of flood
quantiles (Fig. 5, middle). Finally, the frequency plots in
all cases (Fig. 5, bottom) clearly show lower degree of
uncertainty of estimated flood quantiles derived from
larger data samples (86 years in most cases). In other
words, it is more reasonable to estimate the 100-year
flood on the basis of data samples with sample size that
is of a similar magnitude as the target return period.

Hydrological model: HYPE

Observations 1984-2000
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Monthly characteristics of river discharges for the hydrological model HYPE for

the future period 2015-2100. The individual plots indicate monthly means (solid, thick
lines) and monthly standard deviations (dashed, thin lines) of raw discharge data (red
color) and bias corrected discharge data (blue color). The plot in green color in the top left
corner shows the same statistical characteristics for the observed discharge data for the

period 1984-2000.
Obr. 1.

Mesacné charakteristiky prietokov pre hydrologicky model HYPE pre obdobie

2015 — 2100. Jednotlivé grafy znazoriiuju mesacné priemery (plné, hrubé ciary) a mesacné
Standardné odchylky (prerusované, tenké ciary) surovych udajov prietokov (Cervena farba),
resp. skorigovanych udajov prietokov (modra farba). Graf v zelenej farbe v lavom hornom
rohu kompozicie zndzornuje tie isté Statistické charakteristiky pre pozorované hodnoty

prietokov z obdobia 1984 — 2000.
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Hydrological model: Lisflood
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The same as in Fig. 1, but for the hydrological model VIC.
To isté ako na obr. 1, len pre hydrologicky model VIC.
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Obr. 3.
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The same as in Fig. 1, but for the hydrological model Lisflood.
To isté ako na obr. 1, len pre hydrologicky model Lisflood.
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Fig. 4. Annual maxima of river discharges with the trend line (top), quantile-quantile
plot (middle) and return levels of river discharges on the basis of the AMS/GEV frequency
analysis (bottom) for the observed data of Bratislava station from the period 1984-2014. At
the bottom, the black dash-dotted lines denote the 90% confidence interval for the
estimated return levels indicated in red.

Obr. 4.  Rocné maxima prietokov s prelozenou trendovou priamkou (hore), kvantilovy-
kvantilovy graf (uprostred) a navrhové hodnoty prietokov na zdiklade frekvencnej analyzy
AMS/GEV (dole) pre pozorované udaje zo stanice Bratislava, pre obdobie 1984 — 2014.
Cierne prerusované ciary na spodnom grafe oznacujii 90 %-ny interval spolahlivosti pre
odhadované navrhové hodnoty oznacené cervenou farbou.
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The same as in Fig. 4, but for selected datasets for the period 2015-2100. Left:

the Lisflood hydrological model with the climate model run CM-8c (=SHMI-HadGEM2-
ES-RCA4-rcp85). Right: the Lisflood hydrological model with the climate model run CM-

4d (=IPSL-CM5A-WRF33-rcp435).
Obr. 5.

To isté ako na obr. 4, len pre vybrané sady udajov pre obdobie 2015 — 2100.

Vlavo: hydrologicky model Lisflood s behom klimatického modelu CM-8c¢ (=SHMI-
HadGEM2-ES-RCA4-rcp85). Vpravo: hydrologicky model Lisflood s behom klimatického

modelu CM-4d (=IPSL-CM5A-WRF33-rcp45).
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Climate Change Indicator

Results of the frequency analysis on the basis of the

AMS/GEV approach are summarized in Fig. 6.

Displayed are estimates of (o with their 90%

confidence intervals from all 33 simulated SWICCA

datasets along with estimates based on the observed
data. Instead of showing values of the climate change
indicator CCQqo themselves, we show the color coded

Q100 estimates from the future in relation to the ‘real’

ones, indicated by black circle and the horizontal dashed

line in each plot (Fig. 6). We decided to use three
qualitative categories (color coding):

e grey color is used for cases where practically no
change in Q) is observed, i.e., the change in abso-
lute value is less than 5% (0.95 < CCQyg < 1.05);

e red color indicates considerable increase in Qg
(CCQ100 > 105), and

e green color indicates considerable decrease in Qg
(CCQO190 < 0.95).

Figure 6 reveals interesting features:

e Increases dominate in case of two hydrological
models (HYPE and Lisflood). The difference
between these two models lies in the magnitude of
the increase: the HYPE model indicates the largest
positive changes overall.

e The highest value of CCQ (= 1.40) appears in case
of the HYPE hydrological model and the CM-8c
(SMHI-RCA4-HadGEM2-ES-rcp85) climate model
run.

The VIC model only yields decrease in Q.

In rough approximation, the patterns of the change
in Qo are similar for the hydrological models
HYPE and VIC. The largest (smallest) Qoo appears
at CM-8¢ = SMHI-RCA4-HadGEM2-ES-rcp8
(CM-4e = CSC-REMO2009-MPI-ESM-LR-rcp45),
and such an analogy holds for a number of other
climate model runs when comparing HYPE vs. VIC
models. From this perspective, the Lisflood
hydrologic model shows a fuzzier pattern.

e The overall performance of the data sets are rather
balanced: increase (decrease) appears in 14 (12)
cases, while no change is indicated in 7 cases (see
also Tab. 3).

e Results of the non-stationary approach are also
displayed; these are indicated by empty diamonds in
case of Lisflood model. It can be concluded that
there are negligible differences between the
corresponding results related to stationary vs. non-
stationary approach. The variability between the
different climate model runs is much larger than that
stemming from the differences between the non-
stationary and the stationary approaches.

e Results are rather fuzzy also from the perspective of
RCPs. One would naturally expect that less intensive
greenhouse gas emissions, i.e., low RCPs would

imply less affected hydrological cycle, and thus,
lower degree of change in Qj¢. Such a pattern can
only be distinguished in case of two model runs
corresponding to RCP = 2.6 for the Lisflood model
or for VIC model when one considers RCP-wise
averaged changes. Otherwise, no further patterns are
discernible, and this is probably due to parametriza-
tions of hydrological models, which eliminate fine
differences in climate model runs that are accounted
for different RCPs.

Table 3 summarizes the most important statistics of the
frequency analysis.

Discussion and conclusions

The current paper presents an analysis of expected
changes in estimates of the 100-year flood during the
21% century at the target site, which is Bratislava. The
analysis made use of the database of the SWICCA
project that consists of a wide variety of climate and
hydrological model runs that are available for the
upcoming decades from different international scientific
projects and databases. In the next paragraphs, we are
first going to discuss some particular settings of the
analysis that are expected to have influenced our results.
Later, amore general evaluation of benefits and
drawbacks of the concept based on the SWICCA
climate indicators will be given.

We are aware of the fact that one of the limiting factors
of the analysis is shortness of the observed data series
(1984-2014). This is directly represented by conside-
rably wide confidence intervals of return level estima-
tes. Furthermore, the shortness of observed data series
influenced the definition of common period to derive
statistical characteristics of observed and modelled data
for bias correction. We had to restrict ourselves to
a period of a length of 17 years (1984-2000).

Also, the selected method of bias correction might have
influenced the outcomes. Since we are focusing on
extremes, it may be more rigorous to apply a more
sophisticated bias correction method, such as one based
on the similarity of the empirical distribution functions
(e.g., the method of ‘distribution mapping’ in
Teutschbein and Seibert, 2012).

Generally, it is positive that one does not have to run
complex hydrological models locally to get future
hydrological data and indices; instead, SWICCA offers
easy access to these data. For the purposes of the current
case study, SWICCA allowed for getting 11x3 time
series of river discharge, which were used to estimate
the design 100-year discharge for the 21* century for the
target site. The analysis resulted in 33 estimates of Qo
in a relatively wide range, which is beneficial since they
correspond to a wide diversity of emission scenarios,
global and regional climate models and hydrological
models. On the other hand, the qualitative results (i.e.,
whether the Qo is expected to increase/decrease)
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highly depend on the particular hydrological model. In
other words, the three hydrological models translate the
same set of 11 regional climate model inputs into
considerable different hydrological outputs. This fact
emphasizes the uncertainties hidden in the hydrological
models, thus one has to be careful with a model-based
interpretation of outcomes.

4

The working hypothesis is that improved statistical
methods of frequency analysis with the combination of
the SWICCA climate impact indicator will reveal more
insight into the expected behavior of floods with low
probability of occurrence, and this knowledge might be
transformed into flood management and adaptation
plans.

4
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Fig. 6.  Estimates of the 100-year flood (colored diamonds) with 90% confidence

intervals (whiskers) on the basis of the combination of 3 hydrological models and 11
climate model runs (abbr. as ‘CM-xy’, see Tab. 1) for the future period 2015-2100.
Furthermore, in each plot, the estimate of the 100-year flood on the basis of the observed
data from the period 1984-2014 is shown at the very first position (black circle). The
horizontal dashed line also corresponds to this estimate. Red (green) color indicates
increase (decrease) in Qg of >5% (<-5%), while grey color indicates practically no
change in Q;p ($£5%). The empty diamonds (two occurrences in case of the Lisflood
model) correspond to the non-stationary approach. Climate model runs corresponding to
similar RCPs are separated by vertical dashed lines.

Obr. 6.

Odhady 100-rocného prietoku (farebné kosostvorce) s 90 %-nym intervalom

spolahlivosti (antény) na zdklade 3 hydrologickych modelov a 11 behov klimatickych
modelov (oznacené ako ‘CM-xy’, pozri tab. 1) z obdobia 2015 — 2100. V kazdom grafe je
navysSe znazorneny odhad 100-rocného prietoku na zaklade pozorovanych udajov z obdobia
1984 — 2014, a to na prvej pozicii (plny cierny kruh). Prerusovana horizontalna ciara tiez
zodpovedd tomuto odhadu. Zelend (Cervend) farba oznacuje narast (pokles) v Qipp 0 >5 %
(<-5 %) a sivd farba oznacuje pripady, kde sa prakticky nepozorovala zmena v Qg
(55 %). Prdazdne kosostvorce (dva vyskyty v pripade modelu Lisflood) reprezentuju
nestaciondrnu frekvencnu analyzu. Behy klimatickych modelov s podobnymi RCP su

oddelené vertikalnymi prerusovanymi ciarami
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Table 3. Summary of the results of frequency analysis based on the approach AMS/GEV.
CCQy stands for the Climate Change Indicator of the 100-year Flood
Tabul’ka 3. Suhrn vysledkov frekven¢nej analyzy zaloZenej na pristupe AMS/GEV. CCQy je
skratkou indikatora klimatickej zmeny v 100-ro¢nom prietoku
Hydrologic Climate CCQyp0 > CCQyp0 = CCQyp0 < Largest Largest
model model runs 1.05 1.05...0.95 0.95 increase decrease
HYPE 11 8 3 0 40% -1%
VIC 11 0 0 11 --- -33%
Lisflood 11 6 4 1 20% -6%
All 33 14 7 12 40% -33%

The boundary banks of the Danube River in Bratislava
are designed on the basis of the estimate of 0o, and are
constructed with a sufficient reserve (reliability) to
resist even larger floods. The information on Qg
derived on the basis of 33 scenarios together with the
knowledge on Qjqy from the past decades are useful at
least from two aspects: (i) from the quantitative point of
view, i.e., one can see what percentage of scenarios
yield considerable increase/decrease/no change, and (ii)
from the qualitative point of view, i.e., one can assess
the recent status of the flood prevention system, both in
the light of the worst and the best scenarios. The largest
values of CCQ;p may directly and indirectly indicate
the amount of necessary investments (financial,
material, logistical, political etc.) into the flood
prevention system. On the other hand, even the best
scenarios (cases with CCQ;op < 0.95) may convey
valuable information. In this case, buildings that have
been constructed on the basis of ‘old’ estimates of Qo
would not need to be rebuilt, they may be declared as
flood safe, eventually as protected even against the
1000-year flood. Furthermore, some of the new
constructions (dams, bridges) will have lower costs of
realization and running expenses.

Overall, the multitude of model outcomes is an
excellent basis to get first sight on the possible range of
the expected changes in the 100-year flood. On the other
hand, at this stage of the analysis one cannot arrive to
a clear conclusion concerning the sign of these changes.
Generally, it is expected that adoption of the novel
frequency estimation approach (peaks-over-threshold
method) and its comparison with the current AMS/GEV
approach will shed more light on the unresolved
problems.
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ZMENA 100-ROCNEHO PRIETOKU DUNAJA
V BRATISLAVE PRI OCAKAVANEJ KLIMATICKEJ ZMENE

Clanok prezentuje prvé vysledky lokédlnej pripadovej
studie ,,Varovania pred povodilami v meniacej sa
klime*, ktora sa rieSi v obdobi 2015 az 2017 v ramci
projektu SWICCA v spolupraci medzi spolo¢nost'ou
MicroStep-MIS a Slovenskym hydrometeorologickym
ustavom.

Utelom $tadie je ziskanie odhadu Qg (t.j. 100-roénej
navrhovej hodnoty prietoku alebo jednoducho 100-
ro¢ného prietoku), ktory je mozné ocakavat pocas
21. storo¢ia v dosledku klimatickej zmeny. Cielovou
lokalitou je rieka Dunaj v Bratislave. Definuje sa indi-
kator CCQ, ¢y, nazvany ako indikator klimatickej zmeny
v 100-ro¢nom prietoku, ktory je podielom 100-ro¢nych
navrhovych hodnét odhadnutych na zaklade datovych
stborov z budiicnosti, resp. z minulosti. Za minulost’ su
povazované pozorované prietoky z obdobia 1984 —
2014. Buducnost’ (obdobie 2015 — 2100) je reprezento-
vana relativne vel’kym poc¢tom simulovanych ¢asovych
radov prietokov z databazy projektu SWICCA. Tie st
kombinaciou vystupov 3 hydrologickych modelov
(HYPE, VIC a Lisflood) a 11 regionalnych klimatic-
kych modelov.

Pripadova stadia je lokalnou a stacionarnou frek-
vencnou analyzou. Vyberové subory su skonStruované
na zéklade metddy blokovych maxim (ro¢né maxima)
a kvantily prietokov su modelované zovSeobecnenym
extremalnym rozdelenim (GEV). V pripade Zze sa vo
vyberovych stboroch pozoruje signifikantny linearny
trend, aplikuje sa nestacionarna frekvencna analyza, kde
sa predpokladda Casova zavislost' prvého parametra
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(parametra polohy) rozdelenia GEV. Kvantily prietokov
a ich intervaly spolahlivosti st numericky odhadované
pomocou metédy Markovovych retazcov s diferencial-
nym vyvojom.

Z analyzy vyplyva, ze: (a) Co sa tyka smeru zmien,
vysledky st skor vyrovnané: narast (pokles) v Qo sa
objavuje v 14 (12) pripadoch, pricom zanedbatelna
zmena (0,95 < CCQ,p < 1,05) sa pozoruje v 7 pripa-
doch; (b) Narast prevazuje v pripade hydrologickych
modelov HYPE a Lisflood; (¢) Model HYPE naznacuje
vSeobecne najvy$Sie ndrasty, pricom absolitne maxi-
mum prestavuje hodnota CCQi¢ = 1,40; (d) Model
VIC simuluje len pokles v hodnotach Q;g. Krajnou
hodnotou vtomto pripade je pokles o033 %, t,].
CCQ100 = 0,67

Vo vSeobecnosti sa potvrdilo, ze velky pocet modelo-
vych vystupov zdatabazy SWICCA je vybornym
zékladom k ziskaniu prvého pohl'adu na mozny rozsah
o¢akavanych zmien v 100-ronom prietoku. Na druhej
strane, v tejto faze analyzy eSte nedokazeme sformu-
lovat’ jednozna¢nu konklaziu tykajucu sa smeru zmien.
Predpokladame, Ze d’alSie informacie pribudni k pripa-
dovej stadii po aplikacii druhej alternativy frekvencnej
analyzy, ktora je zaloZzena na vybere nadprahovych
hodnét. Verime, Ze tento krok nam umozni ziskat’ lepSiu
a podrobnejSiu  predstavu o spravani sa prietokov
s nizkou pravdepodobnostou vyskytu, aze ziskané
vedomosti mdzeme pretransformovat’ do aktivit stvi-
siacich s protipovodilovou ochranou hlavného mesta
Slovenska.
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