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Decomposition of shortwave flux change

S :Insolation / A : Planetary albedo / « : Surface albedo /Qé : Ratio of incident surface flux to the insolation

_ oyt T
SWroa = SWrop — SWrog = S(1 - A)

ASWroa1sz = (S + AS)(1 — Ay — AA) — S;(1 — A;) = AS(1 — A; — AA) — S;AA
ASWroa 21 = (Sy — AS)(1 — Ay 4+ AA) — S,(1 — Ay) = —AS(1 — Ay + AA) + S,AA

ASWroa = 0.5 % (ASWrpa152 — ASWroaz1) = AS(1 — A) — SAA

SWspc = SW;FC - SWSTFC = SQé(l — Q)
ASWspe = A(SQs)(1 — @) — SQeha

ASWepe = ASQE(1 — @) + SAQE(1 — @) — SQiAa

ASWrps = A(S(1 — A)) = (1 — A)AS — SAA

ASWere = AGSQL(1 — @) = QE(1 — a)AS — SQ¥Aa + S(1 — a)AQ}




One-layer radiation model

Net TOA and SFC shortwave fluxes could be represented by three parameters («, ¥, i) in this model

S 1yS ud-p’as  u(l-pa’yS
TOA LY o il A

a : surface albedo

y : atmospheric scattering

(1-20$

1 — u : atmospheric absorptance

u(1-p)S u(1-pa’y’

surface
Assumption 1 : Atmospheric SW absorption occurs only at first pass

WTIOA ua(l —y)?
T = Wy el —ya(l+ay +afy? + ) = py +
SWro4 ay

Ala,y, 1) =

SWsrc u(l—v)
=p(l -y +ay+a’y?+-)=——"-+
SWroa 1=ay

Qi a,y, 1) =



One-layer radiation model

Assumption 2 : Non-cloud constituents in overcast sky will absorb and scatter same amount as in clear-sky

Hoc = Hcir * Ucla

1—Yoe=A=vYer) * (1 —Vaa)
Ala,y, 1) = A(c, Aciry Xocer Hetrr Hetdr Yelrs Vcld) =(1-c)* Ay (aclr» Yeir Mclr) + C * Aoc(“oc: Yoc .uoc)

Qé‘(a: Y, u) = Qé(c; Acir) Xocr Hetrr Ketd) Velrs Vcld) =(1—c)= Qsl*clr (“clrr Yeir .uclr) + C* Qi‘oc(aoc: Yoc: :uoc)

AAy = 0.5 % (A(ty 0,) — A(ty, 0,)) + 0.5 * (A(tz, 0,) — A(ty, 0,))

A =D+ DA, +AA, +DA,, +DA,  +DA,  +AA

l Ycir Ycid

AQY = AQL +AQL  +AQL  +AQE  +AQL  +AQL  +AQ!
> S¢ Sdtcir Sttoc SHetr SHeld SYeir vaa| If we get blue variables, we can decompose net

SW change into change due to each variables!
ASWroa = (1 — A)AS — SAA

ASWepe = @(1 — @)AS — S@Aa +5(1 — a)AE?E




Adjustment of parameters to model output

Input : rsds, rsus, rsut, rsdt, rsutcs, rsdscs, rsuscs, clt

R =1 —clt) * R, +clt * R,., R =rsut,rsds,rsus

TSUSCS rsutcs — rsdscs — ) Uerr (1 = Verr)
. . ~L . _ . . _ l . l — CLT CcLT
Teir = rsds Actr = rsdt Oscir = rsdt L= tar =1=Aar = Qs (1 = @ar) et 1—acver
rsusoc rsutcs — rsdsoc - I .Uclr(l - Voc)
X, = A = J — 1 — =1—A..— J 1—«a J —
oc rsds oc rsdt ¢ rsdt Hoc o¢ QSOC( oc) o 1—aqrVoc

Hoc = Hcir * Hela 1—Yoe=(1- Vclr) * (1 - Vcld)

AA = AA. +AA,, +AA,,  +AA, , +A4, ,, +44,  +AA, .

Al Al P Y P ) Y )
AQS - AQSC + AQSa’clr + AQS“OC + AQS#clr + AQSlv‘cld + AQSVclr + AQS?’cld

ASWroa = (1 — A)AS — S(AAgy; + Mg, + A, +AA,  +AA,  +AA,  +AA

Uclr Vcld)

Ucld Ycir

ASWSFC = Qé(l N (Z)AS B SQ*%‘A“ T S(l - a)(AQ‘%‘Clt + AQ‘%‘Ofclr + AQ‘éaoc + AQ‘éﬂclr + AQ:Slvlﬂlcld + AQ‘JS:)’clr + AQ‘%‘]’cld)




Attribution of SW change to each radiative properties

ASWroa = (1 — A)AS — S(AAg,, + DAy, ) — S(AAge + DA, +AA, ) —S(AA, . + DA, )

Ycld l

ASWere = QL(1 — @)AS — SQiAa + S(1 — a) (AQg%C + AQéam) +5(1-a) (A5, + AQL, + AQéycld) +S(1—a)(8Q3, +AQ%, )

Insolation effect Surface albedo effect Cloud effect Non-cloud effect
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Introduction

* Motivation

Let’s attribute change in shortwave flux (ASW) to each climate agents (surface albedo, cloud, clear-sky constituents)

» Partial Radiative Perturbation (PRP) method [Wetherald and Manabe, 1988; Colman and McAvaney, 1997;]

model specific radiation code, most accurate

* Radiative kernel technique [Soden and held 2006]

model specific pre-calculation, not accurate for non-linear change

* Approximate Partial Radiative Perturbation (APRP) method [Taylor et al., 2007]
one-layer model tuned to mimic model radiation code, can explain non-linear change
reasonable match with PRP method for slab ocean experiments (2co2, LGM)

can be utilized for multi-model analysis or experiments with different radiation parameterization




Physical basis for APRP method [Winton, 2005]

* Essential ingredients for correctly representing atmosphere-surface interaction of SW flux

Shielding: The atmosphere shields the surface by reflecting and absorbing a certain fraction of the downward radiation. The shielding effect of
the atmosphere is characterized by its transmissivity to downward radiation

Multiple reflection: Radiation reaching the surface may undergo several reflections between the clouds and surface before being absorbed or
escaping from the surface. The albedo of the surface and of the atmosphere to upward radiation both contribute to multiple reflection

Atmospheric compensation: Upward radiation from the surface may be absorbed by the atmosphere before it can escape to space. The
absorptivity of the atmosphere to upward radiation is its most important quality for this atmospheric compensation effect

e Estimation of radiative parameters using model modification

Srr =Sy + 7Sp1 (1)

Srlas=0)=aSsy (4)
SpL =118 t apSpp (2)

Spilag=0)=71,54. (5)
Spr = asSpy, (3)

s

By setting surface albedo as 0, atmospheric transmissivity and the reflectivity could be measured for each grid and time. So
the results are relatively accurate in this study



Physical basis for APRP method [Winton, 2005]

* Estimations of atmospheric radiative properties ~0.8ay for mid-latitude
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One-layer model to mimic the radiation code

* One-layer SW radiation model : Yokohata et al., 2005 / Taylor et al., 2007 / Donohoe et al., 2011

In these studies, planetary albedo change (ASWy4) is attributed to each radiative properties («, i, ) change. However, change in surface
SW flux (ASWsgc) is not diagnosed.

Especially, TO7 consider the cloud effect, and reasonably attribute the SW change to cloud, surface albedo, and non-cloud constituents.

Yokohata et al., 2005 Taylor et al., 2007 Donohoe et al., 2011
A B 5 ’ A Top of Atmosphere
) ) - S 1yS u(-p’es  w(-p’a’ys ! /‘ R ,*
AsCT uFbW AuFbW FHW LrAL FHWALerW FbW I} /
e ! ful ful (-ADAGF e AaFa Fo TOA % ad Fad A A =rs uS(1-R-AY ESR(I-R-AY
TOA \ \ ’ TOA \ /As J K
e, N I o v o) ] 1<) Y S
Full-sky Atm. (A, Tp) L Clear- sk_y Am. @ ; LPY) S(1-R-A) ASI(I-R—A} ?\ %fm R-A) )
(1-.11)5 \\;’ (ISR(I -R- A) \\/"' ... (continued)
ow ow Clouds (Aas Tea) aS(1-R-A) \ o SR(l R-A)
A TelF \ l TelF o ; !
fe ! full ta ful surface u(1 7)5 M K Surface 'y )
Surface Surface
v' Single reflection and double absorptions v Multiple reflections and single absorption v" Multiple reflections and absorptions
v’ Separation for cloud effect v’ Separation for cloud effect v" No separation for cloud effect
v" Same treatment for upward and downward beam v" Same treatment for upward and downward beam v' Same treatment for upward and downward beam

From Winton, 2005, radiation model has to accounts for shielding, multiple reflection, and atmospheric compensation (5~10%).

- How about the model with (multiple reflections and absorptions) + (separation for cloud effect) + (different treatment for upward and
downward beam) + (extension to the surface component)? = two versions!
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One-layer radiation model (in sequence, variation of Taylor et al., 2007)

Absorption and reflection in sequence

S A-wys A-pWA-ped-a@-b)S A-wA-pY)a’(1-—an)?*dY)A-by)S A-w@d -y’ —aw)?’by)*(1-by)S
\ Z s 2 s a : ratio of upward beam absorptivity
1-wW@—pa(ap) S 1-wA-ya? (1 -wa -y’ to downward beam absorptivit
. Y by (1—aw)(by)(ap) S by (1= aw?(by)?(ap) S, by . i y :
ay au ap b : ratio of upward beam reflectivity to
us . .
downward beam reflectivity
W05 : a=~0.3, b~0.8 /T07 : a=0, b=1
A-w@A-p)S A-wA -l —aw) by)S  A-wWA-pPa?1—aw?by)?s A=W -y’ —anby)*s

-w(1-y)(1- -b
@: A= A=y +A-W-YA-a) - bpa[l + (1 - aalby) + (1 - aw?a®(by)? + -] = (1 - py + Lt

: — — — _ _ 2,2 24 ...1— 1-wa-y)(aw
@: SA=p+ A -wWA-yalaw[l+ Q1 -apalby) + (1 —an)a(by)* + - ]=pn+ "~ ~a

1

. — _ _ _ _ 2,2 2 e | = — —
®: 0= A-wA-y+A-awalby) + A -aw)a®by)” + - ]= -1 - -y)
1-A—Qs(1—a) = —
y:@&@%l—A—Qs(l—a)=u+Qsa(au)9ﬂ=TaQs R = (1= clt) * Rey +clt * Roc A= (1—clt) * Ay, +clt * Ay,
Hoc = Hcir * Hcla 1
y:® Q1 - 1 —aaby)] = (L - (1 -y)>y = A Qs = (L= clt) x Qs el = s

1-u—(1-au)abQs 1—=Yoc = (1 - yclr) * (1 - Vcld)
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One-layer radiation model (at the same time, variation of Donohoe et al., 2011)

Absorption and reflection at the same time

S S 1—p- V)a(l —ap — by)S (1—p- V)az(l —au—by)(by)S (1 —p—-y)a’*(l—au—by)(by)*S
A a : ratio of upward beam absorptivity
1- S (1-—pu—y)a? a ..
y QA —p—-yalap) By § (by) (aﬂ) < to downward beam absorptivity
b : ratio of upward beam reflectivity to
downward beam reflectivity
WO05 : a=0.3, b~0.8 /D11:a=1, b=1
A—u-7)S (1 —pu—y)a (by)s (1 —u—p)a*(by)*s (1 —u—y)a’by)’s

(1-p-y)(1—au-by)
1-a(by)

@: A=y+A—p—y)A —au—by)a[l+ alby) + a?(by)* + 1=y +

@: SA=p+ A —p—yala [1+aby) + By +-]=p+ DM o

®: Q= A—p—=py)[1+aby)+a*by)*+-]= 1-p—y)

1- a(by)

12A-0:0-a) R = (1—clt) * Ry, +clt * R
1+aaQs cr oc A=1—clt) * Ay +clt x Ay,

= *
Hoc = Hcir * Kela Qs = (1 —clt) = Qs + clt * Qg
1=Yoce=QA =Year) * (A —veaa)

n:2&@21-4A-0Q;(1—a) =p+Qsalan) > u=

Vi@ QM- alp) = (1 - - p)>y =
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