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Observational availability
Å/9w9{ 9.!C ōǊƻŀŘōŀƴŘ h[wΥ Ƴƻǎǘ ǿƛŘŜƭȅ ǳǎŜŘ άȅŀǊŘǎǘƛŎƪέŦƻǊ 

comparison.

ÅAIRS spectral OLR (Sep 2002 to present): an official AIRS L3 product 
made by our group
ÅSpectral OLR with 10 cm-1 spectral bins over the entire longwave

ÅRecently updated clear-sky spectral OLR with a factor of 10 in clear-sky 
sampling coverages

ÅCan also get it from CrIS 
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Broadband OLR trend



Number of clear-sky AIRS footprintsas decided from different collocation strategy 
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ÅHow good models can reproduce the observed clear-sky 
OLR trend in the tropics? 
ÅHow to understand the discrepancies in such 

comparisons?
ÅHow to reconcile with theoretical estimations?

Ç Observations: CERES EBAF 4.2 and AIRS Spectral OLR
Ç Reanalyses: ECMWF ERA5 and NASA MERRA-2
ÇModels: GFDL AM4, DoE E3SM v2 and v3
Ç Forced by the observed SST
Ç Two forcing period
Ç 2003-2014 CMIP6 historical forcing
Ç 2003-2021 CMIP7 historical forcing



All model runs are AMIP runs with CMIP6 historical forcings

CMIP6 era: Tropical Clear -sky OLR Trend (2003 -2014)

CERES trends: -0.71±0.25 (total region)
                           -0.63±0.26 (cloud free)6



All model runs are AMIP runs with recent CMIP7 historical forcings
Stopped at 2021 to avoid 2022 Hunga-Tonga eruption and the drift of Aqua

Tropical Clear -sky OLR Trend (2003 -2021)

CERES trends: -0.41±0.13 (total region)
                           -0.35±0.14 (cloud free)7



Trend from 2003 to 2021Tropical Clear -sky OLR Trend (2003 -2021)
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Clear-sky flux trend( 2003-2021; 10-350 cm-1)

Black denotes the direct results from models and obs

Red denotes results from kernel calculation

Trend difference from AIRS observation

Note the land-sea contrasts
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Clear-sky flux trend( 2003-2021;630-980 cm-1)

Trend difference from the AIRS observation

Black denotes the direct results from models and obs

Red denotes results from kernel calculation
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PBL bias in the western Pacific and the land surface bias contribute the most (SST prescribed)



10-350 cm-1 ƛǎ Ƴƻǎǘ ǎŜƴǎƛǘƛǾŜ ǘƻ ǘƘŜ άǳǇǇŜǊέ ǇŀǊǘ ƻŦ ǘƘŜ ǳǇǇŜǊ ǘǊƻǇƻǎǇƘŜǊŜ όмлл-300 hPa)
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ERA-5 ς AIRS v7 MERRA-2 ς AIRS v7

E3SM v3 ς AIRS v7 GFDL AM4 ς AIRS v7

AIRS v7

2003-2021 meanstate qH2O

Mean state difference: models and 
reanalyses have a much more humid 
UT than the AIRS v7 retrievals

Max is 126%
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ERA-5 ς AIRS v7 MERRA-2 ς AIRS v7

E3SM v3 ς AIRS v7 GFDL AM4 ς AIRS v7

нллоπнлнм ήκή ǘǊŜƴŘ ŘƛŦŦŜǊŜƴŎŜ ƛƴ ŦǊƻƳ !Lw{ Ǿт

AIRS v7
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! άǎƛƳǇƭŜέ ǇŀǇŜǊ ŀƴŘ ǇŜƴŎƛƭ ŎŀƭŎǳƭŀǘƛƻƴ

14

ϞLW,tropicsǽɯǸƕȭƛɯ6ɯÔǇƴɯ*ǇƳȯ



CO2 radiative forcing with stratospheric adjustment 
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Å2003-2021 (375-416 ppmv CO2)
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Å2003-2014 (375-398 ppmv CO2)
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άhƴŜ ƴǳƳōŜǊ ŎŀƭŎǳƭŀǘƛƻƴέ ƛǎ ƴƻǘ ŜƴƻǳƎƘ ǘƻ ƳŀǘŎƘ ǘƘŜ ǊŜǎǳƭǘǎΤ ǘƘŜ ǎǇŀǘƛŀƭ ǇŀǘǘŜǊƴ ƻŦ ¢ǎ ƴŜŜŘǎ ǘƻ ōŜ ŎƻƴǎƛŘŜǊŜŘΦ 



Conclusions and discussions
Å[ŀǎǘ ǘǿƻ ŘŜŎŀŘŜǎ ƘŀǾŜ ǎŜŜƴ ŀ ǇƻǎƛǘƛǾŜ ǘǊŜƴŘ ƛƴ ǘǊƻǇƛŎŀƭ ǎǳǊŦŀŎŜ 
ǘŜƳǇŜǊŀǘǳǊŜΣ ōǳǘ ǘƘŜ ŎƭŜŀǊπǎƪȅ h[w ǘǊŜƴŘ ƛǎ ƴŜƎŀǘƛǾŜ ŀƴŘ ǎǘŀǘƛǎǘƛŎŀƭƭȅ 
ǎƛƎƴƛŦƛŎŀƴǘ
ÅbƻǘŜ ǘƘƛǎ ƛǎ ƴƻǘ ǘƘŜ ŎŀǎŜ ƻǳǘǎƛŘŜ ǘƘŜ ǘǊƻǇƛŎǎΥ ǇƻǎƛǘƛǾŜ ¢ǎ ŀƴŘ ŎƭŜŀǊπǎƪȅ h[w

Å¢ǿƻ ƳƻŘŜƭǎ ŀƴŘ 9w!р ǎŜŜƳ ǘƻ ŀƎǊŜŜ ǿƛǘƘ ǘƘŜ ōǊƻŀŘōŀƴŘ ǘǊŜƴŘ ŦǊƻƳ ǘƘŜ 
!Lw{ ŀƴŘ ƻǾŜǊƭŀǇ ǿƛǘƘ ǘƘŜ /9w9{ ǘǊŜƴŘ ǳƴŎŜǊǘŀƛƴǘȅ ǊŀƴƎŜ

Å.ǳǘ ǘƘƛǎ ŀƎǊŜŜƳŜƴǘ ƛǎ ŘǳŜ ǘƻ ŀ ŎƻƳǇŜƴǎŀǘƛƻƴ ōŜǘǿŜŜƴ ǘƘŜ ŦŀǊπLw Iнh ōŀƴŘ 
ŀƴŘ ǘƘŜ /hн Ҍ ǿƛƴŘƻǿ ōŀƴŘǎ

Å¢ƘŜ ήκή ǘǊŜƴŘ ƛƴ ǘƘŜ мллπоллƘtŀ ƛǎ Ƴƻǎǘ ǊŜǎǇƻƴǎƛōƭŜ ŦƻǊ ǘƘŜ ŦŀǊπLw ōŀƴŘ 
ŘƛŦŦŜǊŜƴŎŜ
ÅaƻŘŜƭǎ ŀƴŘ ǊŜŀƴŀƭȅǎŜǎ ƘŀǾŜ ƴƻǘ ƳƻƛǎǘŜƴŜŘ ŀǎ Ŧŀǎǘ ŀǎ ǘƘŜ !Lw{ Ǿт ǊŜǘǊƛŜǾŀƭǎ ƛƳǇƭƛŜŘΣ 
ŜǾŜƴ ǘƘƻǳƎƘ ǘƘŜƛǊ ƳŜŀƴ ǎǘŀǘŜǎ ŀǊŜ ƳǳŎƘ ǿŜǘǘŜǊ ǘƘŀƴ ǘƘŜ !Lw{ Ǿт ǊŜǘǊƛŜǾŀƭǎ
ÅbƻǘŜ !Lw{ Ǿт ƛǎ ŀ ǊŜǘǊƛŜǾŀƭΣ ǿƘƛŎƘ ŎƻǳƭŘ ƘŀǾŜ ōŜŜƴ ōƛŀǎŜŘ ǘƻƻΦ

ÅbŜŜŘ ǘƻ ǊŜŎƻƴŎƛƭŜ ǘƘŜ ƳƻŘŜƭκƻōǎ ǿƛǘƘ ǘƘŜƻǊŜǘƛŎŀƭ ǳƴŘŜǊǎǘŀƴŘƛƴƎǎ

мт



Conclusions and discussions (II)

ÅFar-IR flux in AIRS spectral OLR is indeed an estimation using mid-IR observations
Åb!{!Ωǎ tw9CLw9 Ƴƛǎǎƛƻƴ όнлнп-present) will be the first mission to provide multi-year far-IR direct 

observations

Far-IR
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Thank You!
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¢ƻǘŀƭ ǊŜƎƛƻƴΥ  лΦлс ²ƳπнκŘŜŎŀŘŜ
оπƘƻǳǊƭȅ ŎƭƻǳŘ ŦǊŀŎǘƛƻƴғр҈ ǊŜƎƛƻƴΥ лΦлло ²ƳπнκŘŜŎŀŘŜ

нл



Band (cm-1) Trend (W m-2/ decade) Major 

Absorbers

AIRS  

observation

Calculation 

from AIRS v7

Calculation 

from ERA-5

Calculation 

from MERRA-2

Calculation 

from E3SM v3
With co2 
forcing

Calculation 

from E3SM v2
With co2 
forcing

Calculation 

from GFDL 
AM4

10-500 -0.18±0.05 -0.03 0.05 -0.06 0.02(0.01) 0.01(0.01) 0.00 H2O

500-630 -0.06±0.03 -0.08 -0.06 -0.11 -0.07(-0.09) -0.07(-0.09) -0.07 H2O, CO2

630-820 -0.13±0.04 -0.17 -0.14 -0.15 -0.18(-0.15) -0.18(-0.16) -0.17 CO2, H2O

820-980 0.11±0.05 0.10 0.08 0.03 0.08(0.03) 0.09(0.03) 0.09 H2O 

(continuum)

980-1080 0.02±0.05 0.02 0.03 0.01 0.02(-0.00) 0.02(0.00) 0.02 O3, H2O 

(continuum)

1080-1180 0.05±0.03 0.05 0.04 0.02 0.04(0.03) 0.04(0.03) 0.04 H2O 

(continuum)

1180-1390 -0.02±0.02 -0.02 -0.01 -0.05 -0.02(-0.01) -0.01(-0.03) -0.02 H2O, N2O, 

CH4

>1390 -0.00±0.02 -0.00 0.02 -0.02 0.01(0.00) 0.01(0.00) 0.00 H2O

Broadband 

OLR

-0.23±0.22 -0.15 0.01 (0.06) -0.33(-0.33) -0.11(-0.18) -0.09(-0.21) -0.12 (-0.20)

CERES ERAF 4.2 cloud free: -0.35±0.31 W m-2/ decade
                  total region: -0.41±0.27 W m-2/ decade

Band-by-band breakdown (RRTMG_LW bands)

Spectral radiative kernel results (model/reanalysis own results)



ERA-5 ς AIRS v7 MERRA-2 ς AIRS v7

E3SM v3 ς AIRS v7 DC5[ !aп ς !Lw{ Ǿт

!Lw{ Ǿт

2003-2021 mean 2003-2021 mean  relative difference (%)

2003-2021 meanstate T
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Trend difference from AIRS v7 
2003-2021

ERA-5 ς AIRS v7 a9ww!πн ς !Lw{ Ǿт

9о{a Ǿо ς !Lw{ Ǿт GFDL AM4 ς AIRS v7

AIRS v7
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2003-2021

T & q trend vs. flux trend

q trend

bƻǊƳŀƭƛȊŜŘ ǉ
 ǘǊŜƴŘ

¢ ǘǊŜƴŘ
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MERRA-2 ς AIRS v7

E3SM v3 ς AIRS v7

2003-2021 mean
Different color scale as 
previous page
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Trend of clear-sky OLR (LW broadband) from 2003 to 2021
tǊŜǾƛƻǳǎ 9.!C ǘǊŜƴŘ ƻŦ πлΦос²Ƴπн ƛǎ ŦǊƻƳ нллп ǘƻ нлнм

9w!C пΦн     ŎƭƻǳŘ ŦǊŜŜΥ πлΦорҕлΦом
                  ǘƻǘŀƭ ǊŜƎƛƻƴΥ πлΦпмҕлΦнт



10-350 cm-1Red color denotes from kernel calculation Black color denotes from Obs or model output


