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Background

« ECMWEF is part of the CMUG (Climate Modelling User Group) which is an ESA Climate Change
Initiative (CCI) project.

» The aim of the study has been to exploit ESA CCIl and CCIl+ data of aerosols and clouds for
assimilation in Earth System Models

— Work package together with Barcelona Super Computing Centre

» Focus on aerosol and cloud optical depth products
— AODs are used operationally in the ECMWF CAMS system

— First time testing the use of CODs
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Assessing the impact of CCI AOD and COD in the ECMWF system

COD
— SLSTR L3U data provided by Gareth Thomas (STFC) and Martin Stengel (DWD)

— Not part of the official CCI data sets, but the same algorithms are being used to cover the test periods
June 2020 and September 2021

AOD

— Swansea University SLSTR v1.14, contact persons Peter North and Kevin Pearson

1. Data quality assessed with passive monitoring experiments
— Realistic quality screening

— Designing observation errors
2. Sensitivity tests in depleted observing system to decide on optimal assimilation setup

3. Joint assimilation of AOD and COD in depleted and in full observing system
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Quality of SLSTR AODs is good and relatively homogeneous over sea

» Observation — model (OmB) background statistics indicate high biases over land, magnitude

depends on location and season, so it was decided to focus on the data over sea.

« Random errors are also more homogeneous over sea than over land and significantly lower in

magnitude

AOD OmB bias, September 2021
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Sensitivity tests indicate 1.4 — 2 inflation factor for uncertainty to be used
as observation error

« OmB sdev statistics indicate larger errors than the uncertainty estimates provided with the AOD data

« Inflation factor 1.4 chosen to be used in the joint assimilation experiments
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September 2021, over sea
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COD monitoring indicates areas of large OmB mean differences

 Areas of significant OmB mean differences

— Positive mean difference, i.e. observed COD higher than model bg, over regions where typically
persistent marine stratus

— Negative mean differences and increased OmB sdev in the inter-tropical convergence zone

COD OmB bias, September 2021
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Uncertainty estimate provided with COD is underestimating the
observation error

September 2021, over sea
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Assimilation of COD degrades the temperature forecasts in depleted
observing system

» Assimilation of all COD observations degrades the short range temperature forecasts, impact on
humidity is rather netural.

 Limiting the assimilation to COD values 0.5 — 10 or blackisting data over tropics slightly improves
the temperature forecasts.
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Channel number

Assimilation of COD + AOD in full observing system generally degrades
temperature and humidity forecasts but some improvements are seen for
short range wind forecasts and against AERONET

ATMS Wind
2l T T T T A= - 10F 7 — < IARRRpanta) LALLM - : :
Fractional Gross Error against AERONET 2.0
2r @ ] 20r @ - ] AOT at 500 nm
20+ . 30 .
191 . 501 . Baseline (all operationally used observations)
181 - 70 - Baseline + AOD and COD
15+ = 100t 1 1
14} = 150t 09
13 = 200F // DR
12} 3 250} ot
114 {1 - 300f A\ o0
10F - 400 l '
9t . 500 '
8 - 700 5
7t - 850 - - 1
6r |l = T 1000F . Lo e — . o
99.5 1000 1005 101.0 101.5 1020 97 98 9 100 1M 5 F 28 B R W B RS2 KRS
Background std. dev. [%, normalised] Background std. dev. [%, normalised)]

o)
-y ECMWF EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS 9



Conclusions and ideas how to improve the impact

 Quality of AOD is good and relatively homogeneous over sea.

« COD has some large differences from its model counterparts especially over areas where there
Is typically marine stratus and over intertropical convergence zone.

« Joint assimilation of AOD and COD indicates degradation in temperature and humidity forecasts
but some improvements seen for wind. Verification against AERONET AOT indicates positive
impact.

* Ideas to improve the impact obtained from the COD assimilation

— User has quite limited tools to do the quality screening of the observations. More informative quality flag
provided with the COD data would be useful.

— Assimilation of CODs could be improved with more strict first guess check
— In these experiments no variational bias correction was applied, this could potentially improve the impact

Developing more sophisticated approach for the observation error could also help
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