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Summary of project objectives

(10 lines max)

This ECMWEF Special Project is undertaken to supporesearch programme on climate change
monitoring and climate modelling, which aims at\pding a better understanding of climatic changes
in the atmosphere’s thermal, moisture, and trageisp composition structure, both due to natural
and anthropogenic influences. The programme, chroiet at the WegCenter and IGAM of the
University of Graz under the lead of Prof. Kirchasg is currently scheduled to last until 2011. Its
focus is to employ for the purpose advanced spanebatmospheric sounding and atmospheric
modelling, including regional climate modelling,tivhigh resolution and accuracy.

Summary of problems encounteredif any)
(20 lines max)

Summary of results of the current year(from July of previous year to June of current
year)

This section should comprise 1 to 8 pages and eargdaced by a short summary plus an existing
scientific report on the project

Introduction.

At the advanced spaceborne sounding side the primsatellite-borne data sets, which are
continuously exploited, are occultation data frdme IGPS radio occultation (RO) sensors on the
German CHAMP satellite and the GPS RO sensors efTdgiwan/U.S. FORMOSAT-3/COSMIC
constellation. Recently the use of RO data fromN®Op satellite (GRAS instrument) has started,
and RO data from GRACE-A and SAC-C are currentlpcpssed for selected timer periods.
Furthermore, next-generation occultation technige@sbining microwave occultation and infrared
laser occultation for accurate joint profiling dietmodynamic variables, greenhouse gases and wind
are explored. Until end 2007 also performance itigasons have been pursued for high-spectral-
resolution thermal infrared data from the Atmosph&ounding Interferometer (IASI) on MetOp.

The Special Project aids at the atmospheric madeBide of the programme, mostly by enabling
seamless access to ECMWEF data products, in patiatinospheric analysis and short-range forecast
fields from ECMWF's MARS archive. The Project alspables that some pre-processing operations
on atmospheric fields and some related data aisadysl modelling activities can be performed within
the ECMWF computer and storage infrastructure stoasvoid the transfer of large data volumes
from ECMWF/Reading to WegCenter/Graz in cases whbi® would seem an inefficient work
approach. Furthermore, the project provides importamputational resources and data from re-
analysis and operational analysis for regional atermodelling.

Primary areas of exploitation of ECMWF data inclu@e the use of ECMWEF analysis fields
(frequently spatially-horizontally averaged to ~Té2olution) as reference for the quality contrad a
the validation of new satellite data and derivesseatially model-independent climatologies, (iig th
use of ECMWEF short-term forecast fields as backgdotor optimal estimation retrieval to again
obtain high-quality monthly or seasonal climato&gyof atmospheric variables such as temperature,
humidity, and geopotential height of pressure leviebm the satellite data, and (iii) the use of
ECMWF re-analysis (ERA-40) and operational analy8iS) for regional climate modelling.
Computational (CPU) resources are primarily assigoaegional climate modelling applications.
Regarding additional use of the processed datanautathese climatologies and analyses are also
compared to climate GCM simulations and predictitmsassess improvement potentials in GCM
physics (e.g., in radiation, humidity, and clouddalting) and in GCM forcing input (e.g., in volcani
and solar forcing). Furthermore, climate changect&in and attribution studies based on these new

data sets have been started in 2007/08.
July 2009 This template is available at:
http://www.ecmwf.int/about/computer_access_registréforms/



Work from July 2008 until June 2009.

As quality control and inter-comparison backgroumithin our radio occultation processing and
analysis system for GPS radio occultation data, BFVanalysis and short-term forecast fields are
continuously used in lower resolution (T42L60 uetild January 2006, T42L91 since February 2006).
For this purpose, global fields of temperature andidity (and related basic parameters such as
surface pressure and orography) are extractedvimy esingle day, four time layers a day from the
MARS archive. Since mid 2001 this been done for ghecessing and validation of CHAMP RO
profiles. Meanwhile ECMWF fields are also used I tprocessing of RO data from Formosat-
3/COSMIC, Metop-A, GRACE, SAC-C, and GPS/MET. Thisrk also provides valuable feedback
on the (steadily increasing) ECMWF analysis dataliuregarding absolute accuracy, since the GPS
RO data serve as essentially independent refestatee With the aid of RO data we have carried out
a climate signal detection study and a study ordihenal cycle in the free atmosphere.

Global ECMWEF analysis fields at T511L91 resolutibave been used to generate realistically
simulated occultation observables employing higkejgion ray tracing. These simulated data have
been used to analyse the sensitivity of occultadi@ta to horizontal variability within the atmosphe
ECMWEF data were and are particularly valuable fod-é0-end performance analyses of the LEO-to-
LEO cross-link occultation concept ACCURATE propase the framework of the European Space
Agency (ESA). ACCURATE is currently undergoing \ar$ scientific studies and pre-developments
in this context (ESA studies and studies in thetAaris Space Applications Programme ASAP). In
these cases, where the novel combined microwavenéiraded laser occultation concept (conceived
at the Wegener Center) is investigated, also amditistate variables like ozone and wind fields, as
well as cloud liquid and ice water content fieldse utilized.

Regarding regional climate modelling, the ECMWFhhjgerformance computing facility has been
used to conduct 11 highly resolved (10 km, 3.3 g 1.1 km grid spacing) simulations with the
non-hydrostatic mesoscale model MM5. The drivintgral boundary conditions (LBCs) have been
derived from the re-analysis dataset ERA-40, froBiVEVF’'s operational deterministic analysis and
forecast system (IFS) and from model-output of Regional Model (REMO) provided by the Max-
Planck Institute for Meteorology, Hamburg:

Eight highly resolved simulations with 10 km, 3@ kand 1.1 km grid spacing were conducted in
relation to the three-year project “Non-hydrostaticnate modelling — NHCM-1" (see annual report
of the last year). These simulations (periods Juhdy 2007 and December / January 2007 / 2008)
were driven by 3-hourly lateral boundary conditidingm the IFS (T799L91) to investigate the
potential and shortcoming of MM5 on very highly sk®d grids and to find the optimum model
configuration for high resolved simulations in thipine region. Furthermore, a one-year simulation
(January 2007 to January 2008) covering the Eagtirs (3.3 km grid spacing) was conducted to
prepare well suited initialisation fields (soil mtire and soil temperature) for the next mini-eridem
of short-term simulations on 1.1 km grids.

In addition, two highly resolved (1.1 km grid spag) two-months simulations were conducted in the
framework of the international FP-6 EU-project ‘iGite Change and Variability: Impact on Central
and Eastern Europe” (CLAVIERhttp://www.clavier-eu.org/in order to investigate the model’s
ability in simulating heavy precipitation eventstire West Carpathian region, Hungary, and in the
Romanian Carpathians, as a post-processing dovimgetep of REMO.
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List of publications/reports from the project with complete references

Selected list of publications where the underlywmork benefited from SPATAC (i.e., where ECMWE data
products and/or computational resources aided tbekv
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Climate Model CCLM in the Alpine RegioMeteorol. Z, 17 (4), 467-476, doi: 10.1127/0941-
2948/2008/0308, 2008
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Summary of plans for the continuation of the projet
(10 lines max)

The primary areas of exploitation of ECMWF produsth continue to include: (i) the use of analysis
fields to provide a reference for quality contradavalidation of a constantly increasing number of
new satellite data (with focus on occultation daf{@) the use of monthly mean fields as inter-
validation datasets for measured climatologie$, tfie use of short-term forecast fields as basis f
optimal estimation retrieval using advanced sougdiata, (iv) the use of analysis and forecast sield
for supporting end-to-end performance analysisistudf next-generation combined microwave and
infrared laser occultation systems, and (v) theaise-analysis and operational analysis and fateca
fields to prepare lateral boundary conditions fegional climate models operated at very high
resolution (10 km to 1 km scale).

Regarding specifically the computational resourc&eESMWF CPU resources will be used (i) for
simulations of a large ensemble of radio occultatiata based on outputs from 25 years of ECHAM5
GCM runs within a climate observing system simolatexperiment, (ii) for long-term region climate
simulations (period 1961 to 2050) within the Austri research project “Entwicklung eines
Datensatzes regionalisierter Klimaszenarien —pesgntury” preparing the next generation of highly
resolved (10 km grid spacing) climate scenariostha Alpine region, and (iii) for further high-
resolution simulations within the “Non-hydrostatiomnate modelling — NHCM-1" project (mentioned
already in the description of the work of last yabove) building the basis of the international eled
inter-comparison study on cloud-resolving scale céloClimate Model Intercomparison Project”
(LocMIP) contributed by the Max-Planck Institute fdeteorology (MPI-Met), Hamburg, Germany,
the Lehrstuhl fir Umweltmeteorologie, BTU Cottb@ermany, and the lllinois State Water Survey,
U.S..
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