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The Earth’s Outgoing Longwave Radiation 
(OLR)

= Total radiation emitted by the Earth-
atmosphere system and leaving to space

Example of IASI integrated SR-OLR

→ A spectrally resolved OLR (SR-OLR) retrieval algorithm from IASI radiances:

• For clear-sky scenes
• At the spectral sampling of IASI 

(0.25 cm-1)
• Units: (W m-2 (cm-1)-1)

Excellent fundamental 
climate data record
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Exploitation of the SR-OLR dataset:

Instantaneous Radiative Efficiency (IRE) or forcing 
(IRF) of halogenated species.

IRE (W m-2 ppbv-1)  = initial radiative flux imbalance in 
response to an imposed perturbation of a climate 
driver (e.g. change in [GHG]). 

Evaluation of the IRE:
➢ Today, mostly from radiative transfer model calculations 

for a few idealized atmospheres.

➢ Alternative approach directly from the changes in the SR-
OLR.
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IRE of halogenated species

1) Starting point: 

- Clear-sky daily SR-OLR (2°x2°)
- Between 2008 and 2022 (15 years)
- Between 750 and 1400 cm-1 at 0.25 cm-1 sampling

2) Global daily average SR-OLR (W m-2 (cm-1)-1)

3) For each IASI channel: Linear trend in the SR-OLR 
(W m-2 (cm-1)-1 year-1)

→ Slope of the linear regression:

- Surface temperature (baseline trend)
- Concentration of absorbing species

 [gas] →  absorption →  OLR (compared to baseline)
 [gas] →  absorption →  OLR
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Gridded daily 
SR-OLR

(W m-2 (cm-1)-1)

Daily average 
SR-OLR

(W m-2 (cm-1)-1)

SR-linear trend
W m-2 (cm-1)-1 yr-1
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Example: two IASI channels

OLR time series
• Baseline channel
• CFC-12 channel

Deseasonalized

Difference
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Slope of the linear regression for each IASI channel - … from globally averaged daily SR-OLR 
- … between 2008 and 2022
- … between 750 and 1400 cm-1
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CO2

CH4+N2O

Slope of the linear regression for each IASI channel - … from globally averaged daily SR-OLR 
- … between 2008 and 2022
- … between 750 and 1400 cm-1
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Fit CO2+CH4+N2O signal and remove their contribution
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What do we observe ? 

CFC-11
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CFC-11 CFC-12

What do we observe ? 
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CFC-11 CFC-12

SF6

What do we observe ? 
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CFC-11 CFC-12

SF6

HCFC-22

What do we observe ? 
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CFC-11 CFC-12

SF6

HCFC-22
HFC-134a

What do we observe ? 
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CFC-11 CFC-12

SF6

HCFC-22
HFC-134a

CF4

CCl4

What do we observe ? 
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CFC-11 CFC-12

SF6

HCFC-22
HFC-134a

CF4

CCl4

HNO3 O3

What do we observe ? 
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Forcing rate of change (FRC, W m-2 yr-1): CFC-11, CFC-12, SF6, HCFC-22 and HFC-134a
→ Fit, scale and integrate the Jacobian

17



Forcing rate of change (FRC, W m-2 yr-1): CFC-11, CFC-12, SF6, HCFC-22 and HFC-134a
→ Fit, scale and integrate the Jacobian

18



AGAGE concentrations

CFC-11 CFC-12 SF6 HCFC-22 HFC-134a

AGAGE 2008 (ppt) 243.5 537.5 6.5 196.2 50.4

AGAGE 2022 (ppt) 219.2 493.0 11.1 253.4 128.2

FRC (mW m-2 yr-1) 0.43 1.10 -0.17 -1.17 -1.20

IRE (W m-2 ppbv-1) 0.27 0.37 0.57 0.31 0.23
x Δppbv-1

From the FRC (W m-2 yr-1) to the IRE (W m-2 ppbv-1):
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CFC-11 CFC-12 SF6 HCFC-22 HFC-134a

Fitting range 5% 11% 21% 14% 12%

Jacobian (cross section) 14% 3% 24% 4% 10%

Jacobian (std. atm.) 4% 5% 4% 1% 5%

Jacobian (ref. year) 0% 0% 1% 0% 0%

Long-term T and H2O changes 0% 0% 0% 5% 5%

Methodology 11% 6% 21% 18% 16%

Total (RSS) 19% 14% 39% 24% 23%

Uncertainty budget
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WMO O3 assess. rep.
All STA-RE (W m-2 ppbv-1)

Conversion factor 
(K. Shine)

WMO O3 assess. rep.
Clr TOA IRE (W m-2 ppbv-1)

IASI
Clr TOA IRE (W m-2 ppbv-1)

CFC-11 0.280 ± 0.039 1.31 0.367 ± 0.070 0.27 ± 0.05

CFC-12 0.330 ± 0.0462 1.36 0.422 ± 0.085 0.37 ± 0.05

SF6 0.574 ± 0.0804 1.38 0.781 ± 0.151 0.57 ± 0.22

HCFC-22 0.223 ± 0.0312 1.34 0.300 ± 0.057 0.31 ± 0.07

HFC-134a 0.173 ± 0.0242 1.31 0.227 ± 0.043 0.23 ± 0.05

Literature:
• All sky
• Adjusted RE

→ Conversion to TOA IRE

Comparison with modeled IRE

21



Conclusions and perspectives

• Alternative approach for deriving the IRE
• Based on the changes in the SR-OLR
• General good agreement with modeled IREs

Advantages: 
• no asumptions on the atmospheric 

state,
•  no need for radiative transfer model 

calculations
Limitations:

• Absorption in the window region
• Change in concentration

Perspectives:
• IRE of new species with increasing time 

period of IASI
• IRE of other species outside the window 

region by fitting simultaneously the 
interferring species
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