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Confirming a Critical 
Foundation of Global 

Warming:
 

Direct Observational 
Evidence from Space of the 

Effect of CO2 Growth on 
Infrared Spectral Radiances
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How can we confirm experimentally from 
space that it is CO2 growth that causes the 
OLR changes leading to global warming?

We need observations from space of the Earth’s LW spectra:
LW spectra contains the signatures of changes in temperature, 
CO2, water vapor, ozone, clouds, and other gases 

Blackbody

Observations

Pierrehumbert, 2011
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Atmospheric Infrared Sounder 
(AIRS)

Temperature Water 
Vapor
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DioxideOzone Carbon 
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MethaneClouds

Pierrehumbert, 2011

Spatial Resolution ~ 14 km
Spectral properties

– 2378 Channels
– 3.74-15.4 µm

Radiometric properties
– Accuracy < 0.2 K
– Stability < 0.002 K/year
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Infrared View of Earth’s Climate 

Atmospheric Infrared 
Sounder (AIRS)

AIRS was launched 
onboard Aqua satellite, 
4 May 2002

AIRS is working well 
and could continue to 
collect data for years 
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Going back to the root cause of global warming… 
Can we measure the direct effect of CO2 

growth on LW spectra from space?

• Measurements from space of the direct effects of CO2 growth on the 
LW spectra have been notoriously difficult to obtain because:

1) Sparsity of high spectral resolution observations of longwave 
radiances before the early 21st century

2) Absence of long term (many years) and stable radiance records

3) Challenge of disentangling the effects of CO2, temperature, and 
water vapor on the spectral radiances

• Measurements of the spectral effects of the combined changes in 
CO2, temperature, water vapor and other gases have been published 
(e.g., Harries et al., 2001; Brindley and Bantges, 2016; Strow and DeSouza-
Machado, 2020; Whitburn et al., 2021; Huang et al., 2022; Raghuraman et al., 2023)

• Effects of CO2 growth alone have not been observed directly
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growth on LW spectral radiances? 
Simulation Studies

Kiehl (1983):

1) Simulated the impact of 
CO2 growth on clear-
sky spectra

2) Suggested hyper-
spectral LW satellite 
instruments to detect 
from space the impact 
of CO2 growth 

Simulated 
radiance 

change due to 
doubling CO2

Going back to the root cause of global warming…
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Pioneering Observational Study: 
Harries et al. (2001)

Harries et al. (2001) 
calculated the spectral 
differences between two 
IR instruments, one 
launched in the 1970s 
and the other in the 
1990s

Harries et al. (2001) are able to discern and assign, using model 
simulations, some of the spectral differences to changes in greenhouse 
gases such as CO2 BUT do not observe CO2 growth impact directly.

Observed 
differences

Simulated  
differences
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Going back to the root cause of global warming…

Can we measure from space the direct 
effect of CO2 growth on LW spectra?

AIRS has a long and stable radiance record 
But how can we disentangle the effects of CO2 from 
temperature and water vapor on the spectral radiances?
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New Methodology: Temperature 
and Water Vapor Analogues

• New methodology for a more direct measurement of the effect of CO2 
increase on longwave spectral radiances

• Objectives:
• To isolate the effects of CO2 from temperature and water vapor
• To provide a direct and more precise comparison with theory

• Approach: search for atmospheric profiles of temperature and 
water vapor that are as similar as possible (‘analogues’) to a set of 
reference profiles, but have different CO2 concentrations

• Measuring from space the spectral radiances of these analogues 
allows to detect the impact of CO2 in key spectral regions. 
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Analogue 
Methodology

Analogue radiances isolate CO2 impact from T and q 
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T and q Reference and 
Analogue Profiles

Reference profiles: 1000 temperature and water vapor profiles from 
July 2003 are randomly selected: i) over the tropical oceans [30 S to 
30 N], ii) cloud cover < 10% and iii) within SST range of 298 K to 302 K.

Analogue profiles: 
• Within absolute value thresholds of 1.4 K for temperature and 1.4 

gkg-1 for water vapor at any vertical level.
• Period: JJA 2003 to 2012.

Reference and analogue profiles: From AIRS/MW (includes NN 
trained on ECWMF) or MW-only retrievals.

Observations correspond to scan-angles between -5o and 5o 
from nadir and theoretical radiances are estimated at nadir
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Experimental Evidence from Space of Direct Effect 
of CO2 Growth on LW Spectral Radiances

• Methodology: search is performed to find observed profiles of temperature 
and water vapor that are as similar as possible (analogues)

• Results: AIRS spectral radiances corresponding to these analogue profiles 
show impact of CO2 growth on LW spectra

Spectral signature of CO2 growth directly observed from space
(isolated from temperature and water vapor changes)

Teixeira et al., 
Atmos. Chem. 
Phys., 2024

Annual mean radiance differences 
due to CO2 growth

Good agreement between theory and observations
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The role of MW-only analogues 
and CO2 uncertainties
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§ CO2 spatial/temporal variability is used to estimate impact of CO2 
uncertainty in theoretical radiances: small but relevant in some areas

§ MW-only T analogues are used to exclude any influence from IR in 
retrievals: No meaningful differences
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The stratosphere and the impact of 
temperature trends
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Variant of the method captures the (smaller) theoretical signal in 
the stratosphere as well as the troposphere

Stratospheric T trends (e.g., Ramaswamy et al. 2001, DeSouza-Machado et 
al. 2025) require a new variant of the method:
Select 1000 analogues with T smallest differences (wrt to the reference 
profiles) above (and 1000 below) zero in stratosphere   
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Confirming a critical theoretical foundation 
of global warming

Goal: to experimentally confirm that the direct effects of CO2 
growth on the Earth's outgoing LW spectra follow theory

Spectral signature of CO2 growth directly observed from space 
(isolated from temperature and water vapor changes)

Annual mean radiance differences 
due to CO2 growth

Good agreement between theory and observations

Results confirm a critical foundation of global warming

Teixeira et al., 
Atmos. Chem. 
Phys., 2024


