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Project objectives

Objectives of ESA study 
1: To assess the value of LEO+GEO satellite observation system measuring in the UV for 

tropospheric composition monitoring using data assimilation.  
Focus on O3, CO, NO2, HCHO

• Gain in model + forecast skill.
• Improvement of boundary layer (BL) concentrations.
• Improvement of impact long-range transport on BL.
• Improvement of continuous and episodal sources.
• Optimisation of surface emission rates.

2: To study the impact of cloudiness, aerosol, surface albedo and uncertainty in the 
dynamical fields (vertical transport) on model and forecast skill. Optimise the assimilation 
approach.

Approach and partner roles 
KNMI, FMI: synthetic observations 
TNO, KNMI: OSSE with LOTOS-EUROS for NO2, HCHO (BL and emissions) 
CNRM-GAME, NILU: OSSE with MOCAGE for CO and O3 (transport)
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OSSE

“Nature” model run

Simulate existing 
observations

Simulate future 
observations

Synthetic observations

Assimilate with      independent model 
  OSSE run               reference run

Analyses with/without new observations

Compare two analyses 
Quantify impact of new observations
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Cross-OSSE

LOTOS-EUROS

MOCAGE

Synthetic Observations

Synthetic Observations
Nature run 
NO2, HCHO,  
O3, CO,  
Clouds 

Nature run 
O3, CO,  
NO2, HCHO, 
Clouds 

Sentinel 4, Sentinel 5 
O3, CO  
observations 

Sentinel 4, Sentinel 5 
NO2, HCHO  
observations 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Study domains

Clarification of the OSSE approach ISOTROP, ESA contract 4000105743  
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Both TM5 and MOZART are used in the global MACC reactive gas system, and there 
is much experience with the comparison between the two (e.g. Huijnen et al., 2010, 
2012). Both models are extensively validated on a routine basis within MACC, 
especially focussing on O3, CO, and NO2, and show a similar performance in the 
validation studies. 

3.1.3 MOCAGE 

The simulations of MOCAGE model will be performed over the Europe domain at the 
horizontal resolution of 0.2°x0.2°.  This domain is a nested domain, which is 
controlled on the boundaries by the global model (2°x2°). 
A detailed validation of the model using a large number of measurements during the 
Intercontinental Transport of Ozone and Precursors (ICARTT/ITOP) campaign was 
performed by Bousserez et al. (2007) and the climate version was validated by 
Teyssèdre et al.(2007). 
To make sure we have the most realistic nature runs, we will assimilate separately the 
ozone ground based data and the satellite CO data (MOPITT or IASI). To ensure the 
data quality, we will compare the model results to independent data.  For NO2 and 
HCHO, MOCAGE will deliver the resulting free runs. 
Secondly, we will interpolate the 0.2°x0.2° resolution over the European domain to 
0.1°x0.1°. This resolution is close to the resolution of the S4 and S5 satellites. 
Third, over France, Belgium and western Germany (on the Prev'Air domain, 5W-10E, 
41N-52N) MOCAGE will provide output for the Nature run at 0.1°x0.1° degree. 
With this setup the resolutions of LOTOS-EUROS (0.0625 by 0.125), MOCAGE 
(0.1 by 0.1), the TNO-MACC anthropogenic emissions (0.0625 by 0.125) and the 
MACC fire emissions (0.1 by 0.1 degree) are all very comparable. 

 
Figure 2: The MACC European domain. The red rectangle is the extended Prev'Air domain, 
which is used for the OSSE and reference runs of LOTOS-EUROS, as discussed in the text. 

OSSE domain for 
CO,O3 
MOCAGE 
resolution 0.2 degree 

OSSE domain for 
NO2, HCHO 
LOTOS-EUROS 
resolution 0.0625 x 0.125 

Periods: Summer 2003, Winter 2003-2004
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Nature run comparisons

NO2 CO

Ozone
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Synthetic observations

NR Profiles

Retrieval Sim.

Synthetic L2

NR Profiles

Retrieval Sim.LUT Interpol.

Synthetic L2

Representative 
Geometries 

“Brute-force” method LUT-based method

Based on optimal Estimation (Rodgers) and DOAS 
Observation error covariance matrices, kernels 
Orbit simulator

LUT

Averaging kernels 
+ Covariances
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Synthetic observations

Albert Oude Nijhuis 

Less 
Expensive
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Perturbation check

NO2 CO

NO2 column albedo
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NO2 - slant column error

Jukka Kujanpää

Note: TROPOMI ATBDs start from fixed slant 
column error for HCHO and NO2

Little dependence on 
albedo, but value is very 
high. 
Slant column error set to 
0.7e15 in v2.

With noise correlated in 
wavelength space

Without correlated noise
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Clouds

Satellite: cloud parameters are retrieved from spectra 
For OSSE: use model clouds to create synthetic cloud observations 

modelled water/ice content  
and cloud cover profiles

cloud optical depth profiles

effective cloud cover 
effective cloud top pressure
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Clouds: ECMWF vs MOCAGE

Jason Williams

ISOTROPcloud comparison 
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approximately the same. One main difference relates to the frequency of occurrence 
of low and high values, where the number of smaller eff

cldf  values from the 
ARPEGE/MOCAGE data exceed those calculated using ECMWF data. This is in 
spite of the smaller grid cells in the ARPGEGE/MOCAGE data, where there are no 
instances of eff

cldf  equal to 1.0. When comparing a set of typical values retrieved using 
OMI data (which are normalised to the total number of values obtained using the 
meteorological datasets), the frequency of occurrence is rather homogenous across the 
entire spectrum of values. In essence those from the ECMWF data exhibit a greater 
similarity than those from the ARPEGE/MOCAGE data. This has the potential to 
increase large differences in the retrievals when used for assessing the impacts of 
clouds 
 

 

 
 

Figure 10: As for Figure 9 except for eff
cldf values. The red plot shows the 

corresponding values retrieved from a typical set of OMI data. 
 

 
6. Conclusions 

 
1. We have described an approach to convert cloud properties from the 
meteorological models into effective cloud properties needed to generate the synthetic 
observations. The input parameters are cloud fraction, cloud liquid water content and 
cloud ice water content, provided on all model levels. The output parameters are 
estimates of the optical cloud fraction and optical cloud pressure. For simplicity we 
have used a maximum overlap approach and a single mean relation between 
reflectivity and cloud optical depth. 
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Results: CO, S5, nature run

CO nature run
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Results: CO, S5, albedo

Albedo
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Results: CO, S5, retrieval

CO retrieval 
error
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Results: CO, S5, retrieval

CO retrieval
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Results: CO, S5, retrieval



!19

Results: NO2, S5, inputs

Cloud 
pressure

Cloud 
radiance 
fraction

Albedo Surface 
pressure
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Results: NO2, S5, nature run

Nature run 
tropospheric 
column 
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Results: NO2, S5, retrieval

NO2 retrieved 
tropospheric 
column
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Results: NO2, S5, error

Tropospheric 
column error
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Results: NO2, S4
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Results: NO2, S4
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Results: HCHO, S5P, nature run

Nature run 
HCHO column
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Results: HCHO, S5P, retrieval error

HCHO 
retrieval error
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Results: HCHO, S5P, retrieval

HCHO 
retrieval
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Observations - Ozone

Migliorini, MWR 2008 
“Use of Information Content for … efficient interface to DA” 

Suppose retrieval is done on 40 vertical layers  
and provides DFS = 5

Kernel : 40 x 40
Covariance : 40 x 40
Retrieval : 40
A-priori : 40

Kernel : 40 x 5
Covariance : -
Retrieval : 5
A-priori : -

Conventional optimal  
estimation data product

Product that stores only  
real information 
(Migliorini) 
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Observations - Ozone

Follow approach of Migliorini, MWR 2008 
1. Efficient storage: Only kernel vectors and retrieval value 

for leading eigenvectors 
2. Convenient for data assimilation: 

smaller nr of observations + diagonal obs. covariance 

KNMI DISAMAR RTM:  
* Forward + Optimal Estimation  
  retrieval following Rodgers 
* 300-320 nm range 
  @ 7x7 footprint  
* 6 leading eigenvectors 
* S4 + S5P

troposphere stratosphere

vector #5
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Summary ISOTROP project

An OSSE to study the impact of Sentinel 4 and 5 data  
on air quality forecasts 

 - Target species O3, CO, NO2, HCHO 

Synthetic observations for S4 and S5(P), over Europe 
    - Based on high-resolution 7km model nature runs 
    - Full level-2 product (error estimation, kernels, covariances) 
    - Of use for other projects? 

OSSE results: talks by Renske Timmermans, William Lahoz 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Spin-off ISOTROP

Papers 
• Timmermans et al., OSSE review, Atmos. Env. 115, 2015. 

• Abida et al., S5P CO OSSE, ACPD 2016 (under review). 

Synthetic observations for new mission proposals 
• NitroSat proposal for ESA Earth Explorer call 9 

• TropoLite (Talk Renske Timmermans) 

 


