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Debris Flows: Disasters, Risk, Forecast, Protection

CeneBble IOTOKU: KaTaCTPOQBI, PHCK, IIPOTHO3, 3aIlUTa

Assessing the last moment of debris-flow activity on a fan using tree-
ring data

M. Bollschweiler, M. Stoffel, D.M. Schneuwly

University of Fribourg, Department of Geosciences, Laboratory of
Dendrogeomorphology, Fribourg, Switzerland

OuneHka 1aThl MOCJIEeIHEr0 MPOSABJICHUS ceJiell Ha ceJIeBOM KOHYce ¢
HCI0JIb30BAHNEM JIAHHBIX 110 KOJbLAM /IepeBbeB

M. Boanmaiinep, M. Crodden, I.M. llIneyBiau

Yuueepcumem @pubypea, xagpeopa nayx o 3emne, nabopamopus
dendpozeomopgonozuu, Dpudype, Llsetiyapus

JIeHApOXPOHOIOTHYECKUH aHAIN3 JIEPEeBbEB, HApPYILIEHHBIX CEJEBBIMH MOTOKAMH, OBUI
CHCTEMaTHYECKH HCHOIb30BaH sl AaTHPOBAHHS COOBITHH mpouuioro. TeM He MeHee,
3TOT METOA Bcerja OblI OrpaHHueH 3aJICCEHHBIMUA KOHYCaMH BBIHOCA, Ha KOTOPBIX Jiepe-
Bbsl QUKCUPYIOT BO3JICHCTBHS MPEABIIYIINX MOTOKOB. MUHUMAJIBHBIN BO3PACT JIEPEBHEB,
pacTymux Ha JaTHPYEMbIX CEJEBBIX OTJIOKEHHUSIX, MOXKET, HAIPOTHB, COACPKaTh WH-
(opmMarmIo o ate MocieqHero Cirydasi IpeablayInero cems. B 3Toit crate Mbl n3naraem
PEe3yNbTaThl, MOIYYEHHbBIE ITyTeM KOMOMHAIIMHA 000X 3THX IOAXOA0B Ha MOKPHITOM Jie-
coMm xonyce B Axpmax Bane (ILBetinapus). Ilo cOMTOCTAM Ha HAPYIICHHBIX JEPEBBIX
Larix decidua Mill. u Picea abies (L.) Karst. ynamoch BBIIOTHUTh PEKOHCTPYKIUIO 49
coObrTrit Mexxay 1782 u 2005 1T. B ceneBrIX pycnax, rlie JepeBbs HE COXPAHWIHNCH, MBI
oToOpanu HauboJsee cTapble TOCleceeBhIe IePeBhs M OLCHWIN UX Bo3pacT. CoueraHue
JICHAPOreoMOp(OIOrHIECKOH PEKOHCTPYKIIMU COOBITHS C OLIEHKOH AaT MOSBICHUS Jie-
PEBBEB IOCIIE CENs O3BOJIMIIO PACCUNTATh MUHUMAIBHBIN BO3PACT CENICBBIX OTIOKEHUH
B CEJIEBBIX pyCJIaX Ha COBPEMEHHON THEBHOW TIOBEPXHOCTH KOHYCA.

Dendrogeomorphological analyses of trees affected by debris flows have regularly been
used to date past events. However, this method has always been limited to forested fans
where trees registered the impact of previous events. The minimum age dating of trees
growing in the debris deposits can, in contrast, provide information on the latest possible
moment of past activity. In this abstract, we report on results obtained from a combina-
tion of these two approaches on a forested fan in the Valais Alps (Switzerland). Dis-
turbed Larix decidua Mill. and Picea abies (L.) Karst. trees allowed reconstruction of 49
events between AD 1782 and 2005. In the debris-flow channels where survivor trees are
missing, we selected the oldest post-event trees and assessed their age. The combination
of the dendrogeomorphological event reconstruction with the assessment of germination
dates of successor trees allowed realistic approximation of the minimum time elapsed
since the last debris-flow activity in channels present on the current-day fan surface.

1 Introduction

Debris flows represent a widespread mass-movement process in the Swiss Alps, where
their unpredictable and sudden occurrence may pose major threats to transportation corridors
and settlements. However, there is still a considerable lack of knowledge on earlier events for
many regions. Thus the reconstruction of past activity is essential for the understanding of
current debris-flow dynamics in mountain torrents and possible future evolutions.

The most accurate method for dating events over several centuries in the past is the
analysis of tree-ring series. Given that a tree is directly impacted by a geomorphic event, tree-
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ring dating can pinpoint the year or even the season in which the growth disturbance (GD)
occurred (Strunk, 1997; May and Gresswell, 2004; Bollschweiler and Stoffel, 2007; Boll-
schweiler et al., 2007; Stoffel and Beniston, 2006).

Particularly large or devastating debris flows may eliminate entire forest stands, render-
ing the reconstruction of previous events impossible with dendrogeomorphological methods.
Since cleared surfaces are normally recolonized by seedlings in the years following the devas-
tating event, germination ages of trees can help estimating the time of surface-clearing distur-
bances to existing landforms (Sigafoos and Hendricks, 1969; McCarthy and Luckman, 1993;
Winter et al., 2002). Similarly, this method can be used to date surfaces cleared by debris-
flow activity.

The aim of this study was to combine dendrogeomorphological analyses with an as-
sessment of germination dates of successor trees in order to understand the dynamics of past
debris-flow events on a forested fan in the Valais Alps, Switzerland.

2 Study site

The study of past debris-flow dynamics was conducted on the fan of the Grosse Grabe
torrent, located on the west-facing slope of the Matter Valley (Valais, Swiss Alps; 46°10° N,
7°47° E; Fig. 1).
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Fig. 1. Location and sketch map of the study Fig. 2. The coupling of data on past events and mini-

site. mum ages of undisturbed trees growing in channels
provides information on the latest possible moment for
debris-flow activity in particular channels.

The catchment area of the torrent totals 1.5 km?® and extends from 3,178 m a.s.l. to the
1,200 m a.s.l. The upper part of the catchment is dominated by gneissic rocks belonging to the
crystalline Mischabel unit, while in the lower part, debris originating from various gravita-
tional processes (i.e. rockslides, rockfall) cover the bedrock. The debris-flow fan extends from
1,200 m a.s.l. to 1,600 m a.s.l. and is vegetated by a forest primarily composed of European
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larch (Larix decidua Mill.) and Norway spruce (Picea abies (L.) Karst.). On the fan, slope
gradients average 14° and deposits of past debris flows can exclusively be found south of the
currently active channel. In its lowermost, the main road connecting Zermatt to Visp crosses
the fan.

3 Methods

In a first analytical step, all forms and deposits related to previous debris-flow activity
(i.e. lobes, levees or abandoned channels) were mapped in a scale of 1:1000 using compass,
tape measure and inclinometer.

In a next step, Larix decidua and Picea abies trees that had obviously been disturbed by
previous debris-flow events were cored using a Suunto increment borer (max. length 40 cm,
@ 6 mm). Within this study, we preferably selected trees that showed scars, candelabra
growth, exposed root systems as well as buried or tilted stem bases resulting from the impact
of past events. In total, 71 strongly affected Larix decidua and Picea abies trees were sampled
with 150 cores for this study. In the channels located in the southern sectors of the fan, dis-
turbed trees were very scarce and sometimes even totally absent. Therefore, we sampled 72
undisturbed trees for minimum age dating in these sectors.

The samples were analyzed using standard dendrochronological methods (see Stoffel
and Bollschweiler, 2008). Afterwards, tree-ring series of the disturbed trees were analyzed
visually so as to identify growth disturbances caused by past debris-flow events. For the trees
sampled for the minimum age dating, an age correction factor was included in order to elimi-
nate the influence of the sampling height and the absence of the center on the core.

For the determination of the last moment of debris-flow activity in the currently aban-
doned channels, we dated the last event by the growth disturbances in affected trees. In a sec-
ond step, the germination date of the oldest tree was determined for channels where none of
the trees of the present-day forest stand showed disturbances caused by past debris-flow activ-
ity. The coupling of data on debris-flow events with data on minimum ages of undisturbed
trees growing in previously active channels allowed determination of the minimum time
elapsed since the last event.

4 Results

4.1 Debris-flow frequency

In total, the analysis of GD occurring simultaneously in different trees allowed the re-
construction of 49 event years between AD 1782 and 2005. The reconstruction yielded data
for only a limited number of events in the 19" century. In contrast, the tree-ring records sug-
gest several periods with increased activity during the 20™ century. Such clustering of events
can primarily be identified for the periods 1905-1907 or 1917-1928 as well as between 1970
and 1982.

4.2 Approximation of last moment of past activity

Since past debris-flow events and their spatial extent could only be reconstructed on the
northern part of the fan, we determined the age of the oldest post-event trees to approximate
the minimum time elapsed since the last moment of debris-flow activity on the southern part
of the fan. The results of the two approaches are coupled in Figure 2. Here, calendar years
indicate the latest possible moment of debris-flow activity in the channels present on the cur-
rent-day fan surface. From our data, we can see that the time elapsed since the last debris-flow
activity clearly increases with the distance from the currently used channel, with the last ac-
tivity identified in the early 1980s close to the current channel, whereas GD in trees are miss-
ing in the southern and central sectors of the fan since the late 19" century.

5 Discussion

In this study, we report on a reconstruction of debris-flow events on a forested fan in
the Valais Alps (Switzerland) based on detailed geomorphic mapping and tree-ring analyses.
Dendrogeomorphological investigations of 71 heavily affected Larix decidua Mill. and Picea
abies (L.) Karst. trees allowed reconstruction of the past debris-flow frequency. In total, 49
events could be identified for the period AD 1782-2005. In addition, we determined the ger-
mination ages of the oldest trees in those channels where trees were missing obvious signs of
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past debris-flow activity. These dates served as an approximation of the minimum time
elapsed since the last possible event in channels.

The debris-flow frequency represents the minimum number of events that occurred in
this torrent in the recent past since small debris-flow surges that did not leave the channel did
not cause GD to trees on the fan. The study of past events was mainly limited by the age of
the trees, which averaged only 140 years. At the same time, the apparent decrease in event
frequency that starts to emerge from the tree-ring reconstruction in the 1980s was primarily
due to considerable channel incision (about 6—8 m) and to bank stabilization measures, which
prevented present-day debris-flow surges from leaving the channel.

The approach of the minimum age dating helped assessing the minimum time elapsed
since the last event in channels where no disturbed trees could be identified. However, this
approach remains an approximation as the number of missing rings needed to be estimated.
Nevertheless, we are convinced that the results presented on the minimum age of the tree are
reasonably accurate as the methods we used tend to underestimate rather than to overestimate
the number of missing rings, which supports the idea of providing “minimum ages” of forms
and deposits.

Even though the methods used have their limitations, this study allowed for the first
time reconstruction of the spatial and temporal dynamics of debris-flow activity on a forested
fan, where deposits are in some places older than the oldest trees.

6 Conclusion

The combination of different dendroecological methods allowed reconstruction of 49
event years between AD 1782 and 2005 as well as the determination of the minimum time
elapsed since the last debris-flow event for previously active channels. For fans or sectors
where trees are obviously influenced by debris flows, dendrogeomorphological methods ana-
lyzing distinct growth disturbances in the tree-ring series are suitable for the determination of
event years. In contrast, for fans or sectors of fans where deposits of the current-day surface
are older than trees growing in the deposits, this method is not applicable. However, tree ages
of the oldest post-event trees growing in the previously active channels allow determination
of the latest possible moment of debris-flow activity in these channels. The combination of
both techniques — dating of growth disturbances and assessing tree age of post-event trees -
allows determination of the spatio-temporal dynamics of past debris-flow activity over the
past few centuries on forested fans.
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