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Abstrakt

Retencni potencial krajiny a vodni rezim pramennych oblasti jsou v soucasné dobé
vyznacujici se vysokou Cetnosti hydrologickych extrémi, zejména sucha, dillezitym smérem
vyzkumu. Prace je zaméfena na vyzkum horskych vrchovist, kterd vzhledem ke svému
plosnému rozsifeni v pramenné oblasti feky Vydry tvoii vyznamnou slozku v ramci srazko-
odtokového procesu zajmového tUzemi. Velmi specifické hydropedologické vlastnosti
organozemi zajist'uji velkou reten¢ni kapacitu dané¢ho uzemi, avSak jejich uplatnéni a mira
zapojeni do odtokového procesu je zavisld na komplexu fyzickogeografickych faktort.
V poslednich desetiletich se vyrazné meénily ndzory na hydrologickou funkci raSelinist.
Vzhledem k tomu, Ze v ramci vrcholovych partii Sumavy je formovani odtoku vazano na
organogenni a hydromorfni pidy, dalezitym faktorem je proto aktudlni nasycenost povodi.
Organozem¢ jsou vyznamnou zasobarnou vody a maji zdsadni vliv pro okolni krajinu,
nicméné zejména béhem extrémnich srdzkovych udalosti mohou zvySovat extremitu odtoku.
Zasadni Cast prace je proto zaloZena na detailnim pozorovani dynamiky hladiny podzemni
vody, ktera je nejvyznamnéjSim faktorem vyvoje téchto unikatnich oblasti, ale i
nejdulezitéjsSim prvkem k pochopeni hydrologického rezimu raselinnych stanovist. DalSim
vyznamnym prvkem pii hodnoceni odtokovych pomérii horskych vrchovist' je sledovani
fyzikalné-chemickych vlastnosti raSelinnych vod. Jejich specifické sloZeni 1ze stopovat ve
vodnich tocich a tim ziskdvat informace o zapojeni horského vrchovisté do odtokového
procesu. Vliv organozemi v pramenn¢ oblasti Vydry na hydrologické procesy a retenci vody
v krajin€ je nezpochybnitelny, nicméné mnozstvi infiltrované vody, zplsob jejiho proudéni a
dotovéni vodnich tokt jsou v soucasnosti velmi aktudlnimi otdzkami, jejichz studium piispiva

k poznani hydrologickych vazeb v krajiné.

Klic¢ova slova: horské vrchovisté, hydrologicka funkce, reten¢ni potencial, hladina podzemni

vody, hydrologicky rezim, organozem, Sumava, Vydra



Abstract

The retention potential of landscapes, along with the water regime of spring areas, are
important hydrological topics of research, particularly in the current context of increasing
extreme drought frequencies. The present work is focused on monitoring the mountain peat
bogs, which, due to their overall frequency of occurrence in the spring area of the Vydra river,
represent a significant constituent of the rainfall-runoff process of the area of interest. The
specific hydropedological features of the organogenous soils (Histosol type soil) provide the
high retention potential of the area, however, the influence of these soils on the runoff process
is determined by complex physicogeographical factors. The general opinion on the
hydrological function of the peat bogs has changed in recent years and the most important
factor in the runoff formation in the mountain area of the Sumava Mts. is now thought to be
the actual saturation of the headwater, which is predominantly composed of hydromorphic

and organogenous soils.

The organogenous soils are significant water reservoirs and have an important impact on the
landscape. However, they may also intensify the extreme values of the watercourses during
extreme precipitation events. The fundamental part of this work focuses on detailed
observations of the groundwater level dynamics, which is the key factor for the future
development of these precious sites and for the comprehension of the hydrological regime of
the peatlands. Evaluation of the runoff processes in the mountain peat bogs also requires a
detailed observation of the physico-chemical peat water properties. The specific properties of
peat waters can be identified in the watercourses and, thus, the involvement of the mountain
peat bog in the runoff process can be proven. The impact of organogenous soils on the
ongoing hydrological processes in the spring area of the Vydra river is undeniable.
Nevertheless, the amount of infiltrated water, the means of water flow, and the supply of the
watercourses raise important questions leading to recognition of the hydrological links in the

landscape.
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1. Uvod

Vzhledem ke zvysujici se frekvenci meteorologickych a hydrologickych extrémil, zejména
castého vyskytu sucha, se retence vody v krajiné stava velmi aktudlnim tématem. Horska
vrchovisté jsou diky svym retencnim schopnostem vyznamnym hydrologickym a krajinnym

prvkem v rdmci centralni Sumavy.

Vyrazné plosné zastoupeni organogennich ptid v pramenné oblasti feky Vydry ma zéasadni
vliv na hydrologicky rezim z4jmové oblasti. Otazka hydrologické funkce horskych vrchovist
neni v soucasné dobé zcela jednoznacné zodpovézena a v poslednich desetiletich se navic
nazory na ni vyrazné liSily. Vyzkum Sumavskych raSelinist’ zapocal v druhé poloviné 20.
stoleti (Spirhanzl 1951; Ferda 1969; Ferda et al., 1971). Tyto prace si kladly za cil popsat
hydrologicky rezim raselinnych komplext, ktery byl ozna¢ovan jako jednoznac¢né pozitivni s
ohledem na zadrzovani vody v krajiné. Vyznamné obdobi vyzkumu raselinnych oblasti
nastalo v 70. a 80. letech 20. stoleti. Ve svétové literatufe se vSak objevuji prace, které
naznacuji, ze horskd vrchovist¢ se mohou projevovat hydrologicky negativné bcéhem
extrémnich sraZkovych udalosti, a mohou tak zvySovat extremitu vodnich tokd (Baden,
Eggelsmann 1970; Burke 1975; Moklyak et al., 1975). Zaroven lze toto obdobi oznaclit za
hlavni fazi melioracnich praci. Touto ¢innosti bylo postizeno ptiblizné 70 % rozlohy vSech
radelinnych stanovist’ na Sumavé, coz mélo za nasledek postupnou degradaci téchto cennych
ekosystému (Butkova et al., 2010).

Téma retencniho potencidlu pramennych oblasti a s tim spojeny vyzkum horskych vrchovist
se dostalo opé€t do poptedi zajmu pocatkem druhého tisicileti. Studie se ptiklanéji k nazoru, ze
raSelinné komplexy jsou oblastmi svysokou retenéni kapacitou a unikatnimi
hydropedologickymi, vegetatnimi ¢i topografickymi vlastnostmi. JednotlivdA horska
vrchovisté se vSak mohou vzdjemné liSit, proto je nezbytné piistupovat k vyzkumu téchto

raSelinnych komplexli individualné.

2. Cile prace

Disertacni prace je syntézou jednotlivych vyzkumi a klade si nasledujici cile:
- Zhodnoceni dynamiky hladiny podzemni vody horského vrchovisté
- Zhodnoceni reten¢niho potencialu horskych vrchovist
- Popis formovani odtoku raselinnych stanovist’

- Popis dynamiky sledovanych fyzikalné-chemickych vlastnosti raSelinnych vod



3. Material a metodika

Zajmova oblast byla vybrana na zakladé charakteristickych fyzickogeografickych podminek,
které byly pfedmétem studia. Konkrétné se jednd o malé raselinné ¢asti v rdmci Rokytecké a
Mezilesni slaté, které spadaji do experimentdlnich povodi Rokytky a Hamerského potoka
(obr. 1). Obé povodi se nachazeji v oblasti centralni Sumavy, ktera nalezi do povodi feky
Vydry. Primérnd nadmoiska vyska povodi horni Vydry ¢ini 1078 m a ma vé&jifovity tvar.
Oblast mé charakter ndhorni ploSiny se zarovnanym povrchem a pomérné nizkou sklonitosti
svahi (Kocum 2012). Oblast je charakteristickd velkym zastoupenim organogennich a
mineralnich pid (Sefrna 2004; Vlcek et al., 2012; Viéek 2017). Zaroven se jedna o jeden
z nejchladnéjsich regiona Ceska, s izemim s vysokymi roénimi Ghrny srazek, a to zejména na

navétrnych stranach (Kocum 2012).
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Obr. 1: Povodi Vydry s vyznacenim experimentalnich povodi



3.1 Hodnoceni odtokového procesu

Pro hodnoceni odtokového procesu byla vyuzita data z automatickych stanic, méficich v
desetiminutovych intervalech. Mezi sledované pti¢inné meteorologické faktory pattily srazky
a také potencialni evapotranspirace dle vypoctu Penman-Monteith, viz rovnice 1 (Penman
1948; Monteith 1965).

A(Rn—G)+p-c(es—eq)/Ta
A+y(1+:—2)

Rovnice (1) APET =

Kde A oznatuje derivaci tlaku nasycené vodni pary podle teploty vzduchu [kPa.°C™'], Rn
radiaéni bilanci povrchu [MJ.m™=.d"], G tok tepla v padé [MJ.m=.d"], v psychrometrickou
konstantu [kPa.°C™], ec—e, deficit tlaku vodni pary [kPa] (es tlak nasycené vodni pary; e,
aktualni tlak vodni pary), » mémé teplo vypatovani [MJI.kg '], p hustotu vody [kg.I''], ¢
specifické teplo vzduchu [kJ. kg*1.°C'1], rg/r, pomér aerodynamického a povrchového odporu

vzduchu [s.m'].

Nasycenost puadniho prostiedi byla sledovana pomoci tensiometri a hydrostatickych
ponornych sond. Pro ucely prace byly také nezbytné vypocty akumulace a tani sn¢hové
pokryvky, které byly ziskdny na zakladé metody degree-day (Gupta 2001). Veskeré méfené
parametry byly vstupem do hydrologického modelu, ktery je zaloZzen na vypoctu
dominantniho preferencniho proudéni (Boorman, 1995; Scherrer, Naef 2003). VyuZzity model
vychazi ze schématu HBV modelu (Bergstrom, 1992). Pro subpovodi s organogennimi
pidami byl nasledné upraven dle konceptu akrotelm — katotelm, ktery byl navrzen ve studii

Ingram (1978).

3.2 Dynamika vvySky hladiny podzemni vody

Pti hodnoceni dynamiky vySky hladiny podzemni vody byla vyuZzita data z automatickych
meteorologickych stanic v zajmovém povodi 1 vypocty potenciadlni evapotranspirace (Penman
1948). Byly porovnavany hladiny podzemni vody riznych vegetacnich casti raseliniste
(centralni ostficova Cast, raselinny les, kle¢). Hodnoceni navazuje na detailni pedologicky
pruzkum a vypocty retenc¢niho potencidlu horského vrchovisté predchdzejiciho vyzkumu
Vicek et al. (2012). Na zakladé vysledkti méteni charakteristik vlhkosti plidy byly stanoveny
rovnice pro vypocet retencniho potencidlu béhem epizod intenzivniho desté, tani snéhu

(rovnice 2) a sucha (rovnice 3).



GWL(b)
GWL(e)

Rovnice (2) RP = * [((VWCax — VW Ciean) * 1000]

GWL(b)
GWL(e)

Rovnice (3) RP = % [(VWCpiogn — VW Cpnin) * 1000]

Kde RP oznauje retenéni potencial [I/m?], GWL(b) hladinu podzemni vody na po&atku
sledované udalosti [mm], GWL(e) hladinu podzemni vody na konci sledované udalosti [mm],
VWCax maximalni objemova vlhkost [g/cm3], VWCean prumérna objemova vlhkost

[g/cm’], VWCpin minimalni objemova vlhkost [g/cm’].

Pro hodnoceni vlivu revitaliza¢nich opatieni horskych vrchovist' na hladinu podzemni vody
byly podél experimentdlniho odvodiovaciho kandlu rozmistény trubky, v nichz byla hladina
podzemni vody méfena rucné. Naméfené hodnoty byly davany do kontextu pfiinnych
meteorologickych faktord. K vyjadieni ptredchoziho nasyceni povodi byl vyuzit index
piedchozich srazek API (rovnice 4).

Rovnice (4) API = Y. 0,93. P,

Kde i vyjadfuje pocet uvazovanych dni pocitdno zpétn¢, P denni thrn srazek v i-tém dni

sledovaného obdobi [mm] (Mishra, Singh 2003).

3.3 Fyzikalni a chemické vlastnosti raSelinnych vody

Zakladem studie bylo méfeni pratokli, hladin podzemni vody a fyzikalnich a chemickych
vlastnosti povrchovych i1 podpovrchovych vod (celkem 21 terénnich méfeni). Béhem
terénnich prizkumt byly vybrany tfi rizna raSelinna stanovisté (raSelinny les, tézena cast
raSelinisté, lagg), ve kterych byl do zavérového profilu tokd instalovan Ponceletiv mérny
pteliv. Pro vypocet pritoku byla vyuZita rovnice pro Basinliv pfeliv (rovnice 5) s vyuzitim

koeficientu pro Ponceletiv pieliv (rovnice 6).

Rovnice (5) Q = m.b.,/2. g. h3/?

. 0.003 b by, S
Rovnice (6) m = [0.405 + 232 — 0.03 (1 - 2)] [1 + 0.55)(2)*())?]

Kde Q reprezentuje pritok [m’.s'], m souéinitel prepadu pro Ponceletiv pieliv, b délku
prelivné hrany [m], B délku prelivu [m], g gravitaéni zrychleni [m.s"'], h vyska vody nad
ptepadem [m], Sy plochu pritoéného profilu [m?], S plochu prelivné ¢asti [m*] (Sragek,

Kuchovsky 2003).



Kazdy experimentéalni vodni tok byl po obou bfezich osazen trubkami (ve vzdalenosti 2 m a
5 m), kde byla ru¢né meétena hladina podzemni vody. Fyzikalni a chemické vlastnosti byly
meéfeny terénnimi méficimi systémy ve vSech tfech experimentalnich vodnich tocich i v
mistech méfeni hladin podzemni vody (celkem 12 mist méfeni). Sledovanymi parametry byly

pH, elektrickd konduktivita, teplota vody a rozpustény kyslik.

4. Vysledky a diskuse

Horské vrchovisté jsou charakteristickd svou rychlou odtokovou odezvou béhem srazkovych
epizod a zpravidla nizkou dotaci vodnich tokid v obdobi sucha. Takové vysledky jsou znadmé
v piipadé Sumavskych slati (Jansky, Kocum 2008; Curda et al., 2011, Kocum 2012; Vigek
2017) 1 ze zahrani¢ni literatury (Boorman et al., 1995; Evans et al., 1999, Bragg 2002; Binet
et al., 2013). Béhem susSich obdobi pfevazoval odtok spiSe z minerdlnich pad, vzdy vSak
zalezelo zejména na aktualnim nasyceni povodi a fyzikalnich vlastnostech pudy (Vicek 2017).
Dulezitym faktorem je také odlisSny zpusob podpovrchového odtoku ve sledovanych
subpovodich. V horském vrchovisti prevazuje mélky podpovrchovy odtok. Zaroven vzhledem
k velkému mnozstvi zadrzované vody je nutné v raseliniSti uvazovat i pistové proudéni
(piston flow), proudéni vody preferen¢nimi cestami v raselin€ (pipe flow), ptipadné i ptimy

povrchovy odtok (surface flow).

Klicovym prvkem ovliviiujicim hydrologické procesy, ale i celkovy vyvoj horskych
vrchovist, je tedy vysSka a stabilita hladiny podzemni vody. Ta je fizena zejména vySkou
srazek a evapotranspiraci. Jeji pohyb v akrotelmu ovliviiuje akumulaci organické hmoty,
vegetacni poméry a celkovou vodni bilanci uzemi (Allott et al., 2009; Lindsay et al., 2014).
Vyrazny vliv na vySku a kolisani hladiny podzemni vody ma vegetatni typ ptisluSného
stanoviste, jelikoz podmifiuje teplotni poméry a mé zésadni vliv na evapotranspiraci daného
uzemi (Butkovd, Stibal 2012; Kucerova et al., 2009; Holden et al., 2011). Nejvyse se
zpravidla hladina vyskytuje v centralni ¢asti vrchovisté. Tak tomu bylo i v rdmci sledovaného
povodi (v priméru 10 cm pod povrchem), kde je tato Cast tvofena ostficovymi porosty. AvSak
tato cast byla zaroven nejnachylnéjsi k letnim poklestim hladiny, stejné€ jako bylo pozorovano
v Binet et al., (2013). Raselinny les vykazoval vyrazn€ niz$i hladiny podzemni vody, ovSem
v ramci tohoto biotopu se ukazaly znacné rozdily mezi misty méfeni. Les rovnéz vykazoval
pomérmne vysokou stabilitu prutokti. Datové soubory vSak disponovaly velmi podobnou

variabilitou, Ize tedy usuzovat, ze hladina podzemni vody v raznych vegetacnich typech se



sice nachazi v jiné urovni, avSak kolisani hladiny osciluje ve velmi podobném rozpéti. Dané
poznatky maji oporu i v literature, nebot’ obdobné vysledky pfinasi Kucerova et al., (2009);
Bufkova et al, (2010); Labadz et al., (2010). Vyrazny vliv na hladinu podzemni vody
v piipadé Sumavy maji i antropogenni zasahy z minulosti. Odvodnéné nebo t&Zené &asti
raSelinisté vykazuji nizkou hladinu podzemni vody a vyssi rozkolisanost. Tato skutecnost je
zdokumentovéana v fadé studii ze Sumavy i ze zahrani¢i (Bufkova 2006; Bufkova 2012;
Bufkova et al., 2010; Holden et al., 2004; Holden et al., 2011; Worrall et al., 2007).
V experimentalnich povodich byl zaroven sledovan i plosny vliv a dosah jak odvodnéni, tak 1
revitalizaci. Jejich G¢inek je méfitelny 1 v dosahu pfiblizné 6 metrii. Byla pozorovana i vyssi
rozkolisanost pratokti narusenych stanovist. Nicméné v piipadé ovlivnéni odtokového
procesu neni na danou problematiku jednotny nazor (Jansky, Kocum 2008; Curda et al., 2011;

Holden et al., 2011).

Analyza reten¢niho potencidlu raseliniSté poukédzala zejména na vyznam inicidlni hladiny
podzemni vody. Schopnost infiltrovat vodu je imérna predchozimu nasyceni raselinisté. Podil
prijat¢ vody ze srazek se proto pohyboval ve velkém rozmezi. Po dosazeni maximalni
saturace pidy daného vegetacniho typu dochazi k vyCerpani retencniho potencidlu a
naslednému rychlému naristu odtoku. Tento kratkodoby potencial dosdhl maximalni hodnoty
az 42 1/m”. Horské vrchoviité tak miZe za uréitych podminek tvofit plochu se znaénym
retencnim potencidlem, nicméné v piipadé vysokého predchoziho nasyceni se tento reten¢ni
prostor neuplatiiuje (Kocum et al., 2018). I v zimnim obdobi dochazi k vyrazné retenci vody.
Maximalni kratkodoby objem infiltrované vody z tajiciho sn¢hu v souctu za celé sledované

povodi dosahoval az k 10 000 m® vody.

Poslednim aspektem prace bylo hodnoceni fyzikaln&-chemickych vlastnosti raselinnych vod.
Ombrotrofni vrchovisté sice maji pomérmné stalé hydrochemické vlastnosti, v ramci dil¢ich
casti nebo mikrotopografickych prvki v§ak mohou byt zaznamenany rozdily (Faubert 2004).
Vyrazné nizké pH a vysoké teploty povrchové i podzemni vody byly naméfeny v narusené
casti raseliniSté. Nizké pH souvisi zejména s absenci vegetacniho krytu, coz pii srazkach
usnadnuje vymyvani kyselych ionti (Wind-Mulder et al., 1996). Podobny proces pak
pravdépodobné zptsobuje vyssi hodnoty elektrické konduktivity, avSak ta v rdmci tézené Casti
vykazuje velmi vysokou variabilitu. Zaroven je nutné upozornit na fakt, ze hodnoty elektrické
konduktivity jsou zavislé 1 na dalSich faktorech a naméfené hodnoty se mohou v ramci
raSelini$t€ mirné liSit (Ponziani et al., 2011). Hodnoty rozpusténého kysliku nevykazovaly pfi

porovnani sledovanych casti raSelinisté¢ (tézena c¢ast, lagg, raSelinny les) vyrazné rozdily.
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Zaroven byly identifikovany nékteré vazby mezi sledovanymi parametry. Vyrazné se projevil
vztah mezi pH a mnozstvim vody v povodi. Se snizujici se hladinou podzemni vody a prutoky
roste pH, podobné jako bylo popsano v Seibert et al., (2009). Rada vazeb se projevila

pievazné v naruSené ¢asti raSeliniste.

5. Zavéry

Préace hodnoti vodni bilanci a odtokové poméry horskych vrchovist, s pfihlédnutim zejména
k hladiné podzemni vody, kterd je klicovym faktorem ovliviiujicim stav a vyvoj téchto
cennych stanovist. M¢feni hladiny podzemni vody spole¢né s analyzou hlavnich faktora
ovliviwyjicich jeji vySku (srazky, potencialni evapotranspirace, nasycenost povodi, vegetacni
typ) poukdzalo na vyraznou dynamiku, jejiz znalost je nezbytnd pro hodnoceni
hydrologickych procest probihajicich v povodi. Stejné tak je nutné brat v Gvahu specifika
odtokového procesu, ktera se objevuji zejména v oblastech s vyskytem hydromorfnich a

organogennich pad.

Veskeré zjisténé poznatky je vSak nutné vnimat v kontextu daného pidniho a vegeta¢niho
typu, ¢i prisluSné ¢asti raselinného komplexu, jelikoz pii porovnani jednotlivych ¢asti bylo
poukdzano na vyrazné rozdily a specifika. Vyznamné ploSné zastoupeni organogennich a
hydromorfnich piid v oblasti centralni Sumavy je tedy specifikem, které vyrazn& ovliviuje
odtokovy proces. Horskd vrchovisté jsou mista s nejvyssi retencni kapacitou v krajing,
nicméné uplatnéni retencniho prostoru, mnozstvi a zplisob odtoku ¢i1 dynamika hladiny
podzemni vody jsou znacné zavislé na konkrétnich fyzickogeografickych podminkach daného
stanovisté. ZjiSténé poznatky tak pfispivaji k pochopeni hydrologického reZzimu a

k celkovému poznani horskych vrchovist'.
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1. Introduction

The water retention in the landscape is nowadays an important hydrological topic for
research, particularly in the context of increasing frequency of drought extremes. Due to their
retention capacity, the mountain raised bogs are important hydrological and landscape

elements in the central area of the Sumava Mountains.

The headwater area of the Vydra River is characterized by the occurrence of the
organogenous soils which affect the hydrological regime in the area of interest. The principal
question concerning the hydrological function of the mountain raised bogs has not been
answered yet and lately, moreover, contradictory opinions have appeared. The research of the
peat bogs in the Sumava Mountains has started in the second half of the twentieth century
(Spirhanzl 1951; Ferda 1969; Ferda et al., 1971).

The main aim of these works was to describe the hydrological regime of the peat
bogs complexes which was perceived as positive, with regard to the water retention in the
landscape. In the 1970s and the 1980s, an important period of the research of the mire areas
arrived. Some works in the foreign literature suggested that the mountain peat bogs proved to
be hydrologically negative during the extreme precipitation events and thus could intensify
the extreme values of the watercourses (Baden, Eggelsmann 1970; Burke 1975; Moklyak et
al., 1975). At the same time, we can nowadays designate this period as the era of draining. At
least 70% of the mire sites in the Sumava Mountains were affected by this activity, which
resulted in gradual degradation of those precious ecosystems (Bufkova et al., 2010).

The topic of the spring areas retention potential, linked to the research of the mountain raised
bogs, was again brought to attention at the beginning of the 2000s. The studies agree that the
peat bog complexes are particular sites with the high retention potential and unique
hydropedological, vegetative and topographic characteristics. The respective peat bogs can

differ from each other and it is thus important to study them on an individual basis.

2. Aims of the study
The doctoral thesis is a synthesis of the respective researches and aims to respond to the

following objectives:

- Evaluation of the groundwater level dynamics of the mountain peat bog
- Evaluation of the retention potential of the mountain peat bog
- Description of the peat bog runoff formation

- Description of the dynamics of monitored physico-chemical peat waters properties
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3. Material and methods

The area of interest was chosen with regard to the characteristic physico-geographical
conditions, which were the subjects of the study. Specifically, the small peaty parts of the
Rokytecka and the Mezilesni slat’ are concerned. They both belong to the experimental
catchments of the Hamersky brook and the Rokytka River (Figure 1).

Both above-mentioned experimental catchments belong to the central area of the Sumava
Mountains and to the headwater area of the Vydra River. The upper Vydra River basin is
situated at an altitude of approximately 1,100 metres and is fan-shaped. The whole area is a
levelled plateau with a low gradient of slopes (Kocum 2012). There are predominantly the
organogenous and the hydromorphic soils in the area (Sefrna 2004; Vigek et al., 2012; Viek
2017). In addition, it is one of the coldest regions in the Czech Republic and the area with
high aggregate rainfall, particularly on the windward sides (Kocum 2012).

ufg\_
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E\wf“x
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Fig. 1: The Vydra River catchment with designation of experimental catchments
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3.1 Evaluation of runoff process

For evaluation of runoff process, the data from automatic stations measuring at 10 minute
intervals were used. The main observed causative meteorological factors were precipitation
and the potential evapotranspiration calculated by the Penman-Monteith, equation 1 (Penman
1948; Monteith 1965).

A(Rn—G)+p-cles—eq)/Tq
A+y(1+:—2)

Equation (1) APET =

where A represents the inclination of the water vapour saturation curve in connection with the
temperature [kPa.°C™'], Rn the radiation balance [MJ .m'z.day'l], G the flow of heat into the
soil [MJ.m™.day'], y is the psychrometric constant [kPa.°C™'], (es-e,) the saturation deficit of
air at elevation z [kPa] (e is the saturation vapour pressure and e, is the actual vapour
pressure), A is the latent heat of vaporisation [MJ .kgfl], p is the water density [kg.lfl], c is the
specific heat of the air [kJ. kg*1.°C'1], ri/r, describes the ratio of the surface and the

. . —1
aerodynamic resistance [s.m ].

The soil saturation was monitored by tensiometers and hydrostatic level probes. For the
purpose of the present study, the calculations of the snow accumulation and melt were
performed, using the degree-day method (Gupta 2001). All measured parameters were
considered as inputs of the hydrologic model, which is based on the calculation of the
dominant preferential flow (Boorman, 1995; Scherrer, Naef 2003). The scheme of the model
is based on the HBV model (Bergstrom, 1992). For the subcatchment with organogenous
soils, it was adapted using the acrotelm-catotelm concept, which was designed in the study of

Ingram (1978).

3.2 Groundwater level dynamics

For the evaluation of the groundwater level (GWL) dynamics, the data from automatic
stations in the area of interest were used. The main observed causative meteorological factors
were precipitation and the potential evapotranspiration (Penman 1948). The GWLs of various
vegetation parts of the peat bog were compared and analysed (spruce forest, shrub and sedges
in the centre of the peat bog). The final evaluation and the calculations of the retention
potential of the mountain peat bog follow the previous detailed pedological research in the
area of interest (VIcek et al. 2012). Based on these measurements, two equations for the
calculation of the retention potential during extreme episodes of intensive rainfall or rapid

snowmelt (Equation 2) and long-lasting drought (Equation 3) were determined:
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GWL(Db)
GWL(e)

Equation (2) RP = * [((VWChrax — VW Ciean) * 1000]

GWL(b)

Equation (3) RP = SWL(e)

[(VWCmean - VWCmin) * 1000]

where RP is the retention potential [I/m*], GWL(b) represents the value of the groundwater
level at the beginning of the observed episode [mm], GWL(e) stands for the groundwater
level at the end of the observed episode [mm], VWC,y is the maximum volumetric water
content [g/cm’], VWCpean is the average volumetric water content [g/cm’], and VWCin is

the minimum volumetric water content [g/ cm’].

For the evaluation of the influence of mountain peat bogs restoration measures on the water
table level, some tubes were placed alongside the experimental drainage channels. The GWL
in the tubes was measured manually. The obtained values were embedded and contextualized
within the causative meteorological factors. The antecedent precipitation index (API) was
used for the representation of the prior headwater saturation (Equation 4).

Equation (4) API = ¥ 0,93. P,

where i is the considered number of antecedent days, P is the rainfall during day i [mm]

(Mishra, Singh 2003).

3.3 Physical and chemical properties of peat water

The study objective was to describe the variability of discharges and the dynamics of GWL
changes in various types of peat bogs, and to identify connections between observed physico-
chemical surface water and groundwater properties (in total 21 field measurements). Three
different peat sites (waterlogged spruce forest, extracted part of the peat bog, lagg) were
selected during the field research and each of them was provided by the transmissible
Poncelet weir. Discharges were calculated by Basin weir equation (Equation 5), using

spillway-discharge coefficient for Poncelet weir (Equation 6).

Equation (5) Q = m.b. /2. g. h3/?

. _ 0.003 b b.2 So\2
Equation (6)m = [0.405 + 2= = 0.03 (1 — )| [1+ 0.55)(2)2()?]

where Q represents discharge [m’.s'], m is the spillway-discharge coefficient for Poncelet
weir, b the length of the spillway crest, g the acceleration of gravity, h the falling height of
water, B the length of weir, So stream flow profile area, S area of spillway crest (Sracek,

Kuchovsky 2003).
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Each experimental stream was fitted with a hydrometric profile and four tubes at a distance of
2 m and 5 m from the stream on both sides, in which the GWL was measured manually. The
measurements of physical and chemical parameters of water were assured by calibrated field
measurement systems at all three experimental streams and also at all places of the GWL
measurements (in total 12 places). In this research, following parameters were observed: pH,

electric conductivity, dissolved oxygen and water temperature.

4. Results and discussion

The mountain peat bogs are characterised by their rapid rise of runoffs during rainfall events.
Furthermore, during the dry periods, the peat bogs store water which means that they do not
supply streams. Such results are known for the mires of the Sumava Mts. (Jansky, Kocum
2008; Curda et al., 2011, Kocum 2012; Vi¢ek 2017) and they are similar to those mentioned
by the foreign literature (Boorman et al., 1995; Evans et al., 1999, Bragg 2002; Binet et al.,
2013). During the dry periods, the predominant runoff was observed at the mineral soils.
However, the physical properties of the soil and the actual headwater saturation are the main
factors controlling infiltration into the soil during precipitation events or the length the water
can be stored in peaty soil during dry periods (VI¢ek 2017). In the monitored subcatchments,
different types of the groundwater flow were observed. In the mountain peat bog, the shallow
groundwater flow prevailed. Taking the total amount of water stored in the peat bog into
consideration, it is also necessary to consider the piston flow, the pipe flow, and the direct

surface flow.

The stability and the dynamics of the GWL are the key factors for the hydrological situation
of the catchment area, and they also have the principal impact on the future development of
the mountain peat bogs. The main factors influencing the GWL in peat bogs are precipitation
and evapotranspiration. The GWL fluctuations in acrotelm influence the accumulation of the
organic matter, the vegetaion pattern and the overall water balance of the entire area (Allott et
al., 2009; Lindsay et al., 2014). The GWL stability is also affected by the vegetation type of
the respective site, as it determines the temperature conditions and the evapotranspiration of

the whole area (Bufkova, Stibal 2012; Kucerova et al., 2009; Holden et al., 2011).

Relatively high values of the average GWL (approx. 10 cm below the surface) were measured
in the central part of the peat bog, which is, in the monitored headwater, covered by the

sedges. On the other hand, this part showed significant declines of the GWL during extreme
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dry events, as was already described by Binet et al. (2013). In general, the waterlogged forest
showed considerably lower GWL, but there were significant differences observed between the
points of measurements at this particular biotope. However, the waterlogged forest proved
high stability of the water discharge. The datasets showed rather similar variability. Thus it
can be deduced that, although the GWL of various vegetation types differ vertically by units

of centimetres, their levels fluctuate in a very similar range.

Similar results were already proved by Kucerova et al., (2009); Bufkova et al, (2010); Labadz
et al., (2010). In the case of the Sumava Mts., the anthropogenic influence on the water
regime of peat bogs that were drained in the past or even extracted is also an important factor.
The drained and the extracted parts prove a low GWL and its high variability. These results
are already mentioned in the studies describing the areas of interest in the Sumava Mits., but
also in the foreign literature (Bufkova 2006; Bufkova 2012; Bufkova et al., 2010; Holden et
al., 2004; Holden et al., 2011; Worrall et al., 2007). The overall impact of drainage and of the
following restoration measures was also studied in the experimental catchments. Positive
impact of the restoration measures on the average GWL and its stability was proved up to 6 m
far from the blocked channel. A high variability of discharges was also proved at
anthropogenically disturbed sites. Nevertheless, with a special regard to their retention
potential and their behaviour during extreme meteorological events, their ability to influence
the runoff processes has not been determined yet (Jansky, Kocum 2008; Curda et al., 2011;
Holden et al., 2011).

The analysis of the retention potential of a peat bog during extreme meteorological events
proved the relevance of the initial GWL at all the monitored sites. The infiltration capacity is
thus directly related to the former saturation of a peat bog (Dolezal et al., 2017). The
proportion of infiltrated precipitation water oscillated in a wide range. After reaching the
maximum saturation for the respective vegetation types, the retention potential becomes
exhausted and results in the formation of runoff. The maximum short-term retention potential
value during all the intensive rainfall events reached 42 I/m®. Mountain peat bog can, under
certain conditions, appear as an area of high retention potential, but in the case of extensive
prior saturation, this characteristic is no longer applicable (Kocum et al., 2018). In the winter
season, the peat bog can also infiltrate a significant amount of snow water. The maximum
total short-term volume of infiltrated snow water for the entire period of observation was

around 10 000 m”.
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The last aspect of the study was the evaluation of the physico-chemical peat water properties.
Ombrotrophic bogs have relatively stable hydro-chemical properties. However, this does not
necessarily hold true for the whole are, as there are differences proved in the respective parts
of the peat bog and in the microtopographic features (Faubert 2004). A significantly low pH,
followed by high temperature of the surface water and the groundwater were indicated in the
disturbed part of the peat bog. A low pH and its higher variability can be explained by a more
rapid release of acid organic substances from peat during the precipitation events, due to the
absence of the vegetation cover (Wind-Mulder et al., 1996). The same process probably
initiates the higher values of electric conductivity, yet a high variability of results was
observed in this particular site. It is important to mention that the conductivity is strongly
affected by other factors and its values may differ for the respective parts of the peat bog
(Ponziani et al., 2011). The values of dissolved oxygen in all experimental sites (waterlogged
forest, lagg, extracted part) were very similar. There were some correlations identified
between the monitored parameters. A significant correlation was perceived between pH and
the amount of water in the headwater. It was proved that while the values of the GWL and the
water discharge decrease, the pH value increases, as was observed by Seibert et al., (2009). A

significant number of correlations was proved in the extracted part of the peat bog.

5. Conclusions

This doctoral thesis evaluates the water balance and the runoff processes of the mountain peat
bogs, with regard to the GWL which is the key factor for the future development of these
precious sites. The measurements of the GWL, supported by the detailed analysis of the main
factors influencing its level (precipitation, potential evapotranspiration, headwater saturation,
vegetation types), proved a significant dynamics. The knowledge of this dynamics is crucial
for the evaluation of the hydrological processes of the headwater. In addition, the
particularities of the runoff processes, typical for the areas with hydromorphic and

organogenous soils, should be taken into consideration.

All the results and the conclusions of this thesis should be contextualised within the particular
soil and vegetation types or the respective parts of the peat bog which showed significant
differences and particularities during their mutual comparison. The central part of the Sumava
Mts. is characterized by the occurrence of hydromorphic soils and organic soils which affect
the runoff processes. The mountain peat bogs are the areas of the highest retention potential in

the landscape, nevertheless, this characteristic, as well as the amount and the means of runoff
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and the GWL dynamics depend absolutely on the concrete physicogeographical features of
the site. The conclusions of the thesis contribute to ensuring comprehension of the

hydrological regime and the fundamental understanding of the mountain peat bogs.
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