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SOSAOCknowledgehitherto

(basedon TUDproject):
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¥ 2 dynamicof source
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3 activationof source
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but unknownstill:

Interactionof sourceand eventdynamics

1-Yearmonitoringand experimental ~ :°*%4, .
. Q
projectto complement'Phase I" and - =

repare"Phase II" K :
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«w Event flow
" Hydrologische Events

Yo
O Enrichment
transportlimited mobilisation

. . . Q
Event flow is important for DOC dynamics
] ] ] Type &
c-Qrelationshipscharacterisesuchevents
3 differentpossibilities O| ¢e=—> Ne.utr.al. _
homogeniouglistribution
_insurfaceandsubsurface
c. concentration(mg /L) Q
Q: flow (L / min) Type 8
& Dilution
' sourcelimited m.
- G
"normal’ flow
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«w Event flow important for DOC dynamics
Hydrologische Events bringen wichtige DOC Frachten

WAL

4

Y
DOGCenrichmentduringeventis often observed
peaks in flow an@oncetration
many examples in headwaters: e.g., in steep, forested catchment in Bavaria
0 20
FRRa E 1]
s £ = DOC
g S0 ? (mg/t) 10 ¢
T & 15 T - o’ o P, .28 mm
g % 0 . . ﬂ Atl;:d: 48 mm
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«w Event flow conceptualisation
Klassifizierung hydrologischer Events

Yo
» @ Rising limb

& Al ! @ Falling limb
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Q[m3/s)

c-Qrelationships
A sophisticatedheoreticalconceptin streamhydrology
A helpinterpret observationsacrossmultiple scales

A sufficientto understandinterplay of
sourceandevent?
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ww Sources, patchiness and connectivity
“* Quellen, Mosaikartigkeit und Konnektivitat

< RN wee— |
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A abundantdepressions
(potential wet spot9

A Againvariablewith no
clearconnectivity
patter

TR S, e
O .

%
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organische Auflage
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e >93cm
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Bodenkarte
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«w Lateral Connectivity
™ Laterale Konnektivitat

Yo

Common events = Low flow; low DOC exports (Cluster 1)

lateral (horizontalonnectivitycanhelpto
understandeventcharacter

Restricted connectivity

between the peatland and

— A shownintuitivly in peatlands water availabilitybefore event
4 Lowaa determinesDOCexportseverity

/7 Low ADOC

Intermediate events = High flow; average DOC exports (Cluster 2)

A limitation: peatis relativelyhomogeniousand porouse

A A Sosamore complicatedmatrix, but similarmechanismst play ?

connectivity between the peatland
and the stream

7 7 7 High AQ
/! /7 Average ADOC

Exceptional events = High flow; high DOC exports (Cluster 3)

U g
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ww Project 'soil hydrology"

“ Addressing missing
processes on the critical
scale
Tellprojekt 'Bodenhydrologie'
schliel3t Lucken in

Prozessverstandnis auf der

entscheidenden "plot"-Skale Gauged
A headwater

A Ourapproachto measureeventand Catcfnents

sourceactivity: plOtS ("Messfelder") »
A Becauséoth mineralandorganicsoils TN
areimportant: two of them ,

Instrumented
grit points

e
s,

202
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A Closeghe gab incurrentconcept

source 6oils meter-scalg
<<

"plots" (hectar-scalg

Contrasting
“locations

<<
outlet (reservoir catchmentscalg




e, N1 2821 K dzGW Ci | T2zWz061i ~
“*> Monitoring along Instrumented
central transect grid points

Monitoring entlang der
zentralen Transekte

Yo

A Simplesoilmoisture, radiation
andtemperaturesensors

A Timeseriesfor eachvariable

A Substantiaheterogeneity
within one site
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e, N1 2821 K dzGW Ci | T2zWz061i ~
< Monitoring along
central transect

Monitoring entlang der
zentralen Transekte

Yo

Instrumented
grit points

Jul 22 -———> Okt 22 Jul 22

However cleardifference

betweenthe two sites

A Organicsite v lesssteep
more moist, cooler

A Mineralsitev steeper
dryer, warmer

variable
——— Messfeld 1 Jiid
—— Messfeld 2

T Bodenoberflache (°C)
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Project 'soil hydrology"

Outlet DOC dynamics
DOC Dynamik am Auslass

Yo

CALLAL

WAL

Gauged
headwater
catchments

Spectro:lyser

A Organicsite: higheroverallDOC
concentration higherpeaks

A Mineralsite: lower overallDOC
concentration more scatter(at low
level)

11| JackischLau, Stephan
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WAL

«w "Messfelder" show limited spatial sourceev:eln-t-dynamic

coupling between soil and stream
aquatisch-terrestrische Kopplung nur tber
kurze Distanz

. Couplingbetweensoiland streamwater:
/2 A more often are concentrationdifferencessmallercloseto the stream
A otherwiseis soil DOCusuallyhigher. source

w W ~N OO o, B W N

=
o

-
—

organischer : : :
1
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DOC

Q (mL/s)
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Streams show dissimilar

enrichment responses
Abfluss zeigt unterschiedliches
Anreicherungsverhalten
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DOC

sourceevent-dynamics

2

A both with enrichtmentbut c-differenceand differentspeedof response

Differencein responsedetweensites

A Hydrologicakituation patch-dependentandimportant
A 1-yr monitoring not sufficientfor adequateinsightsv  irrigation experiments

MW1

MW2

end of
et 12.5 - . . event
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Irrigation experiments at two

contrasting sites
Beregnungsexperimente an zwei
kontrastierenden Standorten

Yo

A 2irrigation events 1.5daysbreak
A lateral passagdetweenirrigation
shieldand observationtrench
A trenchin sectionsand 2layers

(topsoiland expecteddrainage
baselayer)

Fullwater recovery
analysidor stableisotopes & DOC
mobilisationdynamics

To o o




Irrigation experiments:

" organic site
Beregnungsexperimente:
organischer Standort
)
Drainage (L)
Basdaye!
Gutter
A verysimilarreaction
despitedifferent
intensities
Experiment MF1 Ex1 MF1 Ex2
Irrigation 4 m3, 5h 2 m3, 2h
Recovery 470 L (12%)| 265 L
(13%)
Reaction after 3 m3, 4 h 2 m3, 2h
15| JackischLau, Stephan

DOC andoilhydrology¢ DOC und Bodenhydrologie

1st

QM)

Q)

300
250

200

100

|
|

|

|

|

|
150 |
|

|

|

|
50 |
|

irrigation (4m?in 5h)

|
|
|
|
|
|
|
|
|
|
|
|
|
|

Isotopen:

|

|

|

i

{ ca.50%
- Beregnungswasser
|

|

|

|

|

e

0—L eI
| | II
| | | |
|

-50 | | | ca.100%
Jul ;S:oz%zz 1 Beregnungswasser o Jul g?:()z%zz e e
2ndirrigation (2m?3in 2h)

| | |

120 | | |

| | |

100 | | |

| | |

80 | | |

| | |

60 | | |

| | |

40 | | |

| | |

20 I \ |

| | |

0 |
| | |
09:00 I 112:00 I 15:00 18:00 21:00 00:00 03:00 06:00
Jul 22, 2022 Jul 23, 2022



«w Irrigation experiments:

" mineral site
Beregnungsexperimente:
mineralischer Standort
Y
300 : : e ’
| | e -
| | -7
250 | | - P
| [ "
A verysimilarreaction GO N
. . | (|
despitedifferent g flow Basdayer(5)
intensities “wo * background
. ®  active
A onlyverylittle recovery o © . over night
of irrigation water o—— — !
il 21 s : :00 21:00 Ll ggfoz%zz 03:00 06:00
Experiment MF2Exl | MF2 Ex2 2ndirrigation (2m? in 2h) PP MR B
Irrigation 5 m3, 5h 2 m3, 2h o ' ' |
Recovery 78 L 80L 200 : Baselayer (5)
(1.6%) (4%) .
Reaction after 4 m3, 4h 2 m3, 25h 100 :
_ | Basdayer(6)
o |
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«w Irrigation experiment show reactive DOC transport
7 Beregnungsexperimente zeigen DOC Reaktionstransport

5 1stirrigation
organische-gepragter mineralisch-gepragter
Standort Standort
Startzustand-trocken Startzustand:trocken
£ iy
e s . Bodenhorizont
artificial rain T 4 oberer
20 1 R Bodenhorizont
DOC (mgiL)
B
10 1 :
g oo : A DOQmeasurementsboveand belowthe
0 - . . . .
Oh 5h oh 10h organi¢mineralhorizoninterface
¢PHenriched . A experimentnot optimizedfor reactivetransport
streamwater Zeit (h nach Start) e .
- L _ artificalrain =localstream
A .?rt"?'dr"j}'n' A organicsite: DOQmobilisation
- N A mineralsite: drainage passagef absorbantiayer
GAK,q
m‘(’% Of“
> z
17 | JackischLau, Stephan s % m
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Irrigation experiment show reactive DOC transport
Beregnungsexperimente zeigen DOC Reaktionstransport

Yo

Trackingof irrigation water
DOC viasotopiclabel
Preconditiondetermines
DOQpeak

organicsite// wet (more)
DOGmobilisation
slow toppassagevy highloads

mineralsite // wet DOC
mobilisationonly after

intenserain
slow passagehroughlarge
volumeV low load

JackischLau, Stephan
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20 1

10 1
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organische-gepragter
Standort
Startzustand:trocken

W

L]

mineralisch-gepragter organische-gepragter
Standort Standort
Startzustand:trocken Startzustand:nass
gi

mineralisch-gepragter
Standort
Startzustand:trocken

it
4

00 25 50 75

0 5

10 15 200.0 25 50 7.5
Zeit (h nach Start)

0 5 10 15 20

DOC (mg/L)
W Beregnung
W unterer
Bodenhorizont
oberer
Bodenhorizont
d2H (%oo)



«w Setup time-lapse GPR: organic site
" Aufbau zeitabhangige Bodenradar-Messung: organischer Standort

- A Repeatablenoninvasive, higkresolution

N
\g_

monitoring of soil conditions
" A 2 profilesacrossransferzone
S == | A Interpolatedresolution 1 cm and 5 min
M/G’PR P—r/ofll P2

Tra a nsfer ; /

~%One . = ‘ \ Trench
A /\‘ to denseroot network inuppersoiland

A Complicatedneasurementonditionsdue

shallowsubsurface

. )
. <
= z
19| JackischLau, Stephan g a qu - m
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Time-lapse GPR: general features

Zeitabhangige Bodenradar Messung: Generelle Eigenschaften
Yo

Display and
control unit

Transmitter Receiver

Transmitting antenna Receiving antenna

>

Distance (m)

Depth (m)
Time (ns)

R- Dielectrical Permittivity
A - Electrical conductivity

A GPRoropagationvelocitydependson R and hence water content
[hdetectionof soilwater changes

i 3
. ¥
mg = z
20 | JackischLau, Stephan . g amny '77
S, A
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Time (ns)

Time (ns)

Visual comparison of time-lapse GPR profiles
Visueller Vergleich von GPRProfilen einzelner Zeitschritte

Yo

21

-2 -1 0 1
rms-normalized amplitude

JackischLau, Stephan
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Depth (m)

Depth (m)

Problem:

A Difficultto detectchangedetween
GPRorofilesrelatedto subsurface
processes

Solution:

A Attribute analysissimilarity
betweentwo profiles(statistical
differencemeasurg

A Structuralsimilarity attribute (SSA)
bhighlightingtraveltime changes

iInducedby subsurfacgrocesses
(Allroggen andronicke 2016)

00&‘]61‘812((9 %G AK 40
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3D cube of similarity attribute: organic site, Profile 1 (close to trench)
3D Wiirfel des Ahnlichkeits-Attributs: Organischer Standort, Profil 1 (nahe Trench)
15

(similar) 1stirrigation (Exp 1).

A 60 min:few spotswith slightly
decreased SSA, especially close to surfi

A 180- 300 min:few spotswith decreased

38 h break Exp. 2

(dissimila)
~ 0 SSA alsn greaterdepth
8 50 5 . .
= o g A 300 min:largerareaswith strongly
£ &0 0.6 2 decreagd SSA
S 1.2 &
4%? -

2ndirrigation (Exp 2).
Slice at 135, A soonafter start of experiment locally
equalszf 1 ®n Y gacreasing SSA
(with v = 0.06 mns) e

A 180 min:similarpatternsof strongly
decreasing SSAs in Expl >300 mii

. )
. <
= z
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«w Setup time-lapse GPR: organic site
" Aufbau zeitabhangige Bodenradar Messung: organischer Standort

Yo

A Easier measurement conditions

Rainshield ' S e D Lo
N biaos B0 i B = aeigecn e compared toorganicsite

“ W 3 '» 2

A Samesetupwith 2 profilesacross

transferzoneand highresolution

measurements
SOV
23 | JackischLau, Stephan ° a
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3D cube of similarity attribute: mineral site, Profile 1 (close to trench)
3D Wiirfel des Ahnlichkeits-Attributs: Mineralischer Standort, Profil 1 (nahe Trench)

Yo

1 1stirrigation (Exp. J:
A very few and late spots
0 ssA A no significant decrease in SSA
- 2ndirrigation (Exp. 2:
5 0 g A only few spotscloseto surface

2 20 0.9 Z A in greater depth (z 8.8 m) few
o 40 182 distinctflow paths
€ 60 27 a A dispersedwetting acrossprofile
- 330 P g P

Slice at 2215,
equalszF ~m Y
(with v = 0.09 mig)

JackischLau, Stephan
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Temporal development of similarity attribute: Sum over profile axis
Zeitliche Entwicklung des Ahnlichkeits-Attributs: Summe tber Profil

)
Organic site
Time = 7 ns, (Depth ~ 0.2 m)

—e—Exp. 1
0.2 —.—Exp. 2 7

Organic site
Time = 13 ns, (Depth =~ 0.4 m)

50 100 150 200 250 300 350 400 450
Exp. duration (min)

A Reactivation of subsurface procesg h

earlier during2ndirrigation

25 | JackischLau, Stephan
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Mineral site

(dissimilaj

(similan

Mineral site

A Activation of subsurface processainly
during2ndirrigationand z <1 m



