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SOUHRN

Clanek predstavuje prabézné vysledky vyhodnoceni mozného dopadu klima-
tické zmény na zabezpecenost odbérl vody pro vodarenské Ucely zajistova-
nych vodnimi nddrzemi k ¢asové Urovni roku 2050. PFi feSeni byly aplikovany
postupy hydrologické a vodohospodarské bilance, véetné modelovani zasobnfi
funkce vodohospodafskych soustav. Mozny dopad klimatické zmény na hydro-
logické charakteristiky a ndsledné na zabezpecenost odbérd vody byl vyhodno-
cen u celkem 45 vodnich nadrzi v CR. Riziko nedostate¢ného zajisténi soucas-
nych pozadavkl na vodarenské odbéry v podminkach klimatické zmény bylo
identifikovdno u 17 zhodnocenych vodnich nadrzi.

UvoD

Sucho spolu s povodnémi patii k extrémnim hydrologickym jevim, ke kterym
dochazi pfirozené a nahodile. S rostoucimi dopady klimatické zmény se vsak frek-
vence vyskytu i ¢asovy a plosny rozsah extrémnich hydrologickych jeva mdze ménit.
Vysledky modelovéni dopadd klimatické zmény pro CR predpovidajf cetngjsi vyskyt
privalovych povodni a dlouhotrvajictho sucha. Tato skutecnost se v poslednich
letech potvrzuje na mnoha povodich. Nepfizniva situace mlze vést i k ohrozenf spo-
lehlivosti zasobovani obyvatel pitnou vodou. Vyznamna ¢ast odbérd vody pro voda-
renské Ucely je v CRzajistovana prostrednictvim vodnich nadrz. Podle aktuélnich dat
evidovanych pro potrebu sestaveni vodni bilance [1] je pomoci vodnich n&drzi (a to
jak odbéry vody pifmo z vodnich nadrzi, tak nadlepsovanim pritokd do mist odbérd
vody nize polozenych) zajistovano cca 50 % z celkového mnoZstvi vody odebrané
pro vefejné vodovody (92 % z odbér( povrchovych vod pro vefejné vodovody).

Prezentované vyhodnoceni zabezpeceni vodarenskych odbérl zajistova-
nych vodnimi nddrzemi bylo zpracovano v ramci feSeni projektu V120192022159
~NVodohospodariské a vodarenské soustavy a preventivni opatfeni ke snizenf
rizik pfi zasobovani pitnou vodou” programu BV llI/1-VS Ministerstva vnitra.
Resitelem projektu je Vyzkumny Ustav vodohospodafsky T. G. Masaryka, v. v. i.
Reseni projektu bylo zahajeno v ¢ervenci 2019, dokoncent je planovéno na pro-
sinec 2022. Projekt je zaméfen na vyhodnocen( rizik zdsobovanf pitnou vodou
v dlsledku klimatické zmény a vytvoreni technickych nastrojl pro posouzenf
moznych opatfeni ke zmirnéni pfipadnych nepfiznivych dopadd.
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SUMMARY

This study presents interim results of an evaluation of a potential climate change
impact on the preservation of drinking water demand provided by water reser-
voirs in the timeframe of the year 2050. Hydrological and water sources and
demands balance procedures have been applied, including modelling of the
storage ability of water resources and water supply systems. A potential climate
change impact on hydrological characteristics and subsequently on the secu-
rity of water demand has been evaluated in a total of 45 water reservoirs in the
Czech Republic. A risk of insufficient supply of current drinking water abstrac-
tion requirements in climate change conditions has been identified in 17 of the
evaluated water reservoirs.

INTRODUCTION

Drought together with floods belong among extreme hydrological pheno-
mena that occur naturally and randomly. However, with increasing climate
change impacts, frequency of the occurrence, temporal and spatial distribution
of extreme hydrological phenomena may change. The results of modelling cli-
mate change impacts for the Czech Republic predict a more frequent occu-
rrence of flash floods and long-lasting drought. In recent years, this fact has
been proven in many catchment areas. An unfavourable situation may even
lead to putting the reliability of drinking water supply for citizens at risk. A sig-
nificant part of drinking water demand in the Czech Republic is provided by
water reservoirs. According to current data recorded for the sake of water
balance compilation [1], approximately 50% of the total water demand for pub-
lic water mains (92% of surface water for public water mains) are provided for
by water reservoirs (both by water abstraction directly from water reservoirs
and by ameliorating discharge to water abstraction sites at lower altitudes).
The presented evaluation of the preservation of drinking water demand pro-
vided for by water reservoirs has been made within project No. V120192022159
"Water Resources and Water Supply Systems and Preventive Measures to Reduce
Risks for Drinking Water Supply” under a Ministry of the Interior programme
No. BV lll/1-VS. The T. G. Masaryk Water Research Institute is the project inves-
tigator. Work on the project was launched in July 2019 and is envisaged to be



METODIKA A MATERIAL

Posouzeni moznych dopadl klimatické zmény na zajisténi vodarenskych
odbérl vodnimi nadrzemi vychdzi z metodiky [2]. Pfi fesenf jsou aplikovany
v metodice uvedené postupy zpracovani hydrologické a vodohospodarské
bilance, v¢etné simula¢niho modelovani zdsobni funkce vodohospodarskych
soustav. Posouzeni bylo zpracovano k vyhledovému obdobi roku 2050.

Dopad klimatické zmény na hydrologické charakteristiky a zabezpecenost
odbérl vody byly posouzeny u vodnich nddrZi evidovanych jako vodaren-
ské podle [3] (s vyjimkou vodnich nddrzi Husinec, Jezefi, Boskovice a Frysték,
které nejsou v soucasnosti pro vodarenské odbéry vyuzivany). Rovnéz byla
posouzena zabezpecenost vodarenskych odbérl z vodnich nadrzi Se¢, Vranov
a Slezskd Harta. Kromé odbérli vody z téchto nddrzi byly posuzovény i vodaren-
ské odbéry vody na vodnich tocich, kam je pritok z vodnich nadrzi pro potrebu
zajisten( odbér(l aktivné nadlepsovén (UV Plzen na Uhlavé z vodni nadrze
Nyrsko, UV Milikov na MZi z vodni nadrZe Lucina) nebo prevadeén (UV Sumna na
Bilém potoce z vodni nadrze Fldje). Uvazovany byly prevody vody z Trebizského
potoka a z vodni nddrze Podhora do vodni nadrze Maridnské Lazng, z Cerné
vody do vodni nddrze PfiseCnice, z vodni nadrze Fldje do Pekelského potoka
(pro UV Sumna), z LuZce do vodni nadrze Jirkoy, z Jifinského a Jedlovského
potoka do vodni nddrze Hubenov. Pfi simulaci zdsobni funkce byla rov-
néz uvazovdna moznost spoluprace ¢i vzdjemna zastupitelnost vodnich
n&drzi Karhov — Zhejral, Podhora — Maridnské Lazné, Vranov — Znojmo, Se¢ —
KFizanovice, Slezska Harta — Kruzberk a Moravka - Sance.

Soucasné klimatické podminky

Pro samotné hodnoceni soucasnych podminek byla vyuZita data za obdobf
1941-2017, a to ¢asové fady teplot vzduchu, srézkovych Uhrnd a odtokd. Na obr. 1
jsou zndzornény odchylky primérnych ro¢nich teplot vzduchu od primeérné
ro¢ni teploty za referen¢ni obdobi 1981-2010 (zndzornéno zlutym polygonem).
Lze pozorovat vyrazny narUst teplot, a to pfedevsim v poslednich letech. Tento
narUst teplot je statisticky vyznamny na vysoké hladiné vyznamnosti. Zelené
jsou zobrazena obdobi tfi nejvyznamnéjsich such v tomto c¢asovém Useku.
Zvysujici se teplota ma vliv na velikost potencialni evapotranspirace, a pokud je
k dispozici voda v pldnim profilu, tak samoziejmé i na aktudlnf vypar.

POZOROVANI: 0,3 °C za 10 let (p=0)
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Obr. 1. Primérné ro¢ni teploty vzduchu za obdobi 1955-2017 (trend 0,3 °C za 10 let, ktery

je statisticky vyznamny)
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completed in December 2022. The project focuses on evaluating risks of drink-
ing water supply as a result of climate change and on devising technical tools for
assessing possible measures to mitigate potential unfavourable impacts.

METHODOLOGY AND MATERIAL

The assessment of potential climate change impacts on the preservation of
drinking water demand from water reservoirs is based on a methodology [2].
Procedures for processing hydrological and water management balance stated
in the methodology have been applied in the project, including simulation
modelling of the storage ability of water management systems (water reser-
voirs). The assessment has been made for the prospective period of 2050.

The climate change impact on hydrological characteristics and on the secu-
rity of water demand have been assessed in water reservoirs that are recorded
as water supply ones pursuant to [3] (with an exception of water reservoirs
Husinec, Jezefi, Boskovice and Frystak, which are at present not used for drink-
ing water abstraction). At the same time, the security of drinking water demand
from water reservoirs Se¢, Vranov and Slezskd Harta has also been assessed.
Besides water abstraction from these reservoirs, drinking water demand has
also been assessed on watercourses where discharge from water reservoirs is
actively ameliorated for the sake of securing water demand (the Plzeri water
treatment plant on the Uhlava River from the Nyrsko water reservoir and the
Milikov water treatment plant on the MZe River from the Lucina water reservoir)
or transferred (the Sumna water reservoir on Bily Brook from the Flaje water
reservoir). Water transfers from Trebizsky Brook and from the Podhora water
reservoir to the Maridnské Lazné water reservoir have been considered, from
Cerné voda Brook to the Piise¢nice water reservoir and from the Flaje water
reservoir to Pekelsky Brook (for the Sumné water treatment plant), from Luzec
Brook to the Jirkov water reservoir and from Jifinsky Brook and Jedlovsky Brook
to the Hubenov water reservoir. When the storage function was simulated, the
possibility of cooperation or mutual replaceability of water reservoirs Karhov -
Zhejral, Podhora — Maridnské Lazné, Vranov — Znojmo, Se¢ - Kfizanovice,
Slezska Harta — Kruzberk and Moravka — Sance has also been considered.

OBSERVATION: 0.3 °C over 10 years (p = 0)
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Fig. 1. Mean annual air temperature during the period of 1955-2017 (a statistically signifi-

cant trend of 0.3 °C over 10 years)
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Analogicky jsou na dalsich grafech zobrazeny srazkové Uhrny a odtokové
vysky. Na obr. 2 Ize vidét rozdily srdzkovych uhrnt od referencniho obdobi.
Z nich je ziejmé, Ze se obdobi, kdy byla snizena dostupnost srazkovych Uhrnd
(1969-1974, 1989-1994, 2014-2017), opakuje, deficit byl dokonce vétsi nez
v poslednich péti letech. Vyhodnoceni ro¢nich srdzkovych uhrn neukazuje
trend, ktery by byl statisticky vyznamny. Tento fakt Ize odvodit také z obr. 3,
ktery zachycuje odtokové vysky. Z dlouhodobého hlediska u prdmeérnych
ro¢nich odtokd (primérnych za celé Uzemi CR) nelze vysledovat statisticky
vyznamny trend.V poslednich letech v3ak Ize pozorovat vyrazny pokles odtokd
v letnich a jarnich mésicich a narlst v mésici lednu (coz je dédno predevsim
néarldstem teplot — kapalnymi srazkami a tanim snéhu). Pro predstavu, zména
odtoku o 1 mm znamené snizenf o 78,87 mil. m*. Tato hodnota odpovidé téméf
objemu vody ve VN Rozkos.
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POZOROVANI: 3,61 mm za 10 let (p = 0,5747)
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Obr. 2. Primérné ro¢ni rozdily srazkovych uhrnd (od normalu) za obdobi 1955-2017
(trend 3,61 mm za 10 let, ktery je statisticky nevyznamny)
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Obr. 3. Primérné ro¢ni rozdily odtokd (od normalu) za obdobf 1955-2017
(trend -2,08 mm za 10 let, ktery je statisticky nevyznamny)

Current Climate Conditions

Data from the period of 1941-2017 have been used for the actual evaluation of
current conditions, namely time series of air temperature, precipitation totals
and runoff. Fig. T presents deviations of mean annual air temperature from the
mean annual temperature over the reference period of 1981-2010 (represented
by a yellow polygon). A significant temperature increase can be observed, espe-
cially in recent years. This temperature increase is statistically significant with
a high degree of significance. The green colour represents periods of 3 most
significant droughts in this period. Increasing temperature has an impact on
the amount of potential evapotranspiration and if water is available in the soil
profile, then naturally also on the actual evaporation.

By analogy, the following figures present precipitation totals and run-
off heights. fig. 2 shows the differences of precipitation totals from the ref-
erence period. We can see that the periods when precipitation totals were
lower (1969-1974, 1989-1994, 2014-2017) repeat themselves and that the deficit
was even higher than in the past five years. However, an evaluation of annual

OBSERVATION: 3.61 mm over 10 years (p = 0.5747)
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Fig. 2. Mean annual differences in precipitation totals (from normal) for the period
of 1955-2017 (a statistically insignificant trend of 3.61 mm over 10 years)
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Fig. 3. Mean annual runoff differences (from normal) for the period of 1955-2017
(a statistically insignificant trend of -2.08 mm over 10 years)



Scénare zmény klimatu ve vodnim hospodarstvi

Pro tvorbu scénart zmény klimatu v kontextu odhadu zmén hydrologické
bilance se v Ceské republice standardné vyuzivé tzv. pfirGstkovd metoda,
zejména pro studie v mési¢nim kroku. Tato metoda spociva v transformaci
pozorovanych dat tak, aby zmény transformovanych veli¢in odpovidaly zmé-
nam odvozenym ze simulaci klimatickych modeld. V mési¢nim kroku se bézné
uvazuji zmény prdmérnych mési¢nich Uhrnt srazek a prdmérné mésicni tep-
loty. V dennim kroku je nutné uvazovat i zmény variability velic¢in. Pro tvorbu
scénard zmény klimatu byla proto vyuzita pokrocild prirdstkovd metoda ADC
(Advanced Delta Change). Podstatou pfirdstkové metody je transformace
pozorovanych dat zplsobem, jenz zaruci, ze zmény mezi transformovanou
a plvodni fadou jsou stejné jako zmény odvozené z regionalniho klimatického
modelu. U srazek a teploty (zejména v dennim kroku) je zddouci, aby uvazované
transformace zohlednovaly zmény jak v primeéru, tak ve variabilité. To zjedno-
dusené znamena, Ze extrémy se mohou ménit jinak nez prmér. Pfi odvozenf
zmén srazek z klimatického modelu ADC metoda uvazuje i systematické chyby
simulace. JelikoZ teplota je transformovéna linedrné, nema systematicka chyba
na vyslednou transformaci teploty vliv [4].

Zvolenou metodou byly transformovény vybrané [5] Globalni cirkula¢nf
modely (GCM) pro dil¢f povodi, jedné se o:
— NorESMI-M +
— MPI-ESM-LR + HadGEM2-ES +
— GISS-E2-H + MRI-ESM1 +
— (CanESM2 + GFDL-CM3

Prvni model (NorESM1-M) pfedstavuje stfed ansamblu vsech GCM. Modely
MPI-ESM-LR + HadGEM2-ES + vystupuji jako fidici GCM pro nékolik Euro-
CORDEX RCM simulaci. To ostatné plati i pro vybrany stfedni model, ktery rov-
néz ridi jeden z Euro-CORDEX RCMs. Modely GISS-E2-H + MRI-ESM1 zajisti spl-
néni podminky na pokryti mezimodelové variability a modely CanESM2 +
GFDL-CM3 umoznf splnit poslednf uvedenou podminku vybéru. Tyto modely
byly déle testovény pro vodni hospodarfstvi. Testovany byly také vybrané
modely RCM. Pro samotné hodnoceni byl vybrdn model HadGEM2-ES, ktery
byl pro stredni scénar dopadd klimatické zmény doporucen ve studii [6]. Vyvoj
teploty dle RCP8.5' je uveden na obr. 4.
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Obr. 4. Zmény teploty vzduchu dle jednotlivych GCM a RCP8.5.
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precipitation totals does not yield a trend that would be statistically signifi-
cant. This fact may also be derived from Fig. 3, which presents runoff heights.
From the long-term perspective, no statistically significant trend can be estab-
lished in mean annual runoff (that capture mean values for the whole territory
of the Czech Republic). Nevertheless, a significant decline in runoff in the sum-
mer and spring months and an increase in January may be observed (which
is in particular due to an increase in temperature — liquid precipitation and
snow melting). For illustration, a change of runoff by 1 mm means a reduction
by 78.87 million m?. This value corresponds nearly to the water volume in the
Rozko$ water reservoir.

Climate Change Scenarios in Water Management

The increment method is used as a standard for calculating climate change
scenarios in the context of predicting changes of hydrological balance in the
Czech Repubilic, especially for studies with monthly time steps. This method is
based on a transformation of observed data so that changes of transformed var-
iables would correspond to changes derived from climate model simulations.
The monthly time step usually considers changes of mean monthly precipita-
tion totals and mean monthly temperature. The daily time step needs to con-
sider also variability changes of variables. Therefore, the ADC (Advanced Delta
Change) increment method has been used for calculating climate change sce-
narios. The increment method is based on a transformation of observed data in
a way that ensures that changes between the transformed and original series
are the same as changes derived from a regional climate model. Especially in
the daily time step, it is desirable that considered transformations regarding
precipitation and temperature take into account changes both in the mean
and in the variability. To put it simply, this means that extremes may change
differently from the mean. When precipitation changes are derived from the
climate model, the ADC method takes into consideration also systematic simu-
lation errors. Since temperature is transformed linearly, a systematic error does
not have an impact on the resulting temperature transformation [4].

The chosen method has been used to transform selected [5] Global
Circulation Models (GCMs) for sub-catchment areas, namely:
— NorESM1-M +
— MPI-ESM-LR + HadGEM2-ES +
— GISS-E2-H + MRI-ESM1 +

— CanESM2 + GFDL-CM3.
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Fig. 4. Air temperature changes according to individual GCMs and RCP8.5
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Pro hodnoceni vodohospodéiské bilance byly vybrany scénéfe:

1. 0—oznacujicf soucasné podminky

2. 2-soucasné klima +2°C

3. HadGEM2 - klima zalozené na vystupech GCM HadGEM2-ES RCP4.5

Modelovani hydrologické bilance

K'modelovani hydrologické bilance byl pouZit model Bilan, ktery je vyvijen vice
nez 15 let v oddéleni hydrologie Vyzkumného Ustavu vodohospodafského T. G.
Masaryka, v. v. i. Model pocitd v dennim ¢i mési¢nim ¢asovém kroku chrono-
logickou hydrologickou bilanci povodi ¢i tzemi. Vyjadiuje zékladni bilan¢ni
vztahy na povrchu povodi, v zoné aerace, do nizZ je zahrnut i vegetacni kryt
povodi, a v zéné podzemnfi vody. Jako ukazatel bilance energie, ktera hydrolo-
gickou bilanci vyznamné ovliviiuje, je pouZita teplota vzduchu. Vypoctem se
modeluje potencidlni evapotranspirace, Uzemnivypar, infiltrace do zony aerace,
prlsak touto zénou, zasoba vody ve snéhu, zédsoba vody v ptdé a zadsoba pod-
zemn{ vody. Odtok je modelovéan jako soucet tii slozek: dve slozky pfimého
odtoku (zahrnujici i hypodermicky odtok) a zékladni odtok [7, 8, 9]. Pro modelo-
vani hydrologické bilance byla pouzita mési¢ni verze modelu.

Hydrologické modelovani zmén klimatu

Postup modelovani dopadu zmény klimatu na hydrologicky rezim (viz obr. 5)
Ize stru¢né shrnout nasledovné:

1. Zvoleny hydrologicky model je pro vybrané povodi nakalibrovan pomoct
pozorovanych dat. Hydrologicky model by mél byt fyzikdIné zalozen, aby
bylo zaruc¢eno, Ze i pro nepozorované podminky bude poskytovat fyzikdiné
pfijatelné vysledky.

2. Vstupni veli¢iny z globalniho, popfipadé vnofeného regionéiniho
klimatického modelu jsou prevedeny na scénarové fady pro jednotliva
povodi, a to:

a. statistickym downscalingem

b. ,postprocessingem” vystupu klimatického modeluy, tj. vyuzitim pfirdstkové
metody ¢i korekce systematickych chyb

Casto je nutné pomoci prostorové interpolace vztahnout data z vypocet-
nich bunék klimatického modelu k téZisti daného povodi. Pro korektnf vy-
uziti véech metod (a—b) je nezbytné mit k dispozici pozorovand data.

3. Pomoci nakalibrovaného hydrologického modelu a scénafovych fad je
provedena simulace hydrologické bilance pro scénédfové obdobi.

4. Modelované pratoky pro soucasnost a vyhledovéa obdobi jsou korigovény
v jednotlivych mésicich pomoci kvantilové metody [10].

The first model (NorESMI1-M) represents a median of the ensemble of all
GCMs. The MPI-ESM-LR 4+ HadGEM2-ES models act as controlling GCMs for sev-
eral Euro-CORDEX RCM simulations. This is after all true also for the selected
median model, which also controls one of the Euro-CORDEX RCMs. The GISS-
E2-H + MRI-ESM1 models ensure meeting of the condition to cover inter-model
variability and the CanESM2 + GFDL-CM3 models enable the last stated con-
dition for the selection to be met. These models have been further tested
for water management. Selected RCM models have also been tested. The
HadGEM2-ES model has been chosen for the actual testing, which has thus
been recommended in studies [6], recommending a median scenario of cli-
mate change impacts in water management. Fig. 4 presents temperature
development pursuant to RCP8.5'.

The following scenarios have been selected to evaluate the water manage-
ment balance:

1. 0 -current conditions

2. 2-currentclimate + 2 °C

3. HadGEM2 - climate based on the outputs of GCM HadGEM2-ES RCP4.5

Modelling of Hydrological Balance

The Bilan model, which is being developed for over 15 years at the Hydrology
Department of the T. G. Masaryk Water Research Institute, has been used for
modelling hydrological balance. The model calculates in daily or monthly time
steps chronological hydrological balance of a catchment area or of a territory. It
expresses fundamental balance relations on the surface of the catchment area,
in the aeration zone that also includes the vegetation cover of the catchment
area, and in the groundwater zone. Air temperature is used as an energy bal-
ance indicator that has a significant impact on hydrological balance. The calcu-
lation models potential evapotranspiration, actual evaporation, infiltration into
the aeration zone, seepage through this zone, snow water equivalent, water
storage in the soil and groundwater storage. Runoff is modelled as a sum of
three components: two components of direct runoff (that includes also hypo-
dermic runoff) and base flow [7, 8, 9. The monthly version of the model has
been used for modelling hydrological balance.

Hydrological Modelling of Climate Changes

The procedure for modelling the climate change impact on the hydrological
regime (see Fig. 5) may be concisely summarised as follows:

1. The chosen hydrological model is calibrated for selected catchment areas using
observed data. The hydrological model should have a physical basis to make
sure that it yields physically acceptable results also for unobserved conditions.

2. Input variables from a global or embedded regional climate model are
transformed to scenario series for the individual catchment areas, namely by:

a. statistical downscaling

b. post-processing of the climate model output, i.e. by using the increment
method or correction of systematic errors

Itis often necessary to relate the data from calculation cells of the climate model
to the centre of a given catchment area by spatial interpolation. It is essential to
have observed data at one’s disposal in order to use all methods (a—b) correctly.
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Obr. 5. Schéma hydrologického modelovani dopadd zmény klimatu

Vodohospodarska bilance

Na vyse uvedené vyhodnoceni dopadu klimatické zmény na hydrologické cha-
rakteristiky navazalo posouzen{ zabezpecenosti odbérl vody pomoci metod
vodohospodafské bilance a simula¢niho modelovani zasobni funkce vodo-
hospodarskych soustav. Aplikovanou metodu podrobné popisuje [11], po-
uzité programové vybaveni [12]. Simulacni model simuluje chovani soustavy
v chronologické fadé diskrétnich ¢asovych krokl (zde zvolen mési¢ni krok) na
zakladé znalosti ¢asovych fad pfirozenych pritokd (neovlivnénych regulact
a odbéry/vypousténim vody), pozadavkd na uzivani vody (zde odbér vody)
a zachovani minimalnich pratokd, technickych parametr prvkd soustavy (zde
objem zdsobniho prostoru n&drzf a kapacit pfevod( vody) a do modelu zave-
denych pravidel regulace odtoku (manipulac¢nich pravidel). Vystupem simu-
lace jsou casové rady simulovanych aktivit: pratokd a vyparu z hladin vodnich
nadrzi, odbérd vody, odtokl z vodnich nadrzi, objem vody a hladin v zasob-
nim prostoru nadrzi. Tyto ¢asové fady jsou nasledné statisticky vyhodnoceny.
Jako zékladni charakteristika vyjadfujici zajisténi odbérd vody je vyhodnocena
zabezpecenost podle trvani p, definovana [13] (ziednodusené vyjadiuje pro-
centni podil délky obdobi, po kterou jsou pozadavky na odbéry vody a mini-
malnf pratoky pIné zajistény, z celkové délky celého posuzovaného obdobi.)
Reseni bylo zpracovano variantné pro vyse uvedené scénafe popisujici
soucasné podminky a dopad klimatické zmény. Casové fady prirozenych prii-
tokd a vyparu v profilech vodnich nddrzi a mist odbérd vody byly vysledkem
vyse uvedeného modelovani hydrologické bilance. Celkova délka téchto fad
byla 718 mésicl (tj. necelych 60 let). Pozadavky na odbéry vody byly posuzo-
vény alternativné jako v soucasnosti realizované odbéry vody a jako povolené
ro¢ni hodnoty odbért. Jako soucasné odbéry byly uvazovany maximalni ro¢ni
odbéry vody evidované pro potfebu sestaveni vodni bilance [1] za obdobf let
2014-2019, a to jako béhem roku rovnomérné rozdeélené. Z udajd této evidence
byly prevzaty i povolené hodnoty odbér(i, pozadavky na minimalni prdtoky
pod vodnimi nadrzemi a objemy zasobniho prostoru vodnich nadrzi. Do fesent
byl zapocitan i vliv pfipadnych dalsich skute¢nych odbér( a vypousténi vody
v povodi vodnich nadrzi a daldi relevantni pozadavky na zajisténi odbérl pro
priimysl (napk. vodni nadrze Slezska Harta, Kruzberk, Moravka a Sance) ¢i zemé-
délstvi (napf. vodninadrze Vir |, Vranov a Znojmo). Zajisténi pozadavkd na voda-
renské odbéry bylo vzdy (tj. v kazdém casovém kroku simulace) uvazovéano jako
pfednostni oproti jinym pozadavkdm na vodnfi zdroje, v¢etné pozadavkl na
minimalni pritoky pod vodnimi nddrzemi. Vzhledem k tomu, Ze se jednalo
o modelovani mozné budouci situace, nebyla uvazovana soucasna pravidla
pro dispecerska fizeni vodnich nddrZi (jsou nastavena na stavajici hydrologické
podminky a zména téchto podminek by si vynutila jejich revizi a optimalizaci).
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Fig. 5. Scheme of hydrological modelling of climate change impacts

3. Simulation of hydrological balance for the scenario period is done using
a calibrated hydrological model and scenario series.

4. Modelled discharge for the present and future periods are adjusted in the
individual months using the quantile method [10].

Water Balance

The above evaluation of the climate change impact on hydrological charac-
teristics has been followed by an assessment of the security of water demand
with the help of the water balance method and simulation modelling of the
storage function of water resources and supply systems. The applied method
is described in detail [11] as well as the software used [12]. The simulation model
simulates behaviour of the system in a chronological series of discrete time
steps (the monthly time step has been selected in this case) based on the knowl-
edge of time series of natural discharges (unaffected by regulation and water
abstraction/release), requirements for water use (water demand in this case)
and maintenance of minimum discharges, technical parameters of the respec-
tive elements of the system (volume of the storage space of water reservoirs
and water transfer capacity) and a model containing introduced rules of run-
off regulation (handling rules).Time series of simulated activities are an output
of the simulation: discharge and evaporation from the surface of water reser-
voirs, water demand, runoff from water reservoirs, water volume and water lev-
els in the storage space of reservoirs. These time series are subsequently sta-
tistically evaluated. Security according to the duration of p, defined in[13] has
been evaluated as fundamental characteristics that expresses the security of
water demand (to put it simply, it expresses a percentage share of the duration
of a period during which water demand and minimum discharge requirements
are secured out of the whole duration of the total assessed period.)
Alternatives have been prepared for the above scenarios that describe cur-
rent conditions and the climate change impact. The aforementioned model-
ling of hydrological balance has yielded time series of natural discharges and
evaporation in the profiles of water reservoirs and water abstraction sites. The
overall length of these series has been 718 months (i.e. less than 60 years). Water
demand requirements have been assessed alternatively as water demand cur-
rently in place and as permitted annual demand values. Maximum annual water
demand recorded for compiling the water balance between 2014 and 2019 has
been considered as current demand, evenly distributed throughout the year
[1]. Permitted demand values, minimum discharge requirements downstream
from water reservoirs and storage space volume of water reservoirs have been
taken from data contained in the above records. Impact of potential other
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VYSLEDKY

Vysledkem vyse popsaného postupu feseni byla kvantifikace moznych dopadt
klimatické zmény na hydrologické charakteristiky (prltoky a vypar z vodnf
hladiny a evapotranspirace krajiny) a nasledné vyhodnoceni zabezpecenosti
voddrenskych odbérd zajistovanych vodnimi nadrzemi v téchto podminkach.
Na obr. 6 jsou uvedeny zmeény prirozenych odtokl (scénéf/soucasnost) pro scé-
nafe 2 a HadGEM formou grafu typu boxplot®.

Vysledky vyhodnoceni zabezpecenosti vodarenskych odbérd jsou — pro-
stfednictvim hodnoty zabezpecenosti podle trvani p, - uvedeny v tab. T a ilu-
strovany na obr. 7 Pro snadnéjsi orientaci jsou odbéry podle dosazené zabez-
pecenosti rozdéleny do Ctyf skupin a oznaceny pomoci barevné 3kaly, a to
nésledujicim zpUsobem: (a) modfe jsou oznaceny odbéry vody s bezporucho-
vou (ij. p,= 999) zabezpecenosti soucasnych i povolenych odbérl ve vsech
hodnocenych scénérich; (b) zelené jsou oznaceny stredné rizikové odbéry
s bezporuchovou zabezpecenosti pouze soucasnych odbérl ve vsech hod-
nocenych scénéfich; (c) Zluté jsou oznaceny odbéry s bezporuchovou zabez-
zmény HadGEM2 a (d) cervené jsou jako vysoce rizikové oznaceny odbéry, kde
bezporuchové zabezpecenost neni dosazena ani v jednom ze scénafli dopadu
klimatické zmeény.

Jako vysoce rizikové vzhledem k zajisténi odbér vody v podminkach kli-
matické zmény byly vyhodnoceny vodni nadrze Stanovice, Zlutice, Pilska,
Obecnice, Opatovice, Bojkovice, Maridnské Ladzné — Podhora, Klicava a Nova
Rise. Jako stfedné rizikové byly vyhodnoceny vodni nddrze Vranov — Znojmo,
Vrchlice, Slusovice, Kory¢any a Ludkovice. Naopak bezproblémové zajisténi
soucasnych i povolenych odbérd vody bylo vyhodnoceno u vodnich nadrzi
Rimov, Nyrsko, Horka, Lucina, Slezska Harta — Kruzberk, Se¢ — Kfizanovice, Jirkov,
Myslivny, JosefGv DUl, Sous, Mostiste, Hubenov a Landstejn.

Obr. 8 ilustruje efekt vyuziti akumulace vody v zédsobnim prostoru vodnich
n&drzi na zajisténi soucasnych pozadavkd na vodarenské odbéry a minimalni
prdtoky ve vodnich tocich pod nadrzemi. Vyjadren je podil objemu téchto poza-
davkd, ktery mlZe byt zajistén pouze pfitokem v profilu vodni nadrze, a podil,
ktery mUze byt zajistén pouze s pomoci akumulace vody v zdsobnim prostoru.
Vyhodnocenf je zpracovéno z celé délky ¢asové fady simulace pro vodni naddrze
s objemem zésobniho prostoru vétsim nez 10 mil. m? Vzhledem k simulaci
zésobni funkce v mési¢nim kroku (kdy jsou uvazovény prameérné meésicni pra-
toky), je zde zanedban vliv rozkolisanosti prltoku v préibéhu jednotlivych mésicu.
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Obr. 6. Snizeni odtoku z povodi vodéarenskych nadrzi

10

actual demand and water release in the catchment area of water reservoirs
as well as further relevant requirements for the security of water demand for
the industry (e.g. water reservoirs Slezska Harta, Kruzberk, Moravka and Sance)
or agriculture (e.g. water reservoirs Vir I, Vranov and Znojmo). The security of
requirements for drinking water demand has always (i.e. in each time step of
the simulation) been considered as a priority compared to other requirements
for water resources, including requirements for minimum discharges down-
stream from the water reservoirs. Due to the fact that a potential future situa-
tion has been modelled, current operating rules for water reservoirs have not
been considered (they have been set with the existing hydrological conditions
in mind and a change of these conditions would necessitate their review and
optimisation).

RESULTS

The aforementioned procedure has resulted in a quantification of potential cli-
mate change impacts on hydrological characteristics (discharges and evapo-
ration from the water surface and evapotranspiration of the landscape) and
subsequent evaluation of the security drinking water demand provided for by
water reservoirs in these conditions. Fig. 6 presents changes of natural runoffs
(scenario/the present) for scenario 2 and for the HadGEM scenario in the form
of a boxplot?.

Results of the evaluation of the security of drinking water demand are pre-
sented in Tab. Tand are illustrated in Fig. 7 by the security value according to the
duration of p.. In order to make the presentation more straightforward, water
demand has been divided according to achieved security into four groups
and has been colour-marked in the following way: (@) the blue colour marks
water demand with trouble-free (i.e. p, = 999) security of current and permit-
ted demand in all evaluated scenarios; (b) the green colour marks demand with
a medium risk with trouble-free security only of current demand in all evalu-
ated scenarios; (c) the yellow colour marks demand with trouble-free security
of current demand only in the more favourable HadGEM2 scenario of the cli-
mate change impact and (d) the red colour marks demand with a high risk, i.e.
where trouble-free security is not ensured in any of the scenarios of the climate
change impact.
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Fig. 6. Reduction in runoff from the catchment area of water reservoirs



Tab. 1. Zabezpecenost poZadavk( na voddrenské odbéry vody v podminkdch klimatické zmény

Varianta hydrologickych podminek
a pozadavku na odbéry

VTEl/ 2021/ 3

Objem Skuteény Povoleny
. ... zasob. Upravna roéni roéni 0% HadGEM2  ,2¢ HadGEM2
Vodni nadrz . . . B . ) . i i
prostoru  vody odbér odbér soucasné soucasné soucasné povolené
[mil.m3] [tis.m?3] [tis.m?] odbéry odbéry odbéry odbéry
Zabezpecenost podle trvani p, [%]
Bojkovice 0,770 Bojkovice 546 1200 931 91,8 833 80,7
Meziboff 12119 14000 999 999 999 98,7
Flaje 19,500
Litvinov-Sumnd 2524 5800 999 999 999 98,7
Hamry 1,206 Hamry 452 1600 999 99,8 99,8 98,1
Horka 16,539 Horka 3185 5110 999 999 999 999
Hubenov 2,395 Hosov 3984 4446 999 999 999 999
Chribska 0,839 Chribska 481 1250 999 999 999 98,2
Jirkov 1917 Jirkov 1082 2700 999 999 999 999
Josefav DUl 19133 Bedrichov 5427 9000 999 999 999 999
Kamenicka 0,594 . Mlyn 984 2000 999 999 999 96,8
Kffmov 1,260 I Mlyn 2205 3000 999 999 999 96,8
Karhov 0,288 . .
?O‘Jlje”a Horni gy 400 999 99, 959 96,
Zhejral 0,157
Karolinka 5813 Karolinka 4200 7884 999 999 999 99,3
Klicava 7,860 Klicava 2333 3469 98,9 98,1 95,4 95,2
Korycany 2,130 Korycany 942 1450 999 999 98,5 974
Kruzberk 24,580 Podhradf 34537 85147 999 999 999 999
Slezska Harta 182,010 Leskovec 869 3154 999 999 999 999
Kfizanovice 1,620 Monaco 3679 6500 999 999 999 999
Sec 14,017 Sec 202 350 999 999 999 999
Landstejn 2,590 Landstejn 753 1200 999 999 999 999
Laz 0,820 Kozic¢in 741 m3 999 999 99,8 98,9
Milikov 1035 1500 999 999 999 999
Lucina 3,457
Svobodka 1347 2500 999 999 999 999
Ludkovice 0,498 Ludkovice 479 772 999 999 99,8 99,5
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Varianta hydrologickych podminek
a pozadavku na odbéry

Objem Skuteény Povoleny
. ... zasob. Upravna roéni roéni »0¢ HadGEM2  ,2¢ HadGEM2
Vodni nadrz . . . , . , . . .
prostoru vody odbér odbér soucasné soucasné soucasné povolené
[mil.m3] [tis.m?] [tis.m?3] odbéry odbéry odbéry odbéry

Zabezpecenost podle trvani p, [%]

Marianské Lazné 0,21 Marianské

Lazne 725 1200 999 98,5 978 96,0
Podhora 2,041
Mordvka* 4,960 Vysni Lhoty 6139 14500 999 999 999 95,4
Sance* 39,960 E?‘r’; d\l/aezw 25415 69379 999 999 999 954
Mostiste 9,339 Mostiste 3183 6300 999 999 999 999
Myslivny 0,036 Myslivny 284 694 999 999 999 999
Nové Rise 2,237 Nové Rige 1038 2523 96,3 889 794 558

Klatovy 3253 4500 999 999 999 999
Nyrsko 15,966

Plzen 14125 16500 999 999 999 98,9
Obecnice 0,547 Hveézdicka 972 1662 999 99,6 98,9 96,0
Opatovice 7,784 Lhota 2010 3784 99,3 98,5 96,7 89,0
Pilska 1,306 Kozicin 1085 1142 99,6 993 984 99,1
Prisecnice 46,670 Hradisté 15699 30300 999 999 999 78,6
Rimov 30,016 Plav 17175 34600 999 999 999 999
Slusovice 7,245 Kle¢tvka 5080 7128 999 999 99/ 97,8
Sous 4,621 Sous 5156 7000 999 999 999 999
Stanovice 20,164 Bfezovd 7059 12614 999 99,6 96,0 84,0
Svihov 246,068 Zelivka 93291 165600 999 999 999 949

Vir 1244 3150 999 999 999 99,3
Virl 44,056 -

Svarec 7688 56765 999 999 999 99,3
Vranov 79,668 Stitary 3019 4200 999 999 99/ 999
Vrchlice 7,890 Trojice 3677 7884 999 99,8 92,2 857
Znojmo 2,450 Znojmo 2668 4730 999 999 981 996
Zlutice 10,281 Zlutice 2650 4730 999 98,8 98,0 974

* Pri uvazovdni vzdjemné zastupitelnosti vodnich nddrzi Mordvka a Sance



Tab. 1. Security of drinking water demand in climate change conditions
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Alternative of hydrological conditions and

Volume . water abstraction requirements
fth Wat Actual I Permitted
of the ater ctual annua
Water annual “0” HadGEM2 “2” HadGEM2
. storage treatment demand .
reservoir " lant [thousand m?] demand Current Current Current  Permitted
capaci
? N y 5 P [thousand m3] demand demand demand demand
[million m3]
Security according to the duration of p, (%)
Bojkovice 0,770 Bojkovice 546 1200 93/ 91,8 833 80,7
Mezibori 12119 14000 999 999 99,9 98,7
Flaje 19,500
Litvinov-Sumnéd 2524 5800 999 999 999 98,7
Hamry 1,206 Hamry 452 1600 999 99,8 99,8 98,1
Horka 16,539 Horka 3185 5110 99,9 999 999 999
Hubenov 2,395 Hosov 3984 4446 999 999 999 999
Chribska 0,839 Chribska 481 1250 999 999 99,9 98,2
Jirkov 1917 Jirkov 1082 2700 999 999 999 99,9
Josefav DUl 19,133 Bedrichov 5427 9000 999 999 999 999
Kamenicka 0,594 . Mlyn 984 2000 999 999 999 96,8
Kfimov 1,260 I Mlyn 2205 3000 999 999 999 96,8
Karhov 0,288 . ,
Efoulse”a Homi 53, 400 999 99 959 96,1
Zhejral 0,157
Karolinka 5,813 Karolinka 4200 7884 999 999 999 99,3
Klicava 7860 Klicava 2333 3469 98,9 98,1 954 95,2
Korycany 2,130 Korycany 942 1450 999 999 98,5 974
Kruzberk 24,580 Podhradi 34537 85147 999 999 999 999
Slezskd Harta 182,010 Leskovec 869 3154 999 999 999 999
Kfizanovice 1,620 Monaco 3679 6500 999 999 999 99,9
Sec¢ 14,017 Sec¢ 202 350 999 999 999 999
Landstejn 2,590 Landstejn 753 1200 99,9 999 999 999
L4z 0,820 Kozi¢in 741 m3 999 999 99,8 98,9
Milikov 1035 1500 999 999 99,9 999
Lucina 3,457
Svobodka 1347 2500 999 999 999 99,9
Ludkovice 0,498 Ludkovice 479 772 999 999 99,8 99,5
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Alternative of hydrological conditions and

Volume . water abstraction requirements
fth Wat Actual | Permitted
of the ater ctual annua
Water annual “0” HadGEM2 “2” HadGEM2
. storage treatment demand .
reservoir + lant [thousand m?] demand Current Current Current Permitted
capaci
P . v P [thousand m3*] demand demand demand demand
[million m3]
Security according to the duration of p, (%)
Maridnské Lazné 0,211 Marianské
L47ne 725 1200 999 98,5 978 96,0
Podhora 2,041 dzne
Moravka* 4,960 Vysni Lhoty 6139 14500 999 999 999 954
Sance* 39960 Nova Ves 25415 69379 999 999 999 954
u Frydlantu
Mostisté 9,339 Mostisté 3183 6300 999 999 999 999
Myslivny 0,036 Myslivny 284 694 999 999 999 999
Nova Rise 2,237 Nova Rise 1038 2523 96,3 88,9 794 55,8
Klatovy 3253 4500 999 999 999 999
Nyrsko 15,966
Plzen 14125 16500 999 999 999 98,9
Obecnice 0,547 Hvézdicka 972 1662 999 99,6 98,9 96,0
Opatovice 7,784 Lhota 2010 3784 993 98,5 96,7 89,0
Pilska 1,306 Kozicin 1085 142 99,6 99,3 98,4 991
Prisecnice 46,670 Hradisté 15699 30300 999 999 999 78,6
Rimov 30,016 Plav 17175 34600 999 999 999 999
Slusovice 7,245 Kleclvka 5080 7128 999 999 99,1 978
Sous 4,621 Sous 5156 7000 999 999 999 999
Stanovice 20,164 Bfezova 7059 12614 999 99,6 96,0 84,0
Svihov 246,068 Zelivka 93291 165600 999 999 999 94,9
Vir 1244 3150 999 999 999 993
Vir | 44,056
Svarec 7688 56765 999 999 999 993
Vranov 79,668 Stitary 3019 4200 999 999 99,1 999
Vrchlice 7,890 Trojice 3677 7884 999 99,8 92,2 85,7
Znojmo 2,450 Znojmo 2668 4730 999 999 98,1 99,6
Zlutice 10,281 Zlutice 2650 4730 999 98,8 98,0 974 I

* Considering the mutual replaceability of Mordvka and Sance water reservoirs
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Obr. 7. Riziko nedostate¢ného zajisténi pozadavkl na vodarenské odbéry v podminkach klimatické zmény
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Fig. 7. Risk of insufficient security of requirements for drinking water demand in climate change conditions
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Obr. 8. Vyuziti akumulace vody ve vodnich nadrzich pro zajisténi souc¢asnych odbérd
vody a minimalnich prdtokd (scénédi HadGEM2)

100 %

DISKUZE

Vysledky posouzeni moznych dopadd klimatické zmény na dostupnost vod-
nich zdrojl jsou pfirozené zatizeny jistou mirou nejistoty. Nejistota predikce
dopadt klimatické zmény na pritoky je reflektovana volbou vice moznych scé-
nard pro hydrologické modelovani, pocate¢nimi a okrajovymi podminkami kli-
matickych modeld a jejich strukturou. Dalsimi nejistotami jsou vybér korekce
systematickych chyb klimatickych modeld a struktura hydrologického modelu
(modelovani riznymi hydrologickymi modely). Ze studii porovnavajicich podil
jednotlivych zdrojl nejistot na celkovou nejistotu v hydrologickém modelo-
vani vyplyva, ze nejistota pramenici z modelovéni budouciho klimatu (struk-
tura modelu) znac¢né prevysuje nejistotu svdzanou s volbou emisniho scénére
nebo nejistotu vyplyvajici z hydrologického modelovani. Celkova nejistota pro-
mitnuta do vysledku hydrologického modelovani je znacna.

Ur¢itou nejistotu rovnéz predstavuji budouci zmény v pozadavcich na
odbéry vody nebo zajisténi minimalnich pratokd (napf.i s ohledem na pripadné
dopady klimatické zmény na jakost vody). Rada posuzovanych vodnich nadrzi
a odbérl vody je soucasti vodarenskych soustav. Pfipadné deficity tak mohou
byt u nékterych vodnich nadrzi pokryty jinymi disponibilnimi vodnimi zdroji
v soustavé, ale i naopak v obdobi sucha mize vzniknout pozadavek na zvyseni
odbérd z vodnich nadrzi k pokryti deficitli ostatnich, zranitelnéjsich zdrojd sou-
stavy (odbér(l pfimo z vodnich tokl nebo odbérd podzemni vody). Reseni bylo
zpracovano variantné pro soucasné skute¢né odbéry a odbéry povolené. Do
vysledkl se tak ve zna¢né mife promité i nizky podil vyuZiti povolenych hod-
not (viz tab. 7). Vyhodnocena nizka zabezpecenost povolenych hodnot odbérd
u nékterych vodnich nddrzi mdze byt v budoucnu limitujici pro pfipadné napo-
jeni dal$ich spotfebist na tyto zdroje.

ZAVER

Cilem vyse popsaného feseni bylo identifikovat potencidlni problémy zptso-
bené dopady klimatické zmény k ¢asové urovni roku 2050 pfi zésobovéni pit-
nou vodou zajistovaném vodnimi nédrzemi. Pri feseni byly aplikovéany metody
hydrologické a vodohospodafské bilance, veetné simula¢niho modelovani
zasobni funkce vodohospodéiskych soustav. Pomoci pouzitych modeld byl
kvantifikovan mozny dopad klimatické zmény na hydrologické charakteris-
tiky (zejména pratoky) a ndsledné vyhodnocena zabezpecenost vodarenskych
odbeérl zajistovanych vodnimi nddrzemi. Hodnocené lokality (vodni nadrze
a mista odbér( vody) Ize podle vysledné zabezpecenosti orientacné rozdelit do
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Fig. 8. Use of water accumulation in the storage space of water reservoirs for the secu-
rity of current water demand and minimum discharges in the HadGEM2 scenario

100 %

The following water reservoirs have been evaluated as having a high risk
with regard to the security of water demand in climate change conditions:
Stanovice, Zlutice, Pilska, Obecnice, Opatovice, Bojkovice, Maridnské Lazné —
Podhora, Klicava and Nov4 Rise. Medium risk has been evaluated in water res-
ervoirs Vranov — Znojmo, Vrchlice, SluSovice, Kory¢any and Ludkovice. Problem-
free security of current and permitted water demand has been evaluated
in water reservoirs Rimov, Nyrsko, Horka, Lu¢ina, Slezskd Harta — Kruzberk,
Se¢ - Kfizanovice, Jirkov, Myslivny, JosefGv DUl, Sous, Mostisté, Hubenov and
Landstejn.

Fig. 8 illustrates the impact of using water accumulation in the storage space
of water reservoirs on the security of current requirements for drinking water
demand and minimum discharges in water courses downstream from water
reservoirs. A share of the volume of these requirements has been expressed
that may be ensured only by an inflow into a water reservoir as well as a share
that may be secured only with the help of water accumulation in the storage
space. The whole length of the time series of the simulation has been eval-
uated for water reservoirs with a storage space volume over 10 mil. m*. With
regard to simulation of the storage function in the monthly time step (when
mean monthly discharges are considered), the impact of discharge variability
in the course of individual months has been disregarded.

DISCUSSION

The results of assessing potential climate change impacts on the availability
of water resources are naturally burdened with some degree of uncertainty.
Uncertainty of prediction of climate change impacts on discharges has been
reflected by choosing multiple possible scenarios for hydrological modelling,
initial and marginal climate model conditions and their structure. Other uncer-
tainties include selecting the correction of systematic errors of climate models
and structure of the hydrological model (modelling by means of various hydro-
logical models). Studies comparing the share of individual sources of uncer-
tainty on the overall uncertainty in hydrological modelling shows that uncer-
tainty that stems from future climate modelling (model structure) significantly
exceeds uncertainty related to selecting an emission scenario or uncertainty
that follows from hydrological modelling. The overall uncertainty reflected in
the result of hydrological modelling is considerable.

Future changes of water demand requirements or the security of minimum
discharges represent some uncertainty too (for instance also with regard to
potential climate change impacts on water quality). Numerous assessed water



nékolika skupin. Z celkem 45 hodnocenych vodnich nadrzf jich bylo 15 vyhod-
noceno jako bezproblémové jak pro viechny scénare klimatické zmény, tak pro
skute¢né i povolené odbéry (z vétsich vodnich nadrzi mj. Rimov, Kruzberk —
Slezska Harta, Horka). U dalsich 13 vodnich nadrzi byla vyhodnocena bezproblé-
mova zabezpecenost u obou scénafd klimatické zmény pouze pro soucasné
hodnoty odbérd (mj. Svihov, Nyrsko, Vir |, Prise¢nice, Fldje a Sance). Naopak
stfedni riziko nedostate¢ného zabezpeceni odbérl vody bylo identifikovdno
u 7 vodnich nadrzi (mj. Vranov — Znojmo a Stanovice) a vysoké riziko u 10 vod-
nich nadrzi (m]. Zlutice). Predikce zabezpecenosti odbérd v podminkach klima-
tické zmeény je pfirozené zatizena nejistotami fesenti jak s ohledem na nezbytné
zjednoduseni komplexn{ problematiky pfi jejim modelovani, tak s ohledem
na dalsi vyvoj na strané pozadavk( na odbéry vody (v¢etné jejich fungovani
v rdmci vétsich voddrenskych soustav) i zajisteni minimalnich pratokd.

Podékovani
Cldnek vznikl na zdkladé vyzkumu provddéného v rdmci projektu VI20192022159

Vodohospoddrské a voddrenské soustavy a preventivni opatieni ke snizenf rizik pri
zdsobovdni pitnou vodou” programu BV Ill/1-VS, ktery financuje Ministerstvo vnitra CR.

Poznamky

1. Reprezentativni sméry vyvoje koncentraci (RCP). Jsou oznaceny podle
priblizného celkového radia¢niho plsobeni v roce 2100 v porovnani
s rokem 1750.

2. Vdeskriptivni (popisné) statistice je boxplot neboli krabicovy graf ¢i krabicovy
diagram jeden ze zpUsobU grafické vizualizace numerickych dat pomocf
jejich kvartilQ. Stfednf krabicova” ¢ast diagramu je shora ohranicena
3. kvartilem, zespodu 1. kvartilem a mezi nimi se nachazf linie vymezujici
median. Body ,outliers” zobrazuji odlehlé hodnoty (mimo rozpéti 5-95 %).
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reservoirs and water demands are part of water supply systems. Potential defi-
cits in certain water reservoirs may therefore be met by other available water
resources in the system; however, on the contrary a requirement may arise to
increase water demand from water reservoirs to meet a deficit of other more
vulnerable resources in the system (abstraction directly from watercourses or
groundwater abstraction). Alternatives have been elaborated for current actual
demands and permitted demands. The low share of using permitted values
(see Tab. 1) is reflected in the results to a considerable extent. The evaluated
low security of permitted water abstraction values in some water reservoirs
may be limiting in the future for potential connection of other customers to
these resources.

CONCLUSION

The aim of the above analysis has been to identify potential problems caused
by climate change impacts in the timeframe of the year 2050 with respect to
drinking water supply provided for by water reservoirs. Hydrological and water
management balance procedures have been applied, including modelling of
the storage function of water management systems. A potential climate change
impact on hydrological characteristics (especially discharges) has been quan-
tified by the applied models, and the security of drinking water demand pro-
vided for by water reservoirs has been subsequently evaluated. According to
the security that has resulted from the above, the evaluated sites (water reser-
voirs and water abstraction sites) may be roughly divided into several groups.
Out of a total of 45 evaluated water reservoirs, 15 have been evaluated as prob-
lem-free for all climate change scenarios as well as for actual demand and per-
mitted water abstraction (@among others Rimov, Kruzberk — Slezska Harta, Horka
from the larger water reservoirs); in 13 other water reservoirs a problem-free
security has been evaluated in both climate change scenarios only for cur-
rent demand levels (among others Svihov, Nyrsko, Vir |, Pfise¢nice, Fldje and
Sance). On the contrary, a medium risk of insufficient security of water demand
has been identified in 7 water reservoirs (among others Vranov — Znojmo and
Stanovice) and a high risk has been established in 10 water reservoirs (@among
others Zlutice). Prediction of the security of water demand in climate change
conditions is naturally burdened with uncertainties both with regard to the
necessary simplification of a complex issue in the modelling as well as with
regard to further development concerning requirements for water demand
(including its functioning within larger water supply systems) and the security
of minimum discharges.

Notes

1. Representative Concentration Pathways (RCPs). They are designated
according to the approximate total radiation effect in 2100 in comparison
with 1750.

2. Indescriptive statistics, a boxplot or a box-and-whisker plot or a box-and-
whisker diagram is one of the modes of graphical visualisation of numerical
data by their quartiles. The middle “box" part of the diagram is delimited by
the 3" quartile from the top, by the 1t quartile from the bottom, with a line
between them that delimits the median value. The “outliers” are points that
represent outlying values (outside the 5-95 % range).
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