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7.1

Analysing the pluri-decennial development of a rock glacier crisis using 
repeated SAR interferometry, terrestrial and airborne optical data

Barboux	C.1,	Delaloye	R.1

1 Department of Geosciences, Geography Unit, University of Fribourg, Ch. Du Musée 4, CH-1700 Fribourg, Switzerland 
(firstname.name@unifr.ch)

Recent	works	based	on	the	analysis	of	satellite	Synthetic	Aperture	Radar	Interferometry	(InSAR)	data	have	evidenced	that	
15	to	20	rock	glaciers	were	affected	by	very	rapid	movements	in	the	Swiss	Alps	between	1995	and	1999	[Delaloye	et	al.	
2010].	Most	of	these	rock	glaciers,	moving	2-5	m/year	or	more,	exhibit	transversal	scarps	and/or	crevasses	revealing	some	
degree	 of	 destabilization	 and	 the	 landslide-like	 behavior	 of	 these	 landforms	 [Lambiel	 et	 al.	 2008,	 Roer	 et	 al.	 2008].	
Nevertheless	the	chronological	and	morphological	development	of	the	destabilization	phase,	indicated	by	changes	in	the	
kinematics,	geometry	and	modified	topography	and	which	may	certainly	differ	for	case	to	case,	is	actually	not	known	for	
most	rock	glaciers.	The	aim	of	this	study	is	to	go	back	at	the	beginning	of	the	destabilization	phase	to	looking	for	different	
factors	involved	in	this	process.

In	this	context,	the	development	of	the	Grabengufer	rock	glacier	(Zermatt	valley,	Valais,	Swiss	Alps)	has	been	investigated	
among	others.	This	landform	is	suffering	an	extraordinary	crisis	since	the	winter	2008/2009	at	least	with	annual	surface	
velocities	reaching	up	to	80	m/year	[Delaloye	et	al.	2010].	In	order	to	appreciate	the	way	in	which	the	activity	of	this	land-
form	has	changed	over	the	past,	a	backward	analysis	was	started	of	both	its	morphology	and	kinematics	based	on	repeated	
InSAR	data	from	1991	to	2009	and	airborne	optical	data	from	1930	to	2005.	

The	first	results	show	that	the	current	crisis	has	developed	over	the	last	30	years	or	so.	It	began	as	an	accelerated	mass	
wasting	(permafrost	creep	or	landslilde	?)	in	the	upper	rooting	zone	of	the	rock	glacier	already	during	the	1980’s,	which	
propagated	progressively	by	compression	to	the	median	part	of	the	rock	glacier	during	the	1990’s	and	the	early	2000’s,	
before	to	reach	finally	the	front.	Surface	velocities	during	the	initial	phases	increased	maximally	to	5	m/year.	Once	the	
front	–	located	on	a	steep	slope	–	was	destabilized,	it	accelerated	dramatically	dragging	almost	the	whole	of	the	450	m	
long	rock	glacier	down.	Maximal	velocities	up	to	more	than	45	cm/day	were	observed	during	the	second	half	of	2009	using	
both	GPS	as	well	as	tachymetry	survey.

The	development	of	the	Grabengufer	rock	glacier	crisis,	and	its	chain	reaction	initially	caused	by	the	pulse	in	rooting	zone,	
differs	dramatically	from	the	other	destabilized	rock	glaciers	that	have	been	analyzed	so	far	[Roer	et	al.	2008].	This	shows	
that	the	factors	conducting	to	destabilization	could	be	various.	Nevertheless,	looking	the	strong	increase	in	air	tempera-
ture	that	has	occurred	since	the	1980’s,	these	results	do	not	challenge	the	potential	origin	of	the	destabilization	in	rheo-
logical	properties	of	warming	ice	which	could	happen	in	that	specific	case	in	the	rooting	zone	of	the	rock	glacier.

The	 authors	 are	 grateful	 to	Gamma	Remote	 Sensing,	 the	 Swiss	 Federal	Office	 for	 the	 Environnement	 (FOEN)	 and	 the	
European	Space	Agency	(ESA)	for	starting	cooperation	on	the	monitoring	of	landslides	and	other	mass	movements	using	
InSAR,	and	 for	 including	 the	University	of	Fribourg	within	 this	project	by	 studying	 the	detection	of	 rock	glaciers	and	
landslides	in	southern	Valais.	We	would	like	to	thank	them	for	providing	us	available	SAR	interferometry,	terrestrial	data,	
and	airborne	optical	data	related	to	the	sample	area.	
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7.2

If trees have cold feet: Tree-ring analyses of Larix decidua Mil. at a spo-
radic permafrost site in the Swiss Alps

Bast	Alexander1,	Gärtner	Holger1,	Gärtner-Roer	Isabelle2

1  Swiss Federal Research Institute WSL, Dendro Sciences Unit, Zürcherstrasse 111, CH-8903 Birmensdorf , (alexander.bast@wsl.ch)
2  Department of Geography, University of Zürich,Winterthurerstr. 190, CH-8057 Zürich

The	study	focuses	on	tree-growth	analyses	at	a	north	facing	slope,	ranging	in	elevation	from	1800	to	1900 m	a.s.l.,	which	
is	located	in	the	Bever	Valley,	Upper	Engadine/Swiss	Alps.	Even	though	the	lower	boundary	of	discontinuous	permafrost	
in	the	Swiss	Alps	can	be	averaged	at	about	2300	m	a.s.l.,	geophysical	soundings	point	out,	that	permafrost	occurs	in	the	
Bever	Valley	below	the	timberline,	depending	on	multifaceted	factors	(e.g.	very	shaded	north-face	exposition	with	a	small	
amount	of	 incoming	solar	radiation,	vegetation/moss	 layer,	chimney	effect,	oftentimes	cold	air	pockets	 in	winter).	The	
investigated	slope	is	covered	with	a	dense	forest	stand	consisting	of	European	larch	(Larix decidua	Mill.)	and	Swiss	stone	
pine	(Pinus cembra	ssp.	sibirica).	The	trees	do	not	show	any	morphological	differences	(e.g.,	dwarfing)	to	trees	adjacent	to	
the	slope,	nor	to	trees	growing	on	the	opposite	south	facing	slope	where	no	permafrost	is	present.	

Three	main	questions	form	the	base	of	our	study:	 (i)	 Is	 it	possible	to	detect	 the	presence	of	permafrost,	or	rather	cold	
subsurface	conditions	round	about	0°C,	by	analyzing	ring-width	variations	in	larch	related	to	a	local	chronology	estab-
lished	on	the	south	facing	slope	vis-à-vis	the	study	site?	(ii)	If	so,	can	we	combine	our	founded	results	of	cold	subsurface	
conditions	with	geoelectrical	soundings,	which	can	prove	the	presence	of	permafrost?	(iii)	Can	we	estimate	a	rough	time	
span,	where	a	possible	permafrost	evolution	took	place?

On	the	permafrost	site,	88	dominant	larch	trees	with	an	average	age	of	210	years	were	cored	in	autumn	2006	and	the	
position	of	each	sampled	tree	was	documented	in	a	detailed	map	of	the	slope.	In	addition,	18	trees	from	the	south	facing	
slope	were	used	to	establish	the	reference	chronology.

The	results	are	show	distinct	growth	suppression	in	the	reference	chronology	from	1879	to	1890,	where	the	average	ring	
width	is	reduced	by	30%	compared	to	the	average	of	40	years	before	and	after	this	time	period.	This	period	of	reduced	
growth	also	occurs	in	the	chronologies	of	44	trees	(P	1)	taken	from	the	permafrost	sites,	which	show	growth	development	
comparable	to	the	reference.	The	remaining	44	trees	(P	2)	from	this	site	show	a	strong	growth	suppression	(up	to	80%)	
starting	in	the	period	1879	to1985	but	they	do	not	recover	after	1890.	Annual	growth	of	24	trees	of	P	2	remains	reduced	
until	the	1960s,	then	annual	ring	width	increases	again	up	to	the	level	which	is	common	for	the	site.	The	remaining	20	
trees	of	P	2	show	reduced	growth	until	the	1990s,	when	a	weak	growth	release	started,	not	reaching	the	level	of	common	
growth.
Comparisons	between	single	trees	show	that	enduring	growth	reductions	correspond	with	locations	of	permafrost	lenses	
detected	by	ERT-soundings	along	 two	 transects	 across	 the	 slope.	Although	 the	growth	 reductions	 cannot	be	 related	 to	
defined	permafrost	conditions	(ground	temperature	that	remains	at	or	below	0	°C		for	at	least	two	consecutive	years),	they	
can	certainly	be	related	to	low	soil	temperatures	restricting	root	and	consequently	tree	growth.	Nevertheless,	it	can	be	
assumed	that	the	permafrost	lenses	at	this	site	developed	around	1879,	because	all	trees	show	a	comparably	higher	growth	
level	for	more	than	one	hundred	years	before	this	suppression	occurred.	Future	work	will	place	emphasis	on	potential	
differences	in	wood	anatomical	features.
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7.3

Small-scale permafrost distribution and its influencing parameters in an 
alpine glacier forefield

Bast	Alexander1,	Kneisel	Christof2

1  Swiss Federal Research Institute WSL, Dendro Sciences Unit, Zürcherstrasse 111, CH-8903 Birmensdorf , (alexander.bast@wsl.ch)
2  Department of Physical Geography, University of Wuerzburg, Am Hubland, D-97074 Wuerzburg

The	study	presented	focuses	on	the	small-scale	variability	of	surface	substratum	and	the	potential	incoming	solar	radia-
tion	(PISR).	Both	effect	snow	cover	evolution	and	duration,	ground	surface	temperature	regimes	and,	hence,	permafrost	
distribution	in	the	subsurface.	
These	surface	characteristics	act	as	a	buffer-system	in	the	energy	balance	between	atmosphere	and	lithosphere	and,	along	
with	climate	conditions	and	elevation	determine	the	patchy	occurrence	of	mountain	permafrost.	
The	permafrost	distribution	will	be	mapped	by	using	quasi-3D	images	as	a	new	approach	in	periglacial	environments.

The	 study	 site,	 a	 glacier	 forefield,	 ranging	 from	 2650	 to	 2900	m	 a.s.l.,	 is	 located	 in	 the	Muragl	 Valley,	 in	 the	 Upper	
Engadine/Swiss	Alps.	The	forefield	is	characterized	by	a	complex	glacier-permafrost	interaction	(e.g.	thrust-moraine,	gla-
cial	f lutes)	due	to	the	polythermal	regime	of	the	former	Muragl	glacier.

ERT	(electrical	resistivity	tomography)	soundings	were	performed	in	summer	2008	at	two	sites	in	the	glacier	forefield,	to	
establish	two	quasi-3D	resistivity	images	of	the	subsurface	to	map	the	permafrost	distribution.	The	two	sites	differ	main-
ly	in	their	surface	material:	The	lower	site	is	characterized	by	coarse	blocky,	but	although	fine	grained	material,	whereas	
the	upper	site	consists	of	a	much	finer	grained	substrate.	In	addition,	the	upper	site	is	located	in	the	shadow	of	an	adja-
cent	mountain	ridge,	while	the	lower	site	is	more	exposed	to	incoming	solar	radiation.	The	first	image	in	the	lower	part	
consists	of	22	merged	ERT	soundings	 (5m	electrode	spacing,	Wenner	array,	792	electrode	positions,	4356	data	points),	
covering	an	area	of	175 x 175 m.	The	second	image,	covering	an	area	of	72 x 72 m,	consists	of	17	combined	ERT	surveys	
(2m	electrode	spacing,	Wenner	Schlumberger	array,	612	electrode	positions,	4896	data	points).	The	large	amount	of	data	
points	results	in	two	high	resolution	images	of	the	subsurface	structure.
To	 record	 surface	 substratum	 geomorphological	 mapping	 of	 the	 glacier	 forefield	 was	 carried	 out	 in	 summer	 2008.	
Furthermore,	to	get	a	higher	resolution	in	these	parts	of	the	forefield,	surface	material	was	mapped	inside	the	two	ERT-
grids	 at	 each	 electrode	 position.	 Ground	 surface	 temperature	was	measured	 using	 15	miniature	 temperature	 loggers	
(MTDs),	which	were	placed	 throughout	 the	glacier	 forefield.	 In	order	 to	 log	ground	 temperatures,	 two	boreholes	 (8m	
depth,	8	sensors)	were	drilled	at	the	two	ERT-grid	sites	in	2006.	Additionally,	BTS	measurements	(bottom	temperatures	of	
snow	cover)	were	realized	in	March	2007	and	2008.	PISR	was	calculated	by	using	the	solar	analyst,	integrated	in	the	ESRI	
ArcGIS	software	package.

Surface	substratum	was	categorized	in	five	substrate	classes	ranging	from	coarse	blocks	(>630mm,	often	1000-2000	mm)	
at	the	thrust-moraine,	to	fine-grained,	detritus-sandy	to	loamy	substrate,	particularly	within	the	streambeds	of	the	glaci-
er	run-off.	A	high	variability	in	grain-size	was	noticeable	within	short	distances.
The	MTDs	as	well	as	the	borehole	measurements	illustrated	the	different	temperature	regimes	of	the	substrate	classes.	In	
2006-2007	mean	annual	ground	surface	temperature	ranged	from	-1.3 °C	in	the	coarse	grained,	to	1.06°C	in	the	finer-
grained	substrate;	resulting	in	an	offset	larger	than	2.3 °C	within	approx.	100m.	Mean	annual	ground	temperature	at	a	
depth	of	5 m	was	- 0.59 °C	(2008/09)	at	the	lower	site,	which	was	slightly	colder	than	at	the	upper	site	(- 0.10 °C	(2008/09)).	
Nevertheless,	borehole	temperature	logging	proved	the	occurrence	of	permafrost	at	both	sites.
Modeled	PISR	clearly	shows	the	mountain	shade	effect.	The	ERT-grid	in	the	lower	part	of	the	forefield	was	more	exposed	
to	solar	radiation	with	values	ranging	from	19 to	20	MJ/m2d	compared	to	the	area	that	is	covered	by	the	ERT-grid	in	the	
upper	part,	which	showed	energy	values	between	14	and	17.5 MJ/m2d.

Results	 of	 the	 quasi-3D	 images	 enable	 linking	 the	 subsurface	 structure	 with	 the	 surface	 maps.	 Resistivities	 of	 >	
100 kOhm.m	in	the	lower	part	of	the	glacier	forefield	below	the	coarse	blocky	material	indicated	higher	ice	contents	in	
the	voids	between	the	blocks	of	 the	subsurface.	 In	 the	marginal	areas	of	 that	high	resistivity	anomaly,	where	surface	
substratum	also	changed	to	more	fine-grained	particles,	resistivities	decrease	to	values	of	approx.	12 kOhm.m.	This	sug-
gests	a	lower	ice	content	of	the	permafrost	body.	Active	layer	thickness	increased	simultaneously	from	2 m	to	5 - 7 m.	In	
the	case	of	the	finest	substrate	class,	as	well	as	 in	areas	with	streambeds,	resistivities	< 10 kOhm.m	in	the	subsurface	
indicated	permafrost-free	conditions.	
Resistivities	in	the	upper	quasi-3D	image,	however,	did	not	exceed	the	mark	of	23 kOhm.m.	This	suggests	lower	ice	con-
tent	and/or	warmer	permafrost	temperatures	in	the	subsurface.	The	latter	is	proved	by	the	borehole	temperatures.	Active	
layer	thickness	ranged	between	5	and	8 m.	Lower	values	of	PISR	have	a	positive	impact	for	the	permafrost	body	at	that	
site.
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7.4

Influence of hydrology on spatial patterns of glacial erosion

Beaud	Flavien1,	Herman	Frédéric1,	Champagnac	Jean-Daniel1

1 Earth Surface Dynamics, Geological Institute, ETH-Zürich, Sonnegstrasse 5, 8092 Zürich, Switzerland. flavien.beaud@gmail.com

During	the	Last	Glacial	Maximum	(LGM)	most	of	worldwide	mountain	ranges	have	undergone	glacial	conditions.	Better	
understandings	of	glacial	erosion	patterns	are	necessary	to	explain	relief	evolution	of	alpine	ranges.

Models	have	already	reproduced	some	glacial	 features	such	as	U-shape	valleys	and	steps,	nevertheless	 large	overdeepe-
nings,	such	as	Lake	Geneva,	Switzerland	and	France	remain	without	explanation.	Since	the	early	times	of	glaciology	(De	
Saussure	 in	1779),	 it	 is	expected	that	water	play	an	 important	role	 for	glacier	sliding.	Furthermore,	most	erosion	 laws	
scale	with	the	sliding	velocity,	itself	scaling	with	basal	water	pressure.	However,	so	far,	no	study	explicitly	addresses	and	
quantifies	the	role	of	hydrology.

To	quantify	the	importance	of	hydrology	on	spatial	erosion	patterns,	we	develop	a	model	that	reproduces	ice	f low,	using	
the	First	Order	Approximation	(FOA),	and	integrates	hydrology.	

Irrespective	of	the	initial	shape	of	the	topography,	the	model	without	hydrology	creates	a	smooth	concave	profile	with	no	
steps	or	overdeepenings.	Integration	of	the	glacial	hydrology	leads	to	changes	in	sliding	pattern	and	thus	in	erosion	rate	
pattern,	creating	steps,	f lats	and	overdeepenings	in	all	the	simulations.	The	Figure	1	shows	the	evolution	of	a	synthetic	
f luvial	profile	under	glacial	condition:	a	step	followed	by	a	15km	long	f lattened	areas	are	formed.	Furthermore	the	model	
shows	that	most	of	erosion	takes	place	below	the	Equilibrium	Line	Altitude,	as	shown	in	Figure	2.	Thus	we	claim	that	
neglecting	glacial	hydrology	the	model	fail	to	reproduce	glacial	valley	features,	whereas	with	hydrology	integration	the	
model	succeeds	to	do	so.		Comparison	with	natural	longitudinal	profile	(Valais	and	Vanoise	area)	confirms	the	occurrence	
of	steps	and	f lats,	several	hundred	of	meters	below	Little	Ice	Age	and	LGM,	respectively.

Figure	1:	Evolution	of	a	longitudinal	profile	that	has	undergone	glacial	erosion,	with	the	integration	of	glacial	hydrology.
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Figure	2:	a)	Total	glacial	erosion	and	b)	erosion	rate	evolution	during	the	simulation.	Vertical	lines	are	the	corresponding	ground	positi-

on	of	the	ELA.

7.5

Modelling sediment transfer through mountain basins

ESF TOPOEUROPE: SedyMONT

Bennett	Georgina1,	Molnar	Peter1,	Korup	Oliver2,	McArdell	Brian3

1  Institute of Environmental Engineering, ETH Zürich, Schafmattstrasse 6, ETH Hönggerberg, 8093-Zürich (bennett@ifu.baug.ethz.ch)
2  Institute of Earth and Environmental Sciences, University of Potsdam, Germany
3  Swiss Federal Institute WSL, Zürcherstrasse 111, 8903 Birmensdorf

Quantifying	sediment	yield	from	mountain	basins	is	of	considerable	societal	interest	because	it	is	the	main	source	of	se-
diment	transported	to	lowland	and	coastal	regions	and	because	mountain	basins	are	particularly	susceptible	to	environ-
mental	change,	in	particular	to	climate	change.	We	identify	the	following	characteristics	of	sediment	transfer	through	
mountain	basins	that	need	to	be	better	understood	with	respect	to	their	long	term	sediment	yields:	temporary	storage	of	
sediment,	longer-term	sediment	storage	and	system	thresholds.	

Transfer	of	sediment	through	a	system	is	usually	treated	as	a	one-dimensional	mass	conservation	problem	in	which	the	
difference	between	inputs	and	outputs	at	intermediate	stages	through	the	system	are	accounted	for	by	temporary	storage.	
The	residence	time	of	sediment	in	storage	can	be	calculated	as	the	mass	of	the	storage	component	divided	by	the	f lux	
through	it	over	a	defined	period	of	time.	Based	on	this	calculation,	the	distribution	of	travel	times	of	sediment	through	
the	component	is	exponential	with	a	mean	equal	to	the	residence	time.	It	follows	that	all	sediment	in	the	component	has	
an	equal	probability	of	evacuation	(Lisle	and	Church,	2002).	A	certain	proportion	of	sediment	passing	through	the	basin	
may	be	deposited	into	stable	storage	components,	such	as	alluvial	fans,	with	a	much	lower	probability	of	remobilization	
over	short	time	scales.	Both	temporary	and	longer-term	storage	components	are	vulnerable	to	instantaneous	remobiliza-
tion	 related	 to	 the	 existence	 of	 internal	 system	 instabilities,	 or	 thresholds,	 within	 the	 system.	 These	 thresholds	 thus	
present	a	major	source	of	non-linearity	and	complexity	in	sediment	transfer	that	may	explain	some	of	the	temporal	vari-
ability	observed	in	sediment	yields	(e.g.	Phillips,	2006).	The	quantification	of	sediment	residence	times	in	short-term	sto-
rage	and	redeposition	of	sediment	into	longer-term	storage,	along	with	a	better	understanding	of	the	role	of	thresholds	in	
stochastic	sediment	supply	will	help	to	resolve	the	discrepancies	between	short	and	long-term	basin	sediment	yields	that	
have	been	observed	in	many	studies	(e.g.	Kirchner	et	al.,	2001).
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We	are	currently	investigating	temporary	and	long-term	sediment	storage	and	system	thresholds	in	the	Illgraben	catch-
ment,	SW	Switzerland,	using	a	combination	of	available	data	and	data	obtained	from	several	aerial	photographs	spanning	
1963-1998	using	digital	photogrammetry.	Differencing	of	digital	elevation	models	(DEMs)	has	revealed	a	zone	of	persistent	
sediment	storage	at	the	head	of	the	debris	f low	torrent	in	the	order	of	100,000s	m³	of	sediment	between	1963	and	present.	
Landsliding	between	1986	and	1992	delivered	~1,000,000m³	to	this	zone.	The	annual	f lux	was	calculated	as	the	annual	
difference	between	erosion	by	 landsliding	 and	deposition,	 giving	 a	 value	of	 ~100,000m³.	 Sediment	 residence	 time	was	
calculated	as	~10	years	based	on	using	the	total	eroded	mass	of	sediment	by	landsliding	over	the	6	year	period	as	the	po-
tential	mass	of	sediment	in	storage	and	dividing	this	by	the	f lux.	Residence	times	were	also	calculated	for	several	channel	
reaches	based	on	estimations	of	the	mass	of	stored	sediment	in	the	channel	bed	and	sediment	f lux	data	obtained	from	
DEM	differencing	and	from	recent	channel	bed	monitoring	by	Peter	Schuerch,	Durham	University	and	Catherine	Berger,	
WSL.	Initial	results	suggest	that	channel	residence	time	decreases	exponentially	with	distance	from	the	channel	crest.	This	
correlates	with	reports	downstream	decreasing	amplitudes	of	erosion	and	deposition	by	Berger	et	al.	(2010)	and	sediment	
f lux	and	storage	by	Benda	and	Dunne	(1997a).	This	supports	previous	suggestions	that	the	Illgraben	is	a	transport	limited	
system.	The	proportion	of	sediment	that	was	redeposited	annually	into	longer-term	storage	within	the	alluvial	fan	bet-
ween	2007	and	2009	was	calculated	at	0.5%.	Calculations	of	these	residence	times	and	redeposition	along	with	further	
calculations	are	presented.			

Based	on	the	knowledge	of	sediment	residence	times	and	redeposition	rates	for	different	morphological	elements	of	the	
basin	system,	a	mountain	basin	can	be	conceptualized	as	a	sequence	of	reservoirs	with	different	storage	capacities	through	
which	sediment	is	routed.	A	model	 is	presented	that	will	be	used	to	investigate	and	compare	the	interactions	between	
sediment	production,	short	and	long	term	storage,	supply	and	transport	limiting	thresholds	and	net	sediment	yield	at	a	
number	of	mountain	basins	covering	a	range	of	climatic	and	geomorphic	settings	that	are	being	monitored	as	part	of	the	
ESF	TOPOEUROPE	SedyMONT	project.	These	include	the	Illgraben,	Switzerland,	where	sediment	transfer	is	dominated	by	
debris	f low	activity;	the	Pasterze,	an	Alpine	glaciated	basin	in	Austria;	and	Erdalen	and	Bødalen,	both	glaciated	fjord	ba-
sins	in	Norway.	
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7.6

Year-round changes in snow cover on the east and north faces of 
Matterhorn

Bergamaschi	Stefano1	&	Delaloye	Reynald1

1 Department of Geosciences, Geography, University of Fribourg, Ch. du Musée 4, CH-1700 Fribourg (name.surname@unifr.ch)

During	the	last	century	many	ice	carapaces	adhering	on	steep	slopes	at	high	altitude	in	the	Alps	have	partly	or	even	com-
pletely	disappeared.	Between	two	phases	of	significant	ice	losses	during	the	1940s	and	since	the	end	of	the	1980s	the	ice	
coverage	on	steep	slopes	has	nevertheless	tended	to	slightly	increase	(Delaloye	2008).	The	processes	of	snow-ice	transition	
and	the	consequent	surface	ice	aggradation	on	steep	slopes	differ	obviously	from	firnification	processes	on	glaciers	and	
remain	not	completely	understood.	Indeed	it	is	assumed	that:

•	 the	ice	forms	mostly	by	refreezing	of	meltwater	in	the	snowcover,
•		 the	 favorable	 conditions	 for	 ice	 formation	 are	 mostly	 encountered	 in	 spring	 and	 fall	 when	 alternating	 melting	 /		

refreezing	phases	are	the	most	likely	to	occur,
•		 considering	that	cold	snow	can	not	accumulate	significantly	during	winter	on	steep	slopes,	the	climatic	factors	cont-

rolling	the	evolution	of	ice	cover	on	steep	slopes	are	not	all	the	same	as	on	glaciers,.
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The	Matterhorn	(Mattertal,	Wallis)	is	a	“spot”	where	the	process	of	snow	accumulation	and	ice	transition	may	be	clearly	
visible	during	all	the	year	long.	Besides	to	document	the	year-round	changes	in	the	snow	coverage,	the	main	objective	of	
this	study	is	to	try	to	detect	where	and	when	melting/refreezing	processes	are	occurring	on	both	the	northern	and	eastern	
faces	of	the	mountain.	

To	achieve	this	goal,	systematic	remote	measurements	of	the	surface	temperature	of	Matterhorn	are	taken	for	24	hours	
by	clear	sky	once	every	month	for	an	all	year	long		with	a	thermal	camera	(FLUKE	TiR).	This	periodic	measurement	is	
permitting	to	better	understand	the	spatial	patterns	as	well	as	the	day-night	and	seasonal	differences	of	the	surface	tem-
perature,	that	on	the	Matterhorn	is	extremely	variable	and	able	to	change	quickly	between	snowy	(icy)	surface	and	bare	
rock.	The	obtained	surface	temperature	data	also	gives	the	opportunity	to	describe	in	details	where	and	when	melting	is	
possibly	to	take	place	and	its	influence	on	the	changes	in	snow	coverage	(Fig.	1).

Taking	into	consideration	several	parameters	as	the	air	temperature	(derived	from	a	weather	station	located	at	the	Solvay	
hut	at	4003	m	asl	on	the	Hörnli	Ridge),	the	solar	radiation	(calculated	with	the	Solar	Analyst	software),	the	slope	inclina-
tion	and	the	morphological	features	of	the	mountain	(surface	relief),	the	year-round	general	behaviour	of	the	snow	cover-
age	on	the	two	faces	can	be	drawn.	Concentrating	the	attention	on	the	period	where	snow	accumulation	and	melting	
process	take	place	permits	to	explain	the	different	and	sometimes	contradictory	aspects	that	the	Matterhorn	reveal	during	
the	four	different	seasons	(Fig.	2)

Figure	1.	Thermal	image	of	Matterhorn	on	22-05-2010,	12.00h.	Melting	is	likely	to	occur	on	most	of	the	east	face,	whereas	the	surface	

temperture	on	the	north	face	is	almost	cold.

Figure	2.	Examples	of	varying	snowcover	on	Matterhorn	betweem	winter	season	(left)		and	summer	season	(right).	Whereas	the	east	face	

and	the	base	of	the	north	face	are	less	covered	by	snow	on	the	summer	picture,	the	upper	north	face	appears	conversely	to	be	much	snowy.

REFERENCES
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7.7

Hydropeaking on watercourses: an analysis of the effects on erosion, 
transport and sedimentation of material in the Moesa and the Morobbia 
rivers (GR/TI)

Bernasconi	Laura1,	Reynard	Emmanuel1

1 Université de Lausanne, Institut de géographie, Anthropole, Quartier Dorigny, CH 1015 Lausanne (laura.bernasconi@unil.ch) (emmanu-
el.reynard@unil.ch)

In	recent	decades,	the	hydrology	of	alpine	streams	has	been	altered	by	hydroelectric	projects.	To	produce	energy,	plants	
must	open	storage	basins	located	at	high	altitude	in	order	to	run	their	turbines.	The	water	is	discharged	into	the	river	
downstream	of	the	central	points	of	restitution.	These	mechanisms	cause	an	oscillation	of	the	daily	regime	of	rivers,	pas-
sing	through	minimum	flows	during	the	night	(low	energy	demand)	to	the	maximum	data	rates	when	energy	demand	is	
high.	Streams	affected	by	this	type	of	operation	undergo	substantial	changes	in	river	morphology	and	aquatic	ecosystems	
(Fette,	2006).	The	hydropeaking	(the	daily	oscillation)	is	a	phenomenon	that	has	acquired	a	dominant	role	in	recent	years,	
both	for	the	innovative	character	and	in	the	extent	of	its	impact	on	the	aquatic	ecosystem	(Baumann	&	Klaus,	2003).	

The	main	purpose	of	this	study	is	to	bring	a	new	contribution	to	research	by	studying	the	impact	of	hydropeaking	on	se-
diment	transfer.	The	study	is	conducted	on	two	rivers,	the	Moesa	(GR/TI)	and	the	Morobbia	(TI),	which	are	characterized	
by	different	daily	changes.	The	analysis	of	 the	ecomorphology	 is	conducted	using	 the	modular	stepwise	procedure	 for	
assessing	the	ecological	status	of	rivers	in	Switzerland.	In	fact,	it	is	important	to	understand	the	relationship	between	river	
morphology	and	the	effects	of	hydropeaking.	We	also	measure	the	runoff	of	the	rivers,	through	the	installation	of	two	
hydrological	gauging	stations.	 Investigations	are	carried	out	 to	appreciate	 the	degree	of	colmatation,	one	of	 the	major	
impacts	of	hydropeaking.	We	also	carry	out	an	analysis	to	understand	the	variation	of	the	erosion	and	transport	of	river	
materials:	we	stain	sediments	before	the	arrival	of	the	artificial	f lood.	The	movement	of	these	sediments	gives	us	infor-
mation	on	the	erosion	created	by	the	increase	of	water	level	and	speed.	Following	this	study	it	is	possible	to	obtain	more	
information	about	the	magnitude	of	the	effects	of	hydropeaking.

The	poster	presents	the	preliminary	results	of	this	study.	

REFERENCES	
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7.8

Landscape resistance: using drainage networks as deformation markers

Castelltort	Sébastien1	&	Champagnac	Jean-Daniel1

1 Earth Surface Dynamics, Geological Institute, ETH-Zürich, Sonneggstrasse 5, 8092 Zürich, Switzerland

Fluvial	networks	determine	to	a	large	extent	the	structure	and	geometry	of	erosive	landscapes	in	mountain	ranges.	As	a	
consequence	it	is	fundamental	to	understand	how	they	develop	and	evolve	in	order	to	reconstruct	and	predict	landscape	
evolution.	A	particularly	important	issue	is	the	degree	to	which	f luvial	networks	evolve	and	change	through	their	exis-
tence.
Two	end	members	can	be	invoked:	
On	one	hand,	river	networks	are	very	dynamic,	changing	and	reorganizing	frequently	during	orogen	evolution.	In	this	
view,	landscapes	mostly	reflect	the	present	state	of	the	tectonic	forcing,	with	a	minor	component	of	“memory”.	This	has	
found	support	in	a	variety	of	observations	like	wind	gaps,	hanging	valleys,	sinuous	shape	of	water	divides,	inferred	chan-
ges	of	detrital	sources	that	all	evoke	river	captures	and	drainage	network	changes,	and	are	reproduced	in	some	analogue	
and	numerical	models.

On	the	other	hand,	river	network	can	be	viewed	as	largely	resistant	to	deformation	and	change,	thus	potentially	acting	as	
as	useful	passive	markers	of	the	crustal	strain.	Some	notorious	examples	are	antecedent	rivers	and	drainage	systems	cut-
ting	through	lithological	and	geological	structures	(folds	and	faults),	drainage	systems	extending	behind	the	main	draina-
ge	divide	in	large	mountain	ranges,	and	preservation	of	superficial	cover	rocks	adjacent	to	valleys	deeply	incised	into	the	
basement.	Spectacular	plane	deformation	of	large	river	basins	also	points	to	the	large	resistance	of	river	networks	to	de-
formation	and	their	difficulty	to	reorganize,	especially	when	relief	is	high	and	/	or	increases	[Hallet	and	Molnar,	2001]
Based	on	natural	examples	of	tectonically	deformed	drainage	network	in	the	European	Alps	and	Southern	Alps	of	New	
Zealand	we	address	two	fundamental	questions:

•	 What	are	the	required	conditions	for	a	drainage	network	to	be	used	as	a	marker	of	the	deformation?
•	 How	much	deformation	 can	 record	 a	 given	drainage	network?	Does	 this	 depends	 and	 strain	 rate	 and	potential	

erosion	rates?

It	appears	that	drainage	network	can	be	used	as	strain	marker	if	i)	the	initial	shape	of	a	drainage	network	can	be	constrai-
ned,	 and	 ii)	 the	 ratio	 between	 erosion	 and	deformation	 allows	 the	 strain	 to	 be	 recorded	without	 dramatic	 change	 (e.g.	
piracy).	Large	rivers	can	record	more	deformation	than	small	ones,	for	similar	strain	rates.	Finally,	this	shows	that	incision	
of	the	rivers	(i.e.	increase	of	the	relief)	makes	the	network	more	stable	(and	therefore	more	suitable	to	record	deformation).
	

REFERENCES
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7.9

Relations among tectonic shortening, climate, and relief creation in 
mountain ranges.

Champagnac	Jean-Daniel1,	Molnar	Peter2,	Sue	Christian3	&	Herman	Frédéric1

1  Earth Surface Dynamics, Geological Institute, ETH-Zürich, Sonneggstrasse 5, 8092 Zürich, Switzerland. champagnac@gmail.com
2  Department of Geological Sciences, and CIRES, University of Colorado, Boulder, Colorado, 80309, USA. 
3  UFR Sciences et techniques, 16, route de Gray, 25030 Besançon, France.

In	order	to	determine	the	relative	contribution	of	climate	and	tectonics	to	landscape	morphology,	we	explore	the	correla-
tions	among	topographic,	geomorphic,	tectonic,	and	climatic	variables	of	more	than	50	mountain	belts	worldwide.
Topographic	data,	from	the	GTOPO30	DEM,	include	several	parameters:	maximum	elevation,	mean	elevation,	and	maxi-
mum	averaged	elevation,	calculated	above	sea	level	and	above	individual	base	levels.	
Geophysical	Relief	(the	mean	elevation	difference	between	a	smooth	surface	connecting	the	highest	points	in	the	landsca-
pe	and	the	current	topography	(Small	and	Anderson,	1998))	calculated	over	3	different	radius,	1km,	5km	and	15km	provi-
des	a	measure	of	relief	over	several	typical	lengths	and	yields	a	thickness	if	normalized	by	area.	
Tectonic	parameters	comprise	geodetic	shortening	rates	and	average	strain	rates	obtained	by	dividing	shortening	rate	by	
the	orogen’s	width.	
Climatic	data	are	mean	precipitation	rates	and	a	qualitative	measure	of	glaciation	factor	ranging	from	1	(no	glaciation)	to	
5	(full	glaciation),	for	both	LGM	and	present	day.	(Cosine	of)	latitude	has	also	been	used	as	a	proxy	for	insolation,	hence	
for	(potential)	glaciations.
The	database	has	been	split	in	two	parts:	one	for	all	mountain	belt,	including	non-convergent	settings,	and	another	one,	
with	only	actively	compressional	orogens.	Sizes	of	areas	considered	span	two	orders	of	magnitude	(the	largest	being	the	
Gobi	Altai,	Mongolia,	the	smallest	the	Wind	River	Range,	Wyoming,	USA).	Bigger	orogens	(Himalayas,	Andes...)	have	been	
separated	into	several	sub-orogens.	
For	the	global	database,	measures	of	geomorphic,	erosional,	and	tectonic	parameters	are	self-consistent;	correlation	coef-
ficients	are	~0.9.	Those	for	climate	are	less	so,	with	a	correlation	coefficient	of	0.4,	as	links	between	glaciation	and	preci-
pitation	are	weak.	
Multivariate	regressions	show	that	topography	depends	on	50%	on	convergence	rate	and	50%	(negatively)	with	latitude.	
Topographic	parameters	appear	to	be	almost	unsensitive	to	precipitations.	Similarly,	relief	depends	equally	on	convergence	
rate	and	latitude.	However,	if	relief	is	normalised	to	mean	belt’s	elevation,	it	is	nicely	negatively	correlated	with	latitude.	
A	strong	positive	correlation	also	exists	between	the	“scale	length”	of	the	relief	(GR15/GR1	and	exp)	and	the	latitude.	This	
correlation	is	better	with	only	the	no-convergent	settings	(shortening	rate	=	zero)	taken	into	account.	This	is	interpreted	
as	a	signature	of	glacial	erosion	that	increases	the	relief	over	small	(i.e.	~1km	typical	length).	We	also	note	that	there	is	no	
correlation	between	tectonic	and	this	relief	scale	length.

We	conclude	that:
•	 All	the	morphometric	parameters	investigated	are	unsensitive	to	large	scale	precipitation.	
•	 Topography	positively	correlated	with	shortening	rate,	and	negatively	correlated	with	latitude	by	a	similar	amount.
•	 Small	scale	Geophysical	Relief	(GR1)	increases	when	latitude	increases.	
•	 « Scaling	Length »	of	relief	(GR15/GR1,	and	exp.	factor),	and	normalized	relief	(GR/(M-B))	strongly	depends	on	latitude,	

but	NOT	on	shortening	rate.

Figure	1:	Power-law	evolution	of	the	geophysical	relief	(GR)	with	the	
area	of	sliding	window	in	the	Western	Alps.
MeanGR	=	A	*	xexp

REFERENCES
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7.10

Fracture density as a controlling factor of postglacial fluvial incision rate, 
Granite Range, Alaska. 

Champagnac	Jean-Daniel1,	Sternai	Pietro1,	Herman	Frederic1,	Guralnik	Benny1,	and	Beaud	Flavien1

1  Earth Surface Dynamics, Geological Institute, ETH-Zürich, Sonneggstrasse 5, 8092 Zürich, Switzerland. champagnac@gmail.com

The	nature	of	the	relations	between	lithosphere	and	atmosphere	to	shape	their	interface	(the	observed	landscape)	is	high-
ly	disputed	since	the	last	two	decades	or	so.	The	classical	“chicken	or	egg”	problem	(Molnar	and	England,	1990)	raised	the	
idea	that	erosion	itself	can	promote	creation	of	topography	thanks	to	isostatic	compensation	of	eroded	material	and	sub-
sequent	positive	feedback.	The	quaternary	glaciations	and	the	associated	high	glacial	erosion	rates	are	supposed	to	be	the	
main	agent	of	such	process.	More	recently,	“tectonic	activity”	has	been	considered	not	only	as	a	rock	uplift	agent,	but	also	
as	a	rock	crusher,	that	in	turn	promote	erosion,	thanks	to	the	reduction	of	size	of	individual	rock	elements,	more	easily	
transported	by	ice	and	water	(Clarke	and	Burbank,	2010;	Dühnforth	et	al.,	2010;	Molnar	et	al.,	2007).	

The	Granite	Range	 in	Alaska	presents	 a	 contrasted	morphology,	 all	 other	 (lithology,	 climate)	 being	 equal:	 to	 the	west	
(Kiagna	River	watershed),	glacial	landscape	is	well	preserved	(vegetated	“U”	shaped),	and	subsequent	f luvial	incision	occurs	
only	 to	 the	downstream	part	 of	 the	drainage	network.	Oppositely,	 the	 eastern	part	 (Goat	Creek	watershed)	presents	 a	
strong	f luvial	/	hillslope	imprint	(“V”	shaped,	with	no	vegetation)	of	both	trunk	stream	and	tributaries,	and	only	a	few	
relict	surfaces	supposedly	related	to	a	former	glacial	landscape.		

Postglacial	erosion	related	to	f luvial,	debris	f low	and	hillslope	processes	appears	to	be	one	order	of	magnitude	higher	in	
highly	fractured	area	that	in	less	fractured	area.	Despite	similar	drainage	areas	between	the	two	rivers	(~600km2),	Goat	
Creek	show	a	massive	fan	delta	at	its	junction	with	its	base	level	(Chitina	River),	whereas	Kiagna	River	shows	no	fan	delta	
a	few	ten	of	km	downstream	Chitina	River.

These	large	discrepancies	in	the	landscape	have	been	determined	from	1)	qualitative	(visual)	appreciation	of	the	landscape,	
2)	the	volume	of	eroded	material	determined	by	reconstruction	of	the	glacial	 landscape	surface	and	subtraction	of	the	
actual	landscape,	and	3)	the	hypsometric	quantification	of	the	landscape.	

On	the	field,	the	eastern	part	of	the	belt	appear	to	be	highly	fractured,	with	numerous,	large,	penetrative	faults,	associated	
with	km-thick	fault	gouges	and	cataclasites.	The	westernmost	part	show	massive	bedrock	(paragneiss	and	granite),	with	
minor,	localised	faults.	Fault	density,	determined	from	satellite	imagery	and	DEM	confirm	the	field	observation:	density	
is	much	higher	to	the	east,	where	postglacial	incision	is	the	most	important.	

One	cannot	exclude	external	forcing	(e.g.	E-W	gradient	of	rock	uplift),	or	remote	sensing	bias	(sun	orientation,	faults	that	
may	be	more	visible	in	bare	rock	area,	snow	and	ice	shielding	etc.)	that	may	quantitatively	change	our	results.	However,	
our	qualitative	observations	are	robust,	and	provide	an	impressive	case	study	for	tectonic-erosion	interactions.	This	may	
be	 extrapolated	 in	 other	mountain	 ranges	 (e.g.	 the	 European	 Alps),	 where	 the	 largest	 active	 debris	 f low	 system	 (the	
Illgrabben,	Valais,	Switzerland),	is	located	on	a	bend	of	one	of	the	largest	fault	zone	in	the	Alps	(the	Rhone	Fault	Zone),	
that	promote	production	of	small	rock	elements.
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7.11

Influence of land use and climate change on wind erosion susceptibility 
in central Aragón (Spain)

Fister	Wolfgang1,	Iserloh	Thomas2,	Roche	Marie	A.2	&	Ries	Johannes	B.2

1 Physical Geography and Environmental Change, University of Basel, Klingelbergstrasse 27, CH-4056 Basel (wolfgang.fister@unibas.ch)
2 Physical Geography, Trier University, Behringstrasse Campus II, D-54296 Trier

For	the	last	centuries	the	agricultural	landscape	in	semi	arid	central	Aragon	(NE	Spain)	has	been	subject	to	climate	change	
as	well	as	land	use	change.	The	accompanying	effects	on	wind	erodibility	of	different	soil	surfaces	in	this	region	are	lar-
gely	 unknown,	 but	 knowledge	 is	 required	 to	 evaluate	mitigation	 strategies	 against	 increasing	 soil	 loss.	 In	 this	 study	
present	wind	erosion	susceptibility	is	assessed	based	on	meteorological	data	and	land	use	data	for	the	Province	of	Aragon	
in	order	to	highlight	the	relative	importance	of	climate	and	land	use	on	future	wind	erosion	susceptibility	in	this	region.

Information	about	present	wind	erosion	susceptibility	in	respect	of	the	three	dominating	land	uses	in	Aragon	–	fallow	
land,	sheep	pasturing,	and	dry	farming	–	was	obtained	from	86	in-situ	wind	tunnel	simulations	on	modified	and	genuine	
soil	surfaces.	Mean	and	maximum	wind	velocities	at	10	m	above	ground	and	number	of	days	with	wind	velocity	above	10	
ms-1	since	1986	were	analyzed,	as	well	as	mean	daily	precipitation	and	mean	daily	air	temperature	for	the	last	five	decades.	
The	analysis	of	land	use	change	focused	on	the	development	of	total	agricultural	area,	arable	land,	and	fallow	land	during	
the	last	four	centuries.	

The	considered	climatic	and	human	(land	use	change)	 impacts	show	a	contrary	signal	for	future	development	of	wind	
erosion	susceptibility	in	Aragon.	The	increase	of	air	temperature	of	about	1.75°C	from	1952	to	2006	and	the	accentuation	
of	precipitation	within	the	year	indicate	an	intensification	of	future	wind	erosion	susceptibility,	whereas	land	use	with	
increasing	areas	of	fallow	land	appears	to	diminish	it.	Combined	with	the	results	of	the	wind	tunnel	test	runs,	which	show	
negligible	wind	erosion	on	undisturbed,	crusted	surfaces	(<	1 gm-2)	and	severe	wind	erosion	on	grazed	(1-13 gm-2)	and	rolled	
surfaces	(1-52	gm-2),	reduced	wind	erosion	susceptibility	due	to	increasing	areas	of	fallow	land	becomes	evident.

Although	we	cannot	clearly	specify	the	relative	importance	of	climate	and	land	use	change	on	wind	erosion	susceptibility,	
our	results	strongly	suggest	the	importance	of	the	combination	of	both	in	understanding	future	soil	loss.	Since	human	
impact	by	 land	use	change	appears	 to	have	very	 immediate	effects	on	soil	 loss,	we	conclude	that	mitigation	strategies	
should	focus	on	adapting	agricultural	use	to	minimize	soil	loss	in	the	future.

7.12

Preliminary constraints on the kinetics of OSL thermochronology

Guralnik	Benny1,	Herman	Frederic,	Lowick	Sally2.	Preusser	Frank2	&	Rhodes	Ed3

1  Department of Earth Sciences, ETH, 8092 Zurich, Switzerland (benny.guralnik@gmail.com)
2  Institute of Geological Sciences, University of Bern, Baltzerstrasse 1+3, 3012 Bern, Switzerland
3  Department of Earth and Space Sciences, UCLA, Los Angeles, CA 90095-1567, USA

Utilizing	the	fact	that	temperature	exerts	a	strong	control	on	the	retention	of	radiogenic	products	at	their	production	sites	
(and	hence	their	rate	of	accumulation),	thermochronology	is	an	extension	of	geochronology	used	to	elucidate	the	cooling	
histories	(t-T	trajectories)	of	rocks	over	time	(Dodson,	1973).	Here	we	present	a	potential	thermochronometer	based	on	the	
optically	stimulated	luminescence	(OSL)	signal	of	bedrock	quartz,	with	an	estimated	“closure”	temperature	of	~25-40°C	
(–dT/dt=10°C/Ma).	 In	this	method,	the	radiogenic	“products”	measured	are	electrons	trapped	at	the	naturally	occurring	
lattice	defects	(electrically	unbalanced	sites).	These	electrons	can	be	subsequently	released	back	into	the	conduction	band	
by	exposure	to	heat	and/or	light.	The	mean	lifetime	t	of	an	electron	in	a	particular	trapping	site	is	well	described	by	an	
Arrhenius	relationship	of	the	form	t	=	s-1	exp	(E/kT) , where	E	and	s	are	activation	energy	and	frequency	factors,	respec-
tively,	and	k	is	Boltzmann’s	constant.	Reported	lifetimes	of	the	major	trap	types	at	20°C	are	well	beyond	Ma-timescale,	but	
for	typical	natural	radioactivity	dose	rates,	these	traps	saturate	well	before	~0.5	Ma.
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In	the	current	work,	we	analyzed	the	OSL	signals	of	bedrock	quartz	from	the	KTB-VB	drillhole	(Southern	Germany),	whe-
re	 long-term	stable	temperature	conditions	provide	a	natural	 isothermal	holding	experiment	at	a	Ma-timescale.	Eleven	
core	samples	from	a	depth	range	of	560	m	–	2335	m	(22°C	–	71°C,	respectively),	were	processed	to	obtain	an	unbleached	
quartz	fraction	of	180-250	µm.	Natural	and	regenerated	luminescence	signals	were	measured	by	stimulation	with	infrared	
and	then	blue	light	using	a	single-aliquot	regeneration	(SAR)	protocol.	As	a	function	of	sample	depth,	the	measured	OSL	
signal	varies	from	a	saturated	signal	at	shallow	depths	to	reset	signals	below	a	depth	of	1	km	(i.e.,	ambient	rock	tempera-
ture	higher	than	40°C).	Several	unstable	trapping	sites	with	potentially	different	closure	temperatures	are	suggested	by	
comparison	of	the	natural	to	regenerated	signals.

7.13

Late Miocene to Present landscape evolution in Northern Switzerland

Kuhlemann,	J.,	Rahn,	M.

Swiss Nuclear Safety Inspectorate ENSI, Industriestr. 19, CH-5200 Brugg  (KUJ@ensi.ch)

A	lively	discussion	started	in	2004,	when	Cederbom	et	al.	(2004)	presented	new	thermochronologic	data	from	drillholes	in	
the	Swiss	part	of	the	North	Alpine	Foreland	Basin	(NAFB),	which	indicated	an	exhumation	pulse	by	about	5	to	3.6	Ma	(Early	
Pliocene).	This	 time	span	 includes	the	rapid	 increase	of	erosion	 in	the	Swiss	Alps	at	 the	Miocene-Pliocene	boundary	at	
about	5.3	Ma	and	in	the	Eastern	Alps	by	about	3.5	Ma	(Kuhlemann	et	al.	2002).	The	drawback	of	all	these	age	estimates	is	
that	 they	are	within	 the	 range	of	error	of	 the	 respective	methods.	The	discussion	on	 the	 implications	of	 these	ages	 is		
dedicated	to	the	role	of	climate	and	tectonics,	which	is	further	complicated	by	positive	feedbacks.

A	potential	climate	trigger	would	be	increased	storminess	and	precipitation	following	an	intensification	of	the	Gulf	Stream	
during	shoaling	and	closure	of	the	Panama	gateway	between	the	Atlantic	and	Pacific	Oceans.

A	potential	tectonic	trigger	would	be	a	slab	breakoff	below	westernmost	Swiss	Alps	in	the	latest	Miocene	which	migrates	
eastward,	affecting	the	Swiss	Alps	well	before	the	Eastern	Alps	by	rapid	uplift.	The	NAFB	would	follow	isostatic	rebound	
responding	to	accelerated	erosion	in	the	Alps.

The	problem	is	that	both	triggers	potentially	had	much	more	limited	effect	in	case	of	the	NAFB	as	compared	to	the	Alps.	
Strengthening	of	the	Gulf	Stream	appears	to	have	been	gradual,	and	independent	evidence	of	dramatically	increased	pre-
cipitation	between	4.5	and	4.0	Ma	is	missing.	Rapid	uplift	of	the	Alps	would	affect	the	NAFB	after	some	response	time	and	
only	by	a	minor	part	of	the	amount	of	uplift	which	had	affected	the	Alps,	too	weak	to	cause	a	thermochronologic	signal.
We	will	present	a	new	interpretation	based	on	a	landscape	evolution	model	which	is	compatible	with	all	existing	data	sets.	
Additional	data	to	be	considered	are	cemented	earliest	Pleistocene	proglacial	gravel	about	300-400	m	above	present	local	
base	level.	These	prove	foreland	incision	rates	of	less	than	0.2	mm/a	since	about	2.5	Ma	which	limits	the	main	pulse	of	
erosion	in	the	NAFB	to	a	time	between	2.5	Ma	and	4.5	Ma.	Moreover,	within	this	short	period	of	time	not	only	a	minimum	
of	500	m	of	denudation	(typically	1-1.5	km	must	have	occurred,	but	also	a	planation	surface	has	been	created	which	is	
locally	covered	by	gravel	of	the	paleo-Aare	river.

Our	solution	proposes	long-term	uplift	of	the	Swiss	Jura	foldbelt	after	about	11	Ma	and	residual	subsidence	of	the	NAFB	
in	a	piggy-back	setting,	controlled	by	aggradation	in	the	rear	of	the	Jura	main	thrust.	Uplift	of	the	Swiss	Alps	after	5.3	Ma	
enhanced	erosion	in	the	Alps	and	deposition	of	gravel	in	the	NAFB.	Maximum	aggradation	in	the	NAFB	should	have	oc-
curred	at	the	eastern	end	of	the	actively	deforming	Swiss	Jura	fold	belt.	By	a	certain	time,	aggradation	by	the	river	paleo-
Aare	enabled	a	stepover	towards	the	later	upper	Rhine	valley	at	the	boundary	between	the	Black	Forest	and	the	Swiss	Jura.

At	this	time,	the	Rhine	catchment	ended	in	the	vicinity	of	Freiburg	in	the	Upper	Rhine	graben,	and	the	paleo-Aare	was	
captured	by	a	tributary	of	the	Doubs-Rhone	by	about	4.2	Ma.	Catchment	cannibalism,	however,	can	only	held	responsible	
for	fast	erosion	and	exhumation	of	the	Swiss	NAFB,	if	enough	potential	relief	energy	between	the	Swiss	NAFB	and	the	
Doubs-Rhone	has	been	accumulated	until	the	capturing	event.	This	relief	energy	seems	to	heve	been	built	up	between	
about	11	and	4.2	Ma	during	northward	thrusting	of	the	Jura	foldbelt	on	a	6°-south-dipping	thrust	plain.	Today,	gravel	of	
the	Aare-Danube	are	preserved	at	850	altitude	in	the	westernmost	Swabian	Alb	which	means	that	at	the	same	(unknown)	
time	before	4.2	Ma,	the	locus	of	river	capture	was	virtually	situated	even	higher.	Certainly,	the	true	land	surface	in	the	
river	bed	of	 the	Aare-Danube	the	 locus	of	river	capture	was	 less	high	than	at	present,	since	northern	Switzerland	and	
southern	Germany	is	subjected	to	long-term	uplift,	and	rapid	erosion	in	the	Swiss	NAFB	must	have	caused	additional	iso-
static	rebound.
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Much	more	difficult	to	explain	is	the	planation	phase	a,	fter	4.2	Ma	and	before	2.5	Ma,	given	the	fact	that	0.5	to	1.5	km	
of	Molasse	sediments	in	the	Swiss	NAFB	have	been	eroded	during	this	time	span,	which	appears	to	be	in	conflict	with	a	
phase	of	planation.	We	speculate	that	the	erosion	pulse	was	interrupted	by	a	temporal	blocking	of	the	Aare-Rhone,	caused	
by	south-directed	gravitational	gliding	of	the	so-called	Mettau	thrust	sheet	from	the	southern	f lank	of	the	Black	Forest	
into	the	rapidly	incised	valley	which	today	hosts	the	upper	Rhine.	A	single	gravel	deposit	on	this	planation	surface,	pre-
served	at	Geissberg	above	the	Aare	valley	which	crosses	the	easternmost	part	of	the	Swiss	Jura,	testifies	a	phase	of	aggra-
dation	at	the	end	of	the	planation	phase,	prior	to	earliest	Pleistocene	proglacial	gravel	deposition.	Such	a	phase	of	Late	
Pliocene	aggradation	is	not	expected	in	the	course	of	the	inferred	development	of	a	dammed	lake.	Although	such	a	lake,	
temporally	forming	behind	a	large	landslide,	should	have	finally	been	filled	by	river	sediments,	the	natural	landslide	dam	
is	expected	to	have	been	incised	by	river	overflow.	Hence,	aggradation	of	gravel	on	the	planation	surface	without	a	clima-
te	trigger	is	not	to	be	expected.	Possibly,	the	gravel	aggradation	was	caused	by	the	short	glaciation	event.	Alternatively,	
local	karst	formation	on	the	Geissberg	has	facilitated	preservation	of	gravel.
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Flood-induced changes in the step-pool morphology of a steep mountain 
stream 

Molnar	Peter1,	Densmore	Alexander	L.2,	McArdell	Brian	W.3,	Turowski	Jens	M.3	&	Burlando	Paolo1

1 Institute of Environmental Engineering, ETH Zurich, CH-8093 Zurich (molnar@ifu.baug.ethz.ch)
2 Department of Geography, Durham University, United Kingdom
3 Swiss Federal Research Institute WSL, CH-8903 Birmensdorf

Steep	mountain	streams	often	develop	a	distinct	step-pool	morphology,	in	which	coarse	particles	form	a	riser	which	spans	
the	entire	channel	width	and	below	which	a	plunging	pool	develops.	Step	formation	is	 influenced	by	f low	magnitude,	
local	channel	width,	bed	particle	size	and	distribution,	sediment	transport,	and	the	presence	of	woody	debris	(Chin	and	
Wohl,	2005;	Church	and	Zimmermann,	2007).	In	general,	the	step-pool	morphology	is	considered	to	be	stable	for	small	to	
moderate	discharges;	however,	high	magnitude	f loods	can	destabilize	many	steps	and	generate	a	wave	of	sediment	propa-
gating	 through	 the	 system.	There	are	very	 few	 field-based	datasets	 that	document	 these	 impacts	and	 field	 studies	are	
needed	to	quantify	and	interpret	the	nature	of	these	changes.

It	is	our	goal	in	this	paper	to	provide	a	detailed	field-based	analysis	of	changes	in	the	step-pool	morphology	of	a	well-stu-
died	mountain	stream,	the	Erlenbach	in	Switzerland	(WSL	experimental	basin	in	Alpthal),	after	the	largest	recorded	f lood	
in	2007	(return	period	of	about	50	yrs).	We	use	one	pre-f lood	(2004)	and	two	post-f lood	(2007	and	2010)	longitudinal	sur-
veys	of	a	650	m	long	study	reach	to	address	two	main	research	questions:	(a)	do	extreme	f loods	such	as	the	2007	event	
change	the	step-pool	morphology	into	a	state	that	is	less	organized	(more	variable);	and	(b)	can	the	effect	of	the	2007	f lood	
be	quantified	by	looking	at	the	longitudinal	profiles	before	and	after	the	f lood	with	statistical	scaling	methods?

The	longitudinal	surveys	were	analyzed	with	the	critical	slope	method	of	Milzow	et	al.	(2006)	to	extract	steps	and	deter-
mine	their	height	H	and	spacing	L	(step	length).	The	analysis	of	the	statistical	distributions	of	H	and	L	before	and	after	the	
f lood	show	significant	differences	(Figure	1).	Most	notable	is	an	increase	in	the	variance	of	both	distributions:	the	standard	
deviation	increased	by	30%	for	H	and	50%	for	L	after	the	f lood.	At	the	river	reach	scale,	the	correlations	between	step	
properties	both	pre-	and	post-f lood	were	generally	weak,	and	there	is	no	evidence	for	self-organization	into	geometrically	
regular	sequences.

By	comparing	the	longtitudinal	we	found	that	the	flood	led	to	widespread	erosion	of	the	river	bed,	followed	by	aggradation	
in	the	most	recent	period.	Locally	up	to	2-3	m	of	vertical	channel	change	was	observed	and	about	1800	m3	of	sediment	was	
eroded	from	the	study	reach,	which	is	substantially	more	than	accumulated	on	the	river	bed	in	periods	without	large	floods.	
The	eroded	volume	from	the	study	reach	and	the	unknown	input	of	sediment	from	upstream	could	easily	supply	the	sedi-
ment	volume	collected	in	the	retention	basin	after	the	flood	which	was	estimated	to	be	about	1650	m3	(Turowski	et	al.,	2009).
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Figure	1.	The	empirical	cumulative	distribution	for	a)	step	height	H	and	b)	step	spacing	L	in	the	Erlenbach	pre-f lood	(2004)	and	two	

post	f lood	profiles	(2007,	2010).	The	pre-f lood	neighbouring	stream	Vogelbach	is	also	shown.

Although	steps	were	distributed	along	the	whole	channel	length,	the	largest	steps	were	constrained	to	the	central	reaches	
of	the	study	reach	where	hillslope	landslides	are	most	active	(Schuerch	et	al.,	2006).	We	found	that	at	least	60%	of	the	
steps	moved	during	the	f lood,	regardless	of	their	size,	which	would	have	contributed	to	the	destabilization	of	the	river	
bed,	increased	sediment	transport	during	the	f lood,	and	increased	sediment	supply	on	the	river	bed	after	it.
	
Finally	we	investigated	the	pre-	and	post-f lood	step-pool	profiles	with	a	statistical	scaling	approach	which	identifies	the	
complexity	of	the	spatial	organization	in	the	longitudinal	profile.	We	applied	the	scaling	technique	to	the	increments	of	
the	resampled	longitudinal	profile	to	detect	differences	between	the	pre-	and	post-f lood	sequences.	We	found	a	multis-
caling	signature	in	the	step	sequences	both	before	and	after	the	f lood,	which	is	an	indication	of	complex	structure	in	the	
step	morphology.	Pool	sequences	also	showed	a	strong	multiscaling	signature	in	the	pre-f lood	profile,	where	pools	have	
had	time	to	form,	and	a	tendency	to	simple	scaling	after	the	f lood.
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7.15

Present erosion and landscape evolution in the glacially overprinted Alps

Salcher,	B.C.,	Kober,	F.,	Willett,	S.D.

Geological Institute, ETH Zürich, CH-8092 Zürich, (bernhard.salcher@erdw.ethz.ch)

Glaciers	overprinted	mountain	landscapes	and	generally	increase	the	relief	of	landscapes.	Alpine	basins	affected	by	glacial	
sculpting	have	common	mean	slopes	between	25°	and	37°	except	in	some	extremely	high	erodible	rock	settings	where	
mean	slopes	can	be	as	low	as	20°.	In	these	high	mean	slope	basins	denudation	rates	vary	substantially.	The	increase	of	
erosion	rates	is	non-linear	and	insensitive	to	basin›s	mean	slope.	Detachment-limited	hillslope	processes	are	supposed	to	
be	the	dominant	control	in	such	settings	(e.g.	Binnie	et.	al,	2007)	

In	order	to	investigate	factors	controlling	the	erosion	rates	of	glacially	sculpted	basins	in	the	European	Alps	we	derived	
geomorphometric	data	from	30	m	DEMs	and	compiled	data	on	erosion	rates	obtained	from	10Be	(Wittmann	et	al.,	2007),	
furthermore	on	geology,	vegetation	and	precipitation.	We	show	that	the	total	length	of	streams	per	basin	exhibits	a	nega-
tive,	 linear	correlation	with	denudation	rates	 in	basins	with	mean	slope	 larger	 than	25°.	Similar,	 the	number	channel	
heads	per	catchment	decrease	with	increasing	erosion	rates.	It	is	striking	that	in	such	basins	high	erodible	rocks	show	a	
generally	reduced	drainage	density	in	contrast	to	areas	with	low	erodible	rocks.	Hillslope	processes	may	counteract	f luvi-
al	incision	by	horizontal	rock	mass	advection	(Korup	and	Schlunegger,	2007)	and	control	channel	initiation.	In	accordance,	
a	lower	drainage	density	reflects	lower	hillslope	stability	and	higher	erosion	rates	and	vice	versa.	Hence,	drainages	per	
catchment	might	be	are	a	mirror	for	the	hillslope	activity	(Howard,	1997).	Different	slopes	of	the	drainage	density/erosion	
rate	regression	in	different	parts	of	the	Alps	show	that	other	factors	may	play	an	additional	 important	role.	Using	the	
regressions	we	extrapolate	recent	erosion	rates	on	a	orogen	scale	to	make	statements	on	catchment	wide	denudation	of	
Alpine	basins	with	high	mean	slopes	(basically	most	glacially	sculpted	basins).	Drainage	density	also	gives	insights	on	the	
relation	of	the	impact	of	glacial	erosion	and	present	erosion	rates,	indicating	clear	difference	of	basins	which	are	affected	
only	by	peak	glaciations	and	basins	with	multiple	glacial	erosion	history.
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7.16

Internal structure and permafrost characteristics of the Lapires talus 
slopes (Nendaz, Valais)

Scapozza	Cristian1,	Lambiel	Christophe1,	Abbet	Damien2,	Delaloye	Reynald2	&	Hilbich	Christin3

1 Institut de Géographie, Université de Lausanne, Anthropole-Dorigny, CH-1015 Lausanne
  (cristian.scapozza@unil.ch ; christophe.lambiel@unil.ch)
2 Département des Géosciences, Géographie, Université de Fribourg, Chemin du Musée 4, CH-1700 Fribourg
  (damien.abbet@unifr.ch ; reynald.delaloye@unifr.ch)
3 Glaciology, Geomorphodynamics & Geochronology, Department of Geography, University of Zurich, Winterthurerstr. 190, CH-8057 Zurich 
(christin.hilbich@geo.uzh.ch)

In	order	to	determine	the	spatial	extension	and	the	characteristics	of	permafrost	within	alpine	talus	slopes,	the	Lapires	
site	(northern	orientation,	2380	–	2700	m	a.s.l.),	located	in	the	western	part	of	the	Swiss	Alps	(Valais	Alps),	was	studied	
using	borehole	drilling	and	electrical	resistivity	tomography	(ERT)	profiles.	The	Lapires	site	can	be	considered	as	a	venti-
lated	periglacial	talus	slope,	where	the	special	patterns	of	permafrost	distribution	can	be	partially	related	to	the	thermal	
regime	influenced	by	internal	air	advection	(see	Delaloye	&	Lambiel	2005).
		
Three	boreholes	were	drilled	in	summer	2008	along	an	upslope-downslope	transect	in	the	western	part	of	the	talus	slope	
(fig.	1).	Frozen	sediments	are	present	only	in	the	two	lowest	boreholes,	whereas	the	upper	borehole	does	not	present	ice.	
The	presence	of	permafrost	 is	 confirmed	by	ground	 temperatures	 registered	 in	 the	boreholes.	The	 stratigraphy	of	 the	
boreholes	is	known	thanks	to	direct	observations	and	movies	recorded	with	a	hand-made	borehole	camera.	

In	borehole	B11/08	(lower	part	of	the	slope,	40.0	m	depth)	and	B12/08	(middle	part	of	the	talus,	35.0	m	in	depth),	4.0	m	of	
unfrozen	sediments	are	present	above	respectively	20.0	m	and	16.0	m	of	ice	and	blocks.	Finally,	borehole	B13/08	is	15.5	m	
depth	and	does	not	present	ice.	In	the	three	boreholes,	the	bedrock	was	not	reached.

Several	ERT	profiles	were	realised	in	summer	2008,	2009	and	2010.	Two	fix	ERT	profiles	were	installed	in	the	slope	in	
summer	2006/2007,	whereas	other	sub-parallels	ERT	profiles	were	carried	out	on	an	upslope-downslope	transect	in	sum-
mer	2008	and	2010.	The	other	parallel	ERT	profiles	are	perpendicular	to	the	slope	and	cross	the	upslope-downslope	pro-
files.	All	the	upslope-downslope	profiles	show	a	difference	in	resistivities	between	the	upper	and	the	lower	part	of	the	
slope,	where	a	complex	and	discontinuous	resistive	body	with	values	higher	than	50	kWm	is	present.	In	the	uppermost	
part	of	the	profiles,	the	resistivities	are	lower	than	10-15	kWm.	

The	borehole	data	allowed	the	stratigraphy	obtained	from	the	ERT	inverted	profiles	to	be	validated,	concerning	the	distri-
bution	of	frozen	sediments	as	well	as	the	depth	of	the	detected	structures.	The	results	confirm	that,	in	the	Lapires	site,	
permafrost	is	present	in	the	lower	parts	of	the	talus	slopes,	whereas	it	is	absent	in	the	upper	parts,	as	pointed	out	by	other	
in	situ	investigations	carried	out	in	two	other	talus	slopes	of	the	area	(Scapozza	et	al.	2010).	
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Figure	1.	Stratigraphy	(A)	and	thermal	profiles	(B)	of	the	three	boreholes	on	the	Lapires	talus	slope.	
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7.17

Variability of topsoil organic carbon in semi-arid areas at different spatial 
scales

Wolfgang	Schwanghart1	&	Thomas	Jarmer2

1 Geologisch Geography and Environmental Change, Department of Environmental Sciences, University of Basel, Klingelbergstr. 27, 
CH-4056 Basel (w.schwanghart@unibas.ch)
2  Institute for Geoinformatics and Remote Sensing, University of Osnabrueck, Barbarastrasse 22b, D-49076 Osnabrueck

A	key	uncertainty	in	our	understanding	of	the	global	carbon	cycle	is	the	lateral	redistribution	of	carbon	through	the	ter-
restrial	system	driven	by	erosion	and	deposition	of	soil	derived	particles	(Kuhn	et	al.,	2009).	These	processes	create	spatial	
patterns	of	soil	organic	carbon	(SOC)	depletion	and	accumulation	in	soils.	Since	soils	are	the	major	storage	of	carbon	in	
the	 terrestrial	biosphere,	 reliable	estimates	of	 spatial	patterns	of	SOC	are	 required	 for	greenhouse	gas	 inventories	and	
carbon	mitigation	projects.

In	order	to	generate	SOC	inventories	various	techniques	of	data	gathering,	analysis	and	modelling	are	required	to	obtain	
reliable	 results	on	SOC	distribution.	Here	we	present	a	 combination	of	 techniques	 comprising	 remote	 sensing,	 terrain	
analysis	 (Schwanghart	 &	 Kuhn,	 2010)	 and	 geostatistics.	 Their	 application	 is	 exemplified	 with	 studies	 carried	 out	 in	
southern	Spain	and	Israel.			

The	aim	of	the	study	carried	out	in	Spain	is	to	characterize	spatial	patterns	of	SOC	in	a	Mediterranean,	semi-arid	area	at	
different	spatial	scales	and	to	assess	the	relationship	between	these	patterns	and	terrain.	We	adopt	a	remote	sensing	based	
approach	for	the	estimation	of	SOC	in	the	topsoil.	This	approach	utilizes	the	statistical	relation	between	visible	and	near-
infrared	spectra	of	soils	and	SOC	retrieved	by	Partial	Least	Squares	(PLS)	regression.	Spatially	distributed	estimates	(reso-
lution	 6	 m)	 of	 SOC	 are	 obtained	 from	 the	 transfer	 of	 the	 statistical	 model	 to	 airborne	 hyperspectral	 data	 (HyMAP).	
Geostatistical	techniques	and	digital	elevation	model	analysis	are	used	to	characterize	spatial	patterns	of	SOC.	

A	similar	approach	was	adopted	in	the	Negev,	Israel	to	derive	spatial	information	on	SOC	distribution.	Here,	our	focus	was	
small	scale	variability	of	SOC	and	their	relation	to	vegetation	patterns	and	terrain.

The	 results	 indicate	 that	 the	 semi-arid	 hydrological	 and	 geomorphological	 process	 domain	 in	 both	 study	 areas	 exerts	
strong	control	on	the	lateral	distribution	of	SOC	generating	high,	small	scale	variability	but	also	spatially	contiguous	pat-
terns	at	larger	scales.	We	conclude	that	hyperspectral	remote	sensing	can	be	successfully	applied	to	quantify	the	spatial	
distribution	of	SOC	and	provide	a	methodological	framework	for	the	analysis	of	the	data.
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7.18

Hypsometric analysis of glacial landscapes and its application to the 
European Alps

Pietro	Sternai1,	Frédéric	Herman1,	Matthew	Fox1	&	Sébastien	Castelltort1

1 Eidgenössische Technische Hochschule - ETH Zurich  (pietro.sternai@erdw.ethz.ch)

We	investigate	to	what	extent	the	hypsometric	analysis	of	digital	elevation	models	may	be	used	to	distinguish	between	
glacial	and	f luvial	landscapes.	

Using	theoretical	 topographies	and	a	 landscape	evolution	model,	our	results,	 similarly	to	other	studies	 (Strahler,	1952;	
Brocklehurst	&	Whipple,	2004;	Egholm	et	al.,	2009),	suggest	that	hypsometric	curves	can	record	how	a	f luvial-dominated	
landscape	evolves	to	a	glacial	one	(and	vice-versa).

However,	it	appears	difficult	to	use	the	hypsometric	integral	to	assess	the	amount	of	glacial	imprint	on	mountains.	We	
derive	here	a	new	morphometric	parameter	that	we	term	the	hypsokyrtome,	which	describes	how	the	slope	of	the	hypso-
metric	curve	evolves	when	landscapes	switch	between	f luvial	to	glacial-dominated	conditions.	

We	test	the	effectiveness	of	the	hypsometric	integral	and	hypsokyrtome	with	a	morphometric	analysis	of	the	Ben	Ohau	
Range,	New	Zealand.	With	a	numerical	model	we	further	test	the	geomorphic	parameters	in	describing	the	morphologies	
of	regions	undergoing	diverse	climatic	and	tectonic	conditions.	The	hypsokyrtome	has	the	advantage	that	it	depends	on	
the	amount	of	glacial	imprint	and	enables	the	production	of	maps	that	highlight	regions	where	glacial	erosion	was	maxi-
mized.	

We	use	SRTM	data	and	focus	on	two	alternative	geomorphic	settings:	the	European	Alps	and	the	Apennines.	The	former	
has	been	affected	by	both	f luvial	and	glacial	erosion	while	the	latter	mainly	exhibits	a	f luvially-dominated	morphology.	

The	results	demonstrate	the	efficiency	of	the	hypsokyrtome	in	differentiating	domains	affected	by	glacial	and	f luvial	ero-
sion.	These	observations,	 combined	with	present-day	and	 last	glacial	maximum	 (LGM)	equilibrium	 line	altitudes	 (ELAs),	
suggest	the	prevalence	of	a	``glacial	buzzsaw”	in	the	Alpine	range,	indicating	that	climate	may	put	a	limit	on	its	topography.

Figure1.	Maps	of	the	hypsometric	integrals	(left)	and	hypsokyrtomes	(right).	The	white	line	represents	the	Last	Glacial	Maximum	(LGM)	

ice	extent	and	the	green	lines	delimit	the	region	where	the	glaciated	bedrock	is	exposed.
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Vegetation border lines and border line ecotones influenced by geo 
morph dynamic processes. 
An example of the timber line development since 1920 in the area of 
Grindelwald (Bernese Oberland).
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1 Institut of Geography, Klingelbergstr. 27, CH-4056 Basel (sarah.straehl@unibas.ch)
2 Institut of Geography, Klingelbergstr. 27, CH-4056 Basel

Climate,	soil,	water	and	anthropogenic	factors	determine	spatial	patterns	of	vegetation,	which	appear	as	boundary	ecoto-
nes	(‘treeline’)	in	the	landscape.	The	shift	of	boundary	ecotones	is	considered	to	be	an	important	indicator	for	the	direction	
and	 the	 extent	 of	 the	 impact	 of	 global	 climate	 and	 environmental	 change	 on	 vegetation.	 The	 structure	 of	 expanding	
boundary	ecotones	is	controlled	by	succession	processes.	The	duration	of	succession	can	be	several	100	years,	but	observed	
values	in	mountains	vary	widely	depending	on	factors	such	as	soil	development	and	vegetation	dispersion.	Grindelwald	is	
well	suited	to	examine	vegetation	succession	processes,	due	to	well	documented	data	of	the	glacial	development	during	
the	past	100	years.	

The	aim	of	this	study	is	to	identify	the	role	of	succession	for	the	spatial	extent	of	border	line	ecotones	in	Grindelwald.	In	
spite	of	global	climate	warming	(1.5	°C)	over	the	past	150	years	timber	lines	show	in	several	areas	a	decreasing	trend,	ex-
plaining	the	importance	geo	morph	dynamic	processes	in	the	mountains	for	the	structure	and	biodiversity	of	borderline	
ecotones.

Vegetation	border	lines	and	border	line	ecotones	influenced	by	geo	morph	dynamic	processes.	An	example	of	the	timber	
line	development	since	1920	in	the	area	of	Grindelwald	(Bernese	Oberland).
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Flood hazard mapping in two Moroccan watersheds
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Impacts	of	f loods	and	f luvial	hazards	have	increased	during	the	last	decades	in	Morocco,	due	to	environmental	changes	
and	to	rapid	urban	growth.	 In	this	context,	 the	Swiss	Agency	for	Development	and	Cooperation	 (SDC)	has	developed	a	
program	aimed	at	improving	prevention	and	preparedness	of	local	authorities	to	natural	hazards.	One	part	of	this	project	
is	carried	out	by	the	universities	of	Fès	and	Lausanne	and	aims	at	preparing	an	indicative	f lood	hazard	map	for	two	urba-
nized	watersheds:	Fès	and	Beni	Mellal.	

This	poster	presents	the	results	of	the	first	part	of	the	project	that	 is	the	map	of	water-related	phenomena	in	the	two	
watersheds	(see	also	Werren	et	al.,	2010;	Lasri	et	al.,	2010).	The	first	step	was	to	choose	a	mapping	legend,	based	on	the	
Swiss	phenomena	mapping	method	(Kienholz	&	Krummenacher,	1995)	and	on	the	French	hydrogeomorphological	map-
ping	approach	(Masson	et	al.,	1996),	with	specific	changes	based	on	works	carried	out	in	arid	and	semi-arid	areas.	The	main	
methodological	challenge	is	related	to	the	fact	that	the	semi-arid	catchments	studied	are	prone	to	very	irregular	processes	
and	that	rain	and	discharge	measurements	are	nearly	absent.	Field	based	mapping	of	water-related	processes	and	land-
forms	is,	therefore,	crucial	to	estimate	hazards.	

Phenomena	are	divided	in	three	main	morphogenetic	domains:	valleys,	piedmonts,	and	alluvial	plains.	Another	category	
of	symbols	concerns	all	the	anthropic	elements	that	influence	the	natural	dynamics	(presence	of	bridges,	dikes,	irrigation	
channels,	dams,	etc.).	The	cartographic	approach	faced	several	problems:	1)	the	quality	of	pre-existing	data	(e.g.	plan	de	
restitution	(urban	plan))	was	poor	and	heterogeneous;	2)	it	was	difficult	to	find	a	uniform	and	precise	base	map;	3)	precise	
DTM	are	missing;	4)	there	was	no	list	of	former	events;	5)	the	two	watersheds	have	heterogeneous	characteristics;	it	was,	
therefore,	difficult	to	unify	the	legend;	6)	important	works	are	constantly	carried	out	in	the	watersheds;	there	was,	there-
fore,	necessary	to	place	a	temporal	limit	for	mapping.	

The	next	steps	will	be	to	estimate	discharge	during	intense	events	and	to	study	–	through	interviews	with	local	adminis-
trators	and	population	–	the	vulnerability	and	its	perception	by	local	actors.	Finally,	an	estimative	map	of	the	f lood	hazard	
will	be	produced.		
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Morphometric parameters and denudation rates in the Eastern 
Cordillera, Bolivia, affected by crustal bending?
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Morphological	 parameters	 of	 catchments	 (Rio	 La	 Paz	 basin,	 Bolivia)	 incising	 the	 high	Altiplano	 and	 draining	 into	 the	
Subandean	zone	by	cutting	transversely	the	Eastern	Cordillera	have	been	analyzed	in	order	to	understand	feedback	me-
chanism	between	active	tectonics,	focused	orogenic	precipitation	and	basin	wide	erosion.	Specifically,	a	f lexural	rebound	
due	to	focused	erosion	has	been	postulated	by	Zeilinger	&	Schlunegger	(2007).	Subbasins	with	high	erosion	rates	derived	
from	cosmogenic	nuclide	analysis	of	catchment	wide	integrating	samples	in	the	Rio	La	Paz	system	are	located	close	to	the	
Cordillera,	which	is	offset	from	major	drainage	divide,	whereas	subbasins	with	lower	erosion	rates	are	located	in	immedi-
ate	vicinity	of	the	Altiplano.	This	is	in	line	with	the	proposed	feedback	mechanism.	However,	we	do	not	recognize	a	cor-
relation	of	mean	slopes	and	mean	relief	in	the	subbasins	and	their	respective	erosion	rates,	as	would	be	expected	at	first	
glance.	

To	 investigate	 the	 feedback	mechanism	between	erosion	rates	and	surface	morphology	 in	more	detail	we	conducted	a	
study	on	the	subbasins.	The	higher	erosion	rates	correlate	unexpectedly	with	a	lower	hypsometric	integral,	widely	used	
to	infer	the	stage	of	maturity	of	a	basin.	Analysis	concentrates	on	of	channel	network	parameters,	particularly	parameters	
like	steepness	index	(ks)	and	specific	stream	power	(SSP)	reveal	the	focus	of	erosion	within	the	studied	catchments.	These	
spots	of	enhanced	erosion	coincide	in	general	where	bedrock	incision	is	observed,	and	where	the	channel	length	profile	
show	knickpoints.	A	spatial	analysis	of	the	geological	properties	detects	those	knickpoints	induced	by	structures	(faults	
and	folds)	and	changes	in	lithology.	

The	cosmogenic	nuclide	erosion	rates	from	the	interior	parts	of	the	Rio	La	Paz	catchments	correlate	only	to	certain	extend	
with	the	surface	morphology	within	the	catchment.	However,	including	the	erosion	rates	and	morphometric	parameters	
from	catchments	sampled	on	the	Altiplano,	the	correlation	spanning	data	from	both	landscapes	is	more	evident	due	to	
the	extent	in	rates	and	parameters.	This	implies	that	the	effects	of	feedback	mechanisms	between	erosion	and	lithosphe-
ric	deformation	are	substantial	at	the	large	scale.	However,	individual	structures	where	the	morphometry	of	catchments	
and	channel	morphologies	are	perturbed	cannot	be	ignored.	Which	erosion	processes	(e.g.	headwater	expansion	by	lands-
liding	and	/	or	f luvial	incision)	is	dominant	might	be	influenced	by	tectonics	and	in	some	other	parts	controlled	by	clima-
te-dominated	processes.	Consequently	this	may	explain	the	spatially	variable	erosion	rates	and	different	surface	morpho-
logies	and	therefore	the	partly	inconclusive	correlations.	The	possible	rebound	effect	due	to	enhanced	erosion,	located	in	
the	centre	of	the	Rio	La	Pa	catchment	is	hence	only	partially	constrained	at	the	moment,	while	more	ongoing	investiga-
tions	further	try	to	isolate	this	region.
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