Day Time CERES Cloud Mask

MODIS Pixel
(SZA < 82°)
f yes
“A” Test W cloud
Ty <Tim good
(.

v

“B1” Test “B2”Test “B3” Test
T~ Ty > Oreaa P1- Pesi ~ Opest T5-Ty- (Tes - Tesa) > Optpesiani
yes =1 yes =1 yes = 1
no=0 no=0 no=20

All B Clear tests l<=2<=2 All B Cloud tests




After All B Tests Return Good Clouds

@rm good clouds over strong sun glint@

l

-

-

Sunglint Prob > 40%

R,;<r,, glint thr *r,, cor &
R;<13&T,,T,<75K&
T,-T5 < thrCi

~

J

C Confirm good clouds over desert

l

T,-T, <2.5K

R, >1.3%*r, cor& R; <25 &

yes clear
—P )
glint
yes cloud
weak




After All B Tests Return Good Clear

Qanﬁrm good clear over non glint ocean

Sunglint Prob =0

R,,>0.30%*r,, cor &
P27Pcs2 >0.50

\

yes

pcs2

@rm good clear over moderate sun glint @

Sunglint Prob < 20% yes
R,;>0.95 & p,-p.», > 30

pcs2

C Shadow tests over land

P27Pes2 < -0'052 & P < Pes 1&
T, T,>0

\J

yes

cs4

cloud
weak

cloud
weak

clear
shadow




C1 Test Over Ocean

B tests pattern: (a) IR=0,(b) VIS=1,(¢)34=1

. S strong Sun glint pass
Sun glint prob. > 40% Apply SunGlintTest
fail cloud
yes glint
2% < Sun glint prob. < 409
L o I pro no R,;>1.5%r,, cor
&R;3> 1.5
moderate Sun glint
clear yes
b: Py - Pt > 20, glint
C: T3_T4 - (Tcs3 - Tcs4) = 20BTDcs34 . cloud
yes=1 no=0 non glint olint
b 2 ocean smoke test
0.12*r,, cor<R,, <0.35%r,, cor & clear
R,; >0.5%r,, cor& R;;>25& aerosol
T,-T,<65&T,>278
clear
glint no
yesl no [ R,;> 1.4 ]
Toud R,;>1.0*r,, cor non Sun glint coean
glint no yes b: P1- Pest = 1'SOpcsl
C: T3_T4 - (Tcs3 - Tcs4) > I'SOBTDCS34
clear cloud yes =1 no =0
weak weak

cloud cloud cloud clear
good weak weak weak




C1 Test Over Land

B tests pattern: (a) IR=0, (b) VIS=1,(¢)34=1

b: [ g 20pcsl
C: T5-T, - (To5- Toga) > rIx_fetr*ogpeca
yes =1 no=20

snow tests

R,, <0.40*r,,_cor &
T, (I@ )<277K &
T3_T4 - (Tcs3 - Tcs4)

smoke tests

over forest
T

csd T4 > 0'5*0T0s4
< 20p7pes34
lyes l no
yes
no l snow tests clear clear
clear R, <0.40%r,,_cor & smoke weak
SNOW T,<277°K
no €S
v l l M fire tests
clear over forest
R, < 1.;1r*r21_cor 5(1325‘;;:::: o T,> 314K & T,-T, > 10K

) * _ <30 P1- Pest < 20pcsl

Tcs4 T4 >0.5 Oresa Py ,pCSI pesll
l yes l no l yes lno l
v clear
cloud cloud clear R,, < 1.4*r,, cor & fire
good weak smoke T.,-T,>0.5%0,,,
no
l yes l confirm cloud_weak
cloud clear over barren
good weak Ry > 1.3%r,_cor &
R;;>25& T, T;<2.5K

rix_fetr = 2.0 for desert cl£r
rix_fetr = 1.5 for land

weak

underline text is for Terra Ed2
Italic tests are only in Aqua Ed]



Sun Glint Test over Ocean

cloud-free sun glint tests

Ry, >=0.5& p, >=0.07 &
Tcs4 - T4 < Oes4
Or
T,=320K &
p,>=0.24

Initialize to clear good

cloud tests
To-T,> 1L5%0 &
T;-T,> BTD34_glint thrsh + 0,534
or
Sun glint prob. < 40% &
\T3-T4 > BTD34 glint thrsh + 0,534

J

BTD34 glint_thrsh =4.316 + 0.123*Sun glint prob

Italic tests are only in Aqua Ed1

yes

yes

clear
glin

cloud
glint




no

C2 Test - Aqua Edition 1

B tests pattern: (a) IR=0, (b) VIS=0, (¢)3-4=1

water percentage > 10%

over land

|

fire tests over forest
T>314K & T5-T, > 10K

clear
fire

-

l

snow tests
Snow map >0 &
R,, <0.40*r,,_cor &
T,<277K

lyes

lno

clear
snow

clear
good

yes

| over ocean

Sun glint prob. > 2%

yes
v

Non glint ocean
Apply Ci Test

Sun glint ocean
Apply SunGlintTest

l pass l fail l pass l fail

cloud
good

clear cloud clear
good glint glint




C2 Test Terra Edition 2

B tests pattern: (a) IR=0, (b) VIS=0, (¢)3-4=1

water percentage > 10%
yes

over ocean

no

over land

fire tests over forest yes clear
T,>314K & T5-T, > 10K fire

Sun glint prob. > 2%

l yes
no
T,-Ts>CiThr & | Y®S| cloud Non glint ocean Sun glint ocean
R,, < 1.6*r,, cor good Apply Ci Test Apply SunGlintTest
nol l pass lfail lpass lfail
snow tests cloud clear cloud clear
Snow map > 0 & good good glint glint
R,, <0.40*r,,_cor &
Ty <275K
yes l no l
clear clear

snow good




C3 Test Over Ocean Aqua Edition 1

B tests pattern: (a) IR=0, (b) VIS=1,(¢)3-4=0

Sun glint prob. > 2%

b: P1- Pest ~ 1'SOpcsll b: P1-Pest ~ 20pcsl
¢t Ry >R ) + 0y ¢: T3-Ty- (Togs - Togs) > 0.5%Opppeqaani
yes =1 no=0 yes =1 no=20

e e R ok | [
T5-Ty> Tay sza e glint
ol o
Y T;-T, > T34_SZA7thr ]‘
cloud clear
yesl lno l yes glint weak
cloud || clear cloud
good || weak || weak
smoke tests over weak clear or weak cloud smoke tests over weak clear or weak cloud
(R3>7o0r Ri3<0)& R;;>70r R;53<0
P1 - Pest = 205 & T3-T, <3 P11~ Pest = 20,51 & 13- T4 <3
lyes lyes
clear clear
smoke smoke

Tys_sza o= 5-23%(cOSSZA - 1.0) + 6.0



C3 Test Over Land Aqua Edition 1

B tests pattern: (a) IR=0, (b) VIS=1,(¢)3-4=0

yes clear
pl - pcsl< 1'Scjpcsl _> good
l no
snow tests
yes clear
T,<277K & (R,, < 0.40*r,, cor or SNOW

(T,-T, < 8 K & SZA < 70))

lno

N YOS [ cloud
P1 - Pesi™ 40,51 & Ry >0.40%r,,_cor }—> good

no

b: Pq- pcsl >20

pesl

¢: T3-T, - (T3 - Tegg) > 0.5%Oprpegaani

yes =1 no=0

R,;<1.4*r,, _cor&
Tcs4 - T4 > 0'5*0T0s4

<] w]

cloud clear cloud
good weak weak

clear
good

[

R13> 4

smoke tests over weak clear]

lyes

clear
smoke




C4 Test Over Ocean Aqua Edition 1

B tests pattern: (a) IR=1,(b) VIS=0, (¢)3-4=1

no
Sun glint prob. > 2%
cloud | P > .
good Apply Ci Test Sun glint ocean
Apply SunGlintTest
Fail )
v pass fail

clear

T~ T,> 1.5%01 R,;>1.0*r,, cor ] glint

a:
b: T5-T, - (T3 - Tegy) > 1.5%Oprpesani

yes=1 no=0 l l
yes no
cloud clear
glint glint

cloud clear cloud clear
good weak weak weak




C4 Test Over Land Aqua Edition 1

B tests pattern: (a) IR=1,(b) VIS=0, (¢)3-4=1

snow tests yes

Snow map >0 & T, < 277K clear

Snow

& R,, <0.40*r,, cor &

lno

a: Ty - T, > rix_fetr*op .,
C: T3'T4 - (Tcs3 -T ) > rlx_fCtr*OBTDcs34

cséd

yes =1 no=20

over desert &
R,,>1.3%r,, cor&
R,<2.5&T, T,<25K

ol I

clear cloud
rix_fctr = 2.0 for desert weak weak
rix_fetr = 1.5 for land




CS Test Over Ocean Aqua Edition 1

B tests pattern: (a) IR=1, (b) VIS=0, (¢)3-4=0

Sun glint prob. > 2%

a:T.,-T,>15%
c: 1{4 >R +0 e Ry >R +20,,& yes cloud
21 cs21 r21cs 1
Toy-Ty> 1.5%01 . glint
yes =1 no = O
l no
YE8 | cloud
no
\ 4
pass
cloud clear cloud clear [ . clqud
good weak weak good Apply Ci Test I P glint
l Fail
clear

glint




CS5 Test Over Land Aqua Edition 1

B tests pattern: (a) IR=1, (b) VIS=0, (¢)3-4=0

snow tests

yes
snow map > 0 & T, <277K sﬂgi{
& R,, <0.40*r,, _cor & T5-T,< 8K
no
a Tcs4 - T4 > 20Tcs4
b: P1-Pest > O'75*0pcs1
yes =1 no=0
cloud cloud surface shadow test
good weak 0,< Pegs - 0.05
& pl < pcsl
yes l no
clear clear
shadow weak




C6 Test Over Ocean Aqua Edition 1

B tests pattern: (a) IR=1,(b) VIS=1,(¢)3-4=0

Sun glint prob. > 2%

ocean smoke test
0.12*r,,_cor <R,, <0.35%r,, cor &
R,;>0.5%r,, cor& R;;>25&
T,-T,<65&T,>278

no

a Tcs4 - T4 > 1'5*0T0s4
b: P - pcsl >1.50

pesl

yes =1 no=0

good

&

Ry >R + Opis
T5-Ty > Tas_sza e

o] =] Jue

clear cloud clear
weak good good

a: T

clear
aerosol

yes =1 no=0

csd T4 > 1'5*0T0s4
b: P1-Pest ~ 20pcsl

[ R,;>1.6*r,, cor ]

-1 I

cloud clear
glint weak




C6 Test Over Land Aqua Edition 1

B tests pattern: (a) IR=1,(b) VIS=1,(¢)3-4=0

snow tests

T,<277K & R,, < 0.40*r,, cor

[

. %
a Tcs4 - T4 > 1.5 Ocss

b: P - pcsl > 1'S*Opcsl

yes =1 no=0

cloud cloud cloud clear
good good good weak
Get rid of false cloud
along snow edge
T,-T,<5K
l yes
clear

Snow

yes

clear
snow




Aqua MODIS Daytime Thin Cirrus Tests

Land or Desert
Ocean

yes
> +0.002 ]-—b =1
P13s ~ P13g pw P1.38 Flag [ T.,-T,>2.5K & p, 5> 0.008 & ]

T,-Ts>0.7K & T, - Ts > T_y-T,.s
yes
T,-Ts> TBTD457PW > TBTD457Flag =1
Thin Ci
| Te-T,>T +1 y_es»T -1 clouds
857 14 BTD8.5 11 PW BTD8.5 11 Flag

P1.38 Flag — 1& TBTD457F1ag =1& TBTD8.57117F1ag= 1
& T,-T,- (T T.4) > 1.0K

cs3”

'

Thin Ci clouds

Pspw*
land & desert : use 5th degree polynomial fit to count for Precipitable Water (PW) dependent.

land:
Pgpw = 0.0175 - 0.0338*PW + 0.0248*PW? - 0.0082*PW? + 0.00122*PW* - 0.0000675*PW>

desert:
Pgpw = 0.0255 - 0.0546*PW + 0.0475*PW=- 0.0193*PW? + 0.00365* PW* - 0.000258*PW?>

Tyspw:
land: T,spy = BTD_s — 0.5K to count for PW and VZA dependent.

desert: use a quadratic fit for PW dependent, ignore VZA dependent since the air is dry.
T spw = -0.845 + 1.3918*PW - 0.128*PW?

Toapw:
land & desert: use 3rd and 4th degree polynomial fit for PW.

land : Tgypy = -2.3954 - 1.708*PW + 0.65*PW? - 0.0547* PW>
desert : Tpy = -4.380 - 9.273*PW + 6.223*PW? - 1.367*PW>+ 0.10304*PW*



Night Time CERES Cloud Mask

MODIS Pixel
(SZA > 82°)
!
“A” Test \‘ yes > cloud
T4 < Tlim gOOd

'
/“"\

“Dln TeSt “Dzj’TeSt “D?’” TeSt
Tes-Ta> Opeaa T3_T4 - (Tcs3 - Tcs4) T3'T4 - (Tcs3 - Tcs4)
* . > OpBTDes34hi < - O1BTDes34l0

yes=1 yes =1 yes =1
no=20 no=20 no=0
| l |
> can not = 3"

*Because D2 and D3 can not

All D Clear tests

equal to 1 at the same time.

O, TDes34lo — OnBTDes34hi - 0-9K



After All D Tests Return Good Clear

Confirm good clear at twilight zone
(82° < S§Z4 < 87.5°)

land
P,;>0.20 & p,>0.20 &
(T;-T,>4K or T5-T,-<-1K)

ocean
P - pcsl >0.10 &

P2~ pcsZ >0.10

l yes yes

cloud cloud
weak weak




E1 Test Aqua Edition 1

D tests pattern: (a) IR=1, (b) 3-4,,=1, (¢) 3-4,,,,=0

low —

yes
cloud
[ TCS4 = T4 > 1'5*0T054 gOOd
l no
yes
cloud
[ T5-Ty- (T3 - Tesa) > 1.5%Oprpesyani good

lno

: pass 1 cloud

[ Apply Ci Test ]—» gocl)ld
l Fail

clear
weak

CiTest: T,-T;>CiThr

CiThr is based on SERCAA’s look-up table,
it’s a function of T4 and VZA



E2 Test Aqua Edition 1

D tests pattern: (a) IR=0, (b) 3-4,,=0, (¢c) 3-4,,,=1

low —

T - T4 > O'S*OTCS4

cs4

a:
b: T5-T, - (T3 - Tegy) < -1.5%Oprpessan
yes =1 no=0

cloud T,-T,<1.0K I clear
good weak
l yes l no
cloud clear




E3 Test Aqua Edition 1

D tests pattern: (a) IR=0, (b) 3-4,,=1, (¢) 3-4,,,,=0

low —

T - T4 > O'S*OTCS4

cs4

a:
b: T5-T, - (T3 - Tegg) > 1.5%Oprpegsani
yes =1 no=0

cloud | O no_| clear
over land
weak weak

yes
\ 4
over land ] [Apply Ci Test] [APPIY Ci Test]
no l lpass lFaﬂ lPaSS lfail
yes
cloud cloud clear cloud clear
good good weak good weak
[ T, T,>15K ]
CiTest: T,-T;>CiThr
l yes l no
CiThr is based on SERCAA’s look-up table,
cloud clear it’s a function of T4 and VZA
good weak




E4 Test Aqua Edition 1

D tests pattern: (a) IR=1, (b) 3-4,,=0, (¢c) 3-4,,,=1

low —

ye€s
cloud
[ TCS4 = T4 > 1'5*0T084 gOOd
l no
ye€s
cloud
T3'T4 - (Tcs3 - Tcs4) < 'I'S*OBTDcleo good

lno

cloud
weak




ES Test Aqua Edition 1

D tests pattern: (a) IR=1, (b) 3-4,,=0, (c) 3-4,,,,=0

low —
) Pass | ¢loud
[ Apply Ci Test ]—P good
l Fail

[ T.u- Ty > rix_fetr*op

lno

clear
weak

yes cloud

good

rix_fectr = 2.0 for light vegetation
rix_fctr = 1.5 for rest IGBP



