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Abstrakt

Ret en] n?2 potewacd®g? kedgjmnyramemwsmoiudfas on® | aotb
vyznaluj2c?2 se vysokou |letnosha, hddielgo gl ok I
vizkuPmug&ce je zamRDSena na vizkudtermokekIsw®mu
plogn®ma Semdmenn® obl dvtoiS2Sely nam@mpi sso0fhkoc
odt okov®ho procesu z8] mov®ho Yaz € m2 . Vel mi
organozema?2 zajigSuj?2 velkou reten]| n? kapaci f
zapoj en? do odtokov®ho procesu ipc&l aviak§o
Vposl edn2ch desetilet2ch se viraznhD mRnily
Vzhledem k omu, r §mcric hol ov Gamawywrjf e2 f or mov §n 2 od:t
organodegnmnm2omarfn2 pTdy, dTlegitlim faktorem
OrganozemhD jsou bezpochybg maoghamBeadmBsweb§
krajinuy ni cm®nhND zej m®Ana bhNDhem extr®mn2ch ud8l os
Z8s aldshp’t 8ce je proto zal og dymamkyhd adle ngi Ipm2dm e
vody, kter8&8 je nejviznamnhDjg2m faktorem v
nejdTl egitNDpgeé mopenkemy kr ol ogi ck®hoDale@2 mu 1
viznamnim p$ivkbodnocen?2 odtokovich pomRrT h
fyzi-kB8emNDckT ch evlliansntincefishts?melc a §Ji c lke®stopovaoveg e n 2

vodn2ch toc2ch a t2zm z2sk8vat i nformace o
procesuVlivorganozpmamenn® gblnas thiy dVYydrogtéencikoBy pr oc e
vkr ajeneBpochybnitel nli,nfrildm®z@ahise pfpsbbuvdNDn?2 a
dotovsg§n2oysdoadohasabmiti akt ug8l n2 mi opg Stzkf mi |,
kpozng&8n2 hydrovkoaqidkilDch vazeb

Kl 2] ov&oglskwa:vr chovi gt D, hydrol ogick8 funkc:¢

vody, hydrologickl regi m, organozem, Gumava,



Abstract

The etention potential of landscapealong withthe water regime of spring areame
important hydrological topicef research, particularly in theurrentcontext of increasing
extreme droughtrequencges. The present work is focused on monitoring the mountain peat
bogs, whichdue to their overall frequency of occurrenoehe spring area of the Vydraer,
represent a significant constituent of the rainfatioff process of the area of intereShe
specific hydropedological features of the orgganoussoils (Histosol typesoil) provide the

high retention potential of the ardmwever the influenceof these soil®n the runoff process

is determined bycomplex physicogeographical factor§he general opinion on the
hydrological function of the peat bogs has chanigetecant years andhe most important
factorint he runoff formation i n t heowtwughtttodbe n ar e
the actual saturation of the headwater, which is predominantly composed of hydromorphic

and organogenous soils.

The organogenous $®iare significant water reservoirs and have an important impact on the
landscape. However, they maisointensify the extreme values of the watercourses during
extreme precipitation events. The fundamental part of this wWodkseson detailed
observatios of the groundwater level dynamics, which is the key fadtorthe future
development of these precious sites and for the comprehension of the hydrological regime of
the peatlandsEvaluation of the runoff processes in the mountain peat alsggequires a
detailed observation of the physichemical peat water properties. The spegfigpertiesof

peat watergan be identified in the watercourses ahds the involvement of the mountain
peat bog in the runoff process can fm®ven The impact of orgnogenoussoils on the
ongoing hydrological processes the spring area of thd&/ydra river is undeniable
Nevertheless, the amount of infiltrated water, the means of waterdlmivthe supply of the
watercourses raise important questionsileatb recognition of the hydrological links in the
landscape.

Key words: peat bog, hydrological function, retention potential, groundwater level,

hydrol ogi cal regi me, Hwerstosol, Gumava Mts.,
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1. bvoad c21 e pr8ce

Vzhl edem ke zvyguj 2c? se frekvenci met eor ol
| ast ®ho vIiskytu sukcrhag,i ndde sr é&tvesn cvee | vmo d ya kvt u § |
vrchovigthD jsou d2ky svim retenim2em kchppnol

prvkemvr §mci centr 8l n2 Gumavy.

Vkontextu katastroficklictltpopbedaAzhal ekxec@®mib
Segit ochranu pSed povodnhNDmi a z8savhRcltav
obdolz2 olhotojéTnwedbyt seRazpamASenh@®sokbastriet en
schopnost?2 (Jadeiholznejl e@tijugt c2h0 0s8)o.gek rikjg ence

samotnl®2r ecampnostty zp k § [Tk 2 hdRagit oeszthodouj 2, z
okolnog 2 d pjodre chov®mu odt okTge kafi kTdylhdyt sedo n
sr8gkove@eneabdd | josk i dl ouhoTdBeadoh@tinesucthhch pe
(VIilek 2017).

Virazn® plopgm@anageampemeé pT@& oblmEs tzi§s\ayddr v
hydrol ogitc&eldj moyi®nOb Bk katihydrol ogick® funkce
nensowl|l asn® dobD zcel a,gvposbzrdaPcchl ZHdedpov Det
naninaw?lo azn®Wl tkgml gumav SkalpooH darla v®1 pal gvi nnD 2
( Gpi r hankeida 196®;5Ferda et al., 197T.y t o pr8gyeaeasic?2 k|l polps

hydrologickl redgim ragelinnich komplexT, kt:
sohledem naz adr gov §n2 v\Wwldzyn@molrdajbiz2n¥ T zkumu ragel
nastalo v70. a 80.letech Ve s v Dt ov ® el iothg leavtuyj Se pr §c e, kter
hor sks§ veehonvoihgotud proj evovat hydr ol ogi cky

sr§8§gkovich mdBbostZak zvygov at(Bader,tEggelsmainu v o d
1970; Burke 1975;Moklyak et al., 1975) Z8r ove®bd owle? rvaddlreadri2 f § z |
mel i chparland2ut oT | i nnost?2 bylo postigeno pSibli
stanoviugnavima g mnRDl o za n8§sledek postupnou de
(Buf kovg et al., 2010).

T®ma retenln2ho potenc¢ie@ sppjaménwvickumblhas t
se dostalo do pop$ed®h e §RtriGsc2ep blleBMEI® h Kens§z
ragelinn® Komplme xsy ysjkouw okt et nni K&tprmzmit
hydropedol ogi ckT mii vepgegrmahn? ad&kd motH otwsls§ no s
vrchovig tse  vmpehkou v 2 §jpen® j e nezbyvtinzek uprlii sttucphot
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ragel i nnT cihn dkiovm pdipesx Tn $n 2 hydrol ogick® funkce
pSisphNla i Safeanivdte kruanTprzamennokt eb® aSnyyl P ek §
Vi 8§ mc i hydr olaedryifg k ®k ®egeegkKafi e a geoekol ogi
Univerzity Karlovyv Praze( J ans kT , Kocum 20 K8um 2012Katam et al
etal,2018VvI | ek et al ., 20UI2;ekVI2Delkie gt l)d®maal &1 6 7
tak spto®plSeed® z8§j mu vBOdeok®epm@HOrMum@ znal nou
kapacitua velmi specific® vegetal n2 pomRryVhonakmhtm v®maD:
tak® revitalizal n? opat Sen?2 r awkerlaijningdS, ckotge
vzhledem ke zvyguj 2c?2 muo gsneg ssk2s Xk mhuoR esguathiav nj 2e
dopady na krajinu.

Tato disert al n2edprogwliez\iemiglyande®zsoiu n§sl eduj 2 ¢
- Zhodndgeami ky hl adi hgrimpe@decklnmnigtivody

- Zhodnocen? retenln2ho potenci 8l u horskTch
- Popis formovg&§n2 odtoku ragelinnich stanov

- Popis dynamiky sthedmvaklich ¥yask8beD2 rag

2.Soul asnl stav pozng§n?

Viznam ragelinnlcNash 8 mey iceS e®ine sardadlhTag po
zemNDpi s,m®@ pH=eSkyge zabZemgk®hpoSjedd ii jymtuw 130 ¢%& n o
10 % svDtoVtladhk®eagoplydma t Set ivpal ddh!| 2Jkey i wlho ¢he
spol 2y&dimelon®gi ck® r oz2608n\Viteosskeud | € Rpbd&e k umT
nach§gz? pdSG | hgnMondkTch vrchovigs. Nej viDtg
GumavKI,ugmnich a Jizersklch hor &ch, ddalcg®nl
okraj ovT cLhe spko@hoog 2Poahs i 008.t al . , 2

210dt okovl rmgedesnnnd ch kompl exech

Pramenn® obl ast.i v adiojo®€ c sz teank T baibcRiendranttes®? u | 2
oblasti jsouz hlediskaf y zi c k o ge p g m&feillcnkiT chhet er o Pelemk ®Yz e
stranyQu mavy nen?2 andmdinnde aikoliv jedinl m specifikem je existere

plochv r ¢ htoovhi gk o mp lkd>eke®@S$ ak o) dgi chk T zHehdpa®i ny .

Yaz e m? prameniy® j@b |dasotiim Wkydkrt o rvizuntohstd jevdinau m
8



hydrologc kfl e § i n? krajidyeajtvgrbu odtokKocum 2012)A g p o Sedkdty a k
KSemel n® zauj2maj?2 ragel i ni%jydzibhyva shoaddritdaoovr@ n 2
plochyoboup o v o d 2 , popz8viploevrogt2r yVys @ @m#jdmdBretinu(tJSans kT
2004) Je tedy zSej m®ywemwme assgetiiikeh, kter ® m§& na f
odtoku viraznl viiv.

Obecnh lové oe&tyokn pr amemmnmaloibtl ajsa ko Vjyeldryoduc

maxi mem v obdob2 jarn2ho t&n2 snhDhov® pokrl
konci “unora a druhotnh v S2jnu. Variabilita
t8§n2 snRhu, viznamnlbue rpakodl édvsamnost,atode mku e
vzhledem k vhRDtg2 | etnosti v {Keckny2012)Ninctme®nzd v n
tentopopi s odtokovich charakteristik odpov?2ds§
pTdn2ch typT vl eatsniej momoakédtridrhgeTm2 i veget
To pot ®v avreideebi k i t N for mov8§n2podgptoovk .«c h.@av ®hiof ¢
VpS2padh mallTch d21]l2ch subpovod2, kdeg vira
nembsdtitoobe n ® o d tacakteristi®z ¢ &l a (Hplmatnm® et al ., 2011

Vizkum hydrologick®ho redgi mmproadgeél ijédnidt cnha okbol
20. qRemld 19692 Ferda et al.,, 1971)tW® dob N byd k8 p&ngaelji amk @t N
regul 8§t okrt epdrDTHt¥®d kvTy,s o k T ¢ h sdu@kjrkutuje b d b khs nd h & o]
dotuje vodA t oky. TagpoSithd owraij @ c P ynk eufpavénaa a zlaywr ani | n
literaturangeop8iklg&nhlagiek i nn® obhldadei ssBY@

jelikog jsou po cell dokh tsBundifa zBuki ¥O75med o tc e
Mokl yak et al., 1975). NovodobT vizkum ragel
kv TIli | ast ®mu Jletekh2tOu o wddn 2 yvuder inl enz2b yst tnuRd i |

obl asy3oksim reten|n2m potenci lem 20abhykl D.
impulzem bylapr ov8dNDng revitali BaFRdv®panDB8én2 Bubge
2010 , Buf kovs$ou20als3n® dwbN je pak vEEbum§&§msNS
retenl| n?z kapacity pramemafilchhb ug ®lce2smtuz swe swz
vegetaln2zm zmNDn8&m (JanskBuyf Kowi,m;Ri0I0Ba lo KB &
al., 2009)

Odtokvody 7z agel innTofindbtchatmRitgchtdmEnngr Tsty i
odtoku a rozkol 2 s amastlynkpagZTu)ozk Tv e |Zgir owe Rk T |
obdob?2 sucha B2 nadpakt i ptéheku bEvmesmtasr §gko
1999; Brag 2002).Ni ¢ m®n N | e %\t Sdemec ibfriSctk & dky@ i gkdmemlgy
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dan@®h@anovi gthN vietnhN dktasSdatfdchasyezeamnbo
ovli sREg#bokov]IZtfPrcchd s dpfSiodgt vjdei u jednot | iv
vhodm®it individu8§ln2 pS2stup.

2.2Dynamika vi gky hladiny podzemn2 vody horskTch
KI'2] ovim faktorem pro vivoj horsk®ho vrchov
vody. Pohyb vody mkr ot el mu p S2rnfot okwl, i vcéukpreu skiadbs a

stanovigthD (LAlbtaeda., 2€0 Kall 2 s 820D 10| adijeavgimipod z en
dTlegitiTm faktoremvepdy. hdldadicrea 2 madhéd&m®E2 pwo
vRDt ginu roku vel mikthilazzk or oldy p ¢ \e(Holdierreaa.n 01 © me

~

2011).Hl adi na pod&emn2Sawddyt ymT ragelinigS vir
T

dynami ku. Rel ativnhD stabil n?2 hl adina blv§g |j
art ®zskou vodou. Naopak vBohsesVB8gpbDuaezahesdnD
vodouvykazuj2tbhPlkémplS2®s upgokTIKendTyerraozvn§  eBD h an. |, 2

dl ouhodob®ho sucha a n2zk® hladiny podzemn?
zmPDn8m yraagte?2lnknynegati vn2mu ovlivpiaobchiwjds ©3 o
krajinhD (EvabDynemi kad . hl d®®I©Yy . hl adi ny podzem

sezony jejzp@DnB e nprojev?z2 | meng2 sr8gka.
dosahovat 2 ag 3 cm za den (VIlek et al., 20
Vel mi si |l n§ meaz bval gekxoius thuljaedi ny podzemm?2 vod)

typem.Ragel i ni gt n?2 veget acee breenzegniiity wveldiné @& o cir k
Dl ouhodoblT pokles |i vzestup hladiny mTge vy
Exi stuje vzysbtkni® swauzplkeyRsthem vbegatiaocog podk gkaod
S viynggpokryt2mlepgetfa@&c3sasn@regul aln?2 schopno:
udrgen2 vygg?2 vl hkosttiz nv zsdeuvapsinadge (pigtdet al/, 2013.t a c 2
Vegeace horsklch vrchovigS je pSirozenhD adapt
Hl adina tak ur| uje eko(KogriroSkii8berg 2061V ergaed tall inre n |
pokryv jer ovmuldg uj 2 c 2 pro energetickou 3pbliphgaSrec i h
vodn? regim krajinydnBtomv ®&t,t glpiy, jre2jgiodh nli § $
centr 8l n2 |t8&skt marjcdh ocvhiagrtalX)t er i sti ck® pr TmDr n
j e w8zs8meci f i ckt® hodnoty blyastamovenpa z 8kl adD dl ouh
monitoringuipr o r a g e | iGuingatwinyab.1{ iBaitf kpw. § 2012)
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Tab. 1: PSirozen8 hladina podzemn? vody rage

Hl adi na pod
Typ biotopu (cm pod povrchen)

Vr ¢ h o Sphaghuid médiDxycocceEricion, Leue

Scheuchzerionpalustlis a | agg vrchovi @ 5 (10)
Ragel i nn ®hagnaPideetumy ( 1520
Podm8]| e n ®azazamio trilobatae P({ceetum, Soldanell

- Piceetuny 20-35
PSechodov §Sphagng eduiviCarigan thnescentis 5-10

Lul n2 r ZLgrieidnifuacaeg afticiorf densae) 10-20

Prozj ednojdungieknt2er T chalsstl®@gd ewgna hl adi n&mpbdzel
jednotlivich vegetaln2gh ptoypB| ¢)n Seghd jsou kil @4 |
porovn8vdsnoyt | i v® mi ky ot @apelgapiSgtcR®apkiytk gl enl
gradienty jsouvhor skT ch vrchovigt2ch snaéeénor §lorpot 8
vichovigthD je hladina podz®&imndkvajdyc h,y gyeé g es
tvoSena pSedevg?2m ragebyskmiiewy .ceNdopalk, navodlar

hl oub@dfdn2wnm profil u acojpeot ®i nuemoagl Ruzjoev an§st
stromov®ho patrPadocha®b ereduldR2z28dVARBIME i Gumavy,
obr.2( VI | ek et al ., 200®)12; Kulerov8§8 et al .,

10 6

-10

uhrnsrazek (mm)

hladina podzemnivody (cm)

Nl

o © © 9 © © © © @ © 0 O O © o O © O © O ©°
v o W o
S M~ M S N~ g 9w 0
N~ = -

Obr.1: Pr TbhNh hl adivny zpldSdshteentni? -Raddeylt iec ik t B 1 at N
et al., 2012; Kulerovs§8 et al., 2009)
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Vel mi | pStpajlbt Simakyt ov&na probl emdatinyka v T ¢
podzemndhVvedgms na pr ovospdaX(88e hrkeowist a2l10i0z6a | nBu f k
2010 , Buf kov §, St 2 b anle b200 1p2S 2 pBaudfnkid vv8e 2s0plo3j)e n 2
odtokuzr agel i nnUamskdvyvo&Kho@dha2608al ., 2011, Koc
al., 2012, Kocum et al., 2018).

23Fyzi kghemi ak® vIastnosti ragelinnlich vod

DTl edgitTm smBAgemissmbdivagS je monitoring fyz
vliastwvosthdDvpoh a podpovrchoviagre|vadhl cBp eoidf i
pSi spBf aknNzapan2earn? horsklTch vrchGheimg$ k@& o
parametry ragel i nsnlifecchovemyg jpSou hbak®cen? s t
degradace) horsklch vgrcchw&d [HSI mie broe wiet aslpioz a It

Ombrotrofn?2 vichovigtnh sycens§ sr8gkovou v
hydr ocheviastro$il mi To ovgpelnatndmupsr2o ,cap ® kvlracch olva
mT g e bTt oV InizZymn D np Todkaomeé S4r.a gMd i @i @tvid i vniDn?2
vichovigthD v2ce mokeral peab@amBuijpedpBedkv gt o
kondulat innai tmMhogstv2 rozpugthDn®ho v8pn2zku a ul

Vody horsklich vrchovi ¢S P ®ravdla negzkhoerdot@ami3,3jj ej i ¢ h
55, Zm2nhNn® hodnoty vak Sz §wias 2k |lrana$adn vil alkcte
vody nebo bi ol ogiQuikl& 2@G08Holden etalD2004Bat g3 maf akt or
ovliVvRuj2c2 pH mTge bIit .MérsakS8ntrompogiednBh
odvodniDn2m zpraviidiDagydy kpBEuUuj kter® vgak mTge
variabilitu (WindMulder et al., 1996)J ako viraznl ftagemwa tam®Bmi tpt
vwplavovgn2 bthamiéi &k®haceahormajnd cki®hwol uhé 2 kmr
souvisej?2c? s oadw&kgdér awag3gawnoack ®a hmot vy . PSiroz:
kyselin spolelnnhD s n2zkou cel kovou mineral.
ObecnpS2eoadnN ragelinnlich oblast?2 jedn§ o V:
podzemdevadhmgmpuyjse v2 vypl avovana®dstepH¢Seigeani c k ®|
et al., 2009)Vzhledemk mi kr ot opogr af i i ter®nu je t-edy tS§
chemick® vlastnostaiel(etyrngustyi vigihrenk§gt 2 se ze
s v Iznamo knSpeth,2 di §itnviilbu a2y c hl o obr22). We kg ojzé cep O |

12



schar akt erliskytckthmveget acemeaahorgesthy ,%rtorva\icn
rostliny (Campbell, Rochefort 200 Faubert 2004).

e Hummock | Lawn \ Hollow
) pH 2.7 -3.1 : intermediate pH : pH3.4-40
= P~ | |
E y Y\ | |
3 50 4 y W . ) | |
= N I [
5 i |
. — ‘ |
L 25 -
- ) |
= maximum | e e |
e \_/’ e e e P ™ ™ P \T/ R W P M\,-F:_\_/ \: ™ ;f\__ﬁ \\-_/ R S
Water table minimum_| ) I I i e
0 e~ s LU R e e e e e e T e e = SN

Obr.2z  Mi kr ot ogmdiemtrsahf ai rcakkit ehodnstami ptHKFauhért 2004)

Se zmDnamigepdH ni gti souvi s?2 |iElzenkltkonpdubakiitte Kt r i c
seobecAmM 2mmo gstvam o lsVpd eRdtonTj dento prfKy hr oz p
s ohedast)i Mg, K, N\aal e tak® Fe, $SMRvdnlerbio kAMselV®hpo pH
hodnoty el ektri cKs®obviotdi wolsrt ® anoihorut, 2006y. o d 2 k u
MRSen2 ko nhdourkst ki Tvci ht y vpréci hno§vgi2gt ¢ € lhmi  , mdorod ab i | n?
nNDkoka jednot®% manduktidtazs§tvoiejskilya s at ur.,@adie 1t akel i
na povrchu pevnlch EkKontalkted, ja&olmme§sadd?uk ov
rozpudgtnNDnlT okN] §Kekduvkbdiwli vahip aodyt avaiodtnt u
ragejkop g ou katienpg SwIE8mNnng§ kapacit,apH| iprgani ¢bbt
(Ponziani et al., 2011).

Dal g2m viznamnim parvhkmet eamuvoagel knejbthj et ¢
rozpugtnNnlT kysl 2kn2 J&l eyt md wpgeochetrodf i ck
do vody dodaStvngons fd@irfyu z 2przom2 chg8vsg§n2m vody a v
produkuj 2. VIzneaStndempluak nosein kyadl thujpe p&
viivem, chebhdkhO@gagh se kysl 2tdkinre@Spandi gt vl s wedmi
teplota signifikant n?2(YvenDurechenehal. riel). ¥pSP pak® p
organogenn2ch pTd jsou vstupy kysl 2 lauo omeze
vd Ts | gedekkp o mal ®mu rozkl 8d8n2 organick® hmoty.
jsoutedy spojenygosuny aer obn?EswpAa mageorno®sn 2etz -any. , 201
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2.4 Revitalizaln?2 opatSen2 horsklTch vrchovig
Virazn® narugen? ragebidviog8Nhedakogsl iedm®s pd
tNDchto hedtaebrmi gS. NmelGumara®dnpe pdEdal yl avn?
atona lpoSeu 19. a 2070. as80. teteent20t sod e & i ®i procesu
intenzifikace. |l nvenpafzkamg?2 proveden® v upl ynul T
odvodnhDn2m je na GumavhD v rTzn® m2Se poznan
Okol 2 ragelinigS i samotn8 ragelinigthD byl a
kul tivace zemNDdllos k®v TpgTedhy2 rmperbood u k ¢ e dSeva
porostech (Bof keivrivirtia&Br)i.z ac i r ag pduodndkgy S n a
1999 postupniD realizov8§ny jednotliv® revit
odvodRovac?2chu rc2hl odM®& hkloandciept podzemn2 vody

VIivem revitalizaln2ch opat Sen?r &mcgelGumagvSy 1
zabTvsg SRdak pvs8Bufkoé ;s BROBovE et al., 2010;
Kocum2012. OdvmdRowagre§sine diSs at i z avlgnatisoo gpecifik§, e n 2

kter§8 by se t1kalnad adayubz es t Gunnoavaygit d¥ kofvaehzi vzn§Isna
vdal g2ch | 8st ec h jeatotematikd aas tsov IXtiasg,rk &trhuwdvz8mah r an i

l'iteratury. Popis narugen?2 ragelinigs, n8sil e
hydrol ogi ck®, | i hydrocphread cki® Ye|nkd® ry 8 rniatl Sz
(Allott et al., 2009; Holden et al., 2004; Holden et al., 2011; Wilsaa.e2011; Worrall et

al., 2007) Skandin8vie (Haapal ehto et al ., 2011,

(Ketcheson, Price 2011; Price et al., 2003).

VI zkumy ppoSuekdaenvagj2ame | mi pozitivn2 efekt zvige
proveden?2 revitalizaln2ch opatSenz. Jedns8 s
centimetrT ag decimetrT v z8vislosti na typ
kangl T a Ttcdip opgorma¥riecckh k o n(kB W®ft kn@ \h BoldenGelaB) o vi gt |
2004; Price et al., 2003; Worrall et al., 200Re vi t al i z al| nPl oojpna ti Sdeans? a hr
nNDkolika metrT.Velzke® uB/dRestt §ropieKk lekaldb va nTke h t r a
statit i cky vizwame®muhl adi nayy Spwettecheoddnd od ®dy ac?2 h
k a n 8Vizwbr. 3(Armstrorg et al., 2010).
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Obr. 3 Pr TmdmaBodzemn3s| gddwytarna8h sekt ech na pSe
nepSehrazen® | §st (ArmstbwethRd0t0® c2 ho kangl u

Obdobn® vizkumy bgimgir é@ardar PB8rzyniiv®O visl edky
byly napS2klad zaznamen§8ny na | okalddtdd Scha
sn2gen?2 jejRkl ampVvdaluidgr, ¢ kitbiai iocdre ® PSS pgeio
zej m&reds?2y kovit{Bhf pbov®sts8chbal 2012).
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A é} S’q fy . 6’@ Q'«. :_P@@ & R «‘f‘,« 8 ) '-L’i P a“& %a@ @P@q@ - w;b@ K &ap & @\\ ‘i: 4 @-ﬁ;’& %‘,&'P%-_\a&@ P

Obr. 4 Kol 2s8n?2 hl adi ny podzemn? vody pSed a
otevSen®m vrchovi gt (1l okaliikeS2 Skebgetaeh t e n f i
sdomi nant n2 mVaccohiunutrayn trichd dt t § vn2 ky s @richephardmo pT r e n
cespitosunf Buf kovsg§, St2bal 2012)
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3. Metodika

Jednotliv® |1 8nky byly realizov8nyyuw@i tz28 kd a
zaut omat i ¢k $tanib UnimddAByi Karlovy WP r az e, P S Fakultyd Kateddyd e ¢ k ®
fyzick® geografeidmoal ge®ekoboludgiee.seld zra8mkcSiuj 2
povod2 Seky Vydry.

31Z8) mov ® Yz e m?

Z8) movs8 oblast byla vybr8na na z8kladhD char
kter & Skeylmdt elto nsktruBtindd maé ®j e g ® F & nFokk y| t8esctki® va
Mezi IslatisnRt er ®espaeda pmprod &ukidy2t ky a hdlpotoka (olsr.k ®
5.DTl egitim aspektem a T p®H¥tuo mMacshtt ohadhdgkd@&hhe b
ragrelldm bioftapTodktseb® sTrerd mo g o @l asngsu tsotvaart o v i
vdet ai |l n2am prs@S2ntlju popsat sl edovan® jevy.
ObN povod2 n8§leg?2 do obpgadd ipovedtr FHeky §Fyra v
nadm& k§ vIigka povlbd?278h6r na2 mBy durlyjob$ mwsitt Tm8t weanrs
n8§horlm2gi ny se zar opomiamP m kpav rs & HTdncum 20%2). 2 s v a
Z hlediskafdn2 ho krytul[dms?2 negin®&n okambi zem2T ol igo
virmin svagitich pololMag pegBehfrka ypooppdpdzd
speci fi kjemgplabildBkydromorh2 ch a or gah®©@gfemma ch0 (p’
VI | ek et al ., DRDOM@Ehawvakedr i29tli7okT m rysem po
pomNRry. Jedm&lsd ionBodnphmdnlymisz&genl®na na ns§v
stra(nsStcaehni ce BSeza?virozsiRdiR 260anm.Z8§rRvee | edn §
jedenznej chl adnhDj g2.&pStpgdbnVegesabhn2ho krytu
ZpS2rodn2ho hlediska m§ cell® d&Zlky? spedimii czk
pSedewagk mviagkVini §gS vr cphaotv@dipminznteg cepp®j g2 ch
nejenwr 8 mc i Gumavy, (Kotum20t2e| ®ho Leska

Detailn2 fyzickogeografickI rpganxiis jz&8jnmaviiowh c
di sertaln?2 pr8ce.
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Obr.5 PoSeki@rysvyznakepzmi ment §l n2ch povod?2

32Formovg§nthoodtkdlchh vrchovi g$S

Pro Yl ely hodnocemrsviset metY §nznaodptladkn® mv t ypu
vpovdaBkIdRw kyt ky byl a pWaugioma tsidehgikcohastania($ c h

intervaemmNSen?2 WNOkml Auppvod?2 ( Rokpzmek® s%8dEI eno
km od z8] moWR®hvom NDgowyda) dyoagi tatdhta8uzer T, k
vt ®9ge lokalithD LesklT hydrometeorol ogdaekl Yst
vykazovaly odchylkyRo z hdldnot sr §gek ( awdrsoshat iad felz 8§65 0 B
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pravdRpodobnh zpTsoben r oz d&slrnSojuk.omdddzub2SIsTkm u
vg8k tak®kwmTlgie ldoagtda sineodewnadn @Mespygedhad dn?2 c
automatickl ¢cht egre® §kaomPX|Tistemc?2 drobnlch vt
stanicemi. o S2 padhD degthD mTgE%dvpSadpaddt smdhdi2 lv §ak
(Dingman 2015).

Dal gn2em byt niT m par ameptorteenm c bpgttansgrdces didarevinice (1)
PenmarMonteith (Monteith 1965).

o] 7

Rovnice (1)_ 0 '0"YZ 5

kdeqpo z natlemvagt | aku nasycen® vodn? [pkiRd] PpCod!| e
radi al nz biMIamAd] Gtpok r t & p [Md.m%d?], p psyddrometrickou
konstantu[ k P&d], & deficit t| kRalE@vbdk2 np§yygem® vodn
aktug§ln2 t) akRrvm®@ ne e pl§iVy.kgy],p ah8sbtu Gody? [kg.lY], c

s p e c iteplo zdudu [kJ. K. ACrdrapo mNDr aerbdyaamock ®hov®ho
vzduchu[s.m 1.

Pro %%l el yt pk@zxteytbry® yvIi polty akumulace a t§n?2
z2sknSanyz 8§kl adh -dag (GopthR0oOl).eHsteeprz@end Spra na mh
mnogstvpTd&ddy PV dn? vliI hkost byl a mRiSekhyt enm
podzdll Dubkd&@lb0 clhpod povrchemo moc?2 tensi om@adimT (T8,
podzemn? agyedy nnTch | §9mecydd rioysltaeat mB&dma mpono
(TSH22, Fiedlerna t Sec.h RMtsitlecth® mdhSe ntelzmihrsiwwa® or c
2017), ale sr§8gkop§mMchampB8damPDrnébybkzaznamen§
Vegker® mRSen® parametry byly vétympemadoghy
vipoltu domi nantn?ho preferenln2ho proudiDn?
Vyugitl model vych8z2 ze sch®md3em HBV mpodgi i
standard 2 podoblD pro subpovod?2 s miznREosEp onv2ond2 p T
S organogennz?2mi pTdamnS§ g I6uchvesiddjgkbnocepth gkroteld v o d 2 )
katotel m, kterl byl n a vObgle ns uvbep osrtowd@ i ibyll rag rrae
vli astnéareur m&del uz,ejkm®enra8 rvaec diditr gaikltae® odezvy n
ud 8 IlZogsktl .a dnma&2 nsocche®lewn @z d @l s ubgbo& od?2 wukazuj e
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Precipitation Precipitation
Podzol (mineral soil) Hillslope Peat Bog
PZ1 SB PB1 v
Deep percolation with . Dee 2 —
k5 ; g I|) bilit Process | Pipe flow ) FJJE 2 ol &
8 g dual permeability percolation % 3 _% K
= PZ2 PZ3 SB PB2 PB3 8 5| 2=
= © = ® S| <
S| E Deep | 5| T | E|Z2
E bg: Macropore Dee ercolation | & 8 S E :
@ pore <P Process | Pipe flow perc EZ° ||
o flow percolation (piston | © @ | Y
flow) «
Spring PZ (mineral soil) hillslope Spring Spring PB hillslope
Outflow Outflow

Obr . 6 : Sch®ma modelu romdNRDeeg®hdcdopTdbpod
hor sk®ho vrchovigtn (PB) (VIlek et al ., 2020

33Hodnodemami ky vIigky hladiny podzemn?2 vody

PSi hodnocen? adinmyni kogdzzvd grkzy med ey rmy loa i © & &J i
stanice Modrava. Ta byla vyugita nejen pro
evapotranspirace dle metody PenfMio nt ei t h ( Penman 1948) . Tak
zv8hov®ho snhDhomhDra miayiR kpyade@ik ®y yloaniz, hodno
(SWE)prohodnoceh regi mu podzemn2 vody.Ndjhweim nammrhjs¢
| §st pr8&ce byla zamhRSena na dynami ku hladin)
na phRti@xmgetienohl |l es, 2xokt&)co&g&l@iatir@tl in
reprezentovalad a n 1 vegeHyad rnsttayp.c kK ® ToH22,diedle®pras enzor
mNSen2 hilmmdd nwopywydizyel yubiknEsh DnyNegubode PG2str

mN Svdesetni nut ov®m i nterval u.

P@ce navazuje na detail n? pedol ogi ckT pr Tzk:
vichovigthD pSedchWBlzlegkkz@hd)alv] z Namur gnNIS2cP v I
charakteristhylpobp®k o &ioistudje Ftdngveny ovni ceoped v
reten|ln2ho potenci 8§l u b N h esnn Nehpuinize(02)l a suchd e nz i v

(rovnice3).
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Rovnice (2)°Y 0

Z wwo Wwo ZPpTMTT

Rovnice (3)Y 0 Z 0o WO ZPpTMMT

kdeRPoznal uje r et[émf]l @¥L(b)pholteechici8l podzemn2 vody
sl edovan@muciVg((k)dhd taidi nu podzemn2 vody[mm konci
VWCraxma x i m§ | n 2ou vihkogt [g/om6],vVWC mean p I T notd objemovou vihkost

[g/cm®], VWC min mi n'i m§ | n duvlbkost[g/omd. v

PS vipoltech bylo pSedpokl 8d&8no, ¢ge na zal §t
vpovod2 prTmhRrn®@aznp@notlyod®ot7y gpetm® bhRDhem sr
snNDhu rost | @9mam maxNamupna k b NDh e np rsTurcihr Tnc@h  heopdi nz
klesala na minimum (0,5 g/én Dan® h ovdyrcchtS8gze2t ak | n2 h o pedol

prTzkumby!| ktealli zov&8n na stejn® z8 mov® | oka

34Posouzen? fyzi k8&vlnascthn cas tczh ernmai ¢gceklTicrhnT ch vod

Z&8kl adem ognNBking tpylTtokT, hladin podzemn?2 vo
vl astnost?2 povrchovich iprpbdpaljeecdinddpiedna| o d d
sezony(2018) kdybyl o provedeno cel ketm d2Inne e h®n m2 cehr
BRem mNSen2 bybdopddeulkygrok@alpianiugta esnNDhov ® p
vysokTch sr8gkovich ¥%hr@&TD.i such® a hork® ob

Pro realizaci t er ®n 8tASih rpTrzTnz8 urmal§ eblyilnan §v ys t a n
tNgéRSt ralgedg)ni gt T,agel i nn®m .kVar8pricea x uk aMea zBih
stanovidgt B8k Pr ov ®hion spt rad donveSenn @ tofkhu . PrSe | v vpol et
pr Tt oku byolvnice pmwruagyi Basi nTv pvSyeu givt 2 (mr okvonei fciec i 4

PonceletTv pSeliv (rovnice 5).
Rovnice (4)1 | 88 ¢8®Q7
Rovnice (5)a 8 U —— Mtop - p TMUL- —

kdeQr eprezent uﬁs‘”@,mpsro‘pt!dlni [ el pSepadubdp®&lok uPonc
pSelivn® Bdredrkyu [pled i awi t al n2 Yzhwicthd @ n? o d ym. r5:
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pSepdmdleSmpl ochu pr Tt ¢n?nRptochu ppSeolfiivinug (IGE €1 ie k [ m
Kuchovskl 2003).

Kagdl expemnidmeéntt®lkn2byl wsabgh@sdrut abDk amMiSen a
podzemn2 vody. TrubkyvebyJzyd &laessmaazsetniy 2d om raa g% |
poobouj eho bSez2ch. Fyzi k8l n2 a chemiek®nu?t mbt
mN&2 mi syst®my ve vgech tSech experiment§l n?
hladiny p o d z e mn €elkemo1@m? st )N e rza s | aainary byl Tpkh i p

el ektrick§ KkKaempdwktai wiotdy VeagkerpoigheBebkByshitl.

byla vyugita ve studii, byla namRSedam na m
vdesetmi nut ovi ch ipnt§erivgleedmk.® Woddbobognpodyaemm?
vz8visl osti na denn?2 potenci 8l n2 evapotransg
byl a pougRenmariMonteitht Peea man 1948) . Pr o zmekigt Nn?2

sl edovaal mmetry byBk!| aplm@#gi syatistivd @ met o
Spear manovich kor ehllaadiizncth skpooelfei heliievnotsTt inap <0, |

35VIiv revitalizal h2ehcopai §8&nhahvadysaki au pod:

Prohamocen2 wvlivu revitalizaln2ch opatSen2 hor
byl verbpemi ment 81 n2 odvodRovat?2 Tlkan &l vékwani§ mc
svem Wst?2 p8SkvOné mindypSmibrysd klkablean ®lpat SEae al
Pod®l odvodRovac2ho kajnddyl yb ylay arz @ zhipabskto D m ya § te
1mRozm2st Rey tSelspo udaddgiuR v a c 2 m( k a kB d) i®

9 m2st.PmDSena%ajodadep S2 mo na odvmdRovadal gkamns§lSad
rozestup3 m.Vzni kl a t a2 $ravindelliyfi§a vhl adi ndy podze
mNSena rulnhN. Cel%ewdpbébbhl d 22 8hsam@®ebntd d IB1 .
m2sta mRSen2? byl a. Ppenapetvi®c kwi ls g alpy 8 espar ost or
rozl ogen? h 12 a dvi ondyy phboliihzeenmn s | bglal oywjatmd c h me @i g @ Id
me t o aatural Aneighbdr .Data hladiy pod z e mn 2 vody byl a anal
z8kl adn2ch statistickIlch met od. Z8roveR |
met eorologicklch faktorT. Pro tyto %l ely by
PenmarMonteith(Penman 1948). K yj §d Sen2 pSedchoz2ho nasycen
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pSedchoz2ch sr§8§dgek API (uwmtjopmhdpDt pp&eidph8:
dn2 (rovnice 6).

Rovnice (6)0 0 "OB riw o&)

kdeivyj adSuje pol eftpoli ¢ a§ o)oPadepddiz n @aArit ®@mr 8deé Kk
sl edov an @mj (MishradSmghz2003).

4. Visledky a jejich diskuze

Hydrologick8 funk$ ez alnrjskineah zperrocbh cevmadg i ku r
akumulacivodya zpTsob formov8§n2 odtoku. Oba proces

fyzickogeografickimi podm2nkami ragelinnTch

ObecnihD jsou horsk8 vgwdwvigthl acthaodkokovetui
sr8gkovich epizod aodm?aldlldwima sz koak dw® awi?s
j sou ¥m$2mpjaudiim v s k T(cJhanslkdt 2 Kocum 200KpumLur da
2012 VI | gk 2@ 17 ahr a(Bodrnmad et &l.j 11995, Ezansuet a}., 19B8agg

2002; Binet et al.,, 2033V Nt gvilnzak v ok ob2 hal a na c¢hakdd ch su
vimddz domi aomgahgygen¥Wts|pTopp erzi memad \8 dtae2ket h® ¢
naznal uj 2, ge pS2spbeéekon®r shdokh bithoaci g$ e
bNhem intenzip8évchdgsjo§ geathtoggledm2ch pTd. Naop:
obdob?2 pSevagovaler@duddbiWspdP»eé padeckj mPak nal
aktug8ln2zm nasyygenk8pavotTytl asftabtso,eg hi e Hgtu
okol nostpovdocjhdoev ®mu odt okTde kafi kTdylhdyt se&o n
sr8gkov® ud8l osti nebo Tdaizka dd lIfozurh ots wsoeh Tdocohk §pjee
(VI | ek Ha¢@A¥m faktorem o%®i WRwja2gmbljerpudiogdr ol o
vi gka hl adi ny Mé d tvysokwmi hladirmu ythz e mn 2 vody zZpr
vykazovalavy g g2 rozkol¢ocamdbcsDTipegTtokm faktem | e
zpTsob podpovrchov®ho odt okWwWhaomrs k®ime dovamad ¢
p&vadguje mhDI kT p cSdhpedemrnavied i®o ottt wk . zadr govan
nut m& gel i ni gtitou®a@owvatdNn2 p{ pvodytporef £EF ew) n2
cestamvr agel i nh, (pSpPpadhOwi pS2mli povrchovli odt

KIl2] ovimopltvkMRImydrcél ogi ck® procesy, al e |
vrchoetedg$T gka a stabilita Thl gdi n§? zpmdaz eznenj2me@
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sr8§gek a evaejpir pakérpobireabcrdu. ovl i VRuje akumul
veget al m? cped midrvyo u vv @ @ fARottid al.] 2809 cindsay et al., 2014)

ViraznhavilTgku a kol 2s§aigmShkeget apsSdstig@ mdho
stanpvijgiDkog podmi Rujttak®&wpddrnanzvipiomNDng av a
dam® YBarm2kolvV§, St2bal 2012; Kuler dej§viege ade |,
zpravidlahladina vyskytuex ent r 81 n2 | 8sti vrcBoei gsDeddahkr
povod?2 (v prTmDru 10 cm pod povrchemyvgakde |
tato | §st byl a zISetovemR pekin&shm| miPppgdnky §abe
a pop8B88netvet al. se(2@d3)8. oSovewllaniitl i ve® |
jelikog jejich dl ouhsoukdes nv2yns uzyrelmrt 8 rmT(gkKu | veRkrso
Kv br Brilsberg 2011)Ragel i nnT | \wisr avzypldh zim@gvdaid 2 ¢ mn 2 v o d )
ovgem8mcohoto biotopmualsne® uvk&Edz2lly mezi m2 st
pr Trl@rhn hploaddzienmn2 vody bRhem sl edovae®heo gakdo
vykazovalpomRr nN vysokoulLSsabivrichgvifgtkMepdk T mi |
dosahoval a prplondZrenndé g Blivagddiyh y20 ¢ m. Datov® so
disponovalyvelmi podobnou variabildu, Ize tedyu suz ovat , ge hladina
vi TznTch vegetaln2chijtiyppe & bjgaji?2si lesslijeasasm?§ z 2
velmi podobn®m rozphRt2. |IDare® ap oaB3gatPSp di@Hjp®

Kul erovsg§ et al ., (2009) ; Buf Miowi@®reld eaxX i, s t2Wjle
mnogstv?2 fakchbt Idiovd i pRdg & mh 2 vodyap&Sad ®h adn
topografie f yzi k8l n2 vl astnosti rageliny, hydraul

ViraznT viipozemnzh| p88ipadhN Guimaarwt rmoidoygenn?
zmi nul osti ne®Gadvadygem® | 8sti ragelinigth vyka
a | ej? Vygag? rozkol 2sanost . Saldl oxdswk@iit Aea vnyo s it
zezahr aBuf kdv 8Bu2OkOobv;8 201 2,; Buf kovg et al
Holden et al. 2011; Worrall et al., 2007). ¥ x per i ment Y me2 onk poym dpozi t
viv revitalizaln2ch opatzSémenz | ajiadhidgqy vipolde
vpr TmRDr u Sr odbyesRme dd@v § n | p | oodgvnold refkn2V iiaaddsalie
vl i nmRSij ealorslahiu wnsd tbrl T, nBvd&Ine masswiesl 2k ®m mn o §
parametr T. Byla pozorovs8na i VYQgg2N c m®RBI 2 s
vpS2padhN ovliivnNDn2 odtokow@ho kpr g eadeon midhn §nz
Kocum 2008 ur da et Hoddénetal.,2@)l.1;RTzn® visledky jsou
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zpTsobeny specifickT mi fysl edogmpabakhéf ¢ rc& T mi
spol el ntdtokbo/ri mupjr2oc e s

Anal Tza rdteercliBd uo rma ezleijnm@mtaly Tgowkng zianliaci § 1 1
podzemn?2 vody. Schopnost infiltrovat vodu j e
pSijat® vody ze sr§8§gek se proto pohyboval

saturace pTdy dan®ho vveyglemad na¥ led ernnlypuuhodogd
ngsl edy®mu ®muwdtak§ Tefitcktr 8t k o d o Iplo treentcé rBlin2d o s § h |

hodnoty %ag Ha2s Kk ®mvrncThjoev i z9& Nurtleidtyl ch podm2ne
znalnim retenln2zm p6¢tpadk@iveg sip Sexd chm®nDh ov nas
reten] n2euprd mdtRairj en ( Kodwuzni nent2 malo.b,d obE t edorc® § z
retencivody. Mt x i miéd g1 kojodrh i nf i |ttajoveaznhBoowsdrdi3h wz av ¢ e
sl edovan® pov olDdOO0 of sy \hzoSvvails | aods t K na aktus8l n?2
vichovigti. Jedn8 se vgak o kr gokenTm blolua diert e
a tugpoyrichbv®mu a podpovrchov®mu odt oku.

Posledn2m aspektem pr xhee nbiydkdl rhhs dvil oaosearge | fi ynni
Ombrotrofn2 vrchovigthD sice maj?2r ProanDr chF| [s2t
| §st2 nebo mikr odlearochgprua fbiTctk Tzcehz nparnveknT ny r oz d
ViraznhD n2yzsko@oBpup eav r chov ® viodyo dzyd mnrtraaemi@S e n y
| 8§8sti ragelinigthn. &b g &®c Pp Hv sgautvd Isr? 2 hzoe | km®ynta
usnadRuje vymlv§gn? -Mulges el &l.c h996)iSa retjpiodes pek n d
pravdRDpodobnhD zpTsobuj e osvtyig,g 2atvigapakmddt a) 8eslt e k tvry
velmi vysokou variabilituZ § r oveR je nutn® upozornit, ge h
jsou z8visl® i anaah®ISgh®&h hbakfraayie stea gneol hi onui g
| i ¢Ponziani et al., 2011).Hodnoy r oz pu gt NneRyhazovalyy Sil 2 bor ovn §r
sledovanich | 8st2 ragelinivijrRnzo®Pd§easiéeRydly |
i denti MiDkaw§®y vazby mezi sl edovanT mi par ame
pH a mnogs pow?om 2v.0 dSye hmlinoupuajzeenn2seoldy a pr Tto
podobni | ako Sdibgrteval., 2009k &k azeb se pr ojaewiglea ®h |
| 8sti r% d el® rkdodyaeMbaycley meziormaAklym pH a vysok
elekti ck ® v,odn#&olksdu hl adinou podzemn2 vody a n:
pH a n2zkou elektrickowmavadiendsth? .| SBlyeacthn® :
pops8&8ny ve -Mudereétial? 996);Wonriahi et 2011).
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5. Z8v DDr

Pr§ce wodmdtabiddatnakov® pomNRrypBohsR®bdoabt ¥mche
khl adinhD podzemn2 vody, kterngstjaev ka 2V iowd jm f
cennlich stanovigs.

MR Sen?2ypholdazdeinn 2 vodyalpooel R snv IchyvelRjg% m?

(sr8gky, potenci 8l n2 evapot r apousSpziarlaoc en,a nvalsryac:
dynami ku, jej?2g znalost je nezbytn8 pro hot
vpovod?2. Obecn® poznatvRynNhoe nt yschh8 ¢kl Gobdisisetk2o v ®
vi §mci ragelinnT,chnikconm®n e xV[g ez nB§wi s2 na rete
urlen pr8vnNn vigkou hladiny pod#zesmmdy wepeyg.ifi
odt okov®ho §preocelsjue wak/obiastece sm®kytem hydr omor
organogenn2ch pTd ( p Séwmistopfow).r chovl odtok, pi

ViraznT r etreang enl2i nprgaSs tao rs ¢ h obpynlo sz a zankalhimeenn§orv ait
t8§n2 snhDhov® pokrlTvky, nao ppaokk | bel3hTerm hs vacdh Tneyh |
vodyahor sk® vrchovigthD se pod?2I| ZjjegnDn®| mioz m§|
vgak wot m&tbntvextu dan®ho pTdn2ho al §egietal
ragelinn®ho komplexu, jelikog pSinpovbvatZm®
rozd2ly aros pdcaitf2i kia. pr oc hpamp <&km®® vil yasit n®Ist N [
podpovrchovTich vod ahoyseki®bb vz g§helnib@t & or el
identifrBmeBnyg !l edo.wadrm@&honng onv osdp2e cind i Ksemav BJe
jsouhi st @amitclo® o g e nn hegatigah y v nk tl ey dir eoj |,doSRRi vqEo® ®

vegetaln2 pomPeyi salamdestgBhchxpedvmeRoGgan2z h
kang8§luvdoglzoa®mu zvigen2 hladiny podzemn2 vo

plognlT dosah tRchto opatSen2z.

Viznamn® plogn® zastoupen? oolglamotgienmeércthr &l rh
je tedy specifikemRukeéeon@®@t okoakznpPproemiess. Hor
m2 stnaej 9y gg? retektapi ndkdapawci ¢ m@&nhDv upl at nNDn?
mnogst v? a z pdlysnoabmi &k &t ohklua dliiny podzgwmmd| @ ody
konkr®tn2ch fyzickogeograficklidiht Po@mprokHah
pStsppéclkopen?2 hydgnlhooedikcokv@rmhopeskhgh2 vrchovi
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Abstract

Hydrological behavior of an ombrogenous raised peat bog has been observed and
described in many studies; however, not in complexity with other soils. This research deals
with the hydrological function of peat bog in a catchment where peat bog (formed by
Histosol or other hydromorphic soils) covers only a part of the area (40—-60%). Two soil
types, creating two main hillslopes of the experimental catchment in this study, form the
dominant seil types (Podzol and Histosol) in the Sumava Mountains, Czechia. A modified
HBYV model was used to estimate the contribution of each soil type to common outflow and
for the estimation of the water balance. According to previous research and field
observations, dominant hydrological processes were described for each hillslope (soil). The
HBYV model was used for the quantification of a ratio between fast and slow flow at Peat
bog hillslope and Podzol hillslope. At Peat bog hillslope, the majority of outflow (67%)
was formed from the upper soil layer (Acrotelm). In the mineral soil hillslope, a larger
portion of runoff was generated from the lower soil layers or bedrock interface (61%). Peat
bog contributes to a stream mainly during rainfall events; however, the model showed also
significant deep percolation at the Peat bog hillslope and considerable contribution to
baseflow during a year. Generally, more precipitation water was turned by the model into
runoff at the Peat bog hillslope, which was also exhibited a lower rate of actual
evapotranspiration (21% of precipitation), compared to 29% in the case of Podzol hillslope.
If we consider land-use changes in this locality in terms of expanding or reducing peat areas
(draining, drains damming, droughts, etc.), this model could sufficiently estimate the
hydrological behavior of local streams and thus can be potentially used in hydrological

planning by local authorities.
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1 Introduction

Theories on the effect of peat bogs on runoff formation under varying conditions
differ widely and repeatedly among researchers. The problems of drainage, especially
diking of former drainage channels, have become the field for broad debates within the
literature (Baird, 1997, Conway & Millar, 1960; McDonald, 1973). Most of the studies
have been carried out in catchments covered only by Histosols (peat) which are the
dominant soil type creating peat bogs. However, catchments are mostly formed by other
soil types which, together, comprise a complex system that influences the runoff formation.
Streamflow in peaty catchments is characterised by its quick rise and fall, and high
variability; that is, very low baseflow during dry periods and spiky storm hydrographs
caused by heavy rainfall events. This behaviour has been described in detail in many
hydrological studies (e.g. Bragg, 2002; Evans et al., 1999; Holden et al., 2001; Holden &
Burt, 2003). Beside common mineral soils (Cambisols, Podzol, etc.), peat (Histosol) is
known for frequent overland flow or near-surface flow which transfer quickly rainfall event
to a stream. However, most of the above-mentioned studies have focused on pure peat areas
only.

Nevertheless, catchments are predominantly comprised of several types of soil or
vegetation which can lead to varied subsurface flow and runoff formation (Hiimann et al.,
2011). One of the most common locations in Czechia where peat bogs oceur is the Sumava
Mts. where they affect both water quality and hydrological regime (Curda et al., 2011;

Ferda et al., 1971; Jansky & Kocwumn, 2008; Kocum et al., 2016; Vicek, et al., 2016; Vicek et
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al., 2017). Peat bogs cover approximately 20-35% of the catchment areas in this region
(Bufkova et al., 2010), but a larger proportion of these catchments is covered by mineral
soils such as Podzol. Although peat bogs do not dominate the catchment area, their
hydrological regime can determine runoff processes of the whole catchment (Vléek et al.,
2012).

Many studies confirmed that in catchments formed by several soil types with their
unique hydrological regimes, it is important to understand each system because each one
could have its impact on water storage or water chemical properties (Kirchner, 2016;
McDonnell et al. 2007; Robinson et al. 2013; Uhlenbrook et al. 2008). Several studies,
therefore, focus mainly on waterlogged riparian zones which represent connectivity areas
between hillslopes and streams (Seibert et al. 2009; Von Freyberg et al. 2014). On the other
hand, riparian zones in the Sumava Mts., Ore Mts. or Jizerské Mts. form rather thin peaty
buffers along streams with low water storage and flow delay; thus, we included riparian
zones in this study into other morphological formations like hillslopes. Several
experimental catchments were also found where peat (Histosol) creates only a part of a
whole soil cover (Dick et al. 2018; Lessels et al. 2016; Scheliga et al. 2019; Sanda et al.
2014; Sanda et al. 2018; Tetzaff et al. 2007). Compare to our catchment, peat covers
concave parts of a valley. In this study, ombrogenous raised peat bog formed by Histosol
and mineral soil Podzol create two separate hillslopes.

Rainfall-runoff relationships can be predicted by a wide range of hydrological models
(Abbott et al. 1986, Amold et al. 1998; Bergstrém, 1992; Beven & Kirkby, 1979).
However, models tailored to the characterisation of the hydrological regime of peat bogs
are scarce (Price et al. 2005). Some attempts have been made by Dunn and Mackay (1996)
using the SHETRAN model to investigate the effect of drainage ditches. Lane et al. (2004)

utilised a modified TOPMODEL, benefitting from the high-resolution Digital Elevation
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Model, for the prediction of saturation of the blanket peat environment. Lane and Milledge
(2012) used several TOPMODEL modifications for the estimation of the peat drains
influence on runoff generation. Ballard et al. (2012) also used a simplified physically-based
model to simulate the runoff reaction and water table fluctuations of drained peatland in the
UK. However, the model performance was poorer in dry conditions. Lewis et al. (2013)
used a physically-based GEOtop model for the identification of the hydrological response
to afforestation in a small Ireland catchment. Nevertheless, the correct quantification of the
runoff generation and particular water balance components is still encouraging in the peat
bog environment because the models usually do not respect the Acrotelm-Catotelm scheme
(Holden & Burt, 2003). The use of a box-model such as HBV (Bergstrém, 1992) is,
therefore, an option because the box models (compared to physically based ones) seem to
be favourable for the algorithmic convenience, but as pointed out by McDonnell (2003)
they may also represent the way forward to match the appropriate level of understanding
and behaviour of the hydrological systems.

The main objective of the present paper was to investigate the contribution of the
Peat bog hillslope to the runoff formation in comparison with the mineral soil Podzol
hillslope. This was conducted using a newly designed box model representing the
hydrological behaviour of the Peat bog hillslope as well as the mineral soil hillslope
(represented by an HBV-light model). The hydrological model is based on extensive
measurements of the water regime in the peat bog environment during the four-year period
(2013-17). Additionally, the Peat bog hillslope water balance was estimated and contrasted
with the adjacent hillslope formed by Podzol soil. The interest in hydrological behaviour of
the peat bog areas is given by the ongoing effort to recover these environmentally important

places.
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2 Site description

The experimental catchment is located in the central Sumava Mts. as a part of the
Vydra River headwaters area (Fig. 1).

The climate in this area is variable, subject to both oceanic and continental influence.
Using the Kd&ppen climate classification, the site lies in the Dfc climate zone (Tolasz,
2007), which is characterised by a subarctic climate with an approximately uniform
precipitation distribution. The annual amount of precipitation from the nearby
meteorological station at a similar altitude equals 1695 mm yr™ (1981-2010) (Starostova,
2012) and the average daily air temperature is 4.8 °C (ca 15 km).

The Rokytka catchment (RO) occupies 3.8 kim® and about 30% of the area is covered
by peat or other hydromorphic soils (Fig. la). For a better understanding of local
hydrological processes, a small tributary of Rokytka (RP) has been selected. RP has an area
of 0.65 kam* where more than 60% is covered by peat (Fig. 1a, red border and 1b). The RP
catchment was also selected for its special morphology. It is divided into two main
hillslopes in east-west directions, each site with different vegetation and soil cover.

The soil cover of the RO catchment (3.8 kim?) is a typical example of Sumava Mts.
soils where a vertical sequence of several soil types with Histosols is common. The area is
mostly covered by entic Podzol and organic soils, mainly Histosol. In certain concave parts
of the catchiment, Gleysol can be found (VIcek et al. 2016). The soil cover of the small RP
catchment (0.65 km®) is more homogeneous and differs mainly with two dominant
hillslopes. The soil profiles are similar throughout each hillslope without a clear gradient
towards the stream. The soil type of western hillslope has been identified as an entic Podzol
with a shallow organic top layer (<5 c¢cm) and similar soil texture to a depth of 1 m. Some

small parts of the Podzol hillslope are covered by haplic Podzol, but these areas are hardly
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identifiable without an excavation. Neither, there was a sharp transition between the
mineral soil and the bedrock (well-weathered Gneiss or Granite) perceptible with electrical
resistivity tomography (ERT) measurements, nor a persistent groundwater level could be
detected (V1éek et al. 2017; supplements Fig. S1). The eastern hillslope is created by a
well-developed raised ombrogenous peat bog with dominant soil type Histosol with depth
varies from 0.5m (lower part) to ca 6m (top part).

Both hillslopes of the small RP catchment can be nicely visible by the vegetation cover
while vegetation relates closely to soils (Fig. 2b). The western mineral soil Podzol hillslope
is covered by beech stands at the upper hillslope zone; “dead” spruce stands (Picea
abies L., Karst.) with healthy seedlings cover the lower hillslope zone and the addition of
fir (Abies alba Mill.) and beech (Fagus sylvatica L.). Due to the bark beetle calamity
outbreak, most of the spruce stands deceased. The forest is being filled slowly, mainly by
spruce seedlings and grasses. The eastern hillslope is created by a well-developed raised
ombrogenous peat bog, where three vegetation subsections can be found. The upper
subsection of the peat bog is covered mostly by cotton-grass (Eriephorum L.) or moss
(Sphagnum L.) with many small lakes. The middle subsection has the lowest water table
fluctuation and the vegetation cover consists of pine (Pinus mugo), blueberry and moss.
The lowest subsection occupies the bottom of the valley and is covered by waterlogged
spruce forest with blueberry and moss. Some of the spruce trees are also affected by bark

beetle (Bufkova, 2009).
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3 Methodology

3.1 Field measurements

The experimental site is equipped with an automatic system for measuring
meteorological variables with wireless data transmission. The fundamental measurements
necessary for this study composed of air temperature and relative humidity (Fiedler
RVI12/RKS5, CZE), which were measured directly in the RO catchment. The global
radiation (Kipp&Zonen CMP3, NL), precipitation and wind speed (Fiedler, CZE) were
available from the Modrava meteorological station located 5.7 km from the catchment
divide. All the above-mentioned data were measured at 10-minute intervals (Fig. 3) during
years 2013—17. The snow pillow located in the RO catchment was used to measure snow
water equivalent and snow depth in a one-hour time-step since the winter 2015/2016 (data
available for the last two winters (2016-17).

Soil water regime was measured at the Podzol hillslope at two places (upper and
lower part) at two depths (20 and 60 cm) by soil tensiometers (T8, UMS company). Their
position was chosen according to previous soil survey and the vegetation cover described
above. The volumetric soil water content was inferred from the pressure heads by means
soil water retention curves that were determined by the pressure apparatus (Soilmoisture,
USA) in the laboratory. The parameters of the soil water retention curves are documented
in Table 1 and more thoroughly in the previous study (Vi¢ek et al. 2017). Figure 3¢ shows
the average values of volumetric soil water contents at 20 and 60 cm, respectively.

Groundwater level (Figure 3d) was measured by a TSH22 hydrostatic submersible
level probe (Fiedler, CZE) and represents the average value of all three measured sites
which were placed uniformly at the Peat bog hillslope. Groundwater level fluctuates

between the surface (0 cm) and a depth of 40 cm below the surface. However, most of the
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time during the year peat bog is quite saturated by water. The average value of the
groundwater level was 18 cm below the surface.

Catchment outlets were equipped with automatic measuring stations (Fiedler AMS
company). At both catchments, water levels in 10-min step were measured (at RO outlet by
ultrasonic level probe US3200; at RP outlet by pressure sensor with Hydro Logger H40).

Water level data was then transferred to discharge by rating curves for each profile.

3.2 Hydrological processes used in the model

The structure of the model is based on an estimation of dominant preferential flow
according to Boorman et al. (1995) and Scherrer and Naef (2003). Moreover, it is
supplemented and modified according to the authors’ field experiences from the local study
sites and other studies dealing with similar research topics. The model consists of two main
systems which represent two hillslopes with dominant soil types (Podzol, Histosol
respectively) (Table 2). Each hillslope is divided into several sub-basins which are
connected by links corresponding to real hydrological processes or dominant preferential
flows. In this case, we use the term “sub-basin” as a soil layer (soil part) with similar hydro-
pedological processes or water regime. The structure of hydrological processes at each

dominant hillslope of the RP catchment described below is visible in the Figure 2a.

3.2.1 Podzol hillslope (PZ)

Upper sub-basin PZI represents a soil layer (entic Podzol). The overland flow was not
recognised at this hillslope even during heavy rainfall events (>40 mm day™"). Near-surface
biomat flow (Gerke et al. 2015) was proved by water sampling from different soil horizons
in an excavated profile and by sprinkling experiment (Vlcek et al., 2017). From sub-basin

PZ1 water flows into two sub-basins (both representing regolith) with different flow delay.
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Sub-basin PZ2 represents macropore flow proved at this locality by Vlcek et al. (2017).
Sub-basin PZ3 shows a deep percolation with a slow flow velocity, which could be
estimated by hydraulic conductivity of the lower soil layer (~0.3 mm h™). The transition
between soil and a regolith is gradual since ERT measurements did not find any visible

change in electrical resistivity except solitaire rocks.

3.2.2 Peat bog hillslope (PB)

Peat bogs contain in general two main hydropedological layers — Acrotelm and
Catotelm. Their hydrological behaviour was nicely described besides others by Holden and
Burt (2003) and also at the RO catchment by VIcek et al. (2017). While Acrotelm can form
a fast shallow subsurface flow (or biomat flow), it is hard to distinguish between biomat
flow and saturated overland flow. Therefore, we joined these processes together in one fast
shallow or surface flow. The main hydrological process of Peat bog hillslope PB is situated
(by the model) in sub-basin PB1, which represents Acrotelm and a thin upper part (layer) of
Catotelm. A shallow subsurface flow (biomat flow) was estimated as a dominant process
not only in this locality (Vlcek et al., 2017) but also in other peaty areas (Evans etal., 1999;
Holden & Burt, 2003). Overland flow occurs when an Acrotelm gets fully saturated with
water. The saturated overland flow was visible during heavy rainfall also at the Rokytka
Peat bog hillslope.

In general, most of peat bog springs can dry up during summer while they are fed by
a shallow layer of soil, especially by an Acrotelm and/or a thin upper layer of Catotelm. In
the case of the non-drying spring, Catotelm caused a continuous flow. This hydrological
process is enhanced at drained peat bogs where drain bottoms lay below groundwater level.
The hydrological behaviour of springs (precisely water level fluctuation) was used in the

model as another flow process from sub-basin PB1 (at the range between Acrotelm and
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Catotelm; Fig. 2). The lower border of the PB1 sub-basin cannot be unfortunately exactly
determined while it depends on a groundwater level, morphology or slope of a peat bog.
Except for the two above-mentioned flows from the PB1 sub-basin (overland + biomat flow
and flow from springs), the other two possible downward flows could be found. The first,
sub-basin (PB2) means a fast flow (a quick response to a rainfall event), called a pipe flow,
as discussed by Jones (1997), Holden and Burt (2003) and Uchida, Tromp-Van Meerveld,
and McDonnell (2005). Pipes extend horizontally, while they are created mainly by partly
decayed wood or by big pores originated from peat drying or erosion. The second, slow
flow (PB3 sub-basin) corresponds to a deep percolation with a flow velocity similar to the
hydraulic conductivity of the peat in Catotelm (> 1 cm day-' (field in-situ measurements;
Holden et al., 2001)). The downwards direction is driven by gravity forces and could be
called a piston flow.

Water flows from Peat bog hillslope (PB) and Podzol hillslope (PZ) into the stream
creating an outflow from the catchment. Both hillslopes are also affected by

evapotranspiration from the upper sub-basins at each site (PZ1 and PB1).

3.3 Model description

The utilised model is based on the HBV scheme (Bergstrém, 1992), which was (for
the peat bog domain) modified in order to be in line with the Acrotelm-Catotelm concept as
proposed by Ingram (1978). The modelling domain was split into two different zones
(representing two distinct parts of the catchment)—Peat bog hillslope (modified HBV) and
Podzol hillslope (standard HBV scheme). Each domain was represented by its own model
structure differing mainly in the character of the runoff reaction to rainfall. For the

estimation of the total catchment runoff, the outflow of both zones was summed with
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respect to the areal distribution of both domains (peat covering 60% of the area). Before the
HBYV model modification, several restricting assumptions were defined:

the flashiness of the hydrograph—episodic measurements of the spring discharge from the
mineral soil and peat bog parts of the catchment. In the case of the peat bog, the difference
between the maximum (2.1 L s™!' PZ hillslope; 19.1 L s PB hillslope) and minimum
discharge (0.01 L s™' PZ hillslope; 0.8 L s PB hillslope) was 10 times higher than from
mineral soil.

threshold relation between groundwater level in the peat bog and observed discharge

small contribution of the peat bog water to the total runoff during low flow periods—
Kocum et al. (2016) reported an approximately 10% contribution of the peat bog water to
the total flow in the area based on isotope analyses.

evapotranspiration takes places only from the Acrotelm and Catotelm and generally has
invariable water content (Holden & Burt, 2003).

the average specific yield from the peat bog should range between 0.2 and 0.3 [-] respecting
the study of Bourgault et al. (2017) who quantified the specific yield of moss.

The mineral soil Podzol domain (PZ hillslope, covering 40% of the catchment)
utilised the standard model in the HBV-light scheme (Seibert & Vis, 2012) with a soil box
PZ1 and two groundwater storages (upper PZ2 and lower PZ3). The only modification was
that the water was allowed to form runoff from the soil box following the relative
permeability equation (Brooks & Corey, 1964; eq. 1). Hence, runoff is produced as a sum
of outflows from the soil box PZ1 (Qpzs; eq. 1) and both groundwater storages - PZ2 and
PZ3 (Opz and Qpzs; eq. 2-3). Actual evapotranspiration (AET) is allowed to take place
only from the soil box PZ1 and is proportional to the saturation of the soil profile and PET
(eq. 4). Rainfall is divided into the part that enters the soil box and the one immediately

percolating to the groundwater (GW,y,,) following equation 5. The partition of the
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percolation between both groundwater boxes (PZ2, PZ3) is based on the constant

partitioning coefticient (GWPART).

_ 0r1-6,\ 211
Qrzr, =K (%25%) 0
Qpzz, = min(PZ2,""?K,, PZ2,) (2)
Qpzs, = PZ3,K; (3)
— i Ot—1 ; :
AET, = PET, - min (W 1) if ©<FCpgy - LPoyy
PZ1LFPZ1

or AETL = PETE if GEFCPZI = LPle (4)
6Wrch _p ( Ot )BPZ/PB 5)

rchrg, = Py T — (

where K is the saturated hydraulic conductivity (cm day"); O, O, and O, are the actual,
residual and saturated water contents in the soil box (mm), respectively; A is the pore size
distribution index (-); apzpp is the outflow non-linearity coefficient for PZ or PB domain,
respectively (-); K5 are storage coefficients (-); PZ2 and PZ3 are water contents in upper
and lower groundwater storage zones in PZ domain (mm); AET/PET stands for
actual/potential evapotranspiration (mm day™); FCpzypp; is the field capacity of the PZ or
PB domain, respectively (mm); LP is the soil moisture value above which AET reaches
PET (mm); fpzpe is a parameter that determines the relative contribution to runoff from
rain or snowmelt in the PZ or PB domain, respectively (-); P stands for precipitation (mm);
and GW,ny 1s the part of precipitation directly percolating to PZ2 or PB3.

The PB domain (60% of the RP catchment) was based on two subsurface storages
(representing Acrotelm and Catotelm) in which the rainfall was split into based on equation
5, as in the original HBV model. The upper Acrotelm box (PBl) was subject to
evapotranspiration (eq. 6) and generated three forms of the runoff. First, overland flow and
biomatflow (Qsurp) occur when soil is saturated and all water from the precipitation is

immediately drained to the stream (eq. 7). Second, water from Acrotelm and an upper part
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of Catotelm feeds springs (Qsprivgs; €q. 8) during a year (except pipe flow). Above a certain
threshold (below the saturation, UZL), fast storm flow can occur (Qpjee in eq. 9). The last
runoff mechanism from PBI1 sub-basin was a pipe flow (Qpipg) which can take place in the
entire Catotelm zone (PB2). However, the water source for pipe flow is usually water from
Acrotelm or rainwater. Therefore, the pipe flow process is connected to Acrotelm in the
model.

From the lower Catotelm groundwater box (PB3), the runoff (Qpp; in eq. 10) was

produced as in the mineral soil domain and, hence, was represented by the HBV approach.

AET, = PET, -min (o)1) if PBI<FCpg *LPpg
or AET, = PET, if PBI>FCpg - LPpg ©)
Qsurg, = (Pr — GWrchrg, + PB1,_,) — PBlgypg if Qsyre,2 0 1)
Qsprings, = Ks - max(PB1,_, — UZL,0) )
QPIPEt = PBlfPBKd, 9)
Qpp3, = PB3Ks (10)

where PBI (Acrotelm) and PB3 (Catotelm) are water contents in upper and lower
groundwater storage zones in PB domain (mm), and UZL (mm) is the threshold in PB]
storage when QOspring is activated.

Potential evapotranspiration (PET) was estimated for both hillslopes, in the same
way, using the combined method of Penman-Monteith (Monteith, 1965) (eq. 11; Fig. 3b).
Besides the meteorological variables such as air temperature, wind speed and vapour
pressure, the net radiation represents one of the fundamental inputs in this approach. The

potential evapotranspiration was calculated as follows:

APET = A(Rn—G)+pcles—ea)/Ta

(1)

A+y(14:—2)
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where 4 is the expression of the slope of the saturation vapour pressure versus air
temperature curve (kPa DC"), Rn is the net radiation (MJ m? d"), G is the soil heat flux (MJ
m? d"), yis the psychrometric constant (kPa °C™'), e—e, describes the vapour pressure
deficit (kPa) (e is the saturation vapour pressure and e, is the actual vapour pressure), 4 is
the latent heat of vaporisation (MJ kg_l), p is the water density (kg L™, i/, describes the
ratio of surface and aerodynamic resistance (s m™"). Soil heat flux was neglected in this
study because it works with daily average sums of radiation. Net radiation consists of
shortwave and longwave radiation balance. While shortwave radiation is available at the
site (Kipp & Zonen CMP3, Netherlands), the FAOS6 (Allen et al. 1998) approach was used
to calculate longwave radiation. To avoid calculation errors due to using of default sets of
coefficients in the FAOS56 equation, we used calibrated coefficients that lead to more
accurate results for longwave radiation balance and, subsequently, PET values (Kofronova
et al. 2019). The snow accumulation and snowmelt were modelled based on the degree-day
method (Gupta, 2001) as the necessary data for the radiation balance approach were not

available.

3.4 Model calibration

The model was calibrated in the RP catchment using the data from the entire period
of hydrological years 2014-2017, hence the entire analyses were based on the calibration
period. This was due to the relatively short length of available data, which (if split into
calibration and validation periods) would not allow us to cover both wet and dry years
sufficiently. The importance of longer time series for the model calibration was stressed
e.g. by Larssen et al. (2007).

The model calibration was conducted in three steps as it was necessary to determine

22 model parameters. In particular steps, the selected parameters were calibrated with
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