Lesson 19:
Earth’s Radiation Budget
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Annual Averaged Zonal Mean Net Flux Profile
CERES/TERRA, March 2000 to February 2001
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A brief history of ERB missions

Satellita Launch T Ffetime Adtitude Tnoclination Orbhit
M ssions Year (s) {Fom) (degree) T e

First—Cencration Missions

Explorer 7 1959 7T month=s 550—1, 100 51 - ch~ifter
TIFROS 2 . 1960 1—5 month=s FTALT—837T 4.8 drifitear
TS 7 1963 1 wear TA3=FA3 58 dr-i ftaer
. = Second—CGCeneration Missions
¢

Rescarch /FESSh 19680 3—15 mcnths 1. 500 102 0200 /1500
MNimlas 3 199 1 wear 1,100 = L e

MNOAR 1970 YWEIATS 1,500 1oz oS00
EFIIEIGSS—N{NM 1978 > 10 vyears 840 = L ] A500/, 0730

Third—Generation Missions

Himbua=s 7 ERB - A2¥8s - > 9 years 950 99 IOOTY

Fouth—Coneration Missiocns )

FREBS 19854 > 5 years G110 57 dr-ifter
MOoAR 9/FRBE 1984 > 5 years!? 872 =t 1430
MNOAR 10/ FERBE 1986 > 3 vyears?? 833 as O730

1) Scamner fajiled in 1987; 2] Scanner failed in 1929.



CERES Data Processing Flow
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CERES Advances over Previous Missions

o (Calibration Offsets, active cavity calib., spectral char.

» Angle Sampling Hemispheric scans, merge with imager
matched surface and cloud properties
new class of angular, directional models

« Time Sampling CERES calibration + 3-hourly geo samples
new 3-hourly and daily mean fluxes

o Clear-sky Fluxes Imager cloud mask, 10-20km FOV

o Surface/Atm Fluxes Constrain to CERES TOA, Fu-Liou, ECMWF
imager cloud, aerosol, surface properties

e Cloud Properties Same 5-channel algorithm on VIRS,MODIS
night-time thin cirrus, check cal vs CERES

o Tests of ModelsTake beyond monthly mean TOA fluxes
to a range of scales, variables, pdfs

 [SCCP/SRB/ERBE overlap to improve tie to 80s/90s data.
 CALIPSO/Cloudsat Merge in 2006 with vertical aerosol/cloud



CERES Instrument




Uncertainties in the state-of-the-art estimates of
Earth’s Radiation Budget at the Top of the
Atmosphere from ERBE (Wielicki et al. 1995)

Instantaneous Monthly

Pixel Regional
Calibration 6.0 2.0
Angle sampling 375 3.3
Time sampling 0.0 3.9
Space sampling 0.0 0.3
Total 38.0 5.5



CERES SW Radiances vs Viewing Zenith Angle
(Principal Plane; 4 Months Terra over Ocean)
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CERES SSF ADMs
(Overcast Ice Clouds; 0,=60°-70°)
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CERES Clear-Sky TOA
Longwave Flux (W m™)
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CERES SW Terra Results - July 2000
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CERES Net Cloud Forcing (July, 2000)
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Longwave Radiation
1985-1986




Net Radiation
CERES/Terra, 2.5—degree ERBE-Like, 1st Full Year Mean
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the stations archived in the GEBA

as of January 1, 1992
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Overview of Algorithms
1 = rt + aa + as
as = (1 - rg) t

1. Indirect Approach .
Known: It
Unknowns: rg, Aa, €

a. Statistical model

Investigators
Fritz er al. (1964), Hanson er af. {(1967),

Suomi and WVonder Harr (1969), Tarpley
(1979), Brakke and Kanemasu (1981),
Klink and Dollhopf (1986) erc.

MTool

Statistical analwvsis of matched satellite
and surface observations.

Principle _
For given atmospheric and surface
conditions .

t = f(xe)

Commments



b. Phwvsical model .

Investigators

Raschke er alfl. (1979); Gautier er «al.
(1980), Nunez er af/. (1984), Pinker and
Ewing (1985), Buriez er al. (1986),
Dedieu er af. (1987), Damell er al.

(1988).erc.
Tool

Radiative transfer computation

Principle

rg = fi(rt,atmos.) (clear sky)
cloud = f2(rt.rg.atmos.)
t = f(atmos..cloud.rg)

Accuracy

Insolati1on:
Hourly 209%:; Daily 10%; Monthly 59

Net Solar '.-’_

Comments



2. Diarect A pproach

Known: Tt
Unknowns: aAs.aa

a. Old Relationship
Varving Solar Zenith Angle

Ramanathan (1986)
Cess and WVulis (1989)

b. WNew Relationship
Fixed Solar ZZenith Angle

Li er al . (199x)



TOA REFLECTED FLUX (Wm™
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TOA REFLECTED FLUX (W)
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51 (GCM)
46 (ERBE)
42 (GEBA)
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Aimospheric abs. (%) Planetary albedo (%)

Surface abs. (%)

Solar Energy Disposition From Various Sources
Annual Average, Clear Sky
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TOA Reflected Flux (W/m?)

Atmospheric Abs. (W/m?)

Net Surface Flux (W/m?)
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TOA Reflected Flux (W/m?)

Atmospheric Abs, (W/m?)

Net Surface Flux (W/m?)

(a) July, Clear Sky
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Assessment of
Cloud Absorption and Earth’s
Radiation Budget



Observational Studies on
Cloud Absorption Anomaly (CAA)

In favor of CA A

Cess et al. (1995, 19906, 1999)

Satellite-surface data, a few sites in different regions
Ramanathan et al. (1995)

Satellite-surface data, warm-pool
Pilewskie and Valero (1995)

Ajdrcraft, tropical ocean
Valero et al. (1997, 1999)

Adrcraft, ARESE/ARM
Zender et al. (1997)

Surface/Adarcraft, ARESE/ARM
Wendisch and Keil (1999)

Adrcraft radiation and cloud measurements

Against CAA

L.ietal (1995); Li (1998)

Global GEB A and ERBE data
Imre et al. (1996)

ARNM data
Havasaka et al. (1996)

Avdircraft measurements
Chou et al. (1998)

TOGA-COARE data
Liet al. (1999)

ARESE aircraft, spacecraft and ground data
Asano et al. (1999)

Avircraft measurements



Modeling Studies on CAA

Cloud macro- and micro-physical properties

Chou (1995), Li and Moreau (1996)
Conclusion: Cloud absorption varies with cloud,
atmospheric and surface conditions with an
overall nil effect on column atmospheric
absorption

Effects

Byrne et al. (1996), O"Hirok and Gautier(1996)
Conclusion: some enhancement

Marshak et al. (1997), Barker et al. (1998)
Conclusion: little or no enhancement

Cloud Droplet Size

Lubin et al. (1996)
Conclusion: minor enhancement

Molecular clusters

Chylek et al. (1996, 1998)
Conclusion: minor enhancement

Aerosol and cloud microphysics

O’ Hirok et al. (2000)

Conclusion: no sound adjustments to aesrosol and
cloud optical properties can bring ARESE
measurements and model calculation into
agreements.
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Physical Meaning of CRF Ratio

CRF

== NETcld - NETclr
CRFtoa = CRFsfc + CRFatm

R = CRFsfc / CRFtoa
= 1 - CRFatm/CRFtoa
CRFatm = (R-1) (REFcld,.toa-REFcir,tca)
= ABScld,atm - ABSclir,atm
Since REFcld,tca = REFcIr,toca,
R > 1, ABScld,atm = ABSclr,atm
N = 1 ABScld.atm = ABSclr,atm
R < 1, ABScld.atm = ABSclr,atm
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Physical Meaning of S

Rtoa = a + s Tatm
Rtoa = 1 - Aatm - (1 - Rsfc)Tatm -—L
Aatm = b + c Rtoa i = gb 0l
Rtoa = (1-b) / (1+c) - (1-Rsfc) / (1+c) Tatm
s = =-(1 -Rsfc) /(1 + c)

S = —({—Rssxd) /C 1+ c + e
Relationship between R and S

Asfc = a -r Rtoa

Astc == 1 - Aatm - Rtoa

Asfc = (1 -b) -(1 + c) Rtoa
r — 1 + ©
S = =-(1 -Rsfc)/r
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Dependence of R on cloud type
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SURFACE AND TOA CLOUD FORCING RATIO

Li et al. (Nature, 1995)
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Validation of satellite SRB estimates to check if
the difference increases with cloud cover

Hypothesis to be tested

If CAA exists, satellite retrieval of SRB would
not agree with ground-based observations,
and the difference would increase with cloud
amount
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Physical Meaning of S

Rtoa = a + s Tatm
Rtoa = 1 - Aatm - (1 - Rsfc)Tatm -—L
Aatm = b + c Rtoa i = gb 0l
Rtoa = (1-b) / (1+c) - (1-Rsfc) / (1+c) Tatm
s = =-(1 -Rsfc) /(1 + c)

S = —({—Rssxd) /C 1+ c + e
Relationship between R and S

Asfc = a -r Rtoa

Astc == 1 - Aatm - Rtoa

Asfc = (1 -b) -(1 + c) Rtoa
r — 1 + ©
S = =-(1 -Rsfc)/r



SW BROAD-BAND ALBEDO (%)

RELATIOSHIP BETWEEN NARROW
AND BROAD-BAND ALBEDOS

100 T . T - - v . -
o GOES-7 DATA
SCARABR REGRESSION SZaA=8% -
— — SCARAB REGRESSION SZA=50° o
80 —-— SCARAB REGRESSION SZA=76 .
SCARAB REGRESSION SZA=827
&0
40
20
D 5 ] . i - L a | . —I
O 20 4.0 &0 80 100

NARROW-BAND VISIBLE ALBEDO [96]



Project 3 (Due April 19)

1. An important application of a radiative transfer model is to help develop remote sensing algorithm to
retrieve quantities at surface or in the atmosphere from satellite measured radiance. The essence of
developing an algorithm is to establish relationships explicitly (e.g. parameterization) or inexplicitly (e.g.
look-up-table) between a quantity to be retrieved and a quantity measured by a space-borne sense. The
objective of this project is to get acquainted with the procedure of algorithm development by reproducing the
results as presented in Li et al. (1993, J. Climate) which can be downloaded from my homepage. The
algorithm has been used for retrieving surface solar radiation budget from reflected fluxes at the top of the
atmosphere (TOA) measured by various space-borne sensors such as the ERBE (Li and Leighton, JGR 1993)
and CERES (Krats et al.. 2010).

Use a RTM such as SBDART (http://arm.mrcsh.com/sbdart/ntml/sbdart-intro.html) to

1) Compute TOA reflected, surface absorbed and atmospheric absorbed fluxes for cloud optical depths at 0,
10, 20, & 40 to reproduce the results in slide 21 for a fixed solar zenith angle (SZA) at 600

2) Calculate atmospheric absorptance (flux absorbed in the entire atmospheric column divided by incoming
flux at the top of the atmosphere, TOA) and parameterize their relationship as a function of TOA albedo.
Repeat this for SZA at 0, 30, 60, 75 degrees, and for cloud cloud tops at 850, 500, and 300 mb.

3) Discuss the results in terms of the sensitivity of atmospheric absorption to cloud optical depth, sun angle
and cloud top height.

4) Based on the results of 1)-3), state the fundamental principles of the retrieval of surface absorbed fluxes
from TOA reflected fluxes.

2. Read the following papers, write your own assessment of the cloud absorption anomaly (CAA) debate
1) Derive the relationships between the slope of Albedo-transmittance (S), the ratio of TOA and
surface SW radiative forcing, and the slope in the retrieval of surface absorbed flux and TOA
reflected flux. Confirm it with the above modeling results from problemL.
2) Elaborate major evidences presented in support and against the CAA
3) Flaws or mis-conceptions leading to the apparent CAA
4) What you learn from such a debate for the advancement of science? 49
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