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Observational availability

* CERES EBAF broadband OLR: most widely used “yardstick”for
comparison.

* AIRS spectral OLR (Sep 2002 to present): an official AIRS L3 product
made by our group

» Spectral OLR with 10 cm? spectral bins over the entire longwave

* Recently updated clear-sky spectral OLR W|th a factor of 10 in clear-sky

sampling coverages i
GES DISC

* Can also get it from CrlS

Earth Observing System (EOS), Aqua

Aqua AIRS Level 3 Spectral Outgoing Longwave Radiation (OLR) Monthly (AIRSILBMSOLR)

This L3 Spectral Outgoing Longwave Radiation (OLR) is derived using the AIRS radiances to compute spectral
fluxes based on an algorithm developed by Xianglel Huang at the University of Michigan. It uses data from the
Atmospheric InfraRed Sounder (AIRS) instrument on the EOS-Aqua spacecraft.

Data Access

Online Archive

The Aqua AIRS Huang Level-3 Spectral OLR product contains OLR parameters derived from the AIRS version 6

~  data: all-sky and clear-sky OLR both spectrally resolved at 10 cm-1 bandwidth and integrated to a single value Earthdata Search

per grid square. This is monthly product on a 2x2 degree latitude/longitude grid.
OPENDAP
& Cloud Enabled
&. Subset/Get Data
2 View Full-size Image
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Broadband OLR trend
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* How good models can reproduce the observed clear-sky
OLR trend in the tropics?

* How to understand the discrepancies in such
comparisons?

* How to reconcile with theoretical estimations?

O Observations: CERES EBAF 4.2 and AIRS Spectral OLR
(d Reanalyses: ECMWF ERA5 and NASA MERRA-2
d Models: GFDL AM4, DoE E3SM v2 and v3
O Forced by the observed SST
Q Two forcing period
 2003-2014 CMIP6 historical forcing
0 2003-2021 CMIP7 historical forcing
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CMIP6 era: Troplcal Clear-sky OLR Trend (2003-2014) 30S-30N mean
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All model runs are AMIP runs with CMIP6 historical forcings CERES trends: -0.71+0.25 (total reglon)‘&\
© -0.6310.26 (cloud free) %



Troplcal Clear-sky OLR Trend (2003-2021) 30S-30N mean

0.8 —
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All model runs are AMIP runs with recent CMIP7 historical forcings CERES trends: -0.41+0.13 (total reglon)
Stopped at 2021 to avoid 2022 Hunga-Tonga eruption and the drift of Aqua -0.35+0.14 (cloud free) %
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Tropical Clear-sky OLR Trend (2003-2021)

10-350cm”!

o o &
«_.Jm\ - «.v@@
T UARxE T TR
B | N I P
7 €O 7
- 0 = : G
re- % % ™ “Y
- Gl 8 e %
%, e | %,
"o { & GM.. I ——t I GM..
a\\v.ov a‘vb./vv
N © N < N © o «
= S < = S <
- 19 -
[ &
o - N
: o (& ] m | VQ@
e | Sy R —— &, .
| | @ o & Sn
N o o w © %>
o c o : Ry GM..
Fm—==x
A N © N «
> | & o o ©
b R . &,
A RS T BT RN
: & = m I & v
_ : H 2 o 1 11242
1 I &\0 & | _ ANYG
| > I < @ 1 »ee _.mq
| . _ W\N\%m. & 1 _W@%m.
- 1“7, o] 1 7,
_ w | % | | %6
_ oo || &y o | 18,°C
_ _ &w.ov 1 _ a»v.ov
N o o k N ou o
> S = S 9

-_— e e ==

Amtmume-Egv Xn|} [esyoads Ays-1ea|d Jo puau]



Clear-sky flux trend( 2003-2021; 10-350 cm™?)
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Clear-sky flux trend( 2003-2021;630-980 cm™?)

Black denotes the direct results from models and obs 30 N
. 10" N
Red denotes results from kernel calculation .
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10-350 cm™ is most sensitive to the “upper” part of the upper troposphere (100-300 hPa)
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2003-2021 mean state g0
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A “simple” paper and pencil calculation

1944

AuGuUST 2023 KOLL ET AL.

JAn Analytic Model for the Clear-Sky Lon

DANIEL D. B. KOLL®,* NADIR JEEVANJEE,b AND N

 Laboratory for Climate and Ocean-Atmosphere Studies, Department of Atmosph
Beijing, China

® Geophysical Fluid Dynamics Laboratory, Princet:

¢ Scripps Institution of Oceanography, La Jolla,

(Manuscript received 17 August 2022, in final form 17 April 2

models and observations robustly agree that Earth’s cl
uggesting that this feedback can be estimated from 1

C Faril s clear-sky longwave feedback. Our approach uses a 1
feedback into four components: a surface Planck feedback and three atmospher
continuum. We obtain analytic expressions for each of these terms, and the mod
law and deviations therefrom. We validate the model by comparing it against
across a wide range of climates. Additionally, the model qualitatively matches |
sive climate model. For present-day Earth, our analysis shows that the clear-s}
surface in the global mean and in the dry subtropics; meanwhile, atmospheric
portant in the inner tropics. Together, these results show that a spectral view of
dates not only its global-mean magnitude, but also its spatial pattern and its
climates.

AL\N,tropics ~-1.7 Wm=2K™:
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CO, radiative torcing with stratospheric adjustment

GEOPHYSICAL RESEARCH LETTERS, VOL. 25, NO.14, PAGES 2715-2718, JULY 15, 1998

New estimates of radiative forcing due to well mixed

greenhouse gases

Gunnar Myhre
Department of Geophysics, University of Oslo, Norway

Eleanor J. Highwood and Keith P. Shine
Department of Meteorology, University of Reading, UK

Frode Stordal
Norwegian Institute for Air Research (NILU), Norway

Abstract. We have performed new calculations of the
radiative forcing due to changes in the concentrations
of the most important well mixed greenhouse gases
(WMGG) since pre-industrial time. Three radiative
transfer models are used. The radiative forcing due to
COg, including shortwave absorption, is 15% lower than
the previous IPCC estimate. The radiative forcing due
to all the WMGG is calculated to 2.25 Wm™2, which

15

Previous estimates of radiative forcing [IPCC, 1995]
have not necessarily been based on consistent model
conditions.

This work presents new calculations of radiative forc-
ing due to the most important WMGG, using a consis-
tent set of models and assumptions. Three radiative
transfer schemes are used, a line-by-line (LBL) model,
a narrow-band model (NBM) and a broad band model

dAF  1dC
dt aC_'dt

Table 3. Simplified expressions used in /PCC [1990]

(Table 2.2)
Trace Simplied expression Constants o
gas Radiative forcing, AF, IPCC Best estimate
Wm™? this work®

CO2 AF=a In(C/Cy) 6.3 5.35

CHa AF=a (VM- Mo )- 0.036 0.036
(F(M,No)-£(Mo,No))

N.O AF=a (vVN-v/No)- 0.14 0.12
(f(MUsN)'f(MofNO))

CFC-11* AF=a (X-Xo) 0.22 0.25

CFC-12 AF=a (X-Xo) 0.28 0.33

f(M,N)=0.47 In[142.01x10~5(MN)° "4 5.31x107'*M(MN)* 57

C is COz in ppmv
M is CHy4 in ppbv
N is N2O in ppbv
X is CFC in ppbv

L o) IRURERENIOE DRI, SRR R o W [DRUIY SpIR B SR i R [ — S— S —
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* 2003-2021 (375-416 ppmv CO,)

aty 0.18 + 0.02
dt = 7 T " decade

dCO, ppMU
~ 22.8
dt decade

at  clrtropics 4 3955 4t

0.0 Wm-2/decade

* 2003-2014 (375-398 ppmv CO,)

S
— =~ 0.027 + 0.035
dt — decade

dTs 535 dCO,

dOLRclr _ _ 5 = -0.24 Wm2/decade

dt  clrtropics g+ 3865 dt

“One number calculation” is not enough to match the results; the spatial pattern of Ts needs to be considered.



Conclusions and discussions

* Last two decades have seen a positive trend in tropical surface
temperature, but the clear-sky OLR trend is negative and statistically
significant

* Note thisis not the case outside the tropics: positive Ts and clear-sky OLR

 Two models and ERA5 seem to agree with the broadband trend from the
AIRS and overlap with the CERES trend uncertainty range

* But this agreement is due to a compensation between the far-IR H,0 band
and the CO2 + window bands

* The g/q trend in the 100-300hPa is most responsible for the far-IR band
difference

* Models and reanalyses have not moistened as fast as the AIRS v7 retrievals implied,
even though their mean states are much wetter than the AIRS v7 retrievals

* Note AIRS v7 is a retrieval, which could have been biased too.

* Need to reconcile the model/obs with theoretical understandings




Conclusions and discussions (1)

* Far-IR flux in AIRS spectral OLR is indeed an estimation using mid-IR observations
* NASA’s PREFIRE mission (2024-present) will be the first mission to provide multi-year far-IR direct
observations

Trend of clear-sky spectral flux
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Total region: 0.06 Wm™/decade
3-hourly cloud fraction<5% region: 0.003 Wm2/decade

3t ——ERA-5, total region
——ERA-5, cloud fraction<5%

N

Trend of clear-sky OLR
(Wm™2/decade)
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Band-by-band breakdown (RRTMG_ LW bands)

Band (cm™?) Trend (W m2/ decade) Major
Absorbers
AIRS Calculation Calculation Calculation Calculation Calculation Calculation
observation from AIRS v7 from ERA-5 from MERRA-2 fromE3SMv3  from E3SM v2 from GFDL
With co2 With co2 AM4
forcing forcing
10-500 -0.18+0.05 -0.03 0.05 -0.06 0.02(0.01) 0.01(0.01) 0.00 H,O
500-630 -0.06+£0.03 -0.08 -0.06 -0.11 -0.07(-0.09) -0.07(-0.09) -0.07 H,0, CO,
630-820 -0.13+0.04 -0.17 -0.14 -0.15 -0.18(-0.15) -0.18(-0.16) -0.17 CO,, H,0
820-980 0.11+0.05 0.10 0.08 0.03 0.08(0.03) 0.09(0.03) 0.09 H,O0
(continuum)
980-1080 0.02+0.05 0.02 0.03 0.01 0.02(-0.00) 0.02(0.00) 0.02 O3, H,0
(continuum)
1080-1180 0.05+0.03 0.05 0.04 0.02 0.04(0.03) 0.04(0.03) 0.04 H,O
(continuum)
1180-1390 -0.02+0.02 -0.02 -0.01 -0.05 -0.02(-0.01) -0.01(-0.03) -0.02 H,O, N,O,
CH,
>1390 -0.00+0.02 -0.00 0.02 -0.02 0.01(0.00) 0.01(0.00) 0.00 H,O
Broadband -0.2340.22 -0.15 0.01 (0.06) -0.33(-0.33) -0.11(-0.18) -0.09(-0.21) -0.12 (-0.20)
OLR

CERES ERAF 4.2 cloud free: -0.35+0.31 W m™2/ decade

total region: -0.41+0.27 W m2/ decade Spectral radiative kernel results (model/reanalysis own results)
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Pressure(hPa)
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T & q trend vs. flux trend

2003-2021, tropics
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ERAF 4.2

total region: -0.41+0.27
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Previous EBAF trend of -O.36\/\4m‘2 is from 2004 to 2021
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Red color denotes from kernel calculation

AIRS v7: -0.02Wm?/decade
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10-350 cm?

Black color denotes from Obs or model output

AIRS spectral OLR: -0.17Wm*%/decade
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350-500 cm?

AIRS v7: -0.01Wm %/decade
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630-820 cm™

Contribution is almost from 700-820 cm-1

AIRS spectral OLR: -0.13Wm?/decade
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820-980 cm™
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