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Cloud Radiative Response (feedback) and CRE & G®DDARD

overcast CRE

| |
CRE =F — F, CRES="C (F,,c —Feir)
F = CF. 4+ (1" ) 5l dF = dCRE + dF .,

dCRE

Cloud radiative response (CRR) is C;—IZ only due to cloud changes or only due to cloud

for cloud feedback)

dF dCRE
changes (— and
dTs d

S

dCRE = dC(Fovc e Fclr) + C_(dFovc ” chlr) 2 dC(Fovc - Fclr) + C_'(dFO%g A dFomlgSk o chlr)

Y dC(Fovc - Fclr) EdFocég

Cloud Radiative
Kernel (CRK) method

dCRE — dCRE™ask

Adjusted CRE
anomaly method

= dCRE — CAF"¢k + CdF,,,

Can use dCRE only after having removed both dF,;,- AND non-cloud effects on dF,,, i.e., after
adjustment for “cloud masking” effects. Or we can use the RHS (red) in a fixed environment

assuming dESE ~ 0, i.e., staying within a specific cloud type (narrow range of cloud properties)




Cloud Radiative Kernels © G®DDARD
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Can be precalculated (fixed), resolved by

, . month, latitude (e.g., Zhou et al. 2013
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Optical Depth geographically resolved feedback y = year,m = month



Cloud Radiative Response from adjusted CRE

ERR H CRR
| \
dF = IRF + radiative response
\ J

|
includes fast and slow RR

dF = dCRE + dF., = dCRE + IRF,_, + ERR,
dF = IRF + ERR + CRR

CRR,4j = dCRE,4; = dCRE — ERR™45¥

& GODDARD

:l- CRR = dCRE — (ERR — ERR_;;) — (IRF — IRF_;,.)

_ [RFmaSk

ERRmaSk — (KT
IRF™ask = IRF — IRF,;,

IRF¢y = dFer — ERReyy = dFgyy —

IRF = dF — ERR — CRR = dF —

IRF
constant

IRF =

clr)dT + (Kq o

K'dT — K9dq — K*da — CRR

Kl )dq + (K* — K&,)da (K* are radiative kernels)

dT — K4

clr clr dq o clr da






https://doi.org/10.22541/essoar.177100425.52102553/v1

Satellite and other datasets FUOLRARE

« CERES Flux by Cloud Type (FBCT) 2002.7-2023.2
- Provides C?%, F,,,., F- ., and thus K?* resolved by year (y), month (m), lat (9),
lon (¢p), at 1°
« Precalculated (fixed) KP* resolved by month, lat (Zhou et al. 2013), resampled at 1°

K?™(m, 0, p)XdCP*(y,m, 0, d)

dt
« Temperature and WV profiles from CLIMCAPS; broadband surface albedo from
CERES EBAF

CRRadj (0' ¢) —

(Wm-2decade)

CRRy (6,¢) =

dCRE;4;(0,¢,m,y)
dt

Simplified notation not showing dependences:

(Wm-2decade)

CRRadj — dCREad]



directly calculated
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It can be easily shown that (simplified notation):

dCRE = dC X K + C X dK + covariance
\_Y_) \_Y_}

CRR kernel anomaly

(we have kind of seen this before)

dC(Fopc — Feir) + C—(dFovc o dFClZf')

CRE = CRE + dCRE
C=C+dC
K=K+dK

CRE = CxK = (C + dO)X (K + dK)

= CXK + KXdC + CxdK + dCxdK

L ' '
CRE dCRE

@ GODDARD
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LW

directly calculated

~ T ~
dCRE ~ dC X K + C x dK
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from cloud anomaly + kernel anomaly (no covariance)

(b)

Cloud top pressure(hpa)

cloud anomaly term (CRR)
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Geographical distribution @ GODDARD
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dCRE dC x K C X dK

(a)

7 e = RS \

7

Red=warming: less SW reflectance, less LW emission
Blue=cooling: more SW reflectance, more LW emission



Big picture of everything © GODDARD

dCRE~dC x K + C x dK
dCRE ~ dC X (F,,. — F1y) + C

SW : CRR SW : kernel anomaly

~
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(30° and 60° lat are used to define the domains, not area-weighted)



Impact of Cloud Radiative Kernel differences on CRR € GODDARD

Pre-calculated Z13 FBCT Difference dC X (K713 — K)
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Comparison between CRRs from CRK and adjusted CRE P LORDARE

CRRadj — dCRE — ERR™MAsk _ [pEmask

CRRg = KXdC ~ dCRE — CxdK — dCxdK =

= dCRE — C(dF&¢ + dF3sk — dF,;.) — dCXdK = dCRE — dCRE™%k — CdF&¢ — dCxdK
ovc ovc

Even if ERR™ASK+[RF™35k ~ dCRE™45% the CRK-based adjusted CRE subtracts the additional term
CAFSe + dCxdK

For pre-calculated/fixed cloud radiative kernels there are no masking effects to remove!



Adjusted CRE vs CRK-based CRR & GODDARD
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Adjusted CRE CRK-based (dC x K) difference

7

0.43%0.17




Closer look at adjusted CRE vs CRK anomalies
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Real world (FBCT) cloud radiative kernels are variable, so not obvious how to

calculate cloud radiative response (CRR) from observations (means can be used)

«  Kernel variability may be due to both cloud (internal changes within cloud types) and non-cloud changes
« The cloud radiative effect (CRE) trend can be recovered by combining the cloud radiative response term
(from multi-annual kernel means) and kernel anomaly terms

For arecent 20+ year period, local magnitudes of CRR are much larger than those
of kernel anomaly but this ceases to be true at global scales because of extensive
cancellations

* 0 <CRR"Y < dCRESW < CRRyj;

* 0= |CRRZ"| < |dCRE"| > |CRR;g;| (all values are negative)

. |CRR,%W ~ (0 partly due to opposing contributions from cloud fraction and altitude anomalies

The CRR from cloud the radiative kernel and adjusted CRE (anomaly) methods
differ to first order by CdES? + dCxdK

Unaccounted cloud feedback in the CRK framework (CdES4)?





