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SOSA-DOC knowledgehitherto
(basedon TUD project):

1 identity of source

2 dynamicof source

3 activationof source

but unknownstill: 

interactionof source andeventdynamics

1-Year monitoringand experimental 
project to complement"Phase I" and 
prepare"Phase II"
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c-Q relationshipscharacterisesuch events
3 different possibilities:

Event flow
Hydrologische Events

½

"normal" flow

event flow

Enrichment

Neutral

Dilution

c:  concentration(mg / L )
Q: flow ( L / min )

Event flow is important for DOC dynamics

transport-limited mobilisation

homogeniousdistribution
in surfaceand subsurface

source-limited m.

Pohle et al., 2021 (WRR, amended)
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peaks in flow and concetration
many examples in headwaters: e.g.,  in steep, forested catchment in Bavaria

area-normalizeQ

DOC 
(mg/L)

Event flow important for DOC dynamics
Hydrologische Events bringen wichtige DOC Frachten 

½

DOC enrichmentduringeventisoften observed
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c-Q relationships
Å sophisticated theoreticalconceptin stream hydrology
Å help interpret observationsacrossmultiple scales

Åsufficientto understandinterplayof
source andevent?

Enrichment

Neutral

Dilution

counter-
clockwise
hysteresis

clockwise
hysteresis

Event flow conceptualisation
Klassifizierung hydrologischer Events

½

fast response slow response

Pohle et al., 2021 (WRR, amended)
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Å high varianceof organictop soil layer
Å range±70 m, nugget± 0.5 sill, high 

remainingvariance
Å potential DOC sourcesbelow

subcatchmentlevel

Sources, patchiness and connectivity
Quellen, Mosaikartigkeit und Konnektivität

½

Å abundant depressions
(potential wet spots)

Å Againvariable with no
clearconnectivity
patter
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https://hess.copernicus.org/preprints/hess-2022-426/
Prijacet al. 2023 (HESS, preprint)

lateral (horizontal) connectivitycanhelp to
understandeventcharacter

Å shownintuitivly in peatlands: water availabilitybeforeevent
determinesDOC exportseverity

Å limitation: peat is relativelyhomogeniousand porouse

Å Sosa: morecomplicatedmatrix, but similarmechanismsat play?

Lateral Connectivity 
Laterale Konnektivität

½

https://hess.copernicus.org/preprints/hess-2022-426/
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Å Ourapproachto measureeventand 

source activity: plots("Messfelder")

Å Becauseboth mineraland organicsoils
are important: two of them

Å Closes the gab in currentconcept: 

source (soils, meter-scale) 
<<

"plots" (hectar-scale)
<<

outlet (reservoir, catchmentscale)

Project 'soil hydrology': 

Addressing missing 

processes on the critical 

scale
Teilprojekt 'Bodenhydrologie' 

schließt Lücken in 

Prozessverständnis auf der 

entscheidenden "plot "-Skale

½

Instrumented

grit points

Gauged

headwater

catchments

Contrasting

locations
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Å Simple soilmoisture, radiation
and temperaturesensors

Å Time-seriesfor eachvariable
Å Substantial heterogeneity

within onesite

and 

ǹȉƶŞ±lȺ ̀ȡƶĜŴ Ċʲ|ȉƶŴƶôʲ̃ 

Monitoring along 

central transect
Monitoring entlang der 

zentralen Transekte

½

Instrumented

grid points

Bodenfeuchte (vol%)

Jul 22    - - - >   Okt 22
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However, cleardifference
betweenthe two sites:
Å Organicsite˅ lesssteep, 

moremoist, cooler
Å Mineral site˅ steeper, 

dryer, warmer
and 

ǹȉƶŞ±lȺ ̀ȡƶĜŴ Ċʲ|ȉƶŴƶôʲ̃ 

Monitoring along

central transect
Monitoring entlang der 

zentralen Transekte

½

Instrumented

grit points

Bodenfeuchte (vol%)

Jul 22              - - - >            Okt 22 Jul 22              - - - >            Okt 22
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Å Organicsite: higheroverallDOC 
concentration, higherpeaks

Å Mineral site: lower overallDOC 
concentration, morescatter(at low
level)

and 

Project 'soil hydrology' 

Outlet DOC dynamics
DOC Dynamik am Auslass

½
Gauged

headwater

catchments

Spectro:lyser

Organicsite

Mineral site



12 Jackisch, Lau, Stephan

DOC and SoilhydrologyςDOC und Bodenhydrologie

Couplingbetweensoiland stream water:
Å moreoften areconcentrationdifferencessmallercloseto the stream
Å otherwiseissoilDOC usuallyhigher: source

"Messfelder" show limited spatial 

coupling between soil and stream
aquatisch-terrestrische Kopplung nur über 

kurze Distanz 

½

compareto pattern
of peatstudy

stream in 
15x15m 
gridpoint

1
source-event-dynamics

longer shorterrange

Å disconnectedpocketsof porewater
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Differencein responsesbetweensites
Å both with enrichtmentbut c-differenceand different speedof response
Å Hydrological situationpatch-dependentand important

Å 1-yr monitoringnot sufficientfor adequateinsights˅ irrigationexperiments

Streams show dissimilar 

enrichment responses
Abfluss zeigt unterschiedliches

Anreicherungsverhalten

½

beginning
of event

endof
event

2
source-event-dynamics

fastslow/medium

Q (mL/s)

Q
 (

m
L
/s

)
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Irrigation experiments at two 

contrasting sites
Beregnungsexperimente an zwei 

kontrastierenden Standorten

½

Å 2 irrigationevents, 1.5 daysbreak 
Å lateral passagebetweenirrigation

shieldand observationtrench
Å trenchin sectionsand 2 layers

(topsoiland expecteddrainage
baselayer)

Å Fullwater recovery
Å analysisfor stableisotopes & DOC
Å mobilisationdynamics
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Base layer

Gutter

Irrigation experiments:

organic site
Beregnungsexperimente: 

organischer Standort

½

Å verysimilarreaction
despitedifferent 
intensities

1st irrigation (4m3 in 5h)

2nd irrigation (2m3 in 2h)

Q
 (

L
)

Experiment MF1 Ex1 MF1 Ex2

Irrigation 4 m
3
, 5 h 2 m

3
, 2 h

Recovery 470 L (12%) 265 L 

(13%)

Reaction after 3 m
3
, 4 h 2 m

3
, 2 h

Q
 (

L
)
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Irrigation experiments:

mineral site
Beregnungsexperimente: 

mineralischer Standort

½

Å verysimilarreaction
despitedifferent 
intensities

Å onlyverylittle recovery
of irrigationwater

1st irrigation (5m3 in 5h)

2nd irrigation (2m3 in 2h)Experiment MF2 Ex1 MF2 Ex2

Irrigation 5 m
3
, 5 h 2 m

3
, 2 h

Recovery 78 L 

(1.6%)

80 L 

(4%)

Reaction after 4 m
3
, 4 h 2 m

3
, 2.5 h

Q
 (

L
)

Q
 (

L
)

Base layer(5)

Base layer(5)

Base layer(6)
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Irrigation experiment show reactive DOC transport
Beregnungsexperimente zeigen DOC Reaktionstransport

½

0h 5h 0h 10h

artificial rain

Ã artificial drain ­

Å DOC measurementsaboveand belowthe
organic/mineralhorizoninterface

Å experimentnot optimizedfor reactivetransport: 
artifical rain = localstream

Å organicsite: DOC mobilisation
Å mineralsite: drainage, passageof absorbantlayer

d2H-enriched 
stream water

1st irrigation
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Tracking of irrigationwater
DOC via isotopiclabel
Preconditiondetermines
DOC peak

organicsite // wet (more) 
DOC mobilisation
slow top passage˅ high loads

mineralsite // wet DOC 
mobilisationonly after 
intenserain
slow passagethrough large 
volume˅ low load

Irrigation experiment show reactive DOC transport
Beregnungsexperimente zeigen DOC Reaktionstransport

½
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simple resultsberegnung

Setup time-lapse GPR: organic site
Aufbau zeitabhängige Bodenradar-Messung: organischer Standort

½

GPR Profil P1
GPR Profil P2

Rain shield

Trench

ÅRepeatable, non-invasive, high-resolution 

monitoringof soilconditions

Å2 profilesacrosstransferzone

Å Interpolatedresolution: 1 cm and 5 min

ÅComplicatedmeasurementconditionsdue 

to denseroot network in uppersoiland 

shallowsubsurface
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Time-lapse GPR: general features 

Zeitabhängige Bodenradar Messung: Generelle Eigenschaften

½

500 MHz

1 GHz

Data logger

Antennas

ʀ- Dielectrical  Permittivity
ʎ- Electrical conductivity

‐ȟ„

‐ȟ„

ÅGPR propagationvelocitydependson ʀand hence, water content
Ҧ detectionof soilwater changes

Self-tracking 
Total Station
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Visual comparison of time-lapse GPR profiles

Visueller Vergleich von GPR-Profilen einzelner Zeitschritte

½

Problem: 

ÅDifficult to detectchangesbetween

GPR profilesrelatedto subsurface

processes

Solution: 

ÅAttribute analysis: similarity

betweentwo profiles(statistical

differencemeasure) 

ÅStructuralsimilarity attribute (SSA) 

Ҧhighlightingtraveltimechanges

inducedby subsurfaceprocesses
(Allroggen and Tronicke, 2016) 

(Exp. duration)
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3D cube of similarity attribute: organic site, Profile 1 (close to trench)

3D Würfel des Ähnlichkeits-Attributs: Organischer Standort, Profil 1 (nahe Trench)

½
1st irrigation (Exp. 1): 

Å 60 min: few spotswith slightly

decreased SSA, especially close to surface

Å 180 - 300 min: few spotswith decreased 

SSA also in greaterdepth

Å 300 min: larger areaswith strongly

decreasedSSA 

2nd irrigation (Exp. 2):

Å soonafter start of experiment locally 

decreasing SSA

Å 180 min: similarpatternsof strongly

decreasing SSA (as in Exp.1 >300 min)

38 h break

Slice at 13 ns, 
equalszҒ лΦп Ƴ 
(with v = 0.06 m/ns) 

(similar)

(dissimilar)
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Setup time-lapse GPR: organic site
Aufbau zeitabhängige Bodenradar Messung: organischer Standort

½

GPR Profil P1

GPR Profil P2

Rain shield

Trench

ÅEasier measurement conditions 

compared to organicsite

ÅSame setupwith 2 profilesacross

transferzoneand high-resolution 

measurements
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42 h break

3D cube of similarity attribute: mineral site, Profile 1 (close to trench)

3D Würfel des Ähnlichkeits-Attributs: Mineralischer Standort, Profil 1 (nahe Trench)

½

Slice at 22 ns, 
equalszҒ м Ƴ 
(with v = 0.09 m/ns) 

1st irrigation (Exp. 1):
Å very few and late spots
Å no significant decrease in SSA

2nd irrigation (Exp. 2):
Å only few spotscloseto surface
Å in greater depth (z > 0.8m) few

distinct flow paths
Å dispersedwetting acrossprofile
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Temporal development of similarity attribute: Sum over profile axis

Zeitliche Entwicklung des Ähnlichkeits-Attributs: Summe über Profil

½

Å Reactivation of subsurface process 2 h 
earlier during 2nd irrigation

Å Activation of subsurface process mainly
during 2nd irrigationand z < 1 m

Organic site

Organic site

Mineral site

Mineral site

(similar)

(dissimilar)


