C2SM

Center for Climate Systems Modeling

Annual Report 2008-2009

Center for Climate

©
\w i Eidgendssische Technische Hochschule Ziirich
Systems Modeling Swiss Federal Institute of Technology Zurich



C2SM Partners

ETH

Eidgendssische Technische Hochschule Ziirich
Swiss Federal Institute of Technology Zurich

Schweizerische Eidgenossenschaft

+ Confédération suisse
Confederazione Svizzera
Confederaziun svizra

Eidgendssisches Departement des Innern EDI
di fiir logie und Kli I
MeteoSchweiz

Schweizerische Eidgenossenschaft

+ Confédération suisse
Confederazione Svizzera
Confederaziun svizra

Eidgendssisches Volkswirtschafts-
departement EVD
Forschungsanstalt
Agroscope Reckenholz-Tanikon ART

EMPA -

Materials Science & Technology

¢h

WEsM
\ Center for Climate
Systems Modeling

Imprint

Publisher Center for Climate Systems Modeling (C2SM)
Editor Dr.Isabelle Bey

Layout null-oder-eins.ch

Print dokulink.ch

Circulation 50 Copies

Contact

Dr.Isabelle Bey (isabelle.bey@env.ethz.ch) — Executive director
Center for Climate Systems Modeling (C2SM)

ETH Zurich

Universitatstrasse 16

8092 Ziirich, Switzerland

Tel: +41 44 632 79 15

www.c2sm.ethz.ch

© Center for Climate Systems Modeling (C2SM)
March 2010 Zurich



C2SM Annual Report 2008-2009

Outline

Preamble 2

About C2SM 2
Vision & objectives 2
Research theme 2
Structure & organization of C2SM 3
Overall achievements 5

Activities 6
Overview 6
Maintaining a regional and a global climate model 6
Exploiting climate models over a range of spatio-temporal scales 7
+ On the potential role of eddies in the oceanic CO2 uptake 7
- Towards kilometer-scale climate modeling 9
+ Chemistry-aerosol-climate interactions in a regional climate model 10
- Scientific highlight: Global brightening/dimming in solar surface radiation 12
+ Scientific highlight: Which climate model should we trust? 13
Developing and disseminating climate datasets 14
Teaching, outreach and communication 14
Other activities 15
Alook ahead to 2010 15

Publications 16




C2SM Annual Report 2008-2009

Preamble

The Center for Climate Systems Modeling is a research
center based at ETH Zurich. It is a joint initiative between
ETH Zurich, MeteoSwiss, and Empa, with the main objec-
tive to improve the understanding of the Earth’s climate
system, and our capability to predict weather and
climate. C2SM was founded in November 2008 and has
been operational since March 2009. This document is the
first annual report of C2SM and covers the period 2008—
20009. It presents the working structure of the Center and
describes the main achievements over this period as well

as ongoing and planned activities.

About C2SM

Vision & objective

The Center for Climate Systems Modeling (C2SM) has been
established to address the scientifically challenging and
socially relevant issue of climate change. While there is
a more widespread acceptance that anthropogenic activ-
ities are significantly influencing the Earth’s climate,
many uncertainties remain in our understanding of the
complex processes involved in the climate system, in-
cluding its atmospheric, oceanic, terrestrial, biospheric
and cryospheric sub-components. The overarching goal
of C2SM is to foster and coordinate the development and
application of climate models operating at various scales
to improve our capability to understand and predict the
Earth’s climate, including its weather systems, chemical
composition and hydrological cycle. Established in fall
2008, C2SM is currently funded for a three-year period by
the ETH-Foundation, ETH Zurich, MeteoSwiss, Empa, and
Agroscope Reckenholz-Tanikon (ART). The core funding
comes from a peer-reviewed CHIRP1 proposal (Collabora-
tive, Highly Interdisciplinary Research Project) funded by
ETH Zirich.

Research theme

Numerical models have become central elements of both
research and service activities related to climate. They
are now used for many applications including short-term
weather forecast, seasonal climate prediction, climate
projections (decades to centuries), process studies, and
the testing of strategies to reduce and adapt to climate
change. While climate models made rapid progress in the
last decades, they still suffer from considerable limita-
tions, for instance regarding the role of aerosols or the

representation of the hydrological cycle.

A fundamental challenge faced by the modeling com-

munity is that climate and weather result from a large
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Figure 1. Range of scales investigated in the framework of C2SM, from a few micrometers (e.g. droplets) to the global scale (thousands

of kilometers).

number of dynamical, physical, chemical, and biological
processes that operate over a wide range of spatial and
temporal scales and are interlinked in a complex manner.
A particularly vexing problem is that the processes oper-
ating at the small scale strongly influence the phenom-
ena at global scale and vice versa. C2SM’s core research
theme, i.e. “multi-scale interactions within the climate
system” is geared towards explicitly addressing this prob-

lem (see Figure1).

The main objectives of the Center are to develop and
maintain the tools and methods necessary to bridge
the gap between different spatio-temporal scales and
between the different (atmospheric, hydrological, ocea-
nographic and terrestrial) components of the climate
system. In turn, this will increase our understanding and
sharpen our predictive capability of climate variations

and change on time scales from days to millennia.

Structure & organization of C2SM

The Center is a joint venture initiated by ETH, Meteo-
Swiss, and Empa. The Center currently includes 24 mem-
bers, which are professors or senior scientists at ETH,
MeteoSwiss, Empa, and ART. As such, the center encom-
passes the technical and scientific expertise of more

than 200 persons.

Figure 2 summarizes the working structure of the Center
and highlights the main responsibilities of the different
C2SM bodies. The steering committee (SC) is elected by
the members; it defines the strategy and oversees the
operations. The Center is run by its executive director. The
structure and organization of C2SM is described in greater
detail in the Terms of Reference that can be downloaded

from the C2SM website (www.c2sm.ethz.ch/about/docs).

In the following we provide further information on the
composition of the different C2SM bodies.

C2SM members:

 Prof. Heinz Blatter, Institute for Atmospheric and
Climate Science, ETH Zurich

e Prof. Stefan Brénnimann, Institute for Atmospheric
and Climate Science, ETH Zurich

e Dr.Dominik Brunner, Laboratory for Air
Pollution & Environmental Technology, Empa

» Prof. Nina Buchmann, Institute of Plant Science,
ETH Zurich

e Prof. Harald Bugmann, Institute of Terrestrial
Ecosystems, ETH Zurich

e Dr. Mischa Croci-Maspoli, Climate Services, Federal

Office of Meteorology and Climatology MeteoSwiss
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The members elect the SC, approve
the overall strategy and annual
budget, etc.

The SC develops and proposes the
overall strategy and oversees its
implementation

The staff implements the strategy
by providing user support to
members and developing research
projects

Each WG discusses and proposes
a strategy in a specific research
focus area of the center

A group of 24 professors and senior scientists from ETH Zurich,
MeteoSwiss, Empa, and ART which constitutes the Plenary Board

Steering Committee (SC)
6 of the 24 members

Executive Director
Scientific Programmers, Administrative Assistant

Working Groups (WG)
A group of 5 to 8 members and/or scientists from their research groups

Members

Scientific Advisory Board (SAB)
A group of 6 individuals from
academia and private/public sectors

The SAB provides support, feedbacks, and advises
on strategic matters.

Staff

“Global Climate “Regional Climate “Analysis of Climate

Modeling”

Modeling” Datasets”

Figure 2. Working organization of C2SM.

 Prof. Andreas Fischlin, Institute of Integrative Biology, .
ETH Zurich
 Prof.Jirg Fuhrer, Agroscope Reckenholz-Tanikon .

Research Station

Prof. Sonia Seneviratne, Institute for Atmospheric and
Climate Science, ETH Zurich
Prof. Johannes Stahelin, Institute for Atmospheric and

Climate Science, ETH Zurich

and Glaciology, ETH Zurich

Prof. Reto Knutti, Institute for Atmospheric and
Climate Science, ETH Zurich

Dr. Mark Liniger, Climate Services, Federal Office of
Meteorology and Climatology MeteoSwiss

Prof. Thomas Peter, Institute for Atmospheric and
Climate Science, ETH Zurich

Dr. Mathias Rotach, Bio- and Environmental Meteo-
rology , Federal Office of Meteorology and Climatology

MeteoSwiss

e Prof. Martin Funk, Laboratory of Hydraulics, Hydrology e Dr.Philippe Steiner, Modeling group, Federal Office

of Meteorology and Climatology MeteoSwiss
 Prof. Helmi Weissert, Geological Institute, ETH Zurich
e Prof Heini Weinli, Institute for Atmospheric and

Climate Science, ETH Zurich

Members of the Steering Committee:

 Prof. Christoph Schar, C2SM Chair, Institute for Atmos-
pheric and Climate Science, ETH Zurich

 Dr. Christof Appenzeller, Climate Services, Federal

Office of Meteorology and Climatology MeteoSwiss
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 Dr.Brigitte Buchmann, Laboratory for Air Pollution &
Environmental Technology, Empa

» Prof. Nicolas Gruber, C2SM Co-Chair, Institute of Bio-
geochemistry and Pollutant Dynamics, ETH Zurich

 Prof. Gerald Haug, Geological Institute, ETH Zurich

e Prof. Ulrike Lohmann, Institute for Atmospheric and

Climate Science, ETH Zurich

Members of the Scientific Advisory Board

The SAB has been formed in 2009 and will have its first
meeting in 2010. Its includes:

o Prof. Huw Davies (ETH, chairman)

o Dr.David Bresch (Swiss Re)

o Dr. Albert Klein Tank (KNMI)

 Prof.John Mitchell (University of Reading)

 Dr. Christoph Ritz (ProClim)

 Prof. Bjorn Stevens (MPI-Meteorology, Hamburg)

Center Staff

The Center ‘s staff includes an executive director, three

scientific programmers, and an administrative assistant.

The staff includes:

» Dr.lIsabelle Bey, Executive director

e Rahel Buri, Administrative assistant (part time)

e Dr.Thierry Corti, Scientific programmer in charge of
the focus area “Analysis of climate datasets” and
communication officer

» Dr.Grazia Frontoso, Scientific programmer in charge
of the focus area “Global climate modeling”

e Anne Roches, Scientific programmer in charge of the
focus area “Regional climate modeling”.

The Center’s staff develops user support and research

activities in three main scientific areas: Global Climate

Modeling (GCM), Regional Climate Modeling (RCM), and

Analysis of Climate Datasets (ACD). Three working groups,

composed of 6 to 8 C2SM members or researchers from

their groups meet, on a regular basis to define the
strategy to be developed and the tasks to be performed

in each of the three focus areas.

PhD students affiliated to C2SM

In addition, the Center provides funding for 4 PhD students

who are working in different departments at ETH and

Empa under the supervision of C2SM members.

 lvy Frenger, Institute of Biogeochemistry and Pollutant
Dynamics, ETH Zurich; Advisors: Nicolas Gruber and
Reto Knutti

e Christoph Knote, Empa: Advisors: Dominik Brunner
and Ulrike Lohmann

» Wolfgang Langhans, Institute for Atmospheric and
Climate Science, ETH Zurich; Advisors: Christoph Schar
and Philippe Steiner.

» Sara Nottelmann, Institute for Atmospheric and Climate

Science, ETH Zurich; Advisors: Ulrike Lohmann

Overall achievements (Nov. 2008 -Dec. 2009)

During these first 14 months, the center has become fully
operational and the first steps towards implementing
the overall C2SM strategy have been taken. The Center
has been staffed with an executive director and three
scientific programmers. Four PhD students have started
their projects, which focus on the multi-scale interac-
tions in the ocean and atmospheric sub-components of
the climate system. Working groups, which are consti-
tuted with C2SM members, have been established in
order to refine the objectives in research and develop-
ment in three focus areas, namely Global Climate Mode-
ling, Regional Climate Modeling, and Analysis of Climate
Datasets. As a result, first strategic decisions have been
taken, which will be implemented in the coming years.
C2SM staff and members have (co-) organized a series of
scientific and outreach events. Finally, the Scientific Advi-
sory Board has been established and a first meeting will

be held in 2010.
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Activities

Overview

The Center is active in several ways including research,

user support, scientific animation, teaching, and out-

reach activities. The main objectives are:

e To maintain, improve, and make available to the Cen-
ter’'s community a hierarchy of state-of-the-art climate
and climate-related models. In particular, the Center
seeks to refine and enhance a global and a regional
climate model as well as the associated modules for,
e.g., aerosol, (biogeo)chemistry, ocean, land surface,
and clouds.

 To utilize climate models by conducting comprehensive
simulations and diagnostics extending over a wide
range of temporal and spatial scales.

e To exploit and disseminate key national and inter-
national data sets by providing a repository for them
and by developing analysis and data management
tools. A special emphasis will be given to the provision
of future climate scenarios at scales relevant for
impacts in Switzerland.

» To prepare for and exploit the next generation of high-
performance computers and thereby continue to con-
tribute at the highest level to climate system science.

e To foster the collaboration between research groups
by facilitating scientific discussions and the prepara-
tion of joint proposals and to learn from environmen-

tal stakeholders who will exploit the Center’s services.

Maintaining a regional and a global climate model

Climate models have become instrumental in the research
activities pertaining to climate and weather. Our improved
understanding of the climate and weather systems goes
in parallel with the utilization of models of increasing
complexity that are continuously developed and refined
to include, for example, more advanced representations

of relevant processes or new interactions and feedbacks

6

among various sub-components of the climate system.
The growing complexity renders the maintenance and
application of climate models increasingly difficult for
individual research groups. In addition, as an increasing
number of research groups apply climate models, it
becomes necessary to establish new working approaches
to ensure that projects using a similar model are devel-
oped in a coherent manner and can benefit from each
other.

In the framework of C2SM, we refine and maintain the
regional climate model COSMO/CCLM and the global
climate model ECHAM, thus covering a large spectrum
of spatio-temporal scales in the climate system. Both
models are used in many groups affiliated with the
Center. Both the regional and global climate models are
developed and maintained by international consortia.
The involvement of C2SM in the further refinement of
these models will thus serve a larger community beyond
the Center and in the mean time, enhance the interna-
tional visibility of the Center. A short description of the

models is given in the following.

e The COSMO/CCLM model: The COSMO model is a non
hydrostatic research and operational limited-area
weather prediction model that is applied and further
developed by several national weather services that
form the COnsortium for Small scale MOdeling
(COSMO). The COSMO-CLM or CCLM model corre-
sponds to the COSMO model in CLimate Mode. The
COSMO/CCLM model has been further coupled to ad-
ditional modules to represent aerosol and trace gas
chemistry (e.g., CCLM-M7 and COSMO-ART). Several
projects led by C2SM members aim at further develop-
ing and applying the model and related sub-modules.
The COSMO model is also developed and used opera-
tionally at MeteoSwiss. The long-term objective of
using a similar model for both climate projections and
weather forecasting is to build capacity to perform

“seamless” predictions ranging from daily, weekly,
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seasonal, interannual, decadal to centennial time-
frames. Two C2SM PhD projects (jointly supervised by
researchers from ETHZ, Empa and MeteoSwiss) make
use of the COSMO/CCLM model to investigate the
issues of, for example, kilometer-scale climate mode-
ling and chemistry-aerosol-climate interactions (see

next section for details on these projects).

e The ECHAM model: The ECHAM general circulation
model is a well-established climate model mainly
developed by the Max-Planck Institute for Meteorology
(MPI-Met) in Hamburg. Several complementary sub-
models have been implemented in ECHAM including,
for example, an aerosol scheme (the HAM model) and
a trace gas chemistry scheme (the MOZ model). This
has resulted in the ECHAM5-HAMMOZ model, that is, a
state-of-the-art fully unified aerosol-chemistry-climate
model. Several groups affiliated to C2SM further
develop and apply the ECHAMs5 model and the associ-
ated sub-models. A strong focus is put on investigat-
ing the interactions between atmospheric constitu-
ents (aerosols and trace gases) with the climate (in
particular clouds and radiation) in a coherent frame-

work.

Two scientific programmers in charge of maintaining the
COSMO/CCLM and ECHAM climate models, respectively,
have been hired. Starting in 2010, their work will be
geared towards contributing to the refinement of the
models, providing support to the Center’s groups, and
facilitating the joint use of codes by different groups. In
particular, they will be responsible for maintaining the
codes (e.g., code version management and numbering,
implementation and test of new parameterizations, etc.),
and porting and optimizing the codes to exploit new

high-performance computers.

In the framework of the RCM working group, first discus-

sions have taken place between ETH, Empa and Meteo-

Swiss in order to strengthen the already existing collabo-
ration with the objectives to maximize the develop-
ments and refinements to be performed in the COSMO/
CCLM model and the related sub-modules. Similarly,
discussions have taken place with MPI-Met and other
institutions applying the ECHAM5-HAMMOZ model to
develop a good working environment and information

flow between the different groups involved.

In addition, in order to prepare for the next generation of
computers, two proposals (including one conjointly with
University of Berne) have been submitted to the High-
Performance and High-Productivity Computing (HP2C)
initiative (launched by the Swiss National Supercomput-
ing Centre), which aims at developing applications to run
efficiently on a very large number of computing nodes
and make effective use of the next generation of super-

computers.

Exploiting climate models over a range of
spatio-temporal scales

A large numbers of projects are ongoing in the frame of
the Center, which aim at improving our quantitative
understanding of the climate system in a broad sense. In
the following we present PhD projects funded by C2SM
and highlight studies from two of our members that
have received a particularly strong resonance both in the

research community and in the media.

e On the potential role of eddies in the oceanic CO,

uptake (PhD candidate: lvy Frenger)

Stabilization of greenhouse gas concentrations in the
atmosphere at a level that would prevent dangerous
anthropogenic interference with the climate system
requires a sound and quantitative understanding of the
global carbon cycle. However, major uncertainties still
remain in our understanding of this cycle, especially with

respects to its interaction with some subcomponents of

7
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the climate system, notably the role of the CO,-sinks as
currently provided by the oceans and the terrestrial bio-
sphere. Investigation of the global carbon cycle is usually
performed with coupled, three-dimensional Earth System
Models in which many critical processes of the climate
system in general and of the carbon cycle in particular
are represented in a simplified or parameterized manner.
However, many important carbon-cycle processes are
governed by factors operating at short temporal and
small spatial scales (Figure 3). A good example is the
parameterization of the effect of eddies in ocean carbon
cycle modeling studies. Eddies are of fundamental

importance for the transport of heat and momentum in

the ocean and hence exert a profound influence on the
oceanic general circulation but also play a critical role in
controlling the ocean’s productivity. However, the typical
spatial scales of these eddies in the ocean is about 10 to
100 km, i.e. much smaller than the typical resolution of
ocean models, which is of the order of 100 km or more.
The goal of this PhD project is to investigate the poten-
tial role of eddies in the oceanic CO, uptake. The focus is
placed on the Southern Ocean, which is responsible for
nearly a third of the global oceanic uptake of anthropo-
genic CO,, but may have recently undergone a weaken-

ing in its sink strength.

57W 56'W

srEwwrni]

53'S

54'S

55'S

56'S

58'S

59'S

Figure 3. SeaWiFS image showing a well-defined eddy in the Drake Passage (Provided by the SeaWiFS Project, NASA/Goddard Space Flight

Center, and ORBIMAGE).
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The focus of the first phase has been on analysis of sea
surface anomaly and chlorophyll satellite data in the
Southern Ocean for the period from 1997 until today
with the objective to relate eddies with biological activ-
ity in different zones of the Southern Ocean. In addition,
the set up of the ocean circulation model ROMS coupled
to the biogeochemical-ecological model BEC (Biogeo-
chemical Elemental Cycling) has been initiated in a high-
resolution configuration (at least 1/6°). In the future,
high-resolution simulations will be carried out for the
Southern Ocean with this model system to examine the
physical, biological and chemical processes linked to

eddy activity and their sensitivities to climate change.

e Towards kilometer-scale climate modeling

(PhD candidate: Wolfgang Langhans)

Atmospheric multiscale interactions at continental to re-
gional scales are of a tremendous complexity and associ-
ated with a wide variety of fascinating processes and
flow features. The interactions of these processes imply
both downscale and upscale cascades of energy. The
downscale cascade determines the regional climate in
response to large-scale conditions. The upscale cascade
encapsulates the aggregated effect of small-scale physi-
cal and dynamical processes onto the large-scale climate
and thus strongly influences the mean large-scale struc-
ture of the atmosphere as well as the frequency of
atmospheric circulation types. A rigorous approach to
this problem thus requires an appropriate representation
of both the downscale and upscale energy cascades in
climate models. Due to computational constraints, current
global and regional climate models (GCMs and RCMs)
operate at grid spacings of 20-300 km. Many important
processes can thus not explicitly be resolved and are
parameterized instead. Although climate model parame-
terizations are sophisticated tools based on physical
principles, they imply important limitations. Specific

difficulties are well known for land-surface processes,

moist convection, or turbulence and boundary layer proc-
esses over complex topography. These difficulties feed
back with the upscale cascade to the whole climate
system. As a matter of fact, much of the uncertainty
about the sensitivity of the climate system with respect
to greenhouse gas forcing is known to be associated
with the treatment of moist convection and clouds.

The goal of the present project is thus to replace param-
eterizations of moist convection in RCMs by an explicit
representation, and to refine other parameterizations
using a higher spatial resolution of at least ~2 km. An
updated version of the COSMO/CCLM model is being
used with a focus on moist convection over the Alpine
topography. Special attention is given to the horizontal
resolution requirements for cloud-resolving simulations
at this scale and the representation of turbulent proc-
esses in the model.

In the related PhD, which is jointly supervised by ETH and
MeteoSwiss, ongoing work addresses the model set-up
for high-resolution atmospheric simulations over the Alps,
investigates numerical convergence at cloud-resolving
resolution, and studies key processes in real- and ideal-
ized case studies to better understand the interactions
between small-scale atmospheric circulations and the
larger-scale flow (see Figure 4). The simulations use a
horizontal grid spacing between 0.5 and 2.2 km. Some of
this work also addresses specific numerical components
such as the formulation of explicit numerical diffusion,
which is used to suppress an upscaling of small-scale
numerical noise to well-resolved scales. The work has
already contributed to the provision of recommenda-
tions for an improved model set-up for cloud-resolving
simulations. In the future, the impact of diurnal moun-
tain circulations on summer-time convection will be also
examined. In parallel, the dynamical processes that govern
heavy convective precipitation events are investigated.
Currently it is expected that the first multi-year climate
simulations using a cloud-resolving model set-up will be

started in 2010.
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e Chemistry-aerosol-climate interactions in a regional
climate model (PhD candidates: Christoph Knote and

Sara Nottelmann)

An adequate understanding of aerosol-cloud-climate
interactions is of major importance for our capability to
reliably predict future climate. The representation of aero-
sol-cloud-climate interactions and feedbacks currently
remains a large source of uncertainties in the climate

prediction on decadal timescales with potential strong

regional implications, and cloud feedbacks constitute a
primary source of differences between simulated esti-
mates of the equilibrium climate sensitivity for a CO,
doubling. In addition, aerosol-cloud interactions are also
closely linked to air pollution. Sulfate, black carbon,
organic carbon and nitrate aerosols have a substantial
anthropogenic component. Photochemical aging of
particles and heterogeneous reactions of air pollutants
on their surfaces can change the physicochemical prop-

erties of both natural and anthropogenic aerosols. In
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Figure 4. The larger figure depicts the domain over which the cloud-resolving simulations are performed together with the orography
(gray shading); the x and y axis correspond to the 2.2 km-spaced grid points. The smaller figure shows a zoom over the dashed box of
cloud liquid water (g/kg, color scale) and vertical velocity (black contour lines, every 1 m/s) at 4 km above mean sea level, 1600 UTC 17 July

2006.
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addition, climate change is also expected to feed back on
air quality in several important ways through e.g., emis-
sions of biogenic VOCs. Interactions between chemistry,
aerosol, cloud and climate are extremely complex and
involve processes spanning a large range of spatial and
temporal scales from the microscopic (e.g., cloud droplet
nucleation) to the global scale (e.g., cloud radiation feed-
backs). This implies that future changes in anthropogenic
emissions of air pollutants will likely have a significant
impact on cloud formation, cloud properties and precipi-
tation, and hence on climate. The degree of details and
resolution needed to adequately represent these proc-
esses in global models remains unclear.

The goal of this project is to investigate chemistry-
aerosol-cloud-climate interactions using a multi-scale

approach. In a first sub-project, a similar configuration of

(a) Sulfate [mg(S)m™]

(b) Black carbon [mgm?]

aerosol chemistry (M7 aerosol scheme) and aerosol-cloud
interactions (double-moment cloud microphysics scheme)
will be implemented in the regional climate model
CCLM, similarly to what is done in the global climate
model ECHAM (see Figure s5). So far, the main focus of
this project has been placed on the implementation of
an explicit and detailed treatment of cloud-borne aero-
sol particles in CCLM. The new scheme allows the repre-
sentation of the cycling of aerosols in clouds. First simu-
lations show that aerosol processing modifies the inter-
stitial aerosol distribution in a significant way, with
implications for the subsequent cloud formation. In
the future, the process understanding and the model
evaluation will be developed on the local and regional
scale while the implications for future climate will be

evaluated.

(c) Organic carbon [mgm?]
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Figure 5. Annual mean burdens integrated within the model atmosphere for different aerosol species simulated within CCLM-M7.
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Scientific highlight: Global brightening/dimming in solar
surface radiation (Contributed by Martin Wild, IAC, ETH)
Solar radiation (sunlight) received at the earth surface
is a key determinant of climate and the primary energy
source for life on our planet. Variations in this quantity
therefore profoundly affect the human and terrestrial
environment and are a major driver of climate change.
Recent studies present evidence that solar radiation
reaching the earth surface has not been stable over
time, but underwent significant decadal variations.
These include a decrease of surface solar radiation
(“global dimming”) from the 1950s to the 1980s and a
more recent partial recovery measured at widespread
observation sites (“brightening”). Increasing air pollu-
tion and associated increase in aerosol concentration
are considered as the major cause of the dimming up
to the 1980s, while air pollution regulations and the

breakdown of the economy in former communist coun-

Linear Trend SWD CLEAR SKY 1950 - 1990

tries are thought to be responsible for the more recent
recovery. There is increasing evidence that the decadal
variations in surface solar radiation have a considerable
impact on various elements of the climate system, such
as global warming, the components and intensity of
the hydrological cycle, the carbon cycle as well as snow
cover and glacier retreat. In order to reproduce these
trends in climate models and estimate their impacts on
other components of the climate system, the inclusion
of sophisticated schemes of aerosol and cloud micro-
physics are essential. Such schemes are implemented in
the latest versions of the ECHAM5 and COSMO/CLM
climate models. Transient experiments are carried out
with these extended modeling systems to investigate
the origins, magnitude and impacts of global dimming
and brightening. A recent special issue in the Journal of
Geophysical Research has been devoted to this topic

with heavy involvement of ETH.

Linear Trend SWD CLEAR SKY 1990 — 2002
T T T T T T T T T

Figure 6. Trends in surface solar radiation (W m?y™) under cloud free conditions for the “global dimming” period 1950-1990 (left) and
the “brightening” period 1990-2002, as simulated with the global climate model ECHAMg5 HAM.
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Scientific highlight: Which climate model should

we trust? Contributed by Reto Knutti (IAC, ETH)

As our understanding of the processes relevant to
climate change improves, and as computers get faster,
we assume that our confidence in predictions from
climate models increases. But this argument is more
complicated that it seems. We trust a weather forecast
mostly because it has repeatedly been verified by
observations, not because we fully understand the
underlying model. In the climate context, however,
predictions for the year 2100 cannot be tested directly.
Confidence into a climate model must therefore be
established by testing the model on present day
climate, it’s variability, changes during the 20th century,
on process evaluation and in paleoclimate applications.
Which of these tests is most relevant to predicting
future changes is not fully clear. For example, most

models compare favorably to observations when simu-

Dec-Feb 1980-1999 surface temperature (°C)
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Figure 7. Simulated present day December to February surface temperature (left), and the projected warming 2080-2099 relative to
1980—-1999 for the SRES A1B scenario (right) for four climate models. Modified from: Knutti, R., Should we believe model predictions of
future climate change? Philosophical Transactions of the Royal Society A, 2008: p. doi:10.1098/rsta.2008.0169.

lating present day distribution of temperature (left part
of figure). Their response to increasing greenhouse
gases (right part of figure) is similar on the largest
scales (polar regions and land warming more than
tropics and oceans), but regional uncertainties can be
several degrees Celsius still. Intuitively one would
expect our confidence to increase as results from
models agree, but many models are also based on the
same assumptions and have to parameterize small-
scale processes in similar ways. How to best synthesize
the large amount of data produced by multiple models
into information that is relevant for regional and local
adaptation and decision making is an active area of
research. The ability to run high resolution global
climate models at ETH and CSCS is an important
requirement for progress in this rapidly developing
area, and C2SM provides the scientific and technical

support for that activity.

Warming 2080-2099 (°C)
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In a second sub-project, the model COSMO-ART, which
incorporates detailed representation of tropospheric
chemistry and aerosols, including their interactions with
meteorology, is used up to the kilometer scale. So far,
the model and the surrounding infrastructure have
been implemented in the supercomputer at the Swiss
National Supercomputing Centre. A first simulation has
been performed over the European domain for the
summer 2006. Preliminary results indicate that the
COSMO-ART model represents accurately the variability
of gas trace concentrations but underestimates the
observed mass of fine particular matter at the surface. In
particular, the secondary organics, sulfate and soot com-
ponents appear to be underestimated. In the future,
the effects of the improved description of aerosols on
climate will be quantified, in close collaboration with the

first sub-project.

Developing and disseminating climate datasets

As the use of climate models is increasing and the com-
puting facilities enhanced (allowing for higher resolution
and longer-term simulations, as well as large model
ensemble and multi-model approaches), the amount of
data generated for the analysis and prediction of climate
change is continuously increasing. Storing, analyzing,
and displaying these datasets becomes increasingly com-
plex and therefore requires new approaches. The work of
one of the three C2SM scientific programmers (who has
started in October 2009) is geared towards the develop-
ment of analysis and data management tools to facilitate
the exploitation (e.g., production, management, display,
and analysis) of large climate and model-generated data-
sets for past, current, and future climate. In particular, the
objectives are to collect and document the main data-
sets (e.g., model simulations, meteorological re-analysis,
observational datasets, etc.) used in the C2SM commu-
nity, to facilitate their analysis through the development
of a series of consistent tools, and to ensure their

dissemination and exchange among the community.
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In addition, in the coming months, a large effort will be
devoted to the development and dissemination of new
future climate scenarios at scales relevant for impacts in
Switzerland (the so-called “Swiss Climate Scenarios
CH2om” initiative). Over the last decade, climate change
scenarios on the regional scale have become of prime
interest to impact studies, to governmental bodies (e.g.,
BAFU, OcCC) and to the economic sector (e.g., construc-
tion, energy). The current climate change scenarios avail-
able for Switzerland (OcCC 2007, see www.occc.ch) need
to be updated and extended. For example, they only con-
sider seasonal averages for northern and southern Swit-
zerland, and do not distinguish between different green-
house gas scenarios, thus limiting their applicability from
a user perspective. The gap between available scenarios
and requests from the climate impact community is even
wider if climate extremes are considered. Yet it is precisely
those events that are probably most important to society.
First steps towards the developments of new national
climate scenarios have taken place under the auspices of
ETH, MeteoSwiss, ART, C2SM, NCCR-Climate, and OcCC.
With this objective in mind, C2SM together with the
NCCR-Climate is organizing a workshop to provide infor-
mation on the availability and usability of climate change
scenarios for Switzerland (to be held on March 2, 2010).
International and national speakers will discuss the
needs in terms of future climate scenarios as well as the
new available methodologies (e.g., statistical, down-
scaling, multi-model approaches) for the development of

future climate scenarios at scales relevant for Switzerland.

Teaching, outreach and communication

Members from C2SM are actively involved in several
bachelor and master programs of ETH Zurich, in particu-
lar the master in Atmospheric and Climate Science and
the master in Environmental Sciences.

In addition, through the active participation of its mem-
bers and their groups, C2SM has contributed to a number

of outreach and scientific events indicated below.
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e Nacht der Forschung 2009 - September 25, 2009. A
C2SM stand was prepared by a number of volunteers.
Visitors had the opportunity to learn about the climate
system and the associated possible feedbacks through
posters, measurements of albedo, and a very simple
radiative model.

e AGS /ETH Sustainability / CCES workshop on “Effective
Outreach for Sustainability” — October 15-16,2009. AGS
(Global Alliance for Sustainability) organized a work-
shop to discuss the following question: “How can
universities and scientists outreach effectively to non-
academic partners to seek and implement solutions
to the sustainability challenge?”. This question was
debated with respect to different environmental issues.
Nicolas Gruber and Isabelle Bey acted as the convener
and the facilitator, respectively, for the discussion
around “climate change”.

e MeteoSwiss-C2SM COSMO users workshop — October
22, 2009. The goal of the workshop was to bring
together the different users of the regional models
COSMO and CCLM so that they can learn about the
latest development performed in different groups using
this model and also establish further collaborations.

e ETH Sustainability / CCES event on “Klimawandel -
wohin steuert die Schweiz?“ event — November 12,
2009. The goal of this event was to present the most
recent results in climate research and to offer a panel
discussion opened by Federal Councillor Leuenberger.
Several C2SM members actively contributed to the
organization and development of the event, including

Ulrike Lohmann and Reto Knutti as speakers.

Other activities

Contribution to the development of the Climate-KIC

In 2008, the European Institute of Innovation and Technol-
ogy (EIT) has created a new funding mechanism to boost
innovation and technology transfer between academia
and the private sectors in Europe, called Knowledge

and Innovation Communities (KIC). ETHZ, together with

fifteen other world class partners from academia and
from the private and public sectors have developed and
submitted a KIC in the area of climate adaptation
and mitigation. The proposed “Climate-KIC” has been
approved by the EIT board in December 2009, and is now
being implemented in order to be up and running in
June 20710. The main goal of the Climate-KIC is to make a
step-change in Europe’s innovation capacity to meet the
climate change challenge. C2SM has contributed to the
development of the Climate-KIC through its staff and
several of its members, including, in particular, co-chair-
man Nicolas Gruber who has been the project leader at
ETH and is now member of the interim executive com-
mittee of the Climate-KIC.

A look ahead to 2010

In the coming months and years, the Center will continue

its effort to further develop the above-mentioned activi-

ties. In 2010, the focus will be placed on the following
tasks:

e Maintenance of the global climate model ECHAM and
associated sub-models: testing and refinement of the
new version of the ECHAM model (so-called ECHAM6
version), which is being prepared by the ECHAM-
HAMMOZ community to be used in the activities
related to the sth IPCC Assessment Report

¢ Maintenance of the regional climate model COSMO/
CCLM and associated sub-models: development of an
updated version of CCLM-M7 model, which will include
the latest version of the CCLM model.

e Improvement of the collaboration and communication
flow between the research groups and institutions
involved in C2SM through, e.g., the development of
new wiki pages, tools to facilitate the management of
code versioning, etc.

e Contribution to the initiative “Swiss Climate Scenarios
CH20m” through the development of improved climate

scenarios and dedicated web server and web portal.
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