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Increased reflectance near clouds
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The longwave twilight signal
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The Cloud Twilight Zone is likely to be
important for Earth’s energy budget

The longwave analysis suggests that undetected clouds have a large contribution to the ‘Cloud

Twilight Zone’ .

A lower bound for the LW twilight radiative effect is ~0.75 W/m".
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The Cloud Twilight Zone is likely to be
important for Earth’s energy budget

Only a few other studies had investigated the Cloud Twilight Zone

role on the radiation budget:

Jahani et al., 2022 found an RE_,, of ~0.8 W/m? for warm clouds and ~8 W/m? for all clouds.

Sun et al. 2011: REq,, for subvisible clouds of 2.5 W/m?*



Here we estimate the radiative effect of the
Cloud Twilight Zone with an observationally
based approach for both LW and SW using a

MODIS-CERES synergy.



* Break down MODIS images into small domains of 200x200 km?.

* Take the distance from cloud profile of each wavelength.

Defining PURE clear-sky

« Construct the Pure clear sky spectral distribution (/.;,").
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Relative enhancment (%)

Break down MODIS images into small domains of 200x200 km?2.

Take the distance from cloud profile of each wavelength.

Construct the Pure clear sky spectral distribution (/.-

Defining PURE clear-sky

Thermal vs DFNC
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Defining PURE clear-sky

Visible image
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Defining PURE clear-sky
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Estimating broadband fluxes from
spectral radiance

CERES footprint

* Co-locate CERES footprints in the image. g 7o g

* Average MODIS pixels within the
footprint using the Point spread function.

* Take only pure clear sky footprints with
all MODIS pixels where W <1, to get pure
clear-sky fluxes.
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Estimating broadband fluxes from
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Estimating broadband fluxes from
spectral radiance
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CERES data face two underestimations

1. Demanding that CERES footprints be cloud-free prevents

measurements of the most intense regions of the Cloud

Twilight Zone

2. Many cloud fields don’t have large pure clear-sky voids
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Estimating the Cloud Twilight Zone radiative effect

CRE = Fall — Fnon—cloudy

RE:y, = non—cloudy ~— Lclear
4 )
_ 1 Yl _
RE:yw = (€}~ DF iear = Kﬁ 5 jclr 1 | Ferear
_ J [ A y

Fiiear - “pure” clear sky flux;  Fjon_cioudy - Classical clear sky flux definition;  RE},- “Cloud twilight zone” radiative effect

16 J- non-cloudy pixel index



Estimating the Cloud Twilight Zone radiative effect

MODIS —
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Converts discrete radiance CERES A 253 |
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Fiiear - “pure” clear sky flux;  Fjon_cioudy - Classical clear sky flux definition;  RE},- “Cloud twilight zone” radiative effect
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Pure clear-sky
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Estimating cloud twilight zone radiative effect
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Estimating cloud twilight zone radiative effect
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Estimating cloud twilight zone radiative effect
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Summary

The spectral signature of pure clear-sky is obtained from MODIS measurements.

Co-location of CERES fields of view with MODIS 1mages allows estimation of pure clear-sky

radiative fluxes (with regression models) and the Cloud twilight zone radiative effect (RE).

The cloud twilight zone radiative effect (RE tw) in the longwave over the Pacific Ocean was found to
be ~1 Wm™ for all clouds and ~0.6 Wm™ for low clouds (close to Eytan et al., 2020 and Jahani et al.,
2022)

In the shortwave the cloud twilight radiative effect is ~-10 Wm™, which is larger than the estimated
aerosol direct radiative effect over the Pacific Ocean.

eshkol.eytan@noaa.gov



Conclusions

Cloud radiative effects are so large that even their weakest effects are equivalent to a very strong clear-

sky radiative signature.

Since it is hard to separate cloud and aerosol direct radiative effects (acrosol affects cloud radiative

properties and cloud affects aerosol) it might be better to use the concept of cloud field radiative effect.

What are the controlling factors of RE4,,? E.g., aerosol, cloud organization, humidity etc. ?

eshkol.eytan@noaa.gov
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Strict cloud mask
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Relaxed cloud mask
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For that we adjust the TOA radiation budget equation.

(1) Fayy = CF - Fyq + (1 = CF)E,, ch: MODIS channel,
nc:non cloudy,

j:non cloudy pixels index
(2) Fau = CF - Foqg + (1 = CF)F gy - €

3 _ Fnc _ I?L Zchlglhc - Fnc_Fclr_l_ 1
( )8 - Z] clr —
Fclr N Yenlcn Felr

Measured by MODIS
— 1 Inc
(4) REy, = (K-%,; 24t — 1)F
tw ( N; Jy l ) clr.

cnlen retrieved by CERES or MODIS-CERES regression models

Represents the domain mean non-cloudy optical deviation from the “pure” clear-sky optics (includes the mean linear
regression coefficient for spectral interpolation and the Anisotropic factor).
A function of: SZA, optical thickness, viewing angle, particle size distribution (numerate by importance). Data and

1D RT suggests values of 0.96-1.05. Now working on improving its representation
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Estimating cloud twilight zone radiative effect
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Figure 4: The range of K values from CERES-MODIS dataset
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Figure 5: The range of values of K from 1D radiation transfer simulations
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Testing and validating the models

Solar

(a)
1000 -| i — :,o::,
~ 0 .
D 120/ RMSEWm2)=2.11 2
§ MAE(Wm~2)= 1.42 . . . g ‘;o
= 100 | ME(Wm~2)= 0.09 .4 o
S R2_,=0.90 Spsat
u'r, 80| Y=1.00x+0.35 5 ry el
E R2%=0.90
-é 60 — X=Y
50 60 70 80 90 100 110 120 130
« CERES F¥(Wm™2)
C
~ 25 ' i m= mean MODIS
h mean CERES
I .an‘I‘H“HHm“ .
g 0
D 120 RMSEWm3)=2.07
; MAE(Wm~2)= 1.65 .
ng | ME(Wm~2)=-0.34 . "
. 100 R2_,=0.84 o aa® . o
g 80 Y=0.92X+5.84 2
@) R2=0.85
S | L o
- 60 . | | | | | I X=
g 50 60 70 80 90 100 110 120 130

mean CERES FZY(Wm~2)

w
-

Thermal

(b)
500 i "l“ i = Model
Truth
h RMSE(Wm™2)= 1.42
g MAE(Wm~2)= 1.11 .
E 300 mMe(wm-2)=0.08 A
St R2_,=0.99
=]
TR Y=1.00X+-0.42
o 250 R2=0.99 ¢
3 ’ — X=Y
& : : : : :
220 240 260 280 300 320 340
g CERES FLW(Wm~2)
— 25 i i Emm mean MODIS
f;l 0 o |i "” llm“i“lwlw i‘ - ‘mean CERES
§ RMSE(Wm-2)=225 =
~ MAE(Wm=2)= 1.93
25300 mewm= 101
W RZ_,=0.98
(V)]
) Y=0.96X+8.40
O 250 R*=0.90
E ’ — X=Y
g 220 240 260 280 300 320 340

mean CERES FLY(Wm~2)



<&

0

L)

0

<&

0

L)

<&

0

L)

Suggested components in the[solar]

3D effect — Illumination of clear sky by neighboring clouds N l\'
——>

(Wen et al., 2006, Marshak et al., 2008, Varnai et al., 2018).

Humidified aerosols — Enlarged cross section of aerosol due to hygroscopic growth near cloud

(Charlson et al., 2007, Twohy et al., 2009, Bar-Or et al., 2012).

Undetected Clouds:

SUb'piXGI (Rodlts et al., 2003, Koren et al., 2008).

i Optlcally thln (Hirsch et al., 2015).

Processed aerosols
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Defining PURE clear-sky

* Break down MODIS images into small domains of 200x200 km?.

* Take the distance from cloud profile of each wavelength.

« Construct the Pure clear sky spectral distribution (/.
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Adjusting TOA eq. to include cloud
effects in clear-sky

(1) Foyy = CF - Fepq + (1 — CF)F

A:MODIS channel, nc:non cloudy
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Adjusting TOA eq. to include cloud
effects in clear-sky

(1) Fay = CF - Fyg + (1 — CF) .

(2) Fou = CF - Foiqg + (1 = CF)F €

A:MODIS channel, nc:non cloudy
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Adjusting TOA eq. to include cloud
effects in clear-sky

(1) Fay = CF - Fyg + (1 — CF) .

(2) Fau = CF - Foqg + (1 = CF)Fyy - €
_——woois

(3) = Fne _ K Z ZAIA Fnc—Fcir +1 Fnc =K Z}\I}\
Fep ]Z}\I}\ Feir F - clr
Q D ZAI}\

A:MODIS channel, nc:non cloudy
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Adjusting TOA eq. to include cloud
effects in clear-sky

(1) Fall = CF - Fcld + (1 — CF)FnC TSM;NT,‘;%=0.64

(2) Fau = CF - Foqg + (1 = CF)Fyy - €

nc
XAl _ Fne—Fcir

B)e= :Zli = K2, KT ) Far +1
e Mopb
(4) REq, = (R %55 — DF o L% |
\ 0 50 100 150 200
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A MODIS channel, nc:non cloudy
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Defining

(@) 0 MODIS visible image - (b) Solar vs DFNC (c) Thermal vs DFNC
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