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Infrared Atmospheric Sounding Interferometer (IASI)
• IASI: Thermal IR nadir sounder
• On board the Metop (-A, -B and -C) polar orbiting satellites since 2007

>16 years of continuous and consistent measurements… + 25 years to come 
with IASI-NG

SAMPLING ~ 1.3 million spectra/day

• Pixel size: 12 km on ground at nadir
• Global coverage & high sampling: global measurements twice daily 

~9.30 AM & PM 
INSTRUMENTAL

• Broad spectral range: 645-2760 cm-1 (15.5-3.62 μm), with no gaps
• Spectral sampling : 0.25 cm-1

MISSION GOALS
1. Meteorology (Water vapour, T profiles)
2. Atmospheric Composition and Chemistry (O3, CO, H20, …)
3. Climate (Radiation, Surface Temperature, CO2, etc..)
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VISIBLE/NIR THERMAL INFRARED

Daytime only (reflected sun) Day or night (Earth radiation)

Fine particles (<1 μm)
(e.g. dust, smoke, PM, most aerosol)

Coarse particles (>1 μm)
(dust, ash, sulphate, clouds, ice)

Not sensitive to altitude
(but better on BL!)

Sensitive to altitude
(but worse on BL!)

Challenges over bright surfaces
(reflectivity)

Challenges over desert/snow surfaces
(emissivity)

Limited sensitivity to composition
dust, ash, sulphate

Sensitivity to composition (certain types) 
(dust, ash, sulphate, clouds, ice)

à Complementarity between Visible/NIR and Thermal Infrared observations  



Outline
• Part 1: The dust OD retrieval (cloud free)

• A dust index
• Construction
• Surface emissivity 
• v8 vs. v9: new bias corrections
• v9: a new cloud mask

• Neural network-based retrieval
• Setup and training
• Retrieval and uncertainty estimates

• Part 2: Illustrations and comparisons
• Climatologies and Model comparison
• Aeronet
• Trends
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Part 1:

The IASI dust OD  retrieval
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• RN normalized à Dust-free spectra:
o Mean 0
o Standard deviation 1

• Value >>3: Positive detection!

à Strength of the dust signature in the IASI 
spectrum

1. A dust index
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k: Dust Jacobian
S: Covariance matrix of unpolluted spectra
µc: mean unpolluted spectrum

Construction of k, S and μc directly from 
IASI spectra 
à Advantage: no forward model needed !



Bias correction on RN
A. Surface emissivity effects

Ø Not completely accounted for in S
Ø Correction from gridded mean R-bias:
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Average 
R-bias 

Uncorrected R 
(May 2013) Corrected R 

(May 2013)

Sign change 
in bias 

Color = month of 
lowest DAOD
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B. Offsets and trends: from v8 to v9

Before correction
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Bias correction on RN

• Shift between Metop-B/-C and Metop-A 
(before August 2017)

• Negative trend à CO2 concentration changes



Offsets and trends correction: from v8 to v9

Offset on Metop-B and –C + Trend correction

After correction

Before correction
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Ø Until v8: cloud mask = IASI L2 cloud product
Ø v9: new IASI NN-based cloud mask:
• Pattern recognition network (two layers)
• Reference dataset: latest version of the L2.
• Inputs: IASI radiance information only.

è 45 IASI channels + orography
è Exclusion: CO2, CH4, N2O, CFC-11 and CFC-12 

absorption lines + ν2 H2O

C. v9: a new cloud mask    ! Cloud-free product !

Bias correction on RN
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• Accurate and strict enough to be used in retrieval frameworks,
• Consistent over time and between the 3 IASI/Metop,
• Able to differenciate clouds from dust plumes

Bias correction on RN
C. v9: a new cloud mask

Fraction of IASI cloud-free pixels
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Cloud scenes
Cloud-free scenes
Cloud in L2 only
   RN > 10
   RN > 20

cloud L2 cloud NN
2013/06/07

2013/06/03

2020/06/07

Cloud/dust differenciation



How does the RN index vary with optical depth?
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Sensitivity to:
• the dust amount
• the dust layer altitude
• the atmospheric state 

For a given atmosphere:
• RN increases monotonically with increasing OD
• ODs>2-3: Saturation level
• Small ODs: linear relationship between OD and RN

Ø Slope determined by the thermal contrast (Tskin – Tdust)



Auxiliary data Dust height

Viewing angle

Temperature of the dust layer

Surface pressure

Humidity profile

Surface Emissivity
Radiance data Dust index + couple of channels

(“baseline temperature”)

INPUT 
DATA

OUTPUT 
DATA Optical depth At 10 μm
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2. Conversion of the RN to dust AOD
… using a neural network

A. Training the NN:
• Building of the training set

o Atmospheric state of random IASI 
observations (>200,000 in total)

o random DOD (0-3) and altitude layer 
(0-7 km)

• Simulation of IASI spectra
• Calculation of corresponding RN 



è OD = CR x R

Advantages: 
- Much smaller dynamic range! à better training
- Noiseless neural network (unbiased data set): 

low sensitivity: OD ≈ Rnoise x CR (normal distribution)
- Noise is preserved outside of the network

-6 -4 -2 0 2 4 6
0

500

1000

1500

2000

2500

3000

-6 -4 -2 0 2 4 6
0

500

1000

1500

2000

2500

3000

Dust index OD retrieval
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Subtlety: training of ratio CR=OD/R. 
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Training performances

Relative error: ~10%, except for low altitudes (up to 25%)
Biases: close to 0, except for low altitudes



B. Running the NN:

• Inputs: IASI L1c or L2 data
      (water vapor, Psurf, BT, Ta, 
      sat. angle, εs)

• Exception: Dust altitude à 
climatology from CALIOP

17Altitude (km)
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1. Aerosol altitude. 
2. IASI instrumental noise on R. 
3. IASI instrumental noise on the input baseline channels. 
4. Temperature profile. 
5. Humidity profile. 

“Random errors”

“Systematic errors”

1. Neural network errors (10%)
a. Training
b. Auxiliary data (emissivities, refractive indices)
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Uncertainty estimates

Typical uncertainties when dust : 15-30%



Part 2:

Illustrations and comparisons
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Metop A + Metop B
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Transported dust over the Atlantic Ocean
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Metop A + Metop B

Transported dust over Europe 
and the Mediterranean Sea
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Metop A + Metop B

Transported dust over Europe and the Mediterranean 
Sea: Comparison with CAMS Forecast Dust at surface
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1. MACC ECMWF 
comparison

June 2013

IASI OD 10µm vs ECMWF 550 nm:

Qualitative agreement
• Sources areas
• Transport patterns
• Remote areas
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August 2013

1. MACC ECMWF 
comparison

IASI OD 10µm vs ECMWF 550 nm:

Qualitative agreement
• Sources areas
• Transport patterns
• Remote areas
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October 2013

1. MACC ECMWF 
comparison

IASI OD 10µm vs ECMWF 550 nm:

Qualitative agreement
• Sources areas
• Transport patterns
• Remote areas



2. Aeronet comparison

• For comparison with IASI/IASI-NG, the coarse mode products OD  (e.g. SDA 2.0) are most representative
• Conversion from 10µm to 0.55 often problematic (i.e. assumptions on the PSD are needed). Here, constant factor of 2.
• Comparison: (1) AERONET averaged in +/- 30 min. of IASI overpass; 

(2) IASI averaged within +/- 30 km of AERONET site.  
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2012

2013

2014

2016
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AERONET
IASI day
IASI night

Source regions

All data pairs 
in 2008-2017
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Remote regions

2017

2016

2014

2017

AERONET
IASI day
IASI night

All data pairs 
in 2008-2017
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All stations:
Summary AERONET vs 
IASI



From Song et al. 
2021 (acp)

DAOD trends
(2008-2022)
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Preliminary results !



Summary
Theoretical advantages
- Fast 
- Full spectral range (highly sensitive)
- Low dependency on the forward model (RI, emissivity, etc, ….)
- Full atmospheric state
- Full uncertainty analysis (propagation of input parameters)

Current limitations
- No retrieval of altitude
- Cloud free conditions

Evaluations
- Correlations with AERONET > ~0.8
- Comparison with model ‘satisfactory’ (qualitatively)
- Continuity: Land/Ocean – AM/PM

Data availability (L2 and gridded L3 data)
ICARE Data and Service Center: https://www.icare.univ-lille.fr/ 31


