
Outreach

TRAMM synthesis report available
TRAMM (Triggering of Rapid Mass Movements 
in Steep Terrain) is an interdisciplinary project 
that aims at improving prediction of hydrologi-
cally driven rapid mass movements, which are 
expected to become more frequent with climate 
change. One main achievement of TRAMM has 
been the development of unifying concepts 
applicable to different types of rapid mass move-
ments. Another main result of the collaboration 
among TRAMM partners was the performance 
of unique large scale slope experiments includ-
ing an artificial triggering of a 130 m3 land-
slide. After completion of the first project phase 
(November 2006 to October 2010), a synthesis 
report is now available and can be downloaded 
from www.cces.ethz.ch/projects/hazri/tramm. 
This report summarizes the field and lab experi-
ments, results, and key conclusions from this 
project for natural hazard experts and decision 
makers. 

CCES Report 2006 to 2010 published

The ‘CCES Report 2006 to 2010’ gives an account 
on the achievements of CCES since its start in 
2006. The first part provides a short introduc-
tion and overview of CCES including its activities 
in education and outreach; a description of all 
projects and a summary of their major findings 
are given in the second part. Free printed copies 
can be ordered by phone (044 632 62 89) or e-mail  
(info@cces.ethz.ch) or can be downloaded from the 
CCES website at www.cces.ethz.ch/downloads.

Scientific Events

CCES Latsis Symposium 2010 
More than 300 persons participated in the CCES 
Latsis Symposium 2010 ‘Research in Environment 
and Sustainability – Insights and Conclusions’ at 
ETH Zurich from November 15 to 17, 2010. CCES 
researchers presented the highlights from their 
projects in the five thematic research areas of CCES 
of the past four years. More deepened insights were 
provided in two poster sessions. 
The pdf files of the presentations are available at 
www.cces.ethz.ch/latsis2010/Program, those of the 
posters at www.cces.ethz.ch/latsis2010/Posters.

CCES News 3

From November 17 to 19, 2010, CCES and its individual projects were evaluated by the CCES 
Advisory Board composed of eight renowned international scientists with recognized expertise 
in one or more of the CCES’ focal topics. The evaluators concluded that CCES represents a most 
impressive initiative generating new outlooks and great scientific, training, capacity building, 
and partnership potentials, both internally and externally. Their recommendations form the basis 
for the future strategic orientation of CCES in its second phase as from 2012.

Artificial land slide triggered as part of the TRAMM project. 
Photo: C. Rickli, WSL
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One approach to reduce greenhouse gas emis-
sions is to capture waste CO2 from industrial 
sources and inject it into deep, porous geological 
formations – the same settings in which natural 
gas accumulations are found. A large amount of 
research has already been conducted to test this 
approach, including full-scale injection programs 
in various countries. The conclusions are that, 
under optimal geological conditions, huge quan-
tities of CO2 can be stored (sequestered) safely over 
periods of many millennia.
In order to assess the potential for this approach 
within Switzerland, the Swiss Federal Office of 
Energy recently commissioned a study based on 
the geological literature and on records held by 
the petroleum industry. The study1,2 was con-
ducted by geologists at the University of Bern in 
collaboration with industry consultants, under 
the umbrella of the CCES / CCEM CARMA project. 
It was found that the crystalline metamorphic 
and igneous rocks of the Alps and the sediments 
underlying the large valleys of Ticino, Grisons, 
and Valais are unsuitable for CO2 sequestration. In 
contrast, the sedimentary rocks below the Central 
Plateau, and to a lesser extent those below the Jura 
Mountain Chain, locally show moderate to very 
good potential. At least four layers of porous sand-
stones and limestones (saline aquifers) underlie 
very large areas of the Plateau within the technical-
ly favored depth interval for gas storage (800–2500 

m). The storage potential of these formations has 
been ranked on a numerical scale between 0 (neg-
ligible potential) and 1 (high potential), according 
to international best-practice principles for res-
ervoir safety (map below). Thus, an area of 5000 
km2 (mostly in the sector Fribourg–Olten–Lucerne) 
exhibits sequestration potentials above 0.6. The 
theoretical (unproven) storage capacity below this 
area is approximately 2680 million tonnes of CO2. 
This vastly outweighs the current annual emis-
sion of ~11 Mt CO2 from industrial sources in 
Switzerland (a 400 MWel gas power station would 
add approximately 0.7 Mt CO2 per year).
From a purely geological point of view these 
results are promising. Although the high poten-
tials do not guarantee the feasibility of CO2 seques-
tration, they serve as guides to areas that warrant 
detailed investigation. If this CO2 storage option is 
pursued in Switzerland, then thorough geological 
investigations and a pilot study would be neces-
sary to prove its feasibility and safety. The assessed 
risks, leakage-monitoring procedures, and non-
geological criteria (proximity to CO2 point-sources, 
economics, conflicts of use of the subsurface, etc.) 
would also have to be taken into account.
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Potential for geological sequestration of CO2 in Switzerland

1  www.bfe.admin.ch/dokumentation/energieforschung/index.html?lang=de#suchergebnisse (search for «Sequestrierung»)
2  Chevalier, G., Diamond, L. W. and Leu, W., 2010: Potential for deep geological sequestration of CO2 in Switzerland: 
    a first appraisal. Swiss Journal of Geosciences 103, 427-455.
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Larryn W. Diamond, Institute of Geological Sciences, 
University of Berne
Contact: diamond@geo.unibe.ch
The study makes part of the CARMA project: 
www.carma.ethz.ch

Map of potential for CO2 sequestration within deep saline aquifers in Switzerland (interpretation see text). 
Source: Literature quoted in the text.
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Landslides invariably accompany strong earth-
quakes in alpine terrain and are among the most 
destructive secondary effects of seismicity. The 
area of the Canton of Valais has the highest seismic 
activity in Switzerland, and some of the greatest 
relief in the Alps. Magnitude 6 or larger earth-
quakes occur roughly every 100 years, but because 
of this relatively long recurrence interval, co-seis-
mic rock slope hazards are often not fully appreci-
ated. With growing settlement and access in alpine 
areas, the need to identify and understand seismic 
rock slope hazards becomes increasingly critical.
The strongest of the aftershocks of the 1584 Aigle 
earthquake triggered a disastrous landslide cov-
ering the villages Corbeyrier and Yvorne, VD. 
The most recent major earthquake and its after-
shocks (1946 Sierre, MW=6.1) triggered a number 
of landslides within the epicentral region, and one 
large rock avalanche. Similarly, historical docu-
ments describe widespread rockfall during the 
1855 MW=6.4 earthquake near St. Niklaus in the 
Matter valley – the study area for part of the CCES 
project COGEAR.
Our study of earthquake-induced rock slope fail-
ures emphasizes both direct triggering and failure 
preparation through rock mass strength degrada-
tion. We back-analyze known failures (e.g. 1755 
Niedergrächen rockslide), investigate the seismic 
response of existing instabilities, and install moni-
toring equipment to capture co- and post-seismic 
movements in different areas. One study site is the 
current instability above Randa (VS), where new 
fiber optic strain equipment allows us to capture 

micrometer-scale movements of this large unstable 
rock mass (Figure 1). 
The system is part of a multi-sensor network 
established in COGEAR to monitor seismicity, 
deformation, earthquake preparation, and impact. 
In May 2010, a MW 3.2 earthquake occurred near 
St. Niklaus. At Randa, we measured transient 
displacements up to 50 micrometers across two 
tension cracks (Figure 2). In parallel, we analyzed 
recordings of 80 earthquakes from sensors inside 
and outside the unstable rock mass. The results 
demonstrate amplification of seismic waves within 
the unstable area and polarization of the wave 
field in the direction of instability movement. 
The combined outcomes help us understand what 
magnitude earthquake might ultimately trigger 
the rockslide, and the role of smaller earthquakes 
in contributing to progressive rock slope failure.
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Earthquake-induced rock slope failures in Swiss alpine valleys

Figure 1: Randa rockslide and the location of the in-situ 
laboratory in the Matter valley (VS). 
Photo: Kerry Leith, Dept. of Earth Sciences, ETH Zurich

Jeffrey Moore, Valentin Gischig, 
Simon Löw; Department of Earth 
Sciences, ETH Zurich
Jan Burjanek and Donat Fäh; 
Swiss Seismological Service,  
ETH Zurich
Contact: moore@erdw.ethz.ch
The study makes part of the 
COGEAR project: 
www.cces.ethz.ch/projects/hazri/
COGEAR

Figure 2: Crack displacements measured at Randa resulting from the nearby MW=3.2 
earthquake in May 2010. 
Graphic: Jeffrey Moore, Dept. of Earth Sciences, ETH Zurich
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