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Summary of project objectives

(10 lines max)

- Development of a chemistry module for IFS (CIFS-MOZ)

- Maintenance and improvements of the quasi-operational coupled MACC system MOZ-IFS

- Evaluation of the MOZ-IFS and CIFS-MOZ model for the troposphere and stratosphere

- Evaluation of MACC NRT forecasts and reanalysis

- investigate global budgets of trace gases in the atmosphere

- scientific model development of gas-phase chemistry in MOZART3, MOZ-IFS and CIFS-MOZ
- development and processing of global emission inventories

Summary of problems encountered (if any)

Due to change of contract of O. Stein at FZ Julich and end of the MACC project the model
simulations within spdeacm during the year 2014 needed to be restricted to a minimum. This has
been changed again in 2015 with the start of Yi Heng as new group member.

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 can be replaced by a short summary plus an existing

scientific report on the project

See attached doc-file
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Summary of plans for the continuation of the project

(10 lines max)
Currently spdeacm is supporting scientific work which is in a transition phase between the European

project MACC-I111 and the upcoming CAMS prpoject led by ECMWEF. It is planned for 2015-2017 to
continue the development of CIFS-MOZ and to bring this model to an operational state. Moreover,
the Juelich interoperable web services (JOIN) will be further developed to respond flexibly to any
changes in the MACC quasi-operational data streams and follow-up products.
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In 2014/2015 the global model system CIFS-MOZ (IFS with integrated MOZART chemistry)
has been further developed such that there is now a stable and reliable version ready for use in
scientific applications. The coupled MACC system IFS-MOZ (Stein et al., 2012) was used for
the quasi-operational analyses and forecasts until September 2014. The scientific project is
now in a transition phase between MACC-IIl and CAMS led by ECMWEF. Due to change of
contract of O. Stein at FZ Julich and end of the MACC project the model simulations within
spdeacm during the year 2014 needed to be restricted to a minimum. This has been changed
again in 2015 with the start of Yi Heng as new group member. A series of peer-reviewed
papers could be published or are submitted from the MACC project with spdeacm
participation.

C-IFS

After installing the MOZART interface in CIFS in 2014 we successfully conducted longer
simulations (~1 year) on cca. The first model runs were initially evaluated against
observations and other CIFS implementations CIFS-CBO05 and CIFS-MOCAGE (Flemming et
al., 2014). Starting in 2015, the latest version of CIFS-MOZ was updated to IFS cycle 41R1
on the new CRAY machine (cca). Due to the substantial changes in the IFS model and scripts
together with our limited capacities we needed about three months to establish a stable
version of CIFS-MOZ on cca. The model is now ready for scientific applications and a first
sensitivity test was conducted where the global mass fixer for NOx species has been switched
off (Fig. 1).
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Fig. 1: NO2 zonal mean mass mixing ratios [kg kg-1] at 20080101, 0 UTC from a CIFS-MOZ simulation with
(top) and without (bottom) global mass fixer for NOx species



For our applications CIFS-MOZ is currently running with resolution T255L60 (NPES=48,
THREADS=4). Costs are about 200000 BU per model year with this resolution. It needs to be
defined finally, which resolution is needed for comparison model simulations. Partly model
runs with CIFS-MOZ can also be done directly from ECMWF accounts. Depending on these
decisions on simulation set-ups we may need to apply for additional HPC resources for the
coming years. The actual CIFS-MOZ implementation is described in detail in Stein et al.
(2015).

SPDEACM also contributed to the current pre-operational MACC-III version of CIFS,
namely CIFS-CBO5 (Flemming et al., 2015). We supported the development of CIFS-CB05
by defining input data, comparing and updating chemistry schemes and harmonizing the
chemistry tables for the different CIFS implementations. Of particular interest is the
integration of BASCOE stratospheric chemistry into CIFS-CB05 which needs to be compared
to the existing full atmospheric schemes available with MOZART or MOCAGE CTMs (Fig.
2). For this purpose we will introduce in 2015 an updated scheme for polar stratospheric
clouds in CIFS-MOZ.
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Figure 2: Mean model bias of CIFS-MOZ and CIFS-CB05 against ozone sondes at April 1, 2008 at various
latitude and altitude ranges. The number in each latitude range indicate the amount of stations that contribute to
the statistics.

NRT data from the MACC analysis and forecast simulations (o-suite and e-suite) as well as
from the GFAS fire emission inventory (Kaiser et al. 2012) are regularly transferred to FZ
Julich and made available to the public via our OWS interface JOIN (Waychal et al. 2013).
JOIN (http://join.iek.fz-juelich.de/) provides a user friendly interface for flexible selection of
data sets delivered from WCS servers. The user can select a geographical region, time range
and different variables from the selected dataset and then can download or visualize the data
in the form of maps, vertical cross sections or time series. JOIN uses standards like WCS, CF-
netCDF and INSPIRE to test in a real-life environment.



http://join.iek.fz-juelich.de/

IFS-MOZ

The coupled MACC system IFS-MOZ has been running quasi-operationally at ECMWF
from 2010 to September 2014 for the MACC forecasts and analyses. Additionally it was used
for the MACC reanalysis (2003-2012). In October 2014 this system was superseded by the
first version of CIFS. During the last year, several scientific papers discussed and evaluated
these simulations.

Lefever et al. (2015) address the quality of the stratospheric ozone analyses between
September 2009 and September 2012. The MOZART-IFS chemical data assimilation system
is compared to the Belgian Assimilation System for Chemical ObsErvations (BASCOE), the
Synoptic Analysis of Chemical Constituents by Advanced Data Assimilation (SACADA), and
the Data Assimilation Model based on Transport Model version 3 (TM3DAM). The MACC
system delivered total column values that agree well with ground-based observations (biases
< 5%) and have a realistic seasonal cycle. Vertically alternating positive and negative biases
are found in the MOZART-IFS analyses as well as an overestimation of 30 to 60% in the
polar lower stratosphere during polar ozone depletion events (Fig. 3).
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Figure 3: Seasonally averaged relative ozone bias profiles of IFS-MOZART (red), BASCOE (blue), and
SACADA (green) versus ACE-FTS (AN minus OBS) in % for the Arctic winter (DJF) 2009-2010 (full), 2010-
2011 (dashed), 2011-2012 (dotted) and the Antarctic spring (SON) 2009 (full), 2010 (dashed), and 2011

(dotted).
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Reactive gases (O3, CO, NO3) in the troposphere from the MACC system are evaluated by
Wagner et al. (2015). The validation was performed based on CO and O3 surface observations
from the Global Atmosphere Watch (GAW) network, Oz surface observations from the
European Monitoring and Evaluation Programme (EMEP), NO2 tropospheric columns
derived from the satellite sensors SCIAMACHY and GOME-2, and CO total columns derived
from MOPITT. The MACC system proved capable of reproducing reactive gas concentrations
in consistent quality, however, with some seasonally dependent bias compared to surface and
satellite observations.

The MACC reanalysis (Inness et al., 2013) has gained a widespread attention. SPDEACM
contributed directly to three papers: Sheel et al. (2014) compared MACC reanalysis results for
CO profiles over an urban site in India with MOZAIC aircraft profiles and other model
calculations. They showed that mean biases with respect to the observed CO profiles were
lower for the MACC reanalysis than for model simulations with MOZART and MRI-CCM2.
The CO in the PBL region was consistently underestimated by MACC reanalysis during all
the seasons, while the other models show both positive and negative biases depending on the
season.



Katragkou et al. (2015) evaluate the MACC reanalysis with respect to near surface ozone for
specific European subregions. Measurements at rural locations from the European Monitoring
and Evaluation Program (EMEP) and the European Air Quality Database (AirBase) are used
for this evaluation assessment. The annual overall error of near surface ozone reanalysis is on
average 24% over Europe, the highest found over Scandinavia (27%) and the lowest over the
Mediterranean marine stations (21%). Near surface ozone shows mostly a negative bias in
winter and a positive bias during warm months. Assimilation reduces the bias in near surface
ozone and its impact is mostly notable in winter. With respect to the seasonal cycle, the
MACC reanalysis reproduces the photochemically driven broad spring-summer maximum of
surface ozone of central and south Europe. However, it does not capture adequately the early
spring peak and the shape of the seasonality at northern and north-eastern Europe.

The performance of the MACC reanalysis and a control run without data assimilation in the
extratropical upper troposphere/lower stratosphere (UTLS) over Europe is assessed in Gaudel
et al. (2015) with MOZAIC/IAGOS in-flight data for ozone and CO. On average over the
period, the reanalysis underestimates O3 by 60 ppbv in the lower stratosphere (LS), whilst CO
is overestimated by 20 ppbv. In the upper troposphere (UT), O3 is overestimated by 50 ppbv,
but CO is partly over or underestimated by up to 20 ppbv. As expected, assimilation generally
improves model results.

Research conducted with MOZART-3 (off-line model)

The offline-CTM MOZART-3 driven by ECMWF dynamics is an effective tool to test the
model sensitivity to changing initial or boundary conditions or to other changes in the model
chemistry. In 2014 we published a paper on the wintertime low bias of northern hemisphere
CO in global model studies, which has been summarized already in the last spdeacm interim
report (Stein et al., 2014). In this work also a detailed atmospheric budget of CO is given
based on model calculations performed within spdeacm (Fig. 4). Adding to earlier work on
volatile organic compounds (VOC), the book chapter in “Encyclopedia of Atmospheric
Sciences” summarizes current knowledge about aliphatic hydrocarbons, including results
from MOZART model calculations (Rudolph and Stein, 2015).
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Figure 1: The global CO budget: sources and sinks. Numbers are in Tg y* as estimated from MOZART-3 using
MACCity /IMEGAN /GFAS emissions for the year 2008.

In a ECHAMG climate simulation at MPI-M Hamburg Kracher et al. (2014; 2015) discuss the
reduction of the warming potential of N2O by an enhanced Brewer-Dobson circulation (BDC)
in a future climate. A particular consequence of the acceleration of the BDC is an enhanced
transport of N20O from its sources at the Earth’s surface towards its main sink region in the
stratosphere thus inducing a reduction in its lifetime. This leads to a decrease in the N20
global warming potential, which is particularly important in light of climate change mitigation



strategies. The simulations reveal a decrease in N20 lifetime by about 7 years K-1 (5.5 % K-
1), resulting in a conservative estimate for the reduction of the N20 global warming potential
by about 7 CO2-equivalents K-1 (2.4 % K-1). As ECHAMG6 does not contain atmospheric
chemistry, stratospheric decay rates of N20O are prescribed. Stratospheric decay rates are
taken from a MOZART-3 simulation for the year 2008 performed within MACC.
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