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Extended abstract

It is expected that Special Projects requesting large amounts of computing resources (500,000 SBU or more) should
provide a more detailed abstract/project description (3-5 pages) including a scientific plan, a justification of the
computer resources requested and the technical characteristics of the code to be used. The Scientific Advisory Committee
and the Technical Advisory Committee review the scientific and technical aspects of each Special Project application.
The review process takes into account the resources available, the quality of the scientific and technical proposals, the
use of ECMWF software and data infrastructure, and their relevance to ECMWF's objectives. - Descriptions of all
accepted projects will be published on the ECMWF website.

The Rossby Centre at SMHI is partner in a new European Union FP7 project, IMPACT 2C
(http://www.hzg.de/mw/impact2c). IMPACT 2C aims to assess the impacts associated with a 2°C
increase in global mean temperatures relative to preindustrial levels, on a number of regions of the
world and a range of natural ecosystems and societal enterprises. The primary region of interest is
Europe, where the project will calculate high-resolution, regional climate change statistics,
concurrent with global mean temperatures exceeding the 2°C threshold. These climate change
estimates will then used to drive a range of sector and ecosystem specific impact models to gauge the
impact on Europe of a global mean climate 2°C warmer. A similar procedure of high-resolution
climate change projections and subsequent impact assessments will be made for a limited number of
sectors in other, climate-vulnerable parts of the world. These include; west and east Africa,
Bangladesh and the Maldives.

At the base of this effort are Global and Regional Climate Models (GCMs and RCMs) and the
production of suitable climate projections. The Rossby Centre is presently performing a set of high-
resolution, 30-year timeslice integrations for present climate conditions and for conditions
representative of 2°C global warming. These integrations are being performed with the EC-Earth
GCM (Hazeleger et al. 2011) at a spectral resolution of T511 (~40km) using prescribed daily sea
surface temperatures (SST) and sea-ice concentrations (SIC) representative of present-day conditions
and future conditions when global mean temperatures exceed the 2°C threshold.

To achieve this, we begin by identifying the time point when the simulated global mean temperature
becomes 2°C warmer than pre-industrial values using 2 coupled EC-Earth, low-resolution (T159,
~1.125 resolution) CMIPS5 projection runs. 30 years of daily SST and SIC values are then extracted
from these simulations, centered on the time point of 2°C global warming. This is procedure is
performed for two EC-Earth CMIP5 projection runs following, respectively, the RCP4.5 and RCP8.5
Reference Concentrations Pathways (RCPs), thereby sampling different rates of warming and time
points in the future when the 2°C threshold is exceeded. From the historical EC-Earth CMIP5
simulation (covering 1860-2010) we also extract daily SST and SIC values for the period 1979-2009.
The 30-year mean annual cycle of EC-Earth SSTs and SIC are then computed for this period and
compared to observed SST and SIC for the same period. This allows the climatological annual cycle
of EC-Earth simulated SSTs to be biased corrected to observations. The resulting mean annual cycle
of monthly SST bias corrections is then added to the equivalent calendar months of the full 30-years
of EC-Earth SST and SIC covering 1979-2009. The resulting global fields constitute bias-corrected
SST and SIC that retain the inter-annual variability simulated by EC-Earth. The same monthly,
annual cycle bias corrections are also applied to the 30-years of SST and SIC centered on 2°C global
warming extracted from the EC-Earth RCP4.5 and RCP8.5 projections. This results in a set of SST
and SIC global fields that retain the respective signatures of 2°C global warming simulated by the
EC-Earth RCP4.5 and 8.5 runs, as well as retaining the model-simulated future inter-annual SST and
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SIC wvariability. Furthermore, application of the observation-based bias correction removes the
(present-day) systematic SST and SIC biases in the coupled model. The resulting sets of daily, bias-
corrected SST and SIC global fields, one for the period 1979-2009 and two for the 30-year periods
centered on 2°C global warming from the RCP4.5 and 8.5 runs are then interpolated to T511
resolution and used as prescribed lower boundary conditions for three 30-year timeslice simulations,
one for 1979-2009 and two for the 30-year, 2°C global warming periods. We are also making the
equivalent SST/SIC forced runs using the original T159 resolution of the EC-Earth atmosphere-land
model.

In utilizing higher resolution (~40km (T511) compared to ~125km (T159), as used in the coupled
CMIP5 simulations), we aim to more accurately simulate important higher time frequency weather
variability, embedded within the mean climate, and thus provide more reliable estimates of potential
changes in this variability as global mean warming exceeds 2°C. This variability includes features
such as tropical and extra-tropical cyclones, African Easterly Waves, convective storms and blocking
anticyclones, associated with heatwaves and droughts in the summer and extended cold periods in
winter. Systematic changes in either the frequency, intensity, duration or geographic location of such
weather variability will impact society and natural ecosystems far more significantly than a gradual
change in the mean climate. It is therefore critical that GCMs accurately represent this underlying
weather variability in order to provide credible estimates of its potential change in the future as input
to downstream impact models applied in IMPACT 2C. The EC-Earth runs described above are
presently being run on a large linux-cluster in Sweden. These simulations will be completed in the
fall of 2012. In all simulations, six-hourly model level data is being archived for subsequent
dynamical downscaling. This downscaling is the subject of our computer application.

While T511 (~40km) is an extremely high-resolution for a global climate model, in order to provide
increased regional detail and data at spatial resolutions required by impact models, we plan to
investigate a number of dynamical downscaling steps using the T511 EC-Earth simulations as lateral
and surface boundary forcing. We will make two downscaling steps using a new Regional Climate
Model (Harmonie-Climate (Niemeld, 2007; Lindstedt, 2012), hereafter referred to as H-CLIM),
under development at the Rossby Centre and based on the combined Numerical Weather Prediction
(NWP) models Hirlam (Undén et al. 2002) and Aladin/Arome (Yessad, 2011; Seity et al. 2011). In
the first and primary downscaling step H-CLIM will be run for the 30-year timeslice 1979-2009
period and one of the future 2°C 30-year periods, forced by the respective EC-Earth T511 data at the
lateral and surface boundaries. H-CLIM will be configured on the same geographical domain as used
by Euro-CORDEX groups performing regional climate projections within the WCRP-sponsored
CORDEX activity (http://werp.ipsl.jussieu.fr/SF RCD__ CORDEX.html). This domain is the same as that
used in the EU FP6 project ENSEMBLES, the primary difference being that Euro-CORDEX
simulations are now performed at 0.11° (~12.5km) resolution. While we will run H-CLIM on the
same geographical domain as Euro-CORDEX, we plan to investigate the benefits of further
increased resolution, by making the downscaling runs here at a spatial resolution of ~5-8km. This
resolution range is often referred to as the ‘grey-zone’ with respect to physical parameterization, in
particular being a resolution where many of the fundamental assumptions underpinning convective
parameterizations begin to break down. H-CLIM uses the physical parameterization package
developed for the ALARO model (Wittmann 2009; Yessad 2011), which has been specifically
developed targeted for application to NWP at the ~5-10km range. In particular, the convection
scheme in ALARO (Gerard 2005) has been developed to address application at ‘grey-zone’
resolutions.

These Euro-CORDEX H-CLIM simulations will provide: (i) ~5-8km resolution downscaling of the
bias-corrected T511 EC-Earth simulation covering 1979-2009. (ii) ~5-8km resolution downscaling of
the bias-corrected T511 EC-Earth 30-year simulations, centered on 2°C global warming from one of
the coupled EC-Earth CMIPS5 projection runs. For each of the ~5-8km H-CLIM runs we will save
six-hourly model level data, allowing further downscaling in selected regions using H-CLIM at
convective resolving resolutions (~2km). The ~5-8km H-CLIM simulations made in this project will
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be compared to equivalent runs made on SMHI computer systems at lower resolution, using both H-
CLIM and the 4™ version of the Rossby Centre model RCA (Samulesson et al. 2010). Depending on
the availability of complementary computer resources, the 2" EC-Earth 2°Cn timeslice may also be
downscaled using H-CLIM.

We have recently tested H-CLIM run at ~2km resolution and forced by output from a 15km H-CLIM
simulation over Europe. For these tests 2 domains were configured at ~2km resolution. One centered
on the Lulea river catchment in Northern Sweden, an important area for hydropower generation and
a second domain over the Alps, where we aim to evaluate the benefits of increased model resolution
in complex terrain using a high-resolution precipitation data set available for the Alpine region
(Wiiest,. et al. 2010). Depending on the computer time available, short periods (of order 1 season) of
the ~5-8km H-CLIM timeslices will be downscaled to ~2km over these two regions, with further
domains also considered, depending on the benefits arising from the increased resolution,
particularly in relation to extreme weather events, the amount of computer time available and the
specific needs of the impact groups in the project. Our primary aim with these short integrations is to
gauge the benefit of going to convection-resolving resolution in simulating higher time-frequency
precipitation variability. Comparison of the convection-resolving simulations with the driving 5-8km
H-CLIM model will also help in evaluating the performance of H-CLIM in the ‘grey-zone’
resolution, with a particular emphasis placed on comparison of simulated extreme precipitation
events. All the planned H-CLIM simulations will follow the CORDEX output specifications and be
made available through the Euro-CORDEX archiving system.

A second area where high-resolution downscaled data is required in IMPACT 2C is East Africa. In
this region researchers will assess the potential impacts of 2°C global warming on agriculture, food
security and health. We will use the same set of EC-Earth T511 boundary condition data to force H-
CLIM at ~5-8km resolution on a domain covering a region of East Africa. Once again model level
data will be saved for a number of targeted second downscaling steps using the ~2km configuration
of H-CLIM. The latter domains and periods to be simulated will be decided after careful analysis of
the lower resolution H-CLIM simulations and consultation with impact groups working in the region.
The primary emphasis for the convection-resolving simulations, will be a case-study evaluation of
the representation of extreme precipitation and comparison with the driving ~5-8km driving model.

The Rossby Centre already has some experience performing dynamical downscaling over Africa,
with the principal investigator being the co-chair of the CORDEX activity (http:/wcrp.ipsl.jussieu.fr/
SF_RCD_CORDEX.html) and the group having made a large ensemble of Africa-CORDEX projections
with our present RCM (RCA4). The principal investigator will therefore ensure all H-CLIM
simulations, over both Europe and Africa, are made fully available to the CORDEX research
community. Furthermore, the group is part of the EU FP7 project, Healthy-Futures
(http://www.healthyfutures.eu) investigating the potential impacts of climate and environmental
change on vector borne diseases in East Africa. The 2°C simulations outlined in this application will
also be provided to researchers in the Healthy-Futures project.
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