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e Subsurface Stormflow (SSF): Substantial

contribution to discharge in events
Beasley, 1976

* Occurs under ground, therefore it is hard
to measure

Which water flows when & where
is not fully understood
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What we do know about SSF

SSF can occur (nearly) everywhere

Tropics
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Wet Dry

McMillan et al., 2025
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Reported controls 3

Concave & Convergent Hillslopes
Anderson and Burt, 1978

Soil Depth & Storage Capacity

van Verseveld et al., 2017

Impeding / highly conductive layers
Whipkey, 1965

Bedrock Topography (sinks)

Freer et al., 2002

Connectivity of contributing areas
Hopp and McDonnell, 2009

Preferential Flow
Angermann et al., 2017

Intensity & Threshold based

Tromp-van Meerveld and McDonnell, 2006

Old Water

Fritz et al., 1976
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The Research Catchments

54°N -
52°N A
50°N -
48°N -
46°N -
T T T T — | = T 5 ¢ o | 1
6°E 8°E 10°E 12°E  14°E  16°E 0 100 200 m
-

universitatfreiburg




1. How does precipitation become SSF?

2. Is there a constant event water contribution
to SSF or does it change from event to event?
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Constructing SSF Trenches ©

Capturing Flow in
Trench excavated Pond foil & pipe funnel water out Top: 0-80 cm
Bottom: 80-250 cm
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Conducting Sprinkling Experiments

2x 4.5 m3 Reservoirs
1x labeled 6%H to +220 %o

=
St

=

Sprinkled with 16 mm/h for 3h
Deuterated water start 1.5 h

Continuous outflow
monitoring
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Manual samples every
20 min
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Result: Quick but minor traced water reaction 8

Sprinkling
Start
200 1 5D SSF Level
5 Top
Bottom

150 1

Max. 15%

100 1

SSF [I/10 min]

90 1

Traced water
0 1' 2 3 4 5 6
Hours since sprinkling start

Only 7.5% discharged the first day

but runoff coefficient = 0.6
universitatfreiburg
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Storage and Remobilisation 7

Profile = 1 = 2+ 3
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The mechanism: Two end members in a two domain system 10

Soil Matrix
Translatory (Piston) Flow

Most SSF pre-event water stems All observed event water traveled
from the soil matrix through preferential flowpaths
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Storage and Remobilisation H

27% of event water input discharged
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1. How does precipitation become SSF?
* max. 15% of SSF during sprinkling experiment is event water
 Event water discharged in SSF travels through preferential flowpaths
 Remaining Event water infiltrates into soil matrix where it:

— remobilizes PreEvent water via piston flow

— s stored in the soil matrix, remobilized in next events
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Natural SSF Event Samples 13
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Hillslope wetup SSF event water dynamics 14
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Event water = preferential flow

» more active flowpaths or increased velocity
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2. Is there a constant event water contribution to SSF
or does it change from event to event?
 Event volume contribution depends on precipitation volume

 Wetter hillslopes mobilize PreEvent water more efficiently
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Conclusion

1. Different water-ages travel via
different SSF flow domains

pre-event water event water

matrix piston flow preferential flow

16

2. Wetter hillslopes mobilize
substantially more pre-event SSF
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, Connect-and-react mechanism
Bachmair & Weiler 2011
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