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ABSTRAKT

V souvislosti s vyskytem katastrofalnich povodni a extrémné suchych obdobi v poslednich letech se objevuje
naléhavad potfeba feSeni Sirokého komplexu otdzek ochrany pied hydrologickymi extrémy, a to nejen
klasickymi inzenyrskymi metodami, ale i netradi¢nimi postupy. V poptedi z4jmu spolecnosti se objevuje nova
strategie ochrany pred témito extrémy zamétfena na postupné zvySovani retencni kapacity povodi véetné jeho
pramennych oblasti. VSechny otazky souvisejici s rozmanitymi moznostmi a opatienimi vedoucimi k dosazeni
tohoto cile by mély byt posouzeny na zaklad¢é kvalifikované diskuze odbornikli rizného zaméteni vzhledem
K cilim a prioritam, které maji vyznam nadregionalni, regionalni ¢i lokalni. Pfirozeny odtokovy proces je
pfitom ovliviiovan ¢lovékem jiz u samého jeho zrodu, tedy vV pramennych oblastech tokd, kde 1ze realizovat
cetné postupy souvisejici se zpomalovanim odtoku a zvySovanim retence vody v uzemi.

Velmi dobré podminky pro feSeni takové otazky poskytuje pramennd &ast povodi Otavy (jz. Cesko), ktera
reprezentuje oblast s ¢astym vyskytem extrémnich odtokovych udalosti a s vysokou heterogenitou ve smyslu
fyzicko-geografickych a socio-ekonomickych aspektd. Pro pochopeni a objasnéni procesu tvorby odtoku a
miry ucinku jednotlivych fyzicko-geografickych faktorti na jeho dynamiku bylo v roce 2005 ve vybranych
experimentalnich povodich zapocato s detailni analyzou jejich odtokového rezimu zalozenim jedine¢né sité
automatickych stanic pro monitoring hydro-meteorologickych jevii a fyzikalné-chemickych parametrii vod.
Pro posouzeni retencniho potencialu pramenné oblasti Otavy je tfeba podrobné charakterizovat ptirodni
podminky povodi a analyzovat jejich vliv na formovani odtoku véetné¢ posouzeni hydrologické funkce
zdejsich horskych vrchovist. Vzhledem k existenci tohoto fenoménu v jadrové ¢asti Sumavy je tieba zabyvat
se zhodnocenim jejich retencni schopnosti a hydraulické komunikace s toky, které je odvodiuji. Pribézné
proto byly provadény podrobné rozbory ¢asovych fad hydrologickych a meteorologickych charakteristik a
predev8im analyzy reakce odtoku z jednotlivych raselini§t’ v zavislosti na dobé trvani, intenzité a rozloZeni
srazek na experimentalnich povodich pomoci podrobného rozboru jeho vzestupnych a poklesovych fazi.

Cast vyzkumu byla vénovana zhodnoceni retenénich a hydrologickych poméréi horského vrchovi§té v ramci
Rokyteckych (Weitfallerskych) slati, situovanych v pramenné oblasti Vydry. Zvlastni zietel byl pfitom
vénovan posouzeni jeho retencni schopnosti a zhodnoceni hydrologické bilance. Hlavni pozornost byla sou-
stfedéna na zjisténi a objasnéni zavislosti dynamiky odtoku na vysce hladiny podzemni vody ve vrchovisti.

Soucasna hydrologie se potyka s mnoha nejasnostmi ve spravné definici prostfedi, kde se odehravaji
hydrologické procesy. Jedna se o nedostateéné popsané okrajové podminky a vlastnosti, které maji pfimy i
nepfimy vliv na formovani odtoku. Moderni experimentalni hydrologie ma za ukol pomoci hydrochemickych
a geochemickych pristupil zodpoveédét dalsi otazky vEetn€é objasnéni mechanismt tvorby odtoku a zdrzovani
vody v povodi. Pfirozené fyzikalné definovatelné a stopovatelné latky, které jsou toho schopny, predstavuji
stabilni izotopy kysliku. Tento pfistup byl pouzit pro pochopeni procesu formovani odtoku v silng
zraselinéném povodi. Piispévek horského vrchovisté k celkovému odtoku byl zhodnocen s vyuzitim
hydrologickych a hydrochemickych ¢asovych fad a pfistupt izotopové hydrologie pro separaci jednotkového
hydrogramu pomoci aniontové deficience. Na podkladé dat z celého hydrologického roku byl posouzen vliv
horského vrchoviité na dynamiku formovéani odtoku a pomoci stabilnich izotopti '*0/*°0O byl popsan a
zhodnocen jeho hydrologicky cyklus.

Na podkladé dosazenych vysledku, grafickych vystupt i statistickych analyz ¢asovych tad lze usoudit, Ze
variabilita odtoku je vyS$si v pfipad¢ profili uzavirajicich povodi s vyznamnym podilem zraSelinénych a
raSeliniStnich pid nez zavérovych profild povodi s minimalnim zraSelinénim. Fakt, Ze existence zdejSich
horskych vrchovist ma negativni vliv na odtokovy proces, zvlasté béhem extrémnich hydrologickych situaci
jako jsou povodné a obdobi sucha, byl potvrzen rovné€z hydropedologickymi, hydrochemickymi a
geochemickymi pfistupy. Na zakladé¢ jednotlivych dil¢ich vystupli lze konstatovat, ze raselinna loziska
predstavuji v pramenné oblasti Otavy samostatné hydrologické celky s vlastnim typickym vodnim rezimem,
ktery nepfispiva k vyrovnavani odtokové ktivky, a jejich hydrologicka funkce v tomto izemi je nevyznamna.

Dilezitym fenoménem tvorby odtoku v pramennych oblastech ¢eskych toki je v celkové ro¢ni bilanci sezonni
snéhova pokryvka, ktera predstavuje v prostoru a ¢ase pomérné tézko kvantifikovatelny prvek. Charakter
jejiho vyskytu se vyznacuje vysokou mirou Casové a prostorové variability. Snéhomérna pozorovani
v experimentalnich povodich potvrdila existenci vyznamného rozdilu v mnozstvi akumulovaného snéhu nejen
v zavislosti na nadmoiské vysce, ale rovnéz na vegetacnim pokryvu, zejména mezi otevienymi plochami a
lesem. Jedna se o okolnost, kterou lze jen obtizné postihnout pouzitim vysledki méfeni provadénych bézné na
meteorologickych stanicich. Optimalizace monitoringu sné¢hové pokryvky v podminkach Sumavy je klicova
pro sestavovani modeld odtoku z tajiciho sn¢hu a z hlediska piesnosti vstupl pro hydroprognozu.

Krom¢ zhodnoceni procesu hrazeni koryt pivodnich meliora¢nich ryh, ktera jsou v soucasné dobé soucasti
managementu NP Sumava, bylo v zdjmu rovnéz posouzeni efektivnosti vyuziti reten¢nich prostor vazanych na



vhodnou konfiguraci zdejsiho relié¢fu ¢i nékdejsich akumulacnich nadrzi, které byly v minulosti vyuzivany pro
plaveni dieva (tzv. klauzl), a které by mohli plnit napt. funkci suchych ¢i fizenych poldrt a tim se podilet na
vyrovnavani odtoku béhem povodiiovych udélosti a suchych obdobi. Efektivnost takovych opatteni pfi retenci
vody ve zdrojovych oblastech fek je mozné simulovat aplikaci komplexniho systému vhodnych
hydrologickych modeli. Na zakladé ziskanych dat a dil¢ich vysledka Ize predbézné konstatovat, Ze G€innost
téchto opatfeni by nemusela byt zdaleka zanedbatelnid. Implementace nenasilnych opatfeni pro zvySovani
reten¢ni schopnosti krajiny, jako je naptiklad vyuziti potencialnich akumulaénich a retenc¢nich prostor
V povodi, by mohla vyznamné pfispivat k redukci kulminacnich pratoktt béhem povodiiovych udilosti a
k zadrzeni dostate¢ného mnozstvi vody pro eventualni suché epizody. Aktualnost tohoto tématu je spojena se
soucasnymi klimatickymi zménami a s nimi souvisejici intenzifikaci vyskytu meteorologickych a
hydrologickych extrémii v podminkach Ceska.

Kli¢ova slova: hydrologické extrémy — formovani odtoku — retencni potencial — Otava — automatické mefici stanice
— experimentalni povodi — hydrologicka funkce vrchovist” — izotopy kysliku — sn€¢hova pokryvka — retencni a
akumula¢ni prostory — klimatick4d zména

ABSTRACT

In context of catastrophic floods and extreme droughts in recent years there is an urgent need of solving of
issues dealing with protection against hydrological extremes, not using just classical engineering methods but
also using untraditional practices. There is a new protection strategy focusing on gradual increase of river
catchment retention capacity including its headwater regions. All of the issues related to various possibilities
and measures leading to river headstream areas retention capacity increase should be discussed by experts in
various fields taking into account objectives and priorities of a supra-regional, regional and local significance.
Natural runoff process is affected by man already by its birth, thus in headwaters where numerous procedures
related to runoff retardation and water retention increase in headstream areas could be realized.

Suitable conditions for the research realization at present is related to the Otava River headwaters (sw.
Czechia) representing the core zone of a number of extreme runoff events and with high heterogeneity in the
terms of physical-geographic and socio-economic aspects. To understand and clarify the runoff generation
process and the effect of various physical-geographic factors on its dynamics, the detailed analyses of runoff
regime in chosen experimental catchments began in 2005 by the establishment of unique network of automatic
stations for the monitoring of hydro-meteorological features and physio-chemical parameters of surface water.
In order to assess the retention potential in the Otava River headwaters catchment natural conditions need to
be characterized and their effect on runoff formation including peat bogs hydrological function assessment
needs to be done. With respect to the existence of this phenomenon in the Sumava Mts. core zone it is
necessary to consider the evaluation of their retention capacity and of the hydraulic communication with
draining water courses. Therefore continuous analyses of hydrological and meteorological time series were
carried out, and especially analyses of runoff responses from peat land areas in relation to the duration,
intensity and distribution of precipitation on experimental catchments by means of detailed analysis of its
ascending and descending phases, were done.

Part of the research was focused on the evaluation of retention and hydrological conditions of the bog within
the Rokytka (Weitféller) Moors, located in the Vydra River headwaters. Special attention was paid to the
assessment of their retention capacity and hydrological balance. The main attention was focused on findings of
a runoff dynamics dependence on the ground water table in the peatland.

Present hydrology deals with a number of difficulties to sufficiently define the environment where
hydrological processes take place. These are under-described secondary conditions and features that have a
direct and indirect influence on the runoff formation. Modern experimental hydrology uses hydrochemical and
geochemical approaches to explain the mechanisms which are related to water retention and runoff formation
in headstream areas. Stable oxygen isotopes are the only natural, physically definable and tracable substances
existing in the hydrosphere which can be balanced correctly. This geochemical approach was used to
understand streamflow generation processes in the highly peaty catchment. Contribution of water from peat
bog areas to the total surface runoff has been assessed using a hydrological time series as well as geochemical,



hydrochemical and isotope-hydrological approaches for unit hydrogram separation by means of anion
deficiency. On the basis of data from the whole hydrological year, the role of an existing peat bog in the
runoff formation dynamics was determined and the hydrological cycle using stable *0/'°0 isotopes was
described and assessed.

On the base of acquired results, graphical outcomes and time series statistical analyses it could be stated that
more distinct runoff variability is typical for streams draining catchments with the significant proportion of
peat land. The fact that the existence of bogs has the negative effect on the runoff process, especially during
extreme hydrological situations such as floods and droughts, was confirmed by hydropedological,
hydrochemical and geochemical approaches. It can be stated that bogs in the Otava River headwaters represent
separate hydrological units with their own typical runoff regime, which does not contribute to the discharge
curve bhalancing, and that their hydrological functions in this area is insignificant.

An important phenomenon of runoff formation in headwater areas of Czech streams is in total annual balance
represented by seasonal snow cover which is a quite hardly quantifiable element. The character of its
occurrence is characterized by a high time and spatial variability. Snow cover observations in experimental
catchments confirmed the existence of a significant difference in the amount of accumulated snow not only in
relation to altitude, but also to vegetation cover, especially between forest and open areas. It is a fact, which is
difficult to capture using the results of measurements carried out routinely at meteorological stations.
Optimalization of snow cover monitoring in the Sumava Mts. conditions is crucial for modelling the runoff
from a snow cover and in terms of accuracy for hydroprognosis inputs.

In addition to considering dyking of former drainage channels, which is a part of Sumava Mts. National Park
management at present, the evaluation of the usage effectiveness of retention spaces related to suitable relief
configuration and former accumulation reservoirs, used for wood floating in the past, with their potential
function as dry polders balancing the runoff, is in the process of evaluating. On the base of acquired data and
partial results it could be stated that the effectiveness of such measures might not be far from negligible. Using
complex system of suitable hydrological models the simulation of runoff process and the assessment of the
effectiveness of these reservoirs could be made. Implementation of such unforceable measures, such as the use
of potential accumulation and retention spaces in the catchment area, could contribute significantly to
reduction of peak flows and to increase of water resources during eventual extreme droughts in future. The
topicality of this subject is associated with recent climate change and the intensification of meteorological and
hydrological extremes in Czech conditions.

Key words: hydrological extremes — runoff formation — retention potential — Otava River — automatic stations
— experimental catchment — peat bogs hydrological function — oxygen isotopes — snow cover — retention and
accumulation spaces — climate chase






Uvod a cile prace

Hydrologické extrémy predstavuji v soucasné dob¢é projevy, které i v podminkdch stfedni Evropy
nabyvaji velmi vyznamné¢ na intenzité. Mezi né patii kromé povodiiovych udélosti i stale Castéji se
projevujici hydrologicky sucha obdobi. U¢inna ochrana pted projevy téchto hydrologickych extrémi
predstavuje jeden ze zékladnich ukoll hydrologie a vodniho hospodatstvi. Diky zdokonalovani
technologickych moznosti dokdzeme na trovni zakladniho vyzkumu mnohem sofistikovanéji popsat
jednotlivé procesy probihajici v pfirodé a kvantifikovat vliv nejriznéjsich opatfeni k eliminaci jejich
projevii. Moderni pfistupy vyzaduji velmi komplexni pohled na cely systém a umoznuji naprosto
detailni posuzovani jeho jednotlivych slozek. Jejich korektni popis pak predstavuje klicové vstupy do
naslednych analyz vcetné hydrologického modelovani. V souvislosti s vyskytem katastrofalnich
povodni a extrémné suchych obdobi v poslednich letech se objevuje naléhava potieba feseni Sirokého
komplexu otazek ochrany proti hydrologickym extrémum, a to nejen klasickymi inzenyrskymi
metodami, ale i netradiCnimi postupy. V popfedi zdjmu spolecnosti se objevuje nova strategie
zaméfend na postupné zvySovani retencni kapacity povodi. Ptirozeny odtokovy proces je pfitom
ovliviiovan ¢lovékem jiz u samého jeho zrodu, tedy v pramennych oblastech tokt, kde 1ze realizovat
Cetné postupy souvisejici se zpomalovanim odtoku a zvySovanim retence vody V tizemi. Cilem
zékladniho vyzkumu je poskytnout vstupni poznatky pro jejich vyuziti v ramci realizace tzv.
integrované ochrany pfed hydrologickymi extrémy.

Prvotnim impulsem pro feSeni tohoto tématu prace byla vyzva ve studii Ferdy et al. (1971)
k navazani vyzkumu hodnoticiho odtokovy rezim a chemismus vod v povodi horni Otavy se
zaméefenim na vyskyt raseliniSt. Prace si proto stanovila za cil zhodnotit hlavni specifika tvorby
odtoku v této oblasti s vyuzitim modernich pfistuptt a kriticky se vyjadfit k vysledkim studie
nékdejsiho Ceského hydrometeorologického ustavu (CHMU). Povodi Vydry a Kiemelné na Sumavé
(jihozapadni Cesko) reprezentuji oblasti s &astym vyskytem hydrologicky extrémnich udalosti a
s vysokou heterogenitou ve smyslu fyzicko-geografickych (f-g) a socio-ekonomickych (s-e) aspekti.
Pramenné oblasti vodnich tokl predstavuji zdrojovéa izemi formovani odtoku. Nové koncepce feSeni
retence vody Vv krajiné spociva v feSeni pfic¢in, nikoliv nasledkd. Pouze s ptihlédnutim k mistnim
specifikiim je mozné dukladné pochopit proces tvorby odtoku v konkrétnim izemi a minimalizovat
vstupni nejistoty do dalSich fazi feSeni. Vyznamnym, a nikoliv jedinym, specifikem v zajmové oblasti
je existence vyznamnych ploch vrchovistnich komplext, které tak ptredstavuji ekologicky fenomén
zdejsi krajiny. V konkrétnim uzemi pramenné oblasti Otavy je proto klicové vénovat se mimo jiné
vlivu tohoto jevu na hydrologicky rezim zdejsi krajiny a tvorbu odtoku.

Jak uz bylo zminéno, feSeni aktualnich otazek zvySovani extremity hydro-meteorologickych (h-m)
jevi souvisejicich s klimatickymi zménami v poslednich letech vyzaduje multidisciplinarni pfistup a
pfesné zhodnoceni reten¢ni schopnosti zdejsi krajiny. Nutny piedpoklad pro kvantifikaci retencniho
potencialu piedstavuje detailni analyza vlivu klicovych faktort ovliviiujicich odtokové poméry, a to
v konkrétnim (!) uzemi. Zobecnéni dil¢ich vystupt pro dalsi oblasti je velmi diskutabilni. Na ziskané
poznatky je ptitom tteba nahlizet z riznych thla pohledu. Vysledky prace by mohly byt do budoucna
vyuzity pfi realizaci konkrétnich efektivnich opatfeni protipovodnové ochrany a postupt k retenci
vody Vv suchych periodach, a to ve spolupraci se vSemi zainteresovanymi institucemi.

Otéazka hydrologické funkce raseliniSt neni pies fadu tuzemskych i zahrani¢nich projektl a mnohé
spory vedené v odbornych kruzich doposud uspokojivé vyfeSena. Podrobnou reSerSi literatury
reprezentujici rtizné ndzorové poly provedl Holden et al. (2004). Vysledky téchto praci prokazaly, ze
toky odvodnujici vrchovis§té maji zna¢nou rozkolisanost prutokti a vyznam vrchovist' z hlediska
vyrovnavani odtokového rezimu byl v minulosti pfecenovan. V povodi horni Otavy byla tato tématika
znovu oteviena v roce 2005 (Jansky, Kocum, 2008; Matouskova et al., 2005). Impulsem k vyzkumu
byly kromé vyse zminéné studie i novodobé vysledky praci ohledné revitalizacnich opatfeni
raselinist’ z jednotlivych casti svéta a moznost vyuziti modernich pfistupli k hodnoceni vlivu
vrchovistnich komplexti na tvorbu odtoku. Byla nastolena hypotéza, ze hydraulické spojeni mezi
horskymi vrchovisti a povrchovymi toky je omezené a souvisi se specifickymi geomorfologickymi
poméry v povodi Vydry.

Soucasna hydrologie se potyka s mnoha nejasnostmi v korektni definici prostfedi, kterym se



pohybuje voda. Jedna se o nedostatecné popsané okrajové podminky a vlastnosti, které maji ptimy 1
nepiimy vliv na formovani odtoku. Otazky hydrologie jsou v absolutni vétSin€ pfipadli omezeny na
sledovani vnéjSich projevi systému, predevSim srazkovych vstupli a odtokovych vystupt. Tento
piistup je vyuzit pro zakladni zhodnoceni odtokového rezimu v zdjmovém uzemi. Vybérové ma
hydrologie k dispozici data z hydrogeologickych vrti ¢i vlhkostnich ¢idel. Moderni experimentalni
hydrologie ma ovSem za kol zodpovézeni dalSich otazek vcetné objasnéni mechanismil tvorby
odtoku a zdrzovani vody v povodi. Mimo jiné pfinasi dukazy o tom, ze koncept povrchového odtoku
neni jedinym a hlavnim mechanismem transformace srazky v odtok. Potfebnou informaci poskytuje
vnitini slozeni vody, které je bilancovatelné. Pfirozené fyzikalné definovatelné a stopovatelné latky,
které jsou toho schopny, piedstavuji stabilni izotopy kysliku a vodiku. Tyto latky jsou pfitomny
v celé hydrosféfe a, na rozdil od hydrochemickych indikatori, v tomto prostfedi nevznikaji ani
nezanikaji. Soucasné analytické metody predstavuji sofistikované nastroje umoznujici detailni popis
miseni infiltrujici srazkové a pidni vody a dokdzou detekovat preferencni proudéni v ptidnim profilu.

Na pocatku vyzkumu byly vytyCeny nize uvedené hlavni cile. Dil¢i cile, jejichz plnéni vede
k zodpovézeni klicovych otazek, jsou prezentovany v jednotlivych ¢astech prace.

1) Posouzeni specifik hydrologického rezimu v povodi horni Otavy a zhodnoceni vlivu
jednotlivych f-g faktoru (v¢. smeéhovych pomeéru) typiCkych pro tuto oblast s prihlédnutim
k extrémnim odtokovym epizoddm.

2) Zhodnoceni retencniho potencidlu a hydrologické funkce horskych vrchovist v povodi horni
Otavy (hypotéza: hydraulické spojeni mezi horskymi vrchovisti a povrchovymi toky je omezené
a souvisi se specifickymi geomorfologickymi pomeéry v povodi Vydry).

3) Posouzeni potencidlu detailnich dat z automatickych hydro-meteorologickych stanic pro
hodnoceni dynamiky odtoku a vhodnosti vyuziti principii izotopové hydrologie pro modelovani
hydrologického cyklu horskych vrchovist.

Za ucelem zodpovézeni hlavnich otdzek a splnéni vyty¢enych ukolt je prace fesena ze dvou pohledu.
V ramci prvniho je pfistupovano K otazkam zakladniho vyzkumu, pficemz jejich zodpovézeni je
klicové pro druhy rozmér prace. Aplikacni charakter druhé casti prace ma totiz za kol evokovat
uvahy o budoucim sméfovani vyzkumu v této oblasti a mé pfedstavovat prvni krok k vyuziti doposud
ziskanych poznatkid. Z hlediska obou pfistupti se v praci prolinaji ptipadové studie pro jednotliva
experimentalni povodi, ktera byla peclivé vybrana s vyuZitim relevantnich kritérii. Vyznamny prostor
je vénovan klicovym otazkam metodického ptistupu k feSeni jednotlivych ukold, pfi¢emz pouzité
moderni postupy a metodiky byly v priabéhu praci pribézné optimalizovany.

Material a metody

V této kapitole jsou detailné popsana podkladova data a metodické postupy, které byly vyuzity pti
feSeni jednotlivych ukolt vedoucich k zodpovézeni hlavnich cilli prace. Po vymezeni zajmového
uzemi vcetné charakteristiky experimentalnich povodi jsou popsany mapové podklady a pouzity
software. Nasledné je popsdna metodika jednotlivych pfistupt k hodnoceni dil¢ich tkoli, metody
sbéru podkladovych dat a jejich zpracovani. Zminény jsou rovnéz nejistoty spojené se ziskavanim dat
a jejich analyzami. K hodnoceni vlivu f-g faktord na hydrologické pomeéry byla v ramci zajmového
povodi vytipovéana experimentalni povodi, kde byla postupné instalovana automaticka ultrazvukova a
tlakova hladinomérna zatfizeni a klimatické stanice s telemetrickym pfenosem dat. Od roku 2006 byla
Vv zdjmovém uzemi postupné vybudovana stabilni a fungujici sit’ zafizeni monitorujicich dynamiku
odtoku, extremitu h-m jevi a fyzikalné-chemické (f-ch) parametry povrchovych vod, které jsou
kli¢ové pro korektni posouzeni zdej$iho retenéniho potencialu. Velmi pozitivnim aspektem je fakt, Ze
vybrané hydrologické a srdazkomérné profily byly jiz UspéSné implementovany v rdmci varovného
protipovodiiového systému CHMU a vyuzity pro potieby zpiesnéni hydrologické prognézy.



Monitoring srazko-odtokovych procesii

K hodnoceni hydrologického rezimu bylo vyuZito dlouhodobych &asovych fad ze statni sit¢ CHMU a
casovych tad generovanych monitorovaci siti Pfirodovédecké fakulty UK v Praze (PiF UK). V ramci
nékolika projektt byla v zajmové oblasti postupné od prvni poloviny roku 2006 vybudovana sit’ cca
dvaceti automatickych monitorovacich stanic (obr. 1). Vzhledem k absenci ¢i nedostate¢nému
mnozstvi stavajicich stanic CHMU ¢&i podniki ,,Povodi® bylo zdsadnim cilem pro potieby detailniho
vyzkumu ve zdrojovych oblastech tokii vytvoreni vlastni monitorovaci sité, kterd by umoziovala
detailni sledovani a analyzu vzestupnych a poklesovych vétvi povodiovych vin a rozbor jejich
formovani a priabéhu pti hydrometeorologickych pti¢innych situacich na hornich tocich (Kliment et
al., 2008; Kocum, Jansky, 2009). Zavedeni vlastni monitorovaci sit€¢ umoznilo vznik unikatni banky
dat, na jejimz zaklad¢ lze provadét velmi podrobné analyzy srazko-odtokovych (S-0) procest pro
nasledné matematické modelovani (napf. Jenicek, 2008 a 2009). Tato kapitola se zabyva typy
meéficich pfistroji a monitorovacimi metodami pouzitymi pfi automatickém sledovani h-m jevu
v pramennych oblastech vodnich tokti. Jako zéklad pro analyzu odtokového reZimu Vv zijmovém
povodi byla pouzita data primérnych dennich pratokt a hodinovych pritokt vybranych extrémnich
odtokovych epizod ve statnich profilech CHMU (Vydra-Modrava, Kiemelna-Stoduilky). Na téchto
souborech dat byla provedena zakladni hydrologicka statistika v¢. posouzeni variability odtoku.
Hlavni pozornost pak byla soustfedéna na objasnéni zavislosti extremity odtoku na f-g pomérech
povodi jednotlivych toki. Kratkodobé tady dat z automatickych stanic PfF UK byly podrobeny
analyze dynamiky odtoku. Zvlastni diraz byl v tomto ohledu kladen na posouzeni hydrologické
funkce raSeliniSt a vlivu jejich revitalizacnich opatteni. Pro detailni analyzu odtoku ze sné¢hové
pokryvky bylo tfeba mit k dispozici pritbeéh hodinovych pratokti a rovnéz hodinovych dat o teploté
vzduchu v jarnim obdobi. Analyza
odtokového rezimu povodi a rozbor
formovani  povodiovych  vin u
vybranych situaci byl tedy provadén s
vyuzitim vstupnich dat, které¢ Ilze
rozdélit do tfi skupin: a) data z
limnigrafickych stanic CHMU Vydra-
Modrava a Kfemelna-Stodulky, data z
meteorologickych stanic CHMU
situovanych v  blizkosti zajmového

Kfemelna - StodUlky

Otava - Rejstejn

povodi, b) data ziskana A
hydrometrovanim ve vybranych N
profilech PfF UK, c¢) datové fady z [ﬁ

automatickych hladinomérnych zatizeni
a meteorologickych stanic PfF UK.
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Pro posouzeni variability odtoku ve vybranych profilech byla pouzita klasicka hydrologicka
statistika. Ke zhodnoceni miry extremity ve vzestupu povodinové viny byla vyuzita metoda indexu
extremity (Curda et al., 2011). Ta spo¢iva, ve své prvni fazi, v ureni primérého pritoku
jednotlivych tokit v obdobi ptfed vzestupem povodnové viny (D-8 az D-2). V tomto obdobi mély
pritoky setrvaly trend ovlivnény pouze tanim snéhové pokryvky. Predpoklad je, ze tento pritok by
byl na toku dosazen i v néasledujicich dnech, pokud by nedoslo k pfi¢inné situaci. Pro stejné obdobi
(D-8 az D-2) byly spocteny z pramérnych hodinovych pratok hodnoty variaéniho koeficientu (Cv1).
Takto vypoctené hodnoty ndm dévaji predstavu o mife rozkolisanosti jednotlivych tokl v obdobi pied



povodnovou vinou. V druhé fazi byl pro kazdy tok spocten variacni koeficient v obdobi D-1 az DD,
vztazeny ke zjisténému teoretickému primérnému pritoku daného toku v obdobi pied pfi¢innou
situaci (D-8 az D-2), ziskanému vySe uvedenym postupem. Obdobi D-1 az DD je rozmezi, ve kterém
v tomto piipadé doslo ke vzestupu, kulminaci a poklesu povodnové viny. Takto ziskané hodnoty
variacniho koeficientu (oznaceny Cv2) tedy vyjadiuji miru variability povodiovych priitokii od jejich
normalniho prabéhu, ktery by byl teoreticky dosazen bez povodiového ptipadu. Vzajemné hodnoceni
tedy poskytuje dobrou piedstavu o mife extremity povodiové viny jednotlivych tokd ve vztahu k
jejich primérnému prutoku. Vyuziti této metody je za predpokladu obdobnych vstupnich a ptic¢innych
podminek u vSech sledovanych toka aplikovatelné pouze na nékteré povodnové situace. Pro kontrolu
a eliminaci mozného zkresleni hodnot variaéniho koeficientu v zavislosti na dobé trvani
kulminac¢niho pratoku a délce viny na jednotlivych tocich byl vyuzit nésledujici postup. Ten spociva
ve vyjadieni hodnoty vzajemném podilu maximalni dosazené hodnoty desetiminutového priutoku v
obdobi D-1 az DD (déale oznacovan jako KP) a prumérného pritoku v obdobi pied vzestupem
povodiové viny (dale oznaCovan jako PP), v tomto piipadé D-8 az D-2. Takto ziskana hodnota je
oznacovana jako index extremity kulmina¢niho prutoku I (l.«=KP/PP).

Monitoring hladiny podzemni vody ve vrchovisti

Kontinualni sledovani vysky hladiny podzemni vody (HPV) ve vrchovisti je zalozeno na stejném
principu, na kterém probiha monitoring vysky hladiny v povrchovych tocich, tedy na systému
automatickych meéficich zafizeni. Systém sledovani HPV je spravovan Botanickym ustavem
Akademie véd CR v Ceskych Budgjovicich (BU AV CR). Sestava obsahuje kromé fidici jednotky
automatickou sondu s plovakem. Jednotliva ¢idla jsou umisténa v reprezentativnich bodech ve flarku,
travniku a v kleci.

Monitoring fyzikdalné-chemickych parametrii vod

Soucasti vybranych vodomérnych profild je kontinualni monitoring teploty vody, pH, konduktivity,
redoxné-oxida¢niho potencialu a obsahu rozpusténého kysliku. Méfici ¢idla byla v pribéhu vyzkumu
pravideln¢ kalibrovana a udrzovéna s ohledem na spravnou funk¢nost a zajisténi kontinuity ¢asovych
fad. Cely systém byl postupné doplilovan a uzpisobovan potiebam a cilim vyzkumu. Hydrologicky
monitoring byl v experimentalnich povodich s rozdilnym zraSelinénim doplnén sledovanim bilance
iontt, uhliku a v piipadé povodi Rokytky i izotoptl kysliku (spoluprace s Ceskou geologickou sluzbou
na Barandové, CGS) za udelem zptesnéni separace odtokovych fazi pomoci aniontové deficience. Pro
posouzeni hydraulické komunikace vrchovisté s drénujicim tokem bylo vyuzito dat ziskanych
V hydrologickém roce 2008 (viz niZe). Ve vytipovanych profilech byly pravidelné odebirany vzorky
atmosférické depozice a povrchovych vod v tocich, pficemz vysledky laboratornich rozbori byly
korelovany s monitorovanymi hodnotami pritokti. Vzhledem k tomu, Ze v ohnisku zajmu staly
pfedevs§im extrémni odtokové situace, bylo pii odbérech vzorkii dbano na to, aby byly odebirany pii
pritocich reprezentujicich nejen primérny stav, ale zvlasté povodiiové, resp. suché epizody. Po
odbérech byly vzorky analyzovany v akreditovanych laborato¥ich CGS na: pH, alkalita, Na, K, Mg,
Ca, Al, Mn, SiO,, NH,*, NOg', F, SO,*, CI', TOC a TN, TON, absorbance.

Monitoring prirozenych stabilnich izotopui

Za celem zhodnoceni hydrologické bilance v povodi Rokytky byly ve 14tidennim intervalu provadény
odbéry srazek, pfiGemz méfen byl uhrn srazek a izotopové slozeni (5'°0-H,0) srazkovych vod.
Chemismus a depozice srazek byla méfena v sousednich povodich v mésicnim intervalu. Odbér
povrchovych vod na chemismus a izotopové slozeni probihal ve stejném intervalu v profilech na pfitoku,
ve slati a v zavérovém profilu. Odebrané vzorky byly skladovany v temnu a chladu a analyzovany
v akreditovanych laboratofich CGS. Stanoveno bylo pH a koncentrace: NOz, SO,%, CI iontové
vyménnou chromatografii, F~ potenciometricky iontové selektivni elektrodou, NH4" kolorimetricky
indofenolovou modii. Ca, Mg, Na, K, Al, Fe, Si byly stanoveny plamenovou atomovou absorp¢ni
spektrometrii (FAAS), alkalita byla méfena titracné silnou kyselinou (0.1 M HCI), rozpustény organicky
uhlik (TOC) a celkovy dusik (TN) platinou katalyzovanou vysokoteplotni oxidaci jako CO; a NO..
Celkovy organicky dusik (TON) byl spocten jako rozdil mezi TN a N-NO3 + N-NH4. §'®0-H,0 byl



stanoven standardni metodou s analytickou chybou +0.1%eo. Kyslik (O) se v ptirodé vyskytuje ve tfech
stabilmch izotopech 18O 0 a 16O Protoze je molekula H,™°0 lehdi, potrebuje méné energie k Vyparu
maji srazky v chladnych oblastech a obdobich nizsi pomér *0/*°0 nez v oblastech a obdoblch teplejsich.
Diky jedine¢nosti poméru izotopii **0/*°0 jednotlivych zdroja v Case (srazky, podzemni voda, povrchové
voda) Ize principu frakcionace **0/*°0 vyuzit k modelovani tvorby odtoku. K vyjadieni poméru izotopi
80/*°0 se pouziva tzv. delta zéapis. Jde o relativni pomér méfeného 80/**0 ke standardizovanému
poméru *0/*°0 (v tomto piipadé V-SMOW). Pro vypodet piispévku slats k odtoku vody v Rokytce byl
pouzit model zahrnujici vstup ze slaté a vstup z ptitoku. Hodnoceni vstupu pfimych srazek je oddélené
nemozné diky podobnému signalu 8*0-H.0 ve slati a srazkové vods. Prispévek slati k odtoku Rokytky
byl vypo&ten na zaklad& rovnice: % ze slati = [(Rokytka 80 - ptitok 5'%0) / (slat’ 'O - piitok §'%0)] *
100.

Hydro-pedologicky priizkum

Soucasti praci je zevrubny popis padnich profili a odbéry vzorku pro laboratorni analyzy. Zakladni
informace o raselinnych loziscich a jednotlivych typech pid nachézejicich se v zajmové oblasti v¢. jejich
retenni schopnosti jsou ziskdvany ve spolupraci s Vyzkumnym ustavem melioraci a ochrany pidy
(VUMOP) a ze studie Ferdy et al. (1971). Ziskané poznatky jsou porovnavéany s realnymi daty z terénu.

Reten¢ni kapacita pid je zkoumana celou fadou metod. Jednou z nejpouzivangjSich je méfeni
pomoci neutronové metody, metoda retenénich kiivek (Sanda, 1998), méfeni zmény izotopti prvki ve
Vodé po prﬁchodu pﬁdou (Zhang et aI 2011) a daléi techniky Gravimetrické metoda pouzita v ramci
jejim vyuzitim podchytit vice anomalii a Vets1 plochu. Rovnéz neni tak ¢asové naro¢nd a jeji pomoci
1ze hodnotit vice faktorii najednou (typ pudy, vegetace atd.). Navic poskytuje v mnoha ptipadech
presnéjsi vysledky. U tématu reten¢ni schopnosti pidy poskytuje zéasadni zjisténi jeji porovitost.
Standardni vypocet se opira o jednoduchy princip podilu celkového objemu vzorku a objemu pevné
slozky. Vzhledem k moznosti existence uzaviené¢ho pidniho vzduchu v nasycené zoné, a dalSich
okolnosti, nemusi vzdy méfeni porovitosti pudy presné urcit mnozstvi pora schopnych pojmout vodu.
Proto byla vybrdna metoda méfeni plné vodni kapacity. Retencni schopnost jednotlivych ¢asti
vrchovisté byla porovnana s vySkou HPV. Mezi HPV ve vrchovisti a povrchovym odtokem
z vrchovisté byla posuzovana zavislost vzhledem k dal$im faktortim, jako je thrn srazek, apod.

Monitoring snehové pokryvky

Pro zkoumani odtokovych pomérii a pro modelovani a ptipadnou predpovéd’ odtoku z tajici snéhové
pokryvky je zcela kli€ova znalost mnozstvi vody akumulované ve sné¢hové pokryvce pred nastupem
jarniho tani. Ur€eni tohoto mnozstvi neni ovS§em s ohledem na prostorovou variabilitu charakteristik
snéhové pokryvky vibec jednoduché. Udaje o snéhové pokryvce ze stani¢nich méfeni v ramci sité
CHMU se zejména v horském terénu mohou diametralné ligit od skuteénych podminek, které panuji
v povodi i v nejbliz§im okoli stanice. Odhad mnozstvi vody akumulované ve snéhu
V nejexponovangjSich castech povodi ceskych tokli nejsou dostateCné reprezentativni a byvaji
vétsinou znaéné podhodnocené. Z téchto divodi byla béhem poslednich Sesti zimnich obdobi
provedena série snéhomérnych expedi¢nich méreni ve tfech experimentalnich povodich v pramenné
oblasti Otavy. Pro monitoring vysky snéhové pokryvky (Snow Cover Height, SCH) a jeji vodni
hodnoty (Snow Water Equivalent, SWE) tzv. expedi¢nim méfenim (mobilnim prizkumem) byla proto
vyvinuta metodika spocivajici v bodovém meéfeni s pravidelnym prostorovym rozloZzenim a
s ptihlédnutim k nadmoiské vySce, expozici, sklonu svahu a hustoté a druhové skladbé vegetaéniho
pokryvu. Informace o dynamice ukladani se ziskavaji na podklad¢é vice méfeni béhem zimni sezony,
pficemz jedno z nich je soustfedéno do obdobi maximalniho vysnézeni a dal$i do jarniho obdobi tani
sné¢hové pokryvky. Uvedend meétfeni maji za ukol alesponn caste¢né odhalit a popsat skute¢nou
prostorovou variabilitu snéhové pokryvky a jeji charakteristiky.

Pro potieby analyzy miry vlivu jednotlivych faktori na formovani snéhové pokryvky bylo
zapotifebi nasledujicich dat: digitdlni data slozek krajiny ve formatu vrstev pro GIS, meteorologicka
data stani¢niho méfeni CHMU, Deutscher Wetterdienst (DWD) ¢i PiF UK, data o charakteru sn¢hové



pokryvky v zdjmovém tzemi ziskana vlastnim terénnim méfenim. Pro méfeni vodni hodnoty snéhu
byla pouzita vahova snéhomérna souprava SM 150-50.

Databaze naméfenych a vypocitanych hodnot byla v prosttedi ArcGIS 9.3 propojena pomoci koda
z GPS, které byly upraveny na format *.shp (shapefile). Data jsou poté v prostfedi ArcGIS vhodnymi
metodami interpolovana tak, aby bylo mozné posoudit plo$né rozloZeni snéhovych zasob.
Interpolace byly provedeny bez ohledu na vegeta¢ni kategorii stanovisté. Byly vytvofeny interpolace
za pouziti tfi interpolacnich algoritma Vv prostiedi GIS — Spline (tension, vaha 0.1), Kriging (ordinary
spherical) a IDW (vaha 0.5) pfi vystupni velikosti pixelu 10 x 10 m.

Ke zpracovani analyzy odtoku ze snéhové pokryvky v modelovém povodi byla vyuzita datova fada
z hladinomérného zafizeni umisténého v jeho zavérovém profilu. Zpracovana byla fada hodinovych i
dennich pratokd v ¢asovém rozsahu predpokladaného mozného vyskytu snéhové pokryvky (listopad-
kvéten). Pii modelovani pomoci Degree-day modelu a k identifikaci pocatku tani sné¢hové pokryvky
bylo vyuzito i primérnych hodinovych a dennich teplot vzduchu.

Vymerovani potencialnich akumulacnich a retencnich prostor

Vymérovani potencidlnich prostor pro zadrzeni pti¢innych thrnt srdzek a retardaci odtoku, at’ jiz
nékdejsich akumulaénich nadrzi (klauzy) ¢i mozZnych reten¢nich nadrzi vazanych na vhodnou
konfiguraci reliéfu (pfedev§im v povodi Vydry nad obci Modrava), je provadéno nejnovéjsSim
modelem totalni geodetické stanice (TS) Leica TCRP1202+, ktera je pomoci systému Ceské sité
permanentnich stanic pro urCovani polohy (CZEPOS) a pienosu korek¢énich dat systémem GPRS
schopna méfit v rezimu onlineprocessing ¢i postprocessing. Méfeni bodovych poli pomoci TS ¢&i
geografické GPS je jednim ze zakladnich vstupti pro pfesné modelovani v GIS.

Vysledky a diskuse

Monitoring hydro-meteorologickych jevii a fyzikalné-chemickych parametrii vod

Jednim z hlavnich vysledki vyzkumu v pramenné oblasti Otavy v poslednich letech je zaloZeni a
kompletace sité automatickych zarizeni monitorujicich h-m jevy a f-ch parametry povrchovych
vod. Od roku 2006 byla vybudovana velmi husta sit’ méficich zafizeni, ktera v dnesni dobé¢ ¢ita 17
hladinomérnych stanic, 3 stanice meteorologické a 1 ¢lunkovy srazZkomér. Impulsem k vybudovani
takového systému stanic byla potfeba detailné monitorovat hydrologické a meteorologické jevy,
jejichz sledovani je zésadni pro pochopeni mechanismii vedoucich k formovani odtoku v téch
nejexponovanéjSich partiich povodi Otavy Vv zavislosti na specifickych f-g pomérech v dané oblasti.
Ziskani informaci o transformaci zvySenych priatokt v horskych oblastech je pfitom klicem k poznani
doby postupu a transformace povodinovych epizod na stfednich a dolnich tocich. Z hlediska
minimélnich odtokdi je znalost primarnich informaci neméné dulezitd. Proto byla celd sit
lokalizovana do mist, kde chybi jakékoliv pozorovani v ramci statni sit¢ CHMU, vétsina z téchto
piistrojii se tedy nachazi nad nejvyse poloZzenymi statnimi profily. Pouze dlouhodobou soucinnosti
vSech zainteresovanych instituci v oblasti Ize ovsem dosahnout efektivnich vysledkt. V tomto smyslu
je tieba vyzdvihnout probihajici spolupraci s CHMU, ktera spodiva ve vyméné dat riizného detailu,
mimo jiné pii zpfesnovani konsumpcénich kiivek. Vyznamnym tGspéchem je implementace sité profild
Vv ramci varovného systému CHMU bé&hem extrémnich odtokovych situaci v minulych letech.

Vzhledem ke specifi¢nosti uzemi z hlediska snéhovych poméri (v¢. existence navétrného efektu)
bylo klicové vytvofit vhodnou metodiku monitoringu jejich parametrti. Nastavend metodika byla
prubézné optimalizovana proto, aby pfi minimalizaci nakladii dosdhla maximalné pfesnych vystupl
pro nasledné analyzy vcetné postupit v ramci hydrologického modelovani. Vybrana proto byla
modelova povodi se specifickymi f-g podminkami, které hraji klicovou roli pfi akumulaci a tani
sn¢hové pokryvky v tomto tzemi. Optimalizace metodiky monitoringu stale probiha a je pfedmétem
vyzkumu nékolika praci feSenych na naSem pracovisti.



Hydrologicky rezim a jeho variabilita v povodi horni Otavy

Odtokovy rezim v povodi Vydry a Kifemelné

Dosavadni vysledky ziskané z automatickych zafizeni nainstalovanych v poslednich Sesti letech
Vv zajmovém povodi horni Otavy dokladaji fakt, ze timto zplsobem ziskand data umozni velmi
detailni posouzeni s-0 vztahii a vlivu jednotlivych f-g faktorii na dynamiku odtoku v pramennych
oblastech v¢etné detailniho hodnoceni dynamiky zdej$iho odtokového procesu (podrobné analyzy
vzestupnych a sestupnych fazi) a hydrologické funkce horskych vrchovist a snéhové pokryvky
jakozto vyznamnych faktori ovliviiujicich formovéani odtoku. Je samoziejmé, a pii hodnoceni
vysledki je tento fakt nutné uvazovat, Ze neni mozné vytipovat naprosto optimalni modelové povodi.
Faktort ovliviiujicich odtok je velké mnozstvi a v oblastech exponovanych horskych povodi je proces
formovani odtoku velmi slozitym mechanismem. Pfedmétem vyzkumu by se tak méla stat urcita
hierarchizace téchto faktorti z hlediska dulezitosti v kazdém jednom povodi. Vyznamnou roli v téchto
oblastech hraje kromé& miry zraselinéni mimo jiné i dotace srdazkovymi uhrny, ktera je navic
vyznamné ovlivnéna existenci orografického efektu (souvisi s pievladajici expozici povodi). Detailni
rozbor celého mechanismu v zajmovém uzemi provedl Kubicek (2006). Uvedeny efekt postihuje
vrcholové a navétrné oblasti Sumavy a pfedstavuje jeden z kli¢ovych faktori ovliviiujicich extremitu
odtoku. Vzhledem k tomuto faktu byly v zajmové oblasti umistény meteorologické stanice v mistech,
kterd byla urcena jako reprezentativni z pohledu vystupnich dat. Data ze srdzkomérnych stanic
v ramci statni sité CHMU totiz nelze vzhledem k jejich podhodnocenosti pro nejvyssi partie povodi
brat v ivahu. Mezi dal$i vyznamné faktory je tieba pocitat samoziejmé sklonitostni poméry povodi a
predevs§im miru lesnatosti, resp. zdravotni stav lesniho porostu. Toto téma je v souc¢asné dob¢ velmi
aktualni v souvislosti s sitenim ktirovcové kalamity v jiz velmi oslabeném a druhové chudém porostu.
Se srazkovymi poméry tésn¢ souvisi i dal$i klicovy faktor, kterym je charakter snéhové pokryvky,
pficemZ mechanismus jeji akumulace a tani je velmi komplikovany. Jakysi ,,Sum®, ktery vnasi do
vystupt ur€ity stupen nejistoty, byl eliminovan tim, Ze byla vybrana povodi s dostate¢né podobnymi
ostatnimi f-g parametry. Vzhledem k urcitému stupni nejistoty byly posléze klasické hydrologické
postupy doplnény o analyzy hydrochemické a o geochemicky piistup k hodnoceni tvorby odtoku.
Hlavni podstatou vyzkumu byla orientace na analyzu kratkodobych ¢asovych fad prostfednictvim
»case studies® a posouzeni potencidalu dat generovanych monitorovaci siti automatickych stanic pro
nasledné statistické analyzy. Urceni specifik pfi tvorbé odtoku v tomto izemi byl vénovan vyznamny
prostor. Pti naslednych analyzéach ¢i syntéze vysledki je totiz naprosto klicova relevance primarnich
dat a minimalizace nejistot.

Dlouhodobé trendy vyvoje odtoku a s-o vitahii Vv tomto Gzemi, zejména s ohledem na mozné zmény
zpiisobené antropogennimi zasahy do fi¢niho systému a celkové struktury povodi, jsou piredmétem
vyzkumu napt. Klimenta et al. (2010) ¢i Klimenta a Matouskové (2005).

RezZim odtoku v kli¢ovém povodi Vydry ma mirn¢€ nevyrovnany chod zplisobeny zejména vyznamnym
zvySenim vodnosti v obdobi jarniho tani snéhové pokryvky. Zjisténi o velmi podobné cetnosti MV a
MS, resp. Va S, let v profilu Vydra-Modrava, potvrzuje mimo jiné to, ze je nutné vénovat se
hodnoceni suchych period a preventivnimi opatfenimi ptred jejich negativnimi disledky v této oblasti
do budoucna pon¢kud intenzivnéji. Béhem sledovaného obdobi v profilu Vydra-Modrava vykazuji
pratoky vyraznou rozkolisanost nejen v mési¢nim a dennim chodu, velmi variabilni je jejich pribéh
zejména v hodinovém chodu.

Rezim odtoku a jeho variabilita v experimentalnich povodich

Extremita hydrologicky vyznamné odtokové udélosti a specifické f-g podminky v jednotlivych
povodich byly podrobeny korela¢ni analyze, jejiz zdkladem byla metoda indexti extremity a
vyjadfené f-g parametry uzemi. Na obdobném indexu extremity je zalozena metodika pro odhad
100letych pritoki na nepozorovanych povodich (Sercl, 2009; Stépankova, 2004). Z uvedené analyzy
vyplyva, ze na extremitu povodinového prutoku ma z f-g faktord nejvétsi vliv plocha horskych
vrchovist a tvar povodi.

Obecné vyteSeni otazky vilivu horskych vrchovist’ na odtokovy proces neni mozné. Ta totiz zavisi na



mnoha faktorech, predev§im na typu raselini$té, jeho zdravotnim stavu a mife antropogenniho
ovlivnéni. Nazory na téma hydrologické funkce raSelinist’ prosly znaénym vyvojem a jsou casto
velmi protichidné. Obecné Ize konstatovat, ze hydrologicky vyznam raSelinist byl v minulosti
preceiiovan a nelze je povazovat za regulatory prutoki, protoze vodni toky, které z nich vytékaji, jevi
neobycejné vysokou rozkolisanost. Na tom se dnes shoduji badatelé Sirokého zaméieni a s vysledky
vetsiny praci se lze plné ztotoznit i z hlediska naseho zdjmového tizemi. Ponékud kontroverznéjsi
diskuzi v ramci zahrani¢ni i tuzemské odborné literatury (napi. Conway, Millar, 1960; Moklyak et
al., 1975; Baird, 1997) ovSem poskytuje otazka odvodnéni, resp. hrazeni puvodnich meliora¢nich
kanalt odvodnujicich vrchovisté. Na zakladé¢ vyzkumu v povodi horni Otavy lze vyvodit stejné
zaveéry, které vyustily ze studia vySe zminénych pramenti, a sice Ze pii posuzovani vlivu
revitaliza¢nich opatfeni na dynamiku odtoku je klicové brat v uvahu konkrétni parametry raselinnych
lozisek a okolni pfirodni podminky. Béhem vyzkumu byla totiz oteviena 1 otdzka vlivu v soucasnosti
probihajicich revitalizacénich opatieni zdejSich horskych vrchovist’ na dynamiku odtoku, které¢ provadi
management NPS. Jeji stoprocentnd uspokojivé feseni, byt by mélo byt rozhodujici pii vybéru opatieni
pro vylepsSeni odtokovych poméra v oblasti, zatim neexistuje. Na zakladé hodnoceni dostupnych dat 1ze
konstatovat, Ze v pfipad¢ vybranych analyzovanych ,case studies“ je zfetelné, Ze dochdzi,
pravdépodobné v dusledku existence revitaliza¢nich opatfeni v povodi, k vyrovnavani odtoku pfi
pramérnych vodnostech. Statistické vystupy ale poukazuji rovnéZz na fakt, Ze pfi navySeni odtoku
v disledku intenzivnich srazkovych uhrnti a po ptfekroceni retencni kapacity umisténych hrazeni
dochézi k rychlému vzestupu pritokil s vyznamnou extremitou kulminace. Pro potvrzeni korektnosti
usudku a spravné pochopeni fungovani tohoto mechanismu je zapotiebi zcela jisté $irsi datova
zékladna.
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S minimalnim zraselinénim (obr. 2). K porovnani odtoku ze dvou rGzné zraSelinénych povodi
v pramenné oblasti Vydry bylo vyuzito principu metody frekvence kulminaénich prutokt (napf.
Ahearn, 2003 ¢i Feldman, 1979). Variabilita odtoku je pfitom kromé absolutni hodnoty kulminace
definovédna ptfedevS§im cetnosti vyskytu kulminaénich pritoka (,,peakflows*). Podrobnym rozborem
jednotlivych fazi odtoku, konkrétné analyzou reakce odtoku na pfi¢innou srazku béhem nékolika
srazkovych situaci v rdmci sledovaného obdobi, bylo zjiSténo vyznamnéjS$i zpoZdéni kulminace
odtoku a tedy vyssi schopnost retence vody v povodi s vyrazné nizSim zastoupenim raselinist’.
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Problematika odlesnéni, resp. zdravotniho stavu lesa, v Zajmové oblasti je v posledni dob¢ v souvislosti s
neddvnymi vétrnymi polomy a soucasnou horkou diskuzi ohledn¢ Sifeni kirovcové kalamity velmi
diskutovanym tématem. Vysledky této prace koresponduji s dosavadnimi ndzory v odbornych kruzich
(napf. MacDonald, Stednick, 2003; Andreassian, 2004; Pekarova et al., 2005; Hegg et al., 2006), tj.
potvrzuji negativni vliv odlesnéni projevujici se na odtokovém rezimu vétsi rozkolisanosti a vySSimi
kulmina¢nimi pratoky. Pfimym vlivem odlesnéni a odumirdni horskych smrcin na formovani odtoku
v oblasti centralni Sumavy je snizovani retenéni schopnosti krajiny (Hais, 2008; Sanda, 2011).



Retencni schopnost pudniho prostiedi a horského vrchovisté

Literatura uvadi, ze krajina v ¢eskych podminkach je schopna pojmout az 400 mm vody, primérné
40-90 mm (Tesar et al., 2004; Lichner et al., 2004). Pfi uvazovani primérné HPV tvofi vrchovisté
v experimentalnim povodi Rokytky plochu s nejmens$i reten¢ni schopnosti. Hodnoty retence jsou
podobné tém, které se vyskytuji u mélkych pud (cca 140 mm bez zapocteni aktualni vlhkosti). Pti
mm). JelikoZz se ale HPV pohybuje po % vegetaéni doby vySe, nez je primérnd hodnota, lze
organozem V téchto podminkéach prezentovat jako ,,pfechod mezi pidou a pevnym povrchem®. Je
ovSem diskutabilni, zdali bylo dostatecné méfeni aktualni vlhkosti v povodi. Organozem¢ tedy maji
z hlediska hydrologického zcela zasadni vliv na reten¢ni potencial v krajiné (Vicek, 2011).

V odborné literatufe 1ze dohledat fadu pozitivnich i negativnich ptikladl vlivu existence organozemi
na hydrologicky rezim. Tato rozporuplna tvrzeni se daji paradoxné sjednotit. Kdyz je vrchovisté
odvodnéno, snizi se dle ziskanych poznatkl rozkolisanost odtoku, sukcesi vrchovisté ovSem za
ur¢itou dobu zanikne. Pokud by byla HPV cilené¢ regulovana a sniZovéna v dob¢ potiteby, mohl by byt
retenéni potencial vrchovisté vyuzit, aniz by byla ohrozena samotna jeho existence. Pravidelné
vykyvy HPV ve vrchovisti jsou pfitom pfirozenymi soucdstmi jeho vyvoje. Detailnim porovnanim
vystupti ze zafizeni monitorujicich HPV ve vrchovisti s odpovidajicimi daty o vyvoji prutokt
v zdvérovém profilu povodi byl zjistén jejich minimélni ¢asovy posun. Tento fakt poukazuje na
zanedbatelnou schopnost vrchovi§tniho komplexu pojmout vyznamné thrny srazek a minimalni
hydraulickou komunikaci mezi vrchovis$tnim komplexem a drénujicim odtokem.

Hydrologicka funkce horského vrchoviste

Detekce ptirodnich stopovacich latek predstavuje uzite€nou metodu k ziskani kli¢ové informace
v hydrologickych studiich zabyvajicich se formovanim odtoku v povodi. Studium dynamiky odtoku
pomoci pfirozenych stopovact je obvykle zaméfeno na vyuziti izotopu kysliku (180) a vodiku (2H)
(Kendall, McDonnell, 1999).

Hypotézy a poznatky o dynamice odtokového rezimu ziskané na zakladé klasickych hydrologickych
ptistupt byly potvrzeny detailnimi hydrochemickymi a geochemickymi analyzami. Aplikace tohoto
moderniho pfistupu v tak optimalnim modelovém povodi, jakym je povodi Rokytky, se jevila
vzhledem ke spolupraci s CGS a jeji akreditovanou laboratoii jako zakonity posun ve vyzkumu.
Geochemickd data ziskana vyuzitim izotopt kysliku jako pfirozenych stopovact vykazuji nepftilis
signifikantni hydraulické spojeni studovaného vrchoviStniho loziska s drénujicim tokem Rokytky.
Piispévek vody z raSeliniSté k celkovému odtoku z povodi je nevyznamny, pohybuje se maximalné
okolo 10 % mimo zimni obdobi (obr. 3). Slaby vliv vrchovisté je rovnéz demonstrovan vysokou
koncentraci kationtli v povrchovém odtoku v porovnani se slati. Mnohem vyznamnéji se na celkovém
odtoku z povodi Rokytky podili podzemni voda. V souladu s tim je tfeba uvazovat, ze problematika
hydraulické komunikace mezi raselinnym komplexem a drénujicim tokem musi byt feSena striktné s
ohledem na lokalni f-g podminky. Tato prace piedstavuje prvni studii podobného zaméieni v
pramenné oblasti Otavy. Podobnd studie popisujici vyuziti stabilnich izotopti vodiku a kysliku byla
provedena na experimentalnim povodi Uhlifska v horni &asti povodi Cerné Nisy v Jizerskych horach
(Sanda, 2010). Pievazujici podil podpovrchové vody v odtoku potvrdila, stejné tak jako v piipads
studie na Rokyteckych slatich, separace slozek odtoku podle geochemickych parametri. Béhem
zrychleného odtoku dochézi postupné k nartistu podilu vody pochazejici z pfi¢inné srazkové epizody,
ktera se tak podili na fedéni odtékajici vody. Ze studie Sandy a Cislerové (2009) vyplyva, ze odtok
této vody je urychlen systémem dil¢ich drendznich bazi podzemnich a ptidnich vod ve formé umélych
1 pfirozenych lesnich ryh, strzi a nasycenych ploch s probihajicim vratnym odtokem. Tento prib¢h
lze ocekavat rovnéz v pfipadé vytipovanych Sumavskych povodi s existenci nerevitalizovanych
raSeliniStnich ploch s meliora¢nimi kandly. Z hydrologického hlediska se tedy horska vrchovisté v
téchto konkrétnich piirodnich podminkach jevi jako negativni prvek pro transformaci odtoku a jejich
hydrologické rysy nejsou piiznivé (Jansky, Kocum, 2008; Curda et al., 2011).
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Snéhovad pokryvka jako vyznamny fenomén tvorby odtoku

Cilem prace je z tohoto hlediska piedev§im precizace vstupnich dat pro nasledné analyzy vcetné
hydrologického modelovani a urceni specifik pro tvorbu odtoku véetné uvazovani rozliénych nejistot.
Préce si klade za cil urceni téch aspektli, na které je tteba se zaméfit pfi posuzovani podminek pro
akumulaci a tani snéhové pokryvky. Proto byl v rdmci vyzkumu vyznamny prostor vénovan
optimalizaci monitoringu snéhovych parametra.

Meteorologicka data stani¢niho méreni

Jednim ze zdroju dat pouzitych v praci byla data ziskand z meteorologickych stanic provozovanych
DWD, PfF UK a CHMU, rozmisténych v zdjmovém tizemi. Zadné srazkomérné zaiizeni PiF UK
nelze bohuzel z technickych divodli vyhfivat a neumoznuje tak méfeni srazek v zimnim obdobi.
Hodnoty uhrnil srazek a parametrii snéhové pokryvky v pohraniénich oblastech Sumavy mnohem vice
koreluji s hodnotami naméfenymi na stanici Velky Javor (Grosser Arber, SRN) nez s hodnotami
z Ceskych stanic, byt je jejich vzdalenost od experimentdlnich povodi oproti stanici na Velkém
Javoru mnohem kratS$i (Jelinek, 2008). Klimatickd stanice na Bfezniku poskytuje dalSi cenné
meteorologické tidaje z hlediska hydrologie sn¢hu, které jsou pfi jednotlivych analyzach vyuzivany
(napft. slunec¢ni radiace).

Expedi¢ni méieni snéhové pokryvky

Snéhomérnd méieni realizovana v poslednich né€kolika zimnich sezénach potvrdila fadu dulezitych
pfedpokladli. Zejména v horskych oblastech je vSeobecné prokdzana vysoka prostorové variabilita
charakteristik sn¢hové pokryvky, z nichZ nejvyssi vypovidajici hodnotu maji predevsim jeji vyska
(SCH) a vodni hodnota (SWE). Tyto charakteristiky v takto exponovanych lokalitach Ize jen velice
obtizn& postihnout bodovym méfenim v ramci meteorologickych stanic CHMU. Na tuto skute¢nost
vSak upozoriiuje fada autori, napi. Holko (2001), a byva hlavnim feSitelskym tkolem mnoha
vyzkumnych studii. Jako alternativni moZnost se V takovém piipadé€ nabizi pravé expedi¢ni méfeni,
ktera predstavuji nesporné vyhody v detailnim monitoringu celého modelového povodi a tedy
mnohem piesnéj§i zachyceni zminéné variability charakteristik snéhu. ReSenim by do budoucna
mohlo byt zdokonaleni prostiedkis DPZ, které by dokazaly naro¢ny expedi¢ni zplsob nahradit.
Limity tohoto zpusobu vyzkumu jsou ale v soucasné¢ dob¢ stile vysoké, byt predstavuji velmi
aktualni téma soucasné hydrologie sn¢hu (Ranzi et al, 1998; Gidda et al., 2002).

Vliv fyzicko-geografickych faktora na charakter snéhové pokryvky

Zpusob meéfeni pii snéhomérnych kampanich se ukazal jako dostate¢ny pro relativné presné
kvantifikovani zasob vody uloZené ve sné¢hu v experimentalnich povodich a nasledné modelovani



odtoku z povodi, avSak jevi se jako zcela nedostatecny pro detailni analyzy provadéné za tucelem
zjiSténi miry ovlivnéni charakteristik snéhové pokryvky jednotlivymi faktory. Obecné velké rozdily
Vv prostorové distribuci sn¢hové pokryvky pii ukladani a tani snéhu na otevienych plochach a v lese
(Pobtislova, Kulasova, 2000) 1ze vysledovat rovnéz v Sumavskych podminkach. Uvedené skute¢nosti
ale pravdépodobné plati pouze na lokalni urovni. V regiondlnim a globalnim méfitku nejspis
rozhoduji nadtazené faktory jako je nadmorskad vyska a celkovy uhrn srazek. Z hlediska faktoru jako
je sklon svahii je objektivni analyza rovné€z problematicka. Pro eliminovani vySe zminénych
nedostatkil by bylo tfeba bud’ podstatného zvyseni poctu meérnych bodii v experimentalnich povodich,
jejichz lokalizace by postihovala vSechny variace zplusobené kombinaci rtiznych faktord, nebo
zavedeni zcela novych a pfesné umisténych mérnych bodu, které by zdsadnim zptisobem eliminovaly
vliv n¢kterych faktorti svou uniformitou.

Vzhledem Kk naroc¢nosti expedi¢nich méfeni je naprosto klicové vénovat se optimalizaci metodiky
méreni snéhové pokryvky v tomto konkrétnim uzemi s pfihlédnutim k nejvyznamnéj$im faktorim
ovlivitujicim jeji akumulaci a tani, jako jsou srazkové poméry vcetné expozice (orografického efektu),
typ vegetacniho pokryvu, apod. Reprezentativni stanoviste, ktera by v sob€ nesla informaci typickou
pro danou kombinaci dil¢ich f-g faktori, by byla nasledné aplikovana do konkrétniho tizemi, ve
kterém je potieba zjistit charakter sné¢hu pro potteby modelovani.

Monitoring hustoty jednotlivych vrstev snéhové pokryvky ve vertikalnim profilu, ktery je
prokézal, Ze schopnost ledovych vrstev nést vodu miize pro tdni znamenat rozfazovani odtoku do vice
dnli a mozna tak i snizeni maximalnich odtokt ze sn¢hu. K tomu je potfeba znadt mimo jiné i izolacni
vlastnosti jednotlivych vrstev. Vzhledem k tomu, Ze izolace sn¢hu je do jisté miry zavisld na jeho
hustot¢, méa monitoring stratifikace sn¢hu zna¢ny vyznam.

Interpretace dat o snéhové pokryvce

Navrzené postupy monitoringu snéhové pokryvky ptinesly kvalitativné hodnotné informace a zda se,
Ze nasledné urceni zasob vody v povodi odpovidalo v jednotlivych hodnocenych obdobich realité.
K plosné interpretaci dat a urCeni zasob vody ve sn¢hu se jevi jako nejvhodnéj$i, odbornou
literaturou doporucovana (napi. Jenicek, 2009; Holko, 2001), metoda Kriging, kterd piedstavuje
jednu z interpolaénich metod modulu ArcGIS 3D Analyst v prostfedi GIS.

Vzhledem kcilaim této c&asti prace byla jedna jeji ¢ast vénovana hydrologickym datim
z ultrazvukovych hladinomért instalovanych v zavérovych profilech modelovych povodi, ktera se
stala zakladem pro objektivni hodnoceni a analyzu sné¢hové pokryvky ve fazi akumulace i nasledného
tani. Jako nevyhoda se potvrdila absence vyhtivanych srazkomeért, jejichz data by byla vhodnym
konfrontaénim materidlem pro zimni srazkové epizody. Pro modelovani tani snéhu je zcela zasadni
identifikace jarniho odtoku ze snéhu. Rozbor metod pro stanoveni tani a odtoku ze snéhové pokryvky
ukazal, ze vyuziti metody Degree-day je vhodné i navzdory jednoduchosti a Siroké dostupnosti
teplotnich dat a poskytuje adekvatni vysledky. Cilem modelace Degree-day v praci Pospisila (2009)
bylo zjistit teplotni faktory pro tato modelova povodi s jejich naslednym vyuzitim pfi modelaci
odtoku ze snéhové pokryvky v oblastech s podobnym charakterem a bez sofistikované techniky
monitorujici odtok. Povodi, na kterd nelze aplikovat tabulkové hodnoty teplotnich faktori uvedené
v literatuie vyznamnych autord (napi. Beven, 2001), se v pramenné oblasti Otavy vyskytuje vice. To
poukazalo na fakt, Ze snih a procesy Vv ném probihajici jsou velmi rGznorodé a zavislé na
klimatickych pomérech. Pro kvalitni pfedpovéd odtoku je tak znalost konkrétnich poméra feSené
oblasti nezbytna.

Potencialni retencni prostory pro eliminaci negativnich dusledku klimatické zmeény

Na zékladni vyzkum, ktery v praci dominuje, navazuje i ¢ast prace aplikacniho charakteru. Jednd se
piedevsim o kontroverzni téma vyméfovani nékdejsich akumula¢nich nadrzi pouzivanych v minulosti
pro plaveni dfeva a potencialnich retencnich prostor vazanych na vhodnou konfiguraci reliéfu
Vv povodi Vydry.

Koncep¢ni posun Vv ochrané ptfed hydrologickymi extrémy je ziejmy z mnoha studii, napt. z Féhrer



et al. (2001), Drbal et al. (2007) nebo Bélscher a Schulte (2007). V Cesku je v ramci integrované
protipovodinové ochrany a opatieni pro feseni problému sucha bezesporu zajimavou vyzvou vyzkum
pramennych oblasti vodnich tokt, které mohly byt naruSeny lidskou ¢innosti (Langhammer et al.,
2008). V tomto kontextu je vyznamny prostor vénovan i studiu vlivu krajinného pokryvu na odtok
z povodi (Pobiislova, Kulasova, 2000; Jenicek, 2009) a ovlivnéni odtoku masivnim thynem lesnich
porostu (Blazkova, Kolatova, 1994). Z vysledki dosavadnich vyzkumu vyplyva, Zze takto pojata
koncepce obecné nemize v plné mife nahradit klasickd hydrotechnicka opatfeni (Langhammer et al.,
2008), ale muze byt jejich efektivnim dopliikem. DalS§imi moznostmi vyuziti téchto potencialnich
prostor je napf. energetika nebo zasobovani pitnou vodou. NaSe tzemi totiz miize a pravdépodobné
bude zasazeno stale vyraznéjSimi vykyvy hydrologickych extrému, tedy nejenom povodnémi, ale i
suchem a zmenSenim zasob podzemni vody (Bates et al., 2008). Pfi tomto scénafi budou
hydrotechnicka opatfeni tézko nahraditelnd, a proto musi konkrétni feSeni vzdy vychazet z Sirsiho
pojeti integrovaného managementu povodi.

Kromé zhodnoceni procesu hrazeni koryt piivodnich meliora¢nich kanalti, ktera jsou v soucasné dobé
soudasti postupti managementu NPS, bylo souéasti vyzkumu rovnéz posouzeni efektivnosti vyuZiti
potencidlnich reten¢nich prostor v pramenné oblasti Vydry v ramci zvysSeni reten¢niho potencidlu
oslabené krajiny. Tyto prostory by mohly plnit napt. funkci suchych ¢i fizenych poldrii a tim se
podilet na vyrovnavéni odtoku béhem povodiovych udalosti a suchych obdobi. Efektivnost takovych
opatfeni pii retenci vody ve zdrojovych oblastech fek je mozné simulovat aplikaci komplexniho
systétmu vhodnych hydrologickych modeld (Jenicek, 2009; Schulte et al., 2007). Na zakladé
ziskanych dat a dil¢ich vysledkti z terénniho vymeérovani nékdejSich akumulacnich nadrzi
vyuzivanych v minulé dob¢ pro plaveni dieva (tzv. klauzll) 1ze pfedbézné konstatovat, ze t¢innost
téchto opatieni by nemusela byt zdaleka zanedbatelna. Terénni prizkum spocival v kvantifikaci
retennich objeml ve vybranych lokalitach, které mély slouzit pouze jako referencni lokality pro
porovnani s obdobnymi ptipady a pro aplikacni studie v oblastech mimo zajmovou oblast. V této
souvislosti je tfeba zminit, Ze si vyzkum v tomto sméru neklade za cil realizaci jakychkoliv opatfent,
ale pouze vyuziva optimalnich podminek, které tato oblast poskytuje, pro posouzeni jejich u€innosti.
Podobné studie vznikaji i v jinych ¢eskych pohotich (napt. Schulte et al., 2012).

Mozné smery dalsiho vyzkumu

PtedloZend prace nemize mit ambice na vycerpavajici zodpovézeni vSech otazek, které se objevily
pfi jejim feSeni. V podminkdch ménici se krajiny a postupné zmény miry vlivu jednotlivych f-g
faktori na dynamiku odtoku zlstavaji do jisté miry nadale otevieny nékteré sméry vyzkumu, které by
si zaslouzily byt nasledovany. Pfedev§im se jednd o posouzeni potencidalu detailnich dat
generovanych monitorovaci siti automatickych stanic v pramenné oblasti Otavy (i mimo ni) pro
kalibraci a rozvoj hydrologickych modelt vhodnych pro simulaci tvorby odtoku a jeho transformace
nize po toku. Z hlediska vyuZiti principi izotopové hydrologie by bylo vhodné uvaZovat o
generovani vétSiho souboru hydrochemickych a geochemickych dat pro zpiesnéni postupii
vedoucich k posouzeni vlivu horskych vrchovist na formovani odtoku a pro zodpovézeni dalSich
otazek, které pfi feSeni vyvstdvaji. Zajimavé a ojedinélé vysledky by mohly byt ziskdny rovnéz
detailnim pohledem na hloubkové profily vrchovistnimi lozisky. Dalsi rozmér pfi hodnoceni jejich
retencni schopnosti je mozny ziskat analyzami odebranych vzorkl z rGznych hloubkovych urovni.
Prace potvrdila urcité zakonitosti spojené se sn¢hovou pokryvkou, u jinych vSak poukazala na
nejednoznacnost diive vyvozenych zavérl, coz dava podnét k dal§imu vyzkumu této problematiky.
V této souvislosti je klicové vénovat se nadile optimalizaci metodiky monitoringu snéhové
pokryvky pro zvySeni jeho efektivity a ziskdni relevantnich vystupli pro ndsledné analyzy odtoku
z tajiciho snéhu.



Zavéry

Prace s sebou pfindsi poznatky ve tfech obecnych rovinach: roviné zakladniho vyzkumu, roviné
aplika¢ni a roviné vzdélavaci. V ramcifeSeni dil¢ich ukoli byly aplikovany jak standardni a
provéiené metody, tak metody méné znamé. V kazdém piipadé byly veSkeré metodické postupy
prizpusobeny konkrétnim podminkam v zajmové oblasti.

Rovina zakladniho vyzkumu (vé. roviny metodickeé)

Prace si stanovila za cil zhodnotit hlavni specifika tvorby odtoku v povodi horni Otavy S vyuzitim
modernich ptistupti a kriticky se vyjadfit k dostupnym poznatkim (napt. Ferda et al., 1971). Prace
Vv tomto smyslu pfindsi fadu novych zjisténi. Jeji vysledky piedstavuji po vice nez Ctyficeti letech
nové upfesnéné a do jisté miry ucelené poznatky o charakteru zdejSich odtokovych pomérd vcetné
posouzeni jejich variability. Moderni experimentalni hydrologic ma mimo jiné za ukol pomoci
hydrochemickych a geochemickych pfistupi zodpoveédét klicové otazky vcetn€é objasnéni
mechanismil tvorby odtoku a zdrzovani vody v povodi. Vyuziti principli izotopové hydrologie
znamenalo pro pribéh feseni prace novy rozmér V hodnoceni dynamiky odtoku v pramenné oblasti
Otavy. V roviné metodické se podstatou feSeni stalo postupné vybudovéni sit€¢ automatizovanych
stanic pro monitoring h-m jeva a f-ch parametri vod. V praci bylo k hodnoceni vyuzito nékolik
metodickych pfistupll véetné piistupli geochemickych. Pfinosem prace je vytvofeni vhodné metodiky
monitoringu sn¢hové pokryvky, byt jeji optimalizace nadale pokracuje. Zasadnim predpokladem
kvalitniho vyuziti metodickych ptistupil je ovSem jejich ptizplisobeni konkrétnim podminkam.

Aplikacni rovina

Jednou z nejzajimavéjSich védeckych otdzek soucasnosti je to, jaky vliv bude mit zvySujici se
proménlivost klimatu na hydrologicky rezim tokd. Zajmova oblast poskytuje optimélni podminky pro
studium efektivnosti vyuziti rozliénych opatfeni vedoucich ke zvySeni retenéniho potencialu, at’ uz se
bude jednat o plo$na opatieni v povodi, nebo o vyuziti potencialnich ptirozenych i antropogenné
vytvofenych prostorti k zadrzeni vody. Prace piinasi dil¢i vystupy a evokuje dal$i smeéfovani
vyzkumu. Ziskané poznatky mohou byt voditkem pro pozitivni zmény v krajiné, které by mohly mit
za nasledek zmirnéni pribehu a nasledkt extrémnich hydrologickych jevii i vzhledem k faktu, Ze se
CR nachazi na ,,stiese Evropy* a retence vody v krajiné je pro ni klicova.

Vzdeélavaci rovina

Univerzitni pracovi§té vyzkumného typu, kterym je KFGG PiF UK v Praze, pfenasi své odborné
aktivity rovnéz do vzdélavaci roviny. V ramci jednotlivych projektt, které se jakkoliv podilely na
feSeni této prace a naopak, vznikla cela fada bakalarskych a magisterskych praci. V souc¢asné dobé
zadavani dalSich praci s jasné definovanymi ukoly pro zkvalitnéni dosavadnich vysledkt pokracuji.
Témata souvisejici s ochranou pfed hydrologickymi extrémy pfispéla ke zkvalitnéni vyuky formou
specializovanych pfedméti, terénnich cviceni a f-g exkurzi.

Odpovédi na klicové otazky uvedené v vodu prace jsou prezentovany nize.

1) Mechanismus tvorby odtoku pfedstavuje velmi komplikovany systém, jehoz slozitost je umocnéna
v oblastech s vysokou heterogenitou ve smyslu f-g aspektd. Pramenna oblast feky Otavy piedstavuje
jakousi terénni laboratof, kde 1ze dlouhodobé sledovat celou fadu parametrt ovliviiujicich formovani
odtoku a jeho chovani v podminkach ménici se krajiny. Dulezité je vytvofit uréitou hierarchizaci
ovlivitujicich faktort z hlediska jejich dulezitosti a na klicové parametry zaméfit vyzkum. Jednim
Z hlavnich faktort je bezesporu existence horskych vrchovist a raseliniStnich a zraselinénych pid
vV povodi. Jejich vliv na tvorbu odtoku byl proto jednim z hlavnich pfedméti vyzkumu. Neméné
dulezitym fenoménem ovliviiujicim odtok v této oblasti je v celkové ro¢ni bilanci sezénni snéhova
pokryvka, kterd ptedstavuje pomérné¢ tézko kvantifikovatelny prvek vzhledem ke své casové a
prostorové variabilité. Optimalizace monitoringu snéhové pokryvky v podminkich Sumavy je i



vzhledem k nereprezentativnosti stani¢nich méfeni pro nejvyssi partie povodi klicova pro sestavovani
modelll odtoku =z tajiciho sné¢hu a z hlediska pfesnosti vstupli pro hydrologickou prognézu.
Zminovana nizka reprezentativnost dat z ¢eskych meteorologickych stanic souvisi do znacné miry i s
existenci orografického efektu na navétrnych svazich Sumavy ovliviiujiciho vyznamné zdejsi
charakter akumulace sné¢hové pokryvky. Vyznamnym specifikem pro formovani odtoku v zajmové
oblasti je rovnéz charakter vegeta¢niho pokryvu, predev§im pak lesniho porostu a jeho zdravotniho
stavu. Znac¢né oslabena retencni funkce zdejSich porostii vyznamné zvysSuje dynamiku odtoku a jejich
management se stal v posledni dob& velmi kontroverznim tématem vyzadujicim multidisciplinarni
pristup.

2) Vzhledem ke specifickému fenoménu horskych vrchoviit v jadrovych zénach Sumavy byl
vyznamny prostor vV ramci feSeni vénovan posouzeni hydrologické funkce horskych vrchovist nejen
pomoci klasickych hydrologickych metod, ale rovnéz metod hydrochemickych, hydropedologickych
a geochemickych. Na podkladé ziskanych poznatkd lze usoudit, ze existence zdejSich horskych
vrchovist mé z pohledu dynamiky odtokového procesu negativni vliv, a to zvlasté béhem extrémnich
hydrologickych situaci. Lze tedy konstatovat, ze raSelinnd loziska predstavuji v pramenné oblasti
Otavy samostatné hydrologické celky s vlastnim typickym vodnim reZimem, ktery nikterak
nepfispivd k vyrovnavani odtokové kiivky, a jejich hydrologickd funkce v tomto uzemi je
nevyznamnd. V této souvislosti je nutné zdlraznit, Ze veskerd specifika pro formovani odtoku je
potieba posuzovat v konkrétnich podminkdch daného tzemi, jejichz charakter musi byt detailné
objasnén a pochopen a zobeciiovat ziskana zjisténi z konkrétniho izemi nelze.

3) Systém automatickych stanic byl cilen¢ vybudovan v nejvyssich partiich povodi horni Otavy proto,
aby efektivné dopliioval stavajici statni sit' profili CHMU a dokazal monitorovat hydrologické
procesy jiz u samého jejiho zrodu. Pramennd oblast Otavy totiz reprezentuje zdrojovou oblast
vyznamnych odtokovych epizod, pficemz extremita h-m jevi se v poslednich letech neustale zvySuje.
Dosavadni vysledky ziskané prostfednictvim automatickych zafizeni nainstalovanych v poslednich
Sesti letech v experimentédlnich povodich dokladaji fakt, Ze timto zplsobem ziskand data umoznuji
velmi detailni posouzeni s-o vztaht a vlivu jednotlivych f-g faktort na dynamiku odtoku
v pramennych oblastech. Kontinualni zdznamy h-m a jinych jevli poskytuji vynikajici datovou
zékladnu pro podrobné analyzy vzestupnych a poklesovych fazi hydrogramu, a vedou tak zcela jisté
ke zkvalitnéni postuptt hodnoceni dynamiky odtoku. Soucasna hydrologie se ov§em potyka s mnoha
nejasnostmi ve spravné definici prostiedi, kde se odehravaji hydrologické procesy. Jednd se o
nedostatecné popsané okrajové podminky a vlastnosti, které maji ptimy i nepfimy vliv na formovani
odtoku. Detekce stabilnich izotopd kysliku potvrzuje slozitost probihajicich procesit v povodich a
nabizi kvalitativné lep$i moZnosti jejich bliz§iho popisu a objasnéni.

Kromé zakladniho vyzkumu byla ¢ast prace vénovana moznostem aplikace ziskanych poznatkii. Jak
uz bylo zminéno, feseni aktudlnich otazek zvySovani extremity h-m jevia souvisejicich s klimatickymi
zménami v poslednich letech vyZzaduje multidisciplinarni pfistup k této tématice a pfesné zhodnoceni
retencni schopnosti zdej$i krajiny. Nutny predpoklad pro kvantifikaci reten¢niho potencidlu
piedstavuje detailni analyza vlivu klicovych faktord ovliviiujicich odtokové poméry, a to
v konkrétnim (!) uzemi. Zobecnéni dil¢ich vystupti pro dalsi oblasti neni zadouci. Na ziskané
poznatky je tfeba pohlizet z rGznych uhli pohledu. Vysledky prace by mohly byt do budoucna
vyuzity pfi realizaci konkrétnich efektivnich opatfeni protipovodnové ochrany a postupt k retenci
vody Vv suchych periodach, a to ve spolupraci se vSemi zainteresovanymi institucemi. Implementace
takovychto nenasilnych opatieni pro zvySovani retencni schopnosti krajiny by mohla vyznamné
piispivat k redukci kulminaénich pritokid b&hem povodnovych udélosti a k zadrzeni dostate€ného
mnozstvi vody pro eventualni suché epizody. VSechny otdzky souvisejici s rozmanitymi moznostmi a
opatfenimi pro zvySeni reten¢ni kapacity v pramennych oblastech toki by mély byt posouzeny na
zéakladé kvalifikované diskuze odbornikii rizného zaméteni vzhledem k ciliim a prioritam, které maji
vyznam nadregionalni, regionalni ¢i lokalni (napt. Kolejka, 2003; Kovar et al., 2002).



Introduction and aims of the study

Hydrological extremes represent effects that even in central Europe become very significantly in
intensity. Besides flood events these include hydrological droughts. Effective protection against these
effects is one of the basic tasks of hydrology and water management. Thanks to the improvement of
technological capability we can, within the basic research, describe single processes occurring in
nature and quantify the impact of various measures to eliminate their symptoms in much more
sophisticated way. Modern approaches require a very comprehensive outlook at the whole system
completely and allow detailed assessment of its individual components. The correct description is the
key input to subsequent analyses, including hydrological modelling. In context of catastrophic floods
and extreme droughts in recent years there is an urgent need of solving of protection against
hydrological extremes, not using just classical engineering methods but also using untraditional
practices. There is a new strategy focusing on gradual increase of river catchment retention capacity.
The runoff process is influenced by a man already at its very birth, in the headwaters, where
numerous procedures related to runoff retardation and to increasing of water retention in the
landscape can be implemented. The aim of basic research is to provide input findings for their use
within the realization of an integrated protection against hydrological extremes.

The primary impulse for solving this topic was a prompt within the study of Ferda et al. (1971) to
follow up with the research evaluating hydrological regime and water chemistry in the upper Otava
River basin focusing on the occurence of peat lands. Accordingly this thesis set the target to evaluate
the specifics of runoff formation in this area using modern approaches and to critically comment the
results of the study of former Czech Hydrometeorological Institute (CHMI). Vydra and Kiemelna
River basins in Sumava Mts. (southwestern Czechia) represent areas with frequent occurrence of
extreme hydrological events and with high heterogeneity in terms of physio-geographical (p-g) and
socio-economic (s-e) aspects. The necessary prerequisite for the quantification of retention potential
is represented by detailed analyses of key factors affecting runoff conditions in concrete (!) territory.
The problem of peat bogs hydrological function has not been so far fully solved despite a number of
domestic and foreign projects and broad debates among experts. Opinions on such issues vary as it is
evident in the literature that has been dealing with these questions already in the second half of the
19" century. The detailed analysis of literature representing different poles of opinion was carried out
by Holden et al. (2004).

Present hydrology deals with a number of difficulties to sufficiently define the environment where
hydrological processes take place. The surface runoff concept is insufficient and determining basic
hydrological processes by information about the qualitative inner composition of water is inadequate.
Modern experimental hydrology uses hydrochemical and geochemical approaches to explain the
mechanisms, which are related to water retention and runoff formation in headstream areas. Stable
oxygen isotopes are the only natural, physically definable and tracable substances existing in the
hydrosphere which can be balanced correctly. This geochemical approach was used to understand
streamflow generation processes in the highly peaty catchment of Rokytka Brook in the headwaters
of Otava River.

At the beginning of the study below represented main goals were set. Sub-objectives leading to
answer the main goals are presented in each part of the thesis.

1) Assessment of the hydrological regime specifics in the upper Otava River basin and evaluation the
influence of individual p-g factors (including snow conditions) typical for this area with respect to
extreme runoff episodes.

2) Evaluation of the retention potential and hydrological function of peat bogs located in the upper
Otava River basin (hypothesis: hydraulic connection between peat bogs and surface streams is
limited and related to specific geomorphological conditions in the Vydra River basin).

3) Assessment of the potential of detailed data from automatic hydro-meteorological stations for
runoff dynamics evaluation and of the suitability of the use of isotope hydrology principles for



modelling the peat bogs hydrological cycle.

In order to answer the main questions and meet the objectives the thesis was solved from two
perspectives. The first approach related to issues of basic research is crucial for the second dimension
of work. Application character of the second part has the task to evoke reflection on the future
direction of research in this area and represents the first step to usage of so far acquired findings.
From the perspective of both approaches the case studies, carefully selected using the relevant
criteria, are presented.

Material and methods

This chapter describes, in detail, the underlying data and methodologies that were used to solve
various tasks leading to answering the main objectives of the work. After defining the characteristics
of the study area experimental catchment map layers and used software are described. Subsequently,
the methodology of various approaches to individual tasks and methods of collecting the underlying
data and their processing, are presented. Uncertainties associated with data acquisition and analyses
are also mentioned. To evaluate the influence of different p-g factors on runoff conditions within the
study area experimental catchments were chosen. In the closing profiles of each catchment automatic
ultrasound and pressure water level gauges and climatic stations with telemetric data transmission
have been subsequently installed. Since 2006 a stable and efficient network of stations monitoring the
runoff dynamics, extremity of hydro-meteorological (h-m) features and physio-chemical (p-ch)
parameters of surface water has been built up (Fig. 1). These inputs are crucial for a correct
assessment of the local retention potential. A very positive aspect is that the chosen hydrological and
climatic profiles have been successfully implemented within the flood warning system of CHMI and
used for hydrological prognosis preciseness.

Monitoring of rainfall-runoff processes

To evaluate the hydrological regime long-term time series of the CHMI national network and time
series generated by the monitoring network of Charles University in Prague, Faculty of Science
(CUNI) were used. With respect to the lack of existing state profiles in highly exposed areas of
Sumava Mts. the own system was created to
allow detailed observation and analyses of
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To assess the runoff variability in chosen profiles classic hydrological statistics were used at the
first step. To assess the degree of extremity in the ascending phase of a flood wave the method of
extremity indices was used (Curda et al., 2011).

Monitoring of ground water table in a peat bog

Continuous monitoring of ground water table (GWT) within the peat bog was based on the same
principle of surface water monitoring. GWT observation system is managed by the Institute of
Botany of the Academy of Sciences of the Czech Republic in Ceské Bud¢&jovice.

Monitoring of physio-chemical parameters of water

Chosen hydrological profiles were complemented by the continuous monitoring of water temperature,
pH, conductivity, redox-oxidative potential and dissolved oxygen. Measuring sensors were regularly
calibrated during the research, the whole system was consequently updated and upgraded to meet the
needs and goals of the research. Hydrological monitoring in the experimental catchments with
different peat land proportion was supplemented by the monitoring of the balance of ions, carbon and
oxygen isotopes in the case of Rokytka experimental catchment (in collaboration with the Czech
Geological Survey in Prague, CGS) for the preciseness of separation of each runoff phase using anion
deficiency. To assess the hydraulic communication between the bog and its draining stream data
obtained within the 2008 hydrological year were used (see below). Sampling of water was carried out
during different flow rates incl. extreme runoff events. Samples were analysed in accredited
laboratories of CGS on: pH, alkalinity, Na, K, Mg, Ca, Al, Mn, SiO,, NH,*, NO3", F, SO,%*, CI', DOC
and TN, TON, absorbance.

Monitoring of natural stable isotopes

In order to assess the hydrological balance in the Rokytka Brook catchment precipitation samples in
two-week interval were taken while precipitation amount and its isotopic composition (§%0-H,0)
were measured. Surface water sampling for its chemistry and isotopic composition was carried out in
the same interval in the inflow, bog and closing profiles. Samples were kept in the dark and cold (4
°C) and analysed in accredited laboratories of the CGS. The pH value and following concentrations
were stated: NO5,, SO,*, ClI" by lon Exchange Chromatography, F~ by Potentiometrically lon-
selective Electrode, NH4" by Colorimetrically Indofenol Blue. Ca, Mg, Na, K, Al, Fe and Si were
determined by Flame Atomic Absorption Spectrometry (FAAS), alkalinity was measured by titratably
strong acid (0.1 M HCI), dissolved organic carbon (DOC) and total nitrogen (TN) by high-
temperature oxidation-catalyzed platinum as for CO, and NO,. Total organic nitrogen (TON) was
calculated as the difference between TN and N-NO; + N-NH,. §®0-H,O was determined using
standard methods with the analysis error = 0.1 %o. In nature oxygen (O) occurs in three stable
isotopes 20, 1’0 and *°0. While the H,'®0 molecule is lighter, it needs less energy to evaporate than
the heavier H,*®0 molecule. During condensation it functions in the opposite way. This tracing
method uses the fact that the proportion of heavier and lighter isotopes changes on phase interface
(mostly liquid and vapour phase). To transfer to vapour phase the molecules with heavier isotopes
need more energy. It results in relative deficiency of molecules with heavier isotopes in water vapour
than in water (Kendall, McDonnell, 1999). Because of the fact that this process (fractionation) is
temperature-related (Craig, Gordon, 1965), precipitation in colder areas and during colder periods has
a lower proportion of *0/*°*0 compared to warmer areas and warmer periods. Due to the uniqueness
of the proportion of *¥0/*°0 isotopes of each source in time (precipitation, subsurface water, surface
water), the principle of **0/*°0 fractionation could be used for runoff formation modelling. So-called
delta function is used to express the *0/*°0 isotopes proportion. It represents the relative proportion
of measured *20/*°0 to standardized *0/*°0 proportion (in this case SMOW - Standard Mean Ocean
Water).

To calculate the contribution of the bog to the Rokytka Brook runoff, a simple model, including the
input from the bog and from the tributary, was used. It is not possible to assess the input of direct
precipitation separately due to the similar signal of 8'®0-H,O in the bog and precipitation. The
contribution of the bog to the Rokytka Brook runoff was therefore calculated on the basis of the



following formula: % from the bog = (Rokytka B. 80 — tributary §*20) / (bog 820 — tributary §'°0)
* 100.

Hydro-pedological survey

Detailed description of soil profiles and soil sampling for laboratory analyses were carried out. In
general, soil retention capacity is measured using a number of methods. One of the most widely used
is measurement by the neutron method, the method of retention curves (Sanda, 1998), measurement
of water isotopes change after passing through the soil (Zhang et al., 2011), and other techniques.
Gravimetric method, used in our research, still has many advantages. The most important thing is the
simplicity of this method, little time-consuming and it can be used to evaluate multiple factors at
once (soil type, vegetation, etc.). Moreover, in many cases, this method provides more accurate
results. The retention capacity of the individual parts of the bog was compared with the GWT.
Between GWT and surface runoff from the bog its relation with respect to other factors such as
precipitation amount, was assessed.

Snow cover monitoring

Estimated amount of water accumulated in the snow in the most exposed parts of the Sumava Mts.
are not representative enough and tend to be considerably underestimated. For these reasons, during
the last six winters, snow cover monitoring series were carried out in three experimental catchments
in the Otava River headwaters. For the monitoring of a snow cover height (SCH) and its water
equivalent (snow water equivalent, SWE) methodology consisted in the point measurement with a
regular spatial distribution and with regard to altitude, exposure, slope, species composition and
vegetation density, was created.

For the purpose of analysing the influence of individual factors on the formation of a snow cover
following data were needed: digital data of landscape components in the format of layers for GIS,
CHMI, Deutscher Wetterdienst (DWD) and CUNI meteorological data, snow cover data obtained
within the field survey. To measure the SWE snow cover measurement set SM 150-50 was used.

The database of measured and calculated values were connected in the ArcGIS 9.3 with the codes
from GPS, which were adapted to the format *.shp (shapefile). The data were then interpolated using
suitable methods to evaluate snow spatial distribution. Interpolations were carried out regardless the
vegetation category. Interpolations using three different algorithms in GIS were created - Spline
(tension, weight 0.1), Kriging (ordinary spherical) and IDW (weight 0.5) at the output pixel of 10 x
10 m size.

To analyse the runoff from a snow cover in experimental catchment the hydrological data serie
from its closing profile was used. Serie of hourly and daily discharges in the time scale of the
projected potential presence of snow cover (November-May) was analysed. When modelling using
Degree-day model to identify the early snow cover melting mean hourly and daily air temperatures
were used.

Measurement of potential accumulation and retention spaces

Measurement of potential spaces for runoff retardation was carried out by the latest model of total
geodetic station (TS) Leica TCRP1202+, which is, using the CZEPOS system (Czech network of
permanent stations for positioning) and using the transmission of correction data by GPRS system,
capable of measuring in the online-processing or post-processing mode. Geodetic measurements
using TS or GPS represent one of necessary inputs for precise modelling in GIS.

Results and discussion

Monitoring of hydro-meteorological events and physio-chemical parameters of water

One of the main research results in the source area of Otava River in recent years is represented by
the establishment and completion of installation of automatic stations monitoring h-m events and



f-ch parameters of surface water. Since 2006 very dense network of measurement devices, which
comprises 17 water level gauges, 3 meteorological stations and a shuttle precipitation gauge, was
built. The impulse to create such a system of stations was the need to monitor hydrological and
meteorological phenomena very in detail. Its observation is essential to understand the mechanisms
leading to the runoff formation in the most exposed parts of the Otava River basin depending on the
specific p-g conditions in the area. It is necessary to highlight the ongoing cooperation with CHMI,
which consists in exchanging data of various detail, including the improvement of rating curves. An
important achievement is the implementation of our network within the CHMI warning system during
extreme runoff episodes in recent years.

Considering the specificity of the study area in terms of snow conditions (incl. the existence of the
effect of windward) it was crucial to establish an appropriate methodology for monitoring its
parameters. The methodology has been continuously optimized in order to minimize costs and to
obtain accurate outputs for subsequent analyses, incl. procedures within the hydrological modelling.
Optimization of this methodology is ongoing and represents the subject of several research works at
our department.

Hydrological regime and its variability in the upper Otava River basin

Runoff regime in the Vydra and Kiemelna River basins

Up to now results obtained from automatic stations installed in the last six years in the upper Otava
River basin show the fact that the data generated this way allow a very detailed assessment of
rainfall-runoff (r-r) relations and of the effect of each p-g factors on the runoff dynamics in
headwater regions, including the detailed assessment of the runoff process dynamics (detailed
analysis of ascending and descending phases) and of a peat bogs hydrological function and of a snow
cover as major factors influencing the formation of runoff in the study area. There are a lot of factors
affecting the runoff in such exposed areas and the streamflow generation process in mountainous
regions is a very complicated mechanism. The research should thus be oriented to the hierarchization
of these factors in terms of importance in each individual catchment. Important role in these areas in
addition to peat land extent is played by precipitation amount (which is also significantly influenced
by the existence of orographic effect related to the predominant exposure). Detailed analysis of this
mechanism in the study area was carried out by Kubicek (2006). Other important factors are
represented by slope conditions, forest stand extent (its health state respectively; very actual topic
due to the present spread of a bark beetle calamity) and snow cover character. The fundamental of
the research was to focus on short-term time series analyses through the "case studies™ and to assess
the potential of data generated by the monitoring network of automatic stations for subsequent
statistical analyses. Determining the specifics of the runoff formation in this area was the key part of
the research. For subsequent analyses and syntheses of results it is absolutely crucial to obtain
relevant primary data and to minimalize various uncertainties.

Long-term trends in runoff and in r-r relations in this region, especially with regard to possible
changes caused by anthropogenic interference with the river system and the catchment structure, are
under investigation of Kliment et al. (2010) or Kliment and Matouskova (2005).

Runoff regime in the key Vydra River basin has a slightly unbalanced course caused mainly by a
significant increase in discharge rate during spring snow melting process, very variable is the course
especially in the hourly course. The findings of a similar frequency of extremely dry years and years
with extremely high discharge rate confirm the fact that it is also necessary to focus on the
assessment of dry periods and of preventive measures against their negative impact in this area in the
future.

Runoff regime and its variability in experimental catchments

Extremity of a hydrologically significant runoff event and specific p-g conditions in individual
catchments were subjected to correlation analysis which was based on the method of extremity
indices and on the p-g parameters of the studied catchment. Similar index was used for estimating



100-year flood flows in unobserved catchments (Sercl, 2009; Stépankova, 2004). The analysis shows
that the extremity of the flood flow is affected mainly by a peat bog extent and by a catchment shape.

General solution of the issue of a peat bog impact on the runoff process is not possible. It depends
on many factors, mainly on the type of a peat, on its condition and on the extent of anthropogenic
influence. Opinions on the peat bogs hydrological function have undergone considerable development
and are often contradictory. Generally, the hydrological importance of peat bogs has been
overestimated in the past and can not be regarded as flow regulators because draining streams show
extremely high volatility. More controversial discussions within the foreign and domestic literature
(eg Conway, Millar, 1960; Moklyak et al., 1975; Baird, 1997) can be found within the question of
drainage of former ameliorative channels, or its torrent control respectively. Based on research in the
upper Otava River basin it could be stated that it is crucial to take into account the specific
characteristics of peat deposits and its surrounding natural conditions while evaluating the
revitalization measures affect on runoff dynamics.

Within the research the question of impact of ongoing revitalization measures of the local peat bogs
(made by Sumava Mts. National Park management) on the runoff dynamics was opened. Its wholly
satisfactory solution, although it should be decisive in the selection of measures to improve the runoff
conditions in the area, does not yet exist. Significantly higher extremity of flood situations was found
out in cases of revitalized streams. Local revitalization process consists in damming of former
ameliorative channels draining peat bogs. Detailed analyses approved that these revitalization
measures stabilized runoff conditions in yearly course and had balancing effect during average runoff
situations. In a number of experimental catchments, presence of revitalization measures can also
impact negatively on given flood event. Studies confirmed that revitalization adjustments in selected
subcatchments had balancing effect on runoff conditions only to the certain level of its extremity. In
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Outcomes from present studies quite conclusively present more distinct runoff variability in profiles
closing catchments with very significant peat land proportion (Fig. 2) mainly with respect to higher
frequency of peak flows. To compare the runoff course from experimental catchments with different
peat land extent the principle of the peak flow frequency method was used (eg Ahearn, 2003 or
Feldman, 1979). Negative effect of peat bog localities on Otava river headstream area hydrological
regime was confirmed by thorough study and comparison of runoff reaction to causal rainfall totals in
experimental catchments as well. Longer reaction interval adverting to more significant causal
rainfall amount retention was determined in the case of the catchment with less peat land proportion.

The issue of deforestation and of the forest stand health state represents a frequently discussed topic
at present. Results of this study correspond with previous opinions among experts (eg MacDonald,
Stednick, 2003; Andreassian, 2004, Baker et al., 2005; Hegg et al., 2006) and confirm the negative
impact of deforestation on the runoff regime and its variability. The direct influence of deforestation



and spruce forest dying on runoff formation in the Sumava Mts. is represented by the landscape
retention capacity decrease (Hais, 2008; Sanda, 2011).

Retention capacity of soil and peat bog

Literature suggests that the landscape in the Czech conditions is able to accommodate up to 400 mm
of water, an average of 40-90 mm (Tesaf et al., 2004; Lichner et al., 2004). When considering the
average GWT bogs in the experimental catchment represent areas with the smallest retention
capabilities. Retention values are similar to those found in shallow soils (about 140 mm excluding the
actual humidity). Considering the lowest GWT bogs represent a significant retention areas within the
catchment (230 and 267 mm). Since GWT is higher than its average value for three quarters of a
vegetation period, peat land represents within the catchment the area with the smallest retention
capacity. However, it is questionable whether the actual moisture measurement was sufficient. In
terms of hydrological features, peat land therefore have crucial influence on the retention potential in
the landscape (Vlcek, 2011).

Within the literature a number of positive and negative examples of the peat land influence on
hydrological regime can be found. These contradictory claims can be paradoxically united. When the
bog is drained, runoff variability decreases, but it leads to destruction in time by the bog succession.
If GWT would be regulated and reduced in time of need, bog retention potential could be used
without the threat of its existence. Periodical fluctuations of GWT in the bog are natural constituents
of its development. Minimum time lag between the monitored GWT and surface outflow points to a
negligible ability to absorb significant rainfall totals by the bog complex and to a minimum hydraulic
communication between the bog complex and its draining stream.

Peat bog hydrological function

Detection of natural tracers is a useful method to provide the key information in hydrological
observation studies of catchment runoff formation. These methods use the different behaviour of a
small quantity of water molecules. Study of water dynamics by means of natural tracers is typically
oriented on usage of oxygen (**0) and hydrogen (°H) isotopes (Kendall, McDonnell, 1999). Stable
oxygen and hydrogen isotopes are elements that occur naturally, in variable concentrations, in the
hydrological cycle. It provides the unique information about the water that enters a catchment in the
form of precipitation, that retains in the catchment and that passes out in the form of runoff.

On the basis of findings using a hydrological approach a more detailed hydrochemical and
geochemical analysis was undertaken. Geochemical data show no significant hydraulic connection of
the studied bog with the Rokytka Brook bed. Moving at a maximum of around 10 % out of winter
period, as a consequence, the contribution of surface runoff by water from the bog is very
insignificant (see Fig. 3). The predominant portion of underground water (forced out due to the
pressure gradient) in total runoff was also confirmed by separation of each runoff component
according to geochemical parameters. The problem of hydraulic communication between peat bog
complexes and draining streams needs to be solved strictly with respect to local p-g conditions. This
thesis represents the first study of such a focus in conditions of the Otava River headstream area. A
similar studies describing the use of stable oxygen and hydrogen isotopes was carried out by Sanda
(2010) or Sanda and Cislerové (2009).

From a hydrological point of view, in these p-g conditions peat land acts as a negative element for
runoff transformation and its hydrological features are not favourable. Findings from our
geochemical analyses therefore confirmed our primary hydrological assumption of negative and
insignificant impact of peat land on runoff dynamics, especially during flood and drought episodes.
The weak influence of the peat bog is also demonstrated by a high concentration of cations in the
surface runoff compared to the bog. Groundwater from the catchment contributes much greater to the
surface runoff of Rokytka Brook. In general, a very close correlation between pH and actual
discharge in experimental profiles was found. A reasonably close relationship was also observed in
the closing profile of Rokytka Brook catchment.

Our research findings strongly support the fact that peat land areas within the studied catchment do



not significantly communicate hydraulically with surface streams and their hydrological function is,

in the concrete area of Otava River headwaters, insignificant (Jansky, Kocum, 2008; Curda et al.,
2011; etc.).
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Snow cover as a significant phenomenon of runoff formation

From the snow cover point of view the aim of this thesis was primarily to precise input data for
subsequent analyses, including hydrological modelling, determining specifics of runoff formation and
considering various uncertainties.

Meteorological data from state profiles

One source of data used in the research were data obtained from meteorological stations operated by
DWD, CHMI and CUNI. The values of total precipitation amount and snow cover parameters in the
border areas of Sumava Mts. much more correlate with the values measured at the DWD station
Arber (Grosser Arber, Germany) compared to values from the Czech CHMI stations, although their
localization from the experimental catchment is much closer (Jelinek, 2008). Climate station Bieznik
provides additional valuable meteorological data in terms of snow hydrology (eg solar radiation)
which are used in various analyses.

Mobile snow cover monitoring

Snow cover monitoring realized in the last few winter periods confirmed a number of important
assumptions. Especially in mountainous areas a high spatial variability of snow cover characteristics
is generally demonstrated. Its height (SCH) and water equivalent (SWE) have the highest importance.
These characteristics in such exposed locations can be very difficult to affect by point measurement
within the CHMI climatic stations system. This fact, however, is confirmed by a number of authors,
such as Holko (2001), and represents one of the main research tasks within research studies. One of
solutions in the future would be the improvement of remote sensing methods. The limits of these
methods are still high and represent a very hot topic of snow hydrology at present (Ranzi et al, 1998;
Gidda et al., 2002).

The effect of physio-geographical factors on a snow cover character

In general, large differences in the spatial distribution of snow cover during snow accumulation and
melting process in open areas and forest (Pobfislova, Kulasova, 2000) can be seen also in terms of the
Sumava Mts. Mentioned findings, however, can be applied only at the local level. In regional and
global scale, superior factors such as altitude and total precipitation probably play predominant role.
In terms of factor such as slope an objective analysis is also problematic. To eliminate the above



mentioned deficiencies field survey would need a substantial increase in the number of measurement
points in the experimental catchments, whose localization would consider all the variations caused by
a combination of different factors.

With respect to difficulties connected with mobile measurements it is absolutely crucial to put a
significant focus on the optimalization of a snow cover monitoring in this concrete area with regard
to the most important factors influencing the snow accumulation and its melting process. Among
them we count the precipitation conditions (including exposure, orographic effect respectively), the
type of vegetation, etc.

Monitoring the density of each layer of a snow cover in the vertical profile, which is probably the
most important input for a detailed description of the processes taking place in the snow slope,
showed that the ability of ice layers to carry water may mean phasing out of the melting runoff to
more days and may even reduce the maximum runoff from a snow cover.

Interpretation of snow cover data

Proposed procedures for snow cover monitoring provided valuable informations and it seems that the
subsequent determination of water retained in the catchment corresponded to the reality in individual
studied periods. To data spatial interpretation and to retained water determination the Kriging
method, recommended also in literature (eg Jenicek, 2009; Holko, 2001), was chosen as the most
suitable. This method is one of the interpolation methods in ArcGIS 3D Analyst module within GIS.

For snowmelt modelling the identification of the spring runoff from a snow cover represents the
crucial information. Analyses of methods for determining the melting and runoff from a snow cover
showed that the use of Degree-day method is suitable in spite of its simplicity and wide availability
of temperature data and provides adequate results (Pospisil, 2009). Results of the research pointed to
the fact that snow and processes taking place inside are very diverse and dependent on climatic
conditions. To get high-quality prediction of the runoff from a snow cover the knowledge of the
specific conditions in studied area is necessary.

Potential retention spaces for elimination of negative effects of climate change

The dominating basic research is followed by an application character of the study. This is related
also to a controversial topic of measurement of former accumulation reservoirs used for wood
floating in the past and of potential retention spaces linked to a suitable relief configuration in the
Vydra River basin.

The conceptual advance in protection against hydrological extremes is evident from a number of
studies, eg Fohrer et al. (2001), Drbal et al. (2007) or Bolscher and Schulte (2007). The results of
recent research show that this concept generally can not fully replace classical hydrotechnical
measures (Langhammer et al., 2008), but may be their effective complement. Other possibility for the
potential use of these spaces could be a water supply. Our territory may be affected by even more
significant fluctuations of hydrological extremes, not just by floods but also by droughts and
reduction in a ground water (Bates et al., 2008). In this scenario, hydrotechnical measures will not be
replaceable and therefore concrete solutions must always be based on the broader concept of
integrated river basin management.

In addition to considering dyking of former drainage channels and focusing on recovery of vegetation
health state the assessment the effectiveness of potential retention spaces (incl. possible former
accumulation reservoirs) is a part of present research. These spaces could play the similar role as dry
polders and participate in the landscape retention potential enhancement for runoff balancing during
extreme floods and droughts. Using complex system of hydrological models with semi-distributed
approach the simulation of runoff process and the assessment of the effectiveness of these reservoirs
could be made (Jeni¢ek, 2009; Schulte et al., 2007). Based on the acquired data and partial results
from the field survey of former accumulation reservoirs it could be tentatively stated that the
effectiveness of these measures might not be negligible. Field survey consisted in quantification of
retention volumes at selected locations which should only serve as reference sites for comparison



with similar cases and for application studies in areas outside the study area of Otava River
headwaters. In this context, it should be noted that the research does not attempt to realize any
measure, but only uses the unique and optimal conditions in this area for assessment of their
effectiveness as a reference localities. Similar studies arise in other Czech mountain ranges (eg
Schulte et al., 2012).

Possible orientation of further research

The proposed thesis can not have ambitions for a comprehensive answer to all questions that have
emerged during the solution. In terms of the changing landscape and of a gradual change in the
degree of influence of individual p-g factors affecting a runoff dynamics several research questions
remain open to some extent. In particular, an assessment of the potential of detailed data
generated by the monitoring network of automatic stations in the Otava River headwater area for
calibration and development of hydrological models suitable for simulation of runoff formation and
its transformation downstream, is needed. In terms of using the principles of isotope hydrology it
should be considered to generate a larger database of hydrochemical and geochemical data to
refine the procedures leading to more accurate assessment the impact of peat bogs on the runoff
formation. Interesting and unique results could be obtained also from a detailed view of the depth
profiles through the peat bog. Another dimension in the evaluation of their retention capacity can
be obtained from analyses of samples from different depth levels. The thesis confirmed the specific
patterns associated with a snow cover, but however pointed by other patterns to the ambiguity of
before stated deductions. This fact gives rise to necessity of further research of this topic. In this
context, it is crucial to pay attention to further optimalization of methodology for snow cover
monitoring to increase its efficiency and to obtain relevant outputs for subsequent analyses of runoff
from melting snow.

Conclusions

The proposed thesis produced findings in three general levels: basic research level, application level
and educational level. Within the sub-tasks solution both standard and proven methods as well as
lesser-known methods were applied. In any case, all the methodologies were adapted to the specific
conditions in the study area.

Basic research level (including methodological level)

This study stated the task to evaluate the main specifics of runoff formation in the upper Otava River
basin using modern approaches and to critically comment on the available findings (eg Ferda et al.,
1971). The thesis brings a number of new findings in this sense. Its results represent, after more than
forty years, the new specified and comprehensive knowledge of the local runoff regime character,
including an assessment of its variability. Modern experimental hydrology has, among others, a task
to use hydrochemical and geochemical approaches to answer the key questions including clarification
of the mechanisms of runoff formation and its retaining in a catchment. The use of isotope hydrology
principles meant the new dimension for the research solution in the evaluation of runoff dynamics in
the Otava River headwaters. Within methodological level the fundamental of the research is
represented by the creation of the network of automatic stations for monitoring of h-m events and p-
ch parameters of water. Within the thesis several methodological approaches were aplicated, incl.
geochemical approaches. One of the gains of this research is definitely represented by the
establishment of the appropriate methodology for snow cover monitoring, although its optimalization
continues. Adaptation of each methodological approach to specific conditions is, however, a
fundamental prerequisite for their correct use.

Application level

One of the most interesting scientific questions nowadays is to find out what impact will the
increasing climate variability have on a river hydrological regimes. Study area provides optimal
conditions for studying the effectiveness of using various measures leading to an increase of retention



potential, whether we are talking about areal measures within the catchment or about the use of
potential natural and anthropogenically generated spaces for water retention. The study presents
preliminary outcomes by suggesting future direction of research. The acquired findings can be a
guide for positive changes in the landscape which could result in mitigation of the course and
consequences of extreme hydrological phenomena also due to the fact that Czech Republic represents
the "roof of Europe" and water retention in its landscape is crucial.

Educational level

Academic workplace of a research type, which Charles University in Prague, Faculty of Science,
Department of Physical Geography and Geoecology is, transfer its expertise either to the educational
activities. Within the individual projects, that are in any way involved in the thesis solution, a number
of bachelor and master theses has originated. Currently, submitting further theses with clearly defined
tasks to improve existing results continues. Topics related to protection against hydrological extremes
have contributed to the improvement of education through specialized courses, field seminars and p-g
excursions.

Answers to the key questions defined at the beginning of the proposed thesis are presented below.

1) The mechanism of runoff formation is a very complicated system, whose complexity is amplified
in areas of high heterogeneity in terms of p-g aspects. Otava River headstream area represents a field
laboratory where a variety of parameters influencing the runoff formation and its behavior in terms of
the changing landscape can be observed in the long term. It is important to create a hierarchy of
influencing factors in terms of their importance and to focus the research on the key parameters. One
of the main factors is undoubtedly represented by the existence of peat bogs and peat land in the
catchment. Their influence on streamflow generation was therefore one of the main subjects of the
research. Equally important phenomenon affecting runoff conditions in this area is in total annual
balance the seasonal snow cover which is quite hardly quantifiable element due to its temporal and
spatial variability. Optimalization of snow cover monitoring in Sumava Mts. conditions is crucial also
due to unrepresentativeness of CHMI station measurements for the highest parts of catchments for
modelling runoff from melting snow and for specification of inputs for hydrological prediction.
Mentioned low representativeness of data from Czech meteorological stations is connected to a large
extent with the existence of orographic effect on the windward slopes of Sumava Mts. which
significantly affects the local character of a snow cover accumulation. An important peculiarity of the
streamflow formation in the study area is also represented by the character of vegetation, especially
by the forest stand and its health state. Significantly weakened retention function of local forest
considerably increases runoff dynamics and their management has become recently a very
controversial issue requiring a multidisciplinary approach.

2) Due to the specific phenomenon of peat bogs in the core zones of the Sumava Mits. a significant
attention within the research was given to the assessment of peat bogs hydrological function not only
using standard hydrological methods, but also by means of methods of hydrochemical,
hydropedological and geochemical approach. On the base of acquired findings it could be concluded
that the existence of the local peat bogs has, in terms of runoff dynamics, a negative influence,
especially during extreme hydrological episodes. It can therefore be stated that peat deposits
represent in the Otava River headwater region the separate hydrological units with their own typical
water regime which does not contribute to runoff balancing, and their hydrological function in this
area is stated to be insignificant. In this context, it must be emphasized that all the specifics for the
runoff formation need to be evaluated in concrete conditions of each territory whose character must
be understood and explained very in detail and any acquired findings cannot be generalized.

3) System of automatic stations was purposefully built in the highest parts of the upper Otava River
basin in order to effectively support the existing national network of CHMI profiles and to monitor
hydrological processes already at the very birth. Otava River headwaters represents the source area of
significant runoff episodes while extremity of h-m phenomena is increasing in recent years. Previous
results obtained by means of automatic stations installed in the last six years in the experimental



catchments illustrate the fact that the data obtained this way allow the assessment of r-r relations and
of the influence of individual p-g factors on the runoff dynamics in headwater areas very in detail.
Continuous records of h-m and other events provide an excellent database for detailed analyses of
ascending and descending phases of hydrogram, leading certainly to the improvement of procedures
for runoff dynamics evaluation. Present hydrology, however, faces many uncertainties in the correct
definition of an environment where hydrological processes take place. We talk about under-described
secondary conditions and features that have a direct and indirect influence on the streamflow
generation process. Detection of stable oxygen isotopes confirms the complexity of ongoing
processes in basins and offers qualitatively better opportunities of their closer description and
explanation.

In addition to basic research one part of the study was focused on the possibilities of application of
acquired findings. As already mentioned, solving current issues of increasing extremity of h-m
phenomena related to climate change in recent years requires a multidisciplinary approach to this
topic and an accurate assessment of the retention capacity of a landscape. The necessary prerequisite
for the quantification of retention potential is represented by the detailed analysis of the influence of
the key factors influencing runoff conditions in concrete (!) area. Generalization of partial outcomes
for other areas is not possible. Acquired findings should be viewed from different angles. Results of
the thesis could be used in the future within the realization of concrete effective flood protection
measures and of procedures leading to water retention during dry periods, in cooperation with all
concerned institutions. Implementation of such unforceable measures could contribute to reduction of
peak flows and to increase of water resources during extreme droughts in future. All questions related
to various options and measures to increase the retention capacity in headwater regions should be
assessed on the base of qualified discussion among experts of various fields with respect to the
objectives and priorities that have supra-regional, regional and local importace (eg Kolejka, 2003;
Kovar et al., 2002).
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