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Box 1: Summary

This poster describes the BASCOE Reanalysis of Aura MLS, 2nd version (BRAM2) and
provides an update to its validation paper (Errera et al., ACPD, 2019) where the
assimilation period has been extended by one year, up-to 2018. BRAM2 is agree generally
well with independent observations (ACE-FTS, MIPAS, SMILES – for ClO, and ozone
sondes). Validation results shown here concerns the lower stratospheric polar vortex and
the middle stratosphere where Errera et al.'s paper provides additional validation in the
tropical tropause layer and during descend of mesospheric in the upper stratospheric
polar vortex. This update confirms the results presented in Errera et al. (ACPD, 2019).

Box 5: Lower Stratospheric Polar Vortex

• PSC schemes implemented in atmospheric models are generally subject to large
uncertainties (much larger than in normal conditions). Chemical assimilation in PSC
conditions is thus challenging.
• Qualitatively, BRAM-2 is able to reproduce the evolution of the chemical state of the
southern polar stratosphere as measured by MLS (Fig. 2). Compared to a control run (no
assimilation, CTRL), BRAM-2 corrects most of the model deficiencies.

Box 6: Middle Stratosphere

• In the middle stratosphere, BRAM2 agrees well with MLS and independent observations,
and is usually within the MLS uncertainties or the uncertainties between MLS and ACEFTS (Fig. 4).
• Note that O3 is not assimilated above 4 hPa and is not recommended to be used above
that level (more info in Errera et al., ACPD, 2019).

Box 2: Experimental Setup

BRAM2 has been produced by the Belgian Assimilation System for Chemical Observations
(BASCOE).
Chemistry Transport Model (Errera et al., ACP, 2008, ACPD, 2019):
• 58 stratospheric species advected by the Flux Form Semi Lagrangian (Lin and Rood,
MWR, 1996).
• Around 200 chemical reactions (gas phase, photolysis and heterogeneous).
• PSC parameterization of their formation/evaporation, sedimentation and
heterogeneous reaction rates on their surface (Huijnen et al., GMD, 2016).
• Spatial resolution: 2.5°lat x 3.75°lon x 37 levels between 0.1 hPa – surface.
• Time step: 30 minutes.
• Dynamical fields: ERA-Interim.
Data Assimilation (Skachko et al., GMD, 2014, 2016) :
• EnKF.
• Observational error tuned using Desroziers’s method (Desroziers et al., QJRMS, 2005).
Observations:
• Aura MLS v4.2 profiles of O3, H2O, HNO3, N2O, HCl, ClO , CO and CH3Cl according to the
recommendations of the MLS Data Quality Document.
• Period: Aug 2004-Dec 2018.

Box 3:

2
! -test

• BRAM2 is based on four streams with an overlap of 1 month between each stream.
• Observational errors of O3, H2O, HCl, ClO, N2O, CO and CH3Cl are tuned using
Desroziers’s method which ensures !2≈1 (Fig. 1).
• Observational errors of HNO3 are unchanged to get the system closer to MLS.
• All !2 time series are stable over the years while showing seasonal variations for some
species. We also note a good overlap between each stream.
Fig 1: Time series of !2–
tests for each
assimilated species
(colored lines, left y-axis)
and the number of
assimilated observations
(gray area, right y-axis).

Box 4: How to obtain BRAM2
•
•
•
•

6-hourly analyses of the 8 assimilated species plus Cl2O2 are freely available.
Each species and ERA-I temperature are delivered in yearly NetCDF-CF files.
Size per files: 1,5 Gb ; total size: 207 Gb.
To download the dataset, visit strato.aeronomie.be -> Datasets -> BRAM.
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Fig. 2: Time series of daily averaged inner vortex volume mixing ratio of MLS (top), BRAM-2 (middle),
and the control run (CTRL, bottom) for Antarctic winter 2009 between 90°S-75°S of equivalent
latitude and for (from left to right) HNO3, HCl, ClO, H2O, O3 and N2O.

Fig. 4: Mean (top row) and standard deviation (bottom row) of the differences between BRAM2 and
observations (see the legend). The statistics are calculated between 30°N-60°N, 0.1-100 hPa, the 20052017 period and for O3, H2O, N2O, HNO3, HCl, daytime ClO and CH3Cl. The approximate numbers of
observed profiles used in the FmO statistics are given in the upper left corner of the top row. The gray
shaded area in the mean and standard deviation plots corresponds, respectively, to the MLS accuracy
and precision, as provided in the MLS data quality document. The thin black profiles represent the mean
(top row) and standard deviations (bottom row) between MLS and ACE-FTS found in validation
publications (for additional details, see Errera et al., ACPD, 2019).

• Generally, BRAM2 display high stability over time (Fig. 5) except for species/regions with
low abundance (N2O and HNO3 at p<3 hPa or CH3Cl at p<10 hPa)
• One may note drifts in HCl (at 4.6 hPa) and N2O (at 46 hPa) due to the MLS data. For HCl,
this drift is documented in the MLS data Quality Document. Not for N2O.

• Forecast-minus-Observations (FmO)
statistics of BRAM2-Observations
(Fig. 3) show that:
• There is a good general agreement
between BRAM2 and MLS or
independent observations, with a
good stability over the years
(although with seasonal
variations).
• For N2O at 650 K or HCl at 450 K,
large relative differences are shows
when the abundance of these
species becomes negligible but unnormalized differences remain
small (<20 ppbv for N2O and <0.2
ppbv for HCl).

Fig 5: Time series
of the monthly
mean differences
between BRAM2
and the different
observational
datasets between
30°N-60°N, at
0.68, 4.6 and 46
hPa, and
for O3, H2O, N2O,
HNO3, HCl,
daytime ClO and
CH3Cl. The gray
shaded area
represents the
standard deviation
of the differences
between BRAM2
and ACE-FTS
except for ClO
where SMILES
data are used.

Fig 3: Time series of the monthly mean
differences between BRAM2 and the
different observational datasets between
90◦S-75◦S of equivalent latitude at 650
and 450 K and for O3, H2O, N2O, HNO3, HCl
and daytime ClO. The gray shaded area
represents the standard deviation of the
differences between BRAM2 and ACE-FTS
except for ClO where MIPAS data are used.

Author’s Affiliations
1Royal

Belgian Institute for Space Aeronomy (BIRA-IASB), Brussels, Belgium
2Jet Propulsion Laboratory, California Institute of Technology, USA
3Research Institute for Sustainable Humanosphere, Kyoto University, Japan
4Meteorological Research Division, Environment and Climatic Change Canada
5Karlsruhe Institute of Technology, Institute of Meteorology and Climate Research, Germany Department of Physics, 6University of Toronto,
Canada
*presenting author
7

