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MERIS oizuw Case 2 3gx0 Joho (S 5Sh 318 9

MERIS s -1 -Y
(\-Y J) (Medium Resolution Imaging Spectrometer) MERIS (sl lsale oo ol
Jlo ole Jgl 5l a8 cl "ENViSAt  daime G 0)lgale (55, oo s sloodiziw 5l S
Bl b 508 gole g (Spe odgazme )3 odizmiw (pl Sged )loy pgal 4y gepl VeV

< PATSR
’ MIPAS
g | \ERIS e
L MWR
Y Ka-band
Antenna
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RA-2 Mlema_f\' - z ?, X-band
O e B2 Antenna
s RR — E
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4 ”~ {4 ASAR
s el il [ Antenna
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(Rastetal., 1999) 1 55, MERIS sosziw cuxdge g ENVisat o lgale -V-Y JSo

' Environmental satellite (Envisat)
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(Bézy et al., 2000) il wlasin ¢ (Laib) MERIS ol sla JLIS-V-Y o

NO | Band center (nm) Barz?lr\;]v)ldth Primary application
1 4125 10 Yellow substance and detritus pigments
2 4425 10 Chlorophyll absorption maximum
3 490 10 Chlorophyll and other pigments
4 510 10 Suspended sediment, red tides
5 560 10 Chlorophyll absorption minimum
6 620 10 Suspended sediment
7 665 10 Chlorophyll absorption & fluo. reference
8 681.25 7.5 Chlorophyll fluorescence peak
9 708.75 10 Fluo. reference, atmosphere corrections
10 753.75 7.5 Vegetation, cloud
11 760.625 3.75 02 R- branch absorption band
12 778.75 15 Atmosphere corrections
13 865 20 Vegetation, water vapor reference
14 885 10 Atmosphere corrections
15 900 10 Water vapor, land

Doled oo ey CS > s o O50s Sl (5 10, 0018 & pla3IMERIS 5 59>40 'CCD

36l Av e alols 1o g Cenl ool S VVOY g lr oye s FAID® s lawe (sl,ls MERIS

el i 00l Las Y=Y Jaao (0 sdizuiw ol Lol Gleogas 5l avogi o)l (13 g

(Bézy et al., 2000) MERIS FR oz Lol Cloogas -Y-F Jsax

Swath width

1150 km

Localization accuracy

< 2 km without use of landmark

pixel size (FR)

across track: 260 m at nadir

along track : 300 m

Inter band registration

< 0.15 pixel

Spectral bands

15 bands programmable in
position: 390 nm - 1040 nm

width: 1.25 nm - 30 nm

Spectral resolution 1.7 nm
Polarization sensivity <0.3%
Signal dynamics up to albedo 1.0
Radiometric resolution NEDR < 0.0002
Revisit period 2 to 3 days

Absolute accuracy

2% to 4% relative to the sun

Signal stability

0.2% along the orbit

' Charge Coupled Device
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S S G yud leosls il co caliee Sl SIS 48 90 sl )l MERIS (glaosls
s e WY g ¥ LS SUSas &,08 g0 gl cud 5 a4 a5 (RR) Tensals g (FR) ¥ JlS
2ol K5 65 oslail IS e sl ool LI Y-Y Jgax ;0 MERIS o jgele adgl Glaal
slaosls (ol as ail o o Baa oy tege Jole 3blise 5 b weildl o alize slazge Jsb

g
(Rast, 1987) MERIS <o gsls adsl Gloal Y- Jgo
Scientific and application oriented objectives Possible extensions to land applications
1. Chlorophyll concentration/suspended sediment | 1. Synoptical monitoring of vegetation
2. Water quality/dissolved organics indicators
3. Shallow water depth/bottom classification 2. Inland water bodies monitoring
4. Relationship between sea water optical 3. Large scale (area) mapping

properties and biophysical properties

5. Time series of biological and physical processes
6. Global radiation absorption by turbid water

7. Global and regional primary production

8. Pollution monitoring/coastal processes

o=l 5o 0als eolawl MERIS jlas 5 SY gams 00,5 o0 3dgi alides zghaw LMERIS ,5las
Jeli Vb mla s glas b baools g co S,17Y mlaws 9 2V o (slaosls & jgo 90 d o Gubis
Laosls oyl 5l (g paides camogy il oo (V-F Jgux) alisee b &b VO ;0 TOA Sladiais
BOA olulSsl Jolss MERIS saizeiws ¥ mhaws jiglai b Weosls .ol ooy &3l,l ¥-¥ Jga> jo
355 olgme iz b g Bleo dlge S5 clale - Jdo I il (0] gl yo heb SlulSail)
ol s asalol jo as (b Kijls ) calisre woSae Jow pasa 5 eolawl b lasols (pl .ol K,

il o MERIS saizis b grlans slaools 31 glseial b5 s aalss- o2

" Full Resolution

* Reduced Resolution
° MERIS Level 1b

" MERIS Level 2



(European Space Agency, 2002) MERIS ooizws VD gl yglad Gliogas -F-Y Jga>

Name Level 1b Full Resolution
Identifier MER FR 1P
Product Level 1b

Description

File Size
Pixel Spacing
Coverage
Bits/Pixel
Unit
Accuracy

TOA radiance for the 15 MERIS bands at full resolution,
calibrated, geo-located, annotated with Product Confidence
Data,calibration data, classification flags, and environment
parameters. The user will be able to order adjacent scenes
covering the full MERIS swath and any number of adjacent
scenes pairs leading up to the complete MERIS orbit of 17500
km, depending on the availability of the Full Resolution data.
Radiometric and geometric continuity is guarantied between
adjacent scenes.
2241 lines x 2241 pixels (scene)
approximately 300 m x 300 m (along-track x across track)
approximately 575 km x 575 km (scene), 296 x 296 km
16
10*WmZsrinm?
From 400 to 900 nm < 2%, From 900 to 1050 nm < 5%

laol jo .ol wales all )l sdow ol jo axlllas 0,90 Case 2 slo SKislo y Fhg isw cpl jo
bawgy a8l axwg) C2R Siilo s w9 (MEGS) Lug,l olas usll s jlastenl Kasls

SSiile )_;l 39 5 (d o o ils jo il anwgs) FUB/WeW il QT BURCCTI (YGKSS

(ol Gt 90 a1y asllla 0 )50 Cnss Sbjls gy 90w sl i) Glgi oo o S 5ok @
oSl il n Sl G 4ailg 0,8 i O (85T 030,55 5 (6 il el (o 55]]
5 il RLioa(A) il YL 3o caslSinl s IS 5 RLW(W)) yima! eyl 5 T 51 g
59 Ggy) Sl o 5l (25 elSail il 1 O (S sl el )l aalone gt pgo (5
Lo el ALM (535 5 FUBIWEW e 45 553l 30 10 45 (5yp0 50 (slal e

Ol 0 (sl o ST by ) 35 on gl Al phaneil YU 5o (oSl il Sl Losiine O (A

Case 2 gl Khjlo g -V-Y

28,5 winled 1E s 3,50 ALM

¥ Gesellschaft fur Kernenergieverwertung in Schiffbau und Schiffahrt mbH
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* Conversion factors
* Feed forward network (ffNN)
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Range of independent variables for calculating water leaving radiance reflectance

variable concentration unit min max
phytoplankton pigment, Chlorophyll a po/l 0.003 50
mineralic suspended matter mg/I 0.03 50
gelbstoff, absorption at 440 nm a(440) m't 0.002 2
solar zenith angle degree 0 75
viewing zenith angle degree 0 41
difference betwe(_an soalr and viewing degree 0 180
azimuth
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'* Coastal Surveillance Through Observation of Ocean Color
"' MERIS-ATSR validation and calibration team
'Y Regional Validation of MERIS Chlorophyll products
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Component / property value range
random selection from> 200
Phytoplankton pigment absorption absorption spectra, normalized at 442
nm (MERIS band 2)
Gelbstoff absorption a_gelb at 442 nm 0.005 - 5.0 m-1
particle scattering by, at 442 nm 0.005 - 30.0 m-1
White particle scattering bpw at 442 nm 0.005 - 30.0 m-1
phytoplankton pigment absorption a_pig at 0.001 - 2.0 m-1
442 nm
Minimum particle scattering at 442 nm 0.25 * a_pig(442 nm)
Bleached particle absorption 0.1*bp(442)+ran_gauss*0.03*bp(442)
Sun zenith angle 0 - 80 degree
Viewing zenith angle 0 - 50 degree
Difference between :ﬁglgnd viewing azimuth 0 - 180 degree
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MERIS L1b + auxiliary data
¥

Loop over all pixels I‘

Apply L1b masks (Land Bright, Glint) |

€ Reject pixel

Calculate reﬂectance TOA |

Ozone normallsatlon to 344 DU |
v
| Create input vector + Check ANN input ranges |

Yes+No

Create ANN
input mask

[ annatv || annwaTt || ANNwAT2 || ANNWATS |

RS, AOT Iog, (CHL) log,(TSM) log,(YEL) /

| | I |
]

| Check ANN output ranges |

Yes+No

ﬁm, CHL, TSM, YEL, ANNﬁ}"
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| Process next pixel I_

Create ANN
output mask
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Variable Unit Min Max

Chl-a mg/m3 0.05 50

SPM mo/l 0.05 50

acoom @ 443 nm 1/m 0.005 1
Aerosal @ 550 nm 0.04 1.25
Surface air pressure kPa 980 1040
Wind speed m/s 1.5 7.2

Solar zenith angle (0s) degree 0.08 75.7

Observation zenith angle (0v) degree 0 41

Difference between observation and solar azimuth angle q

(A0) egree 0 180

Relative Humidity % 70 99
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'™ Improved Contrast between Ocean and land
' Adjacent effect (AE)
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C2R (mean of pixels) 69.55 65.53 9.23 0.35 -2.8 0.01 0.57 0.64
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Scatter Relative .
ooy | Grore) | eorey | (scorey | Plot | Distribution | FIFEL | STITEEN | Rank
Score Plot Score

MEGS (Central pixel) 14056(1) | 9.87(2) | 095(1) | 0.47(3) 1 1 1 10 3
MEGS (median pixel) 124.11(2) | 1074(1) | -0133) | 0.32 (1) 1 3 3 14 2
MEGS (mean of pixels) 114.02(3) | 9.71(3) | -0.63(2) | 0.39(2) 1 2 2 15 1
C2R (Central pixel) 6858(3) | 9.3(1) | -28(1) | 0.54() 1 1 9 3
C2R (median pixel) 6934 (2) | 9.242) | 281 | 056(2) 1 1 10 2
C2R (mean of pixels) 69.55(1) | 9.23(3) | -2.8(1) | 0.57(3) 1 1 11 1
FUB/WeW (Central pixel) | 107.01(1) | 13.65 (1) | 0.78(1) | 0.43(1) 2 1 10 3
FUB/WeW (median pixel) 9155(2) | 11(3) | -0.16(3) | 0.54(3) 1 1 14 2
FUB/WeW (mean of pixels) 82.87(3) | 11.35(2) -0.2(2) 0.52(2) 15 1
ALM (Central pixel) 51.8(1) | 11.28(1) | -5.66(1) | 0.4(1) 1 1 7 3
ALM (median pixel) 50.65(3) | 11.28(1) | -5.61(3) | 0.4(1) 1 1 11 1
ALM (mean of pixels) 51.18(2) | 11.28(1) | -5.63(2) | 0.4(1) 1 1 9 2
Hybrid ALB?)‘(Q;\'N(CE””""' 57.48(3) | 9.76(2) | -2.9(1) | 0.48(1) 1 1 2 11 2
Hybrid AL'S?)‘(Q;\'N(med‘a” 61.4(1) | 9.78(1) | -2.81(2) | 0.48(1) 1 1 3 10 3
Hybrid ALS{');Q'S\;N(mea” of 1 60.26(2) | 9.44(3) | -281(2) | 0.51(2) 2 2 1 14 1

il ol oy 4 (s B Ly IS 5l oo sl s e ety 8 ,Shae ) (s el s YD par
S5 g bl slajlxo 4y o

Scatter Relative .
Seore) | (Seore) | (scorey | P10t | Disrbuton | SGRO | SCTCELN | Rank
MEGS (mean of pixels) 9.71(3) | -0.63(3) | 0.39(1) 1 1 1 10 4
C2R (mean of pixels) 9.23(5) -2.8(2) 0.57(5) 3 2 2 19
FUB/WeW (meanof | 4 3504y | _02(a) | 0.52(4) 2 3 3 17 3
pixels)
ALM (median pixel) 11.28(2) | -5.61(1) | 0.4(2) 4 4 4 17 3
Hybrid ALM-ANN(mean
of pixels) 9.44(3) | -2.81(2) | 0.51(3) 5 5 5 23 1
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MAPE | MAPEng | RMSE | RMSEwg | MBE | MBEug R Riog
MEGS (Central pixel) 81.79 53.05 11.18 0.49 2 013 0.49 0.48
MEGS (median pixel) 74.05 47.68 12.16 051 -3.08 -0.16 0.38 0.38

MEGS (mean of pixels) 63.97 39.29 11.45 0.44 358 0.1 0.46 0.39
C2R (Central pixel) 43.88 29.08 12.02 0.35 5.75 -0.19 0.59 0.66
C2R (median pixel) 4455 2913 12.00 0.35 5.74 0.18 0.61 0.66

C2R (mean of pixels) 44.16 28.88 12.01 035 5.75 -0.18 0.62 0.66
FUB/WeW (Central pixel) | 80.65 57.98 14.44 0.49 2.17 -0.27 0.44 0.71
FUB/WeW (median pixel) | 74.59 50.67 121 052 311 -0.31 055 0.71

FUB/WeW (mean of pixels) | 69.68 54.45 12.47 0.46 3.15 -0.29 053 0.75
ALM (Central pixel) 55.71 471 1459 055 8,61 20.44 0.41 0.56
ALM (median pixel) 55.15 463 1457 054 856 043 0.4 057
ALM (mean of pixels) 55.92 47.35 1457 0.54 -8.58 -0.44 0.41 057

Hybrid AL;?;Q;\'N(CG””"" 60.5 47.64 123 0.43 -5.85 -0.33 0.49 0.74

Hybrid ALS?)‘(Q;\'N(mEd'a” 6024 | 46585 123 0.44 577 | -032 | o048 | om

Hybrid ALS{');QL\)'N(mea” of | 5923 46.22 12.02 0.42 576 031 0.51 0.74
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MAPE | RMSE | MBE R | Scatter | Relative | Q-q g a0y
(Score) | (Score) (Score) | (Score) plot Distribution plot of Score Rank
Score Plot Score Score
MEGS (Central pixel) 81.79(1) | 11.18(3) -2(3) 0.49(3) 1 1 1 13 1
MEGS (median pixel) 74.05(2) | 12.16(1) | -3.08(2) | 0.38(1) 1 3 1 11 3
MEGS (mean of pixels) 63.97(3) | 11.45(2) | -3.58(1) [ 0.46(2) 1 2 1 12 2
C2R (Central pixel) 43.88(3) | 12.00(1) | -5.75(1) | 0.59(1) 1 1 1 9 2
C2R (median pixel) 4455(1) | 12.0000) [ -5.74(1) | 0.61(2) 1 1 1 8 3
C2R (mean of pixels) 44.16(2) [ 12.0001) [ -5.75(1) [ 0.62(3) 1 1 1 10 1
FUB/WeW (Central pixel) [ 80.65(1) | 14.44(1) | -2.17(3) [ 0.44(2) 2 2 1 11 3
FUB/WeW (median pixel) [ 74592) | 12.1(3) | -3.11(2) [ 0.55(3) 1 1 1 13 2
FUB/WeW (mean of pixels) | 69.68(3) | 12.47(2) | -3.15(1) | 0.53(2) 2 2 2 14 1
ALM (Central pixel) 55.71(2) | 14.59(1) | -8.61(1) [ 0.41(2) 1 1 1 9 2
ALM (median pixel) 55.15(3) | 14.59(1) | -8.56(3) | 0.4(1) 1 1 1 11 1
ALM (mean of pixels) 55.92(1) | 14.59(1) | -8.58(2) | 0.41(2) 1 1 1 9 2
Hybrid AL'S?)‘(Q;\'N(C‘*”"E“ 6051) | 1230) | -5.851) |0492) | 1 1 1 8 3
Hybrid ALp'Vi')'(':;;\'N(mEd'a” 6024(2) | 12.3(1) | -5.77(2) | 048(1) | 1 1 2 10 2
Hybrid AL'F:f);QS'\;N(mea” of 159233 | 12020) | 5772 | 0513) | 2 2 1 15 1
Sl gl olyem 4y (o IS iS5 (g3lo Jae sl ugSas Joo gty 0 yShes 2] s bl b -#-0 Jgor
S5 g s lel slajlxo 4y o
Scatter Relative .
(Fgc\:/lo?eE) é”c?fe) (ScF;re) plot | Distribution qs?:c?rlg e e | Rank
Score Plot Score

MEGS (Central pixel) 11.18(5) -2(4) 0.49(2) 1 1 1 14 5

C2R (mean of pixels) 12.00(4) -5.7(2) 0.62(5) 2 3 2 18 2

FUB/WeW (mean of pixels) 12.47(2) | -3.15(3) | 0.53(4) 3 2 3 17 3

ALM (median pixel) 14591) | -8.56(1) | 0.4(1) 4 4 4 15 4

Hybrid ALS{');QSN)N(mea” of | 1200 | 5702 | 0510 5 5 5 23 1
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MAPE | MAPElog | RMSE | RMSElog MBE MBEIlog R Rlog

MEGS (Central pixel) 142.91 92.48 8.39 0.47 3.07 0.1 0.5 0.49
MEGS (median pixel) 125.36 81.68 8.49 0.47 1.99 0.07 0.38 0.4
MEGS (mean of pixels) 110.1 73.87 6.92 0.42 15 0.12 0.45 0.4
C2R (Central pixel) 66.84 48.87 5.52 0.29 -0.68 0.04 0.59 0.62

C2R (median pixel) 66.54 49.02 5.44 0.29 -0.68 0.05 0.61 0.62

C2R (mean of pixels) 66.74 49.44 5.42 0.29 -0.68 0.05 0.62 0.62
FUB/WeW (Central pixel) 107.94 69.64 12.82 0.4 29 -0.04 0.5 0.72
FUB/WeW (median pixel) 89.36 66.15 10.07 0.43 1.96 -0.09 0.6 0.7
FUB/WeW (mean of pixels) 81.82 60.75 10.41 0.36 1.92 -0.06 0.59 0.76
ALM (Central pixel) 41.42 39.1 7.27 0.37 -3.54 -0.21 0.39 0.56

ALM (median pixel) 40.36 38.37 7.27 0.36 -35 -0.2 0.37 0.55

ALM (mean of pixels) 41.17 39.03 7.27 0.36 -3.5 -0.21 0.37 0.54
Hybrid ALM-ANN(Central pixel) 53.81 39.65 6.85 0.28 -0.78 -0.1 0.55 0.77
Hybrid ALM-ANN(median pixel) 56.55 40.99 6.89 0.29 -0.7 -0.09 0.54 0.74
Hybrid ALM-ANN(mean of pixels) | 55.43 40.26 6.47 0.28 -0.68 -0.08 0.57 0.75
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(Score) (Score) (Score) | (Score) Score Plot Score Score of Score

MEGS (Central pixel) 142.91(1) | 8.39(2) 3.07(1) 0.5(3) 1 1 1 10 3

MEGS (median pixel) 125.36(2) | 8.49(1) 1.99(2) | 0.38(1) 1 1 3 11 2

MEGS (mean of pixels) 110.1(3) | 6.92(3) 1.5(3) 0.45(2) 1 1 2 15 1

C2R (Central pixel) 66.84(1) | 5.52(1) | -0.68(1) | 0.59(1) 1 1 1 7 3

C2R (median pixel) 66.54(3) | 5.44(2) | -0.68(1) | 0.61(2) 1 1 1 11 2

C2R (mean of pixels) 66.74(2) | 5.42(3) | -0.68(1) | 0.62(3) 1 1 1 12 1

FUB/WeW (Central pixel) 107.94(1) | 12.82(1) 2.9(1) 0.5(1) 2 2 1 9 3

FUB/WeW (median pixel) 89.36(2) | 10.07(3) | 1.96(2) 0.6(3) 1 1 1 13 2

FUB/WeW (mean of pixels) 81.82(3) | 10.41(2) | 1.92(3) [ 0.59(2) 2 2 2 16 1

ALM (Central pixel) 41.42(1) | 7.27(1) | -3.54(1) | 0.39(2) 1 1 1 8 3

ALM (median pixel) 40.36(3) | 7.27(1) | -3.5(2) 0.37(1) 1 1 1 10 1

ALM (mean of pixels) 41.17(2) | 7.27(1) | -3.5(2) 0.37(1) 1 1 1 9 2

Hybrid ALM-ANN(Central 1 1 2 12 2
pixel) 53.81(3) | 6.85(2) | -0.78(1) | 0.55(2)

Hybrid ALM-ANN(median 1 1 2 9 3
pixel) 56.55(1) | 6.89(1) | -0.7(2) 0.54(1)

Hybrid ALM-ANN(mean of 2 2 1 16 1
pixels) 55.43(2) | 6.47(3) | -0.68(3) | 0.57(3)
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RMSE | MBE r | Scatter | Relative | o0l Summation
(Score) (Score) (Score) plot Distribution Score of Score Rank
Score Plot Score
MEGS (mean of pixels) 6.92(3) 1.5(3) 0.45(2) 1 1 1 11 4
C2R (mean of pixels) 5.42(5) -0.68(4) | 0.62(5) 2 2 2 20 2
FUB/WeW (mean of pixels) 10.41(1) 1.92(2) 0.59(4) 3 3 3 16 3
ALM (median pixel) 72712) | -351) | 0.37(0) 4 4 4 16 3
Hybrid ALM-ANN(mean of | ¢ 173y | g 6g(a) | 0573) | 5 5 5 25 1
pixels)
10Ty Aes pSle cdals -F-1-1-0-0
B0 g 0, Sas 30 Comnd ol J0 (s Glaisn 10 esSae sl Juw o Slee oLl asli
el 3,8 18 oLl o,ee (S 4laSs) e Sl (g3l Jowe jokain 4 HusSan slo o
Ll 00l ool L)L"“‘" 0-0 JS...; 9 V=0 Jgaz yo L?’L’))‘ u;‘ ‘si._é‘)f 9 LS)LA‘
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MAPE | MAPElog | RMSE | RMSElog | MBE | MBElog R Rlog
ESA (Central pixel) 89.15 54.41 8.63 0.47 0.54 -0.07 05 0.47
ESA (median pixel) 7734 |  46.96 9.09 0.47 -0.54 0.1 0.4 0.38
ESA (mean of pixels) 64.12 38.22 7.83 0.4 -1.04 -0.05 05 0.39
C2R (Central pixel) 41.11 27.31 7.72 0.29 -3.21 -0.13 0.63 0.66
C2R (median pixel) 40.55 26.75 7.65 0.28 -3.21 -0.13 0.65 0.66
C2R (mean of pixels) 39.75 26.32 7.65 0.28 -3.21 -0.13 0.65 0.67
FUB/WeW (Central pixel) 85.02 59.19 12.65 0.46 0.37 -0.22 0.49 0.73
FUB/WeW (median pixel) 74.33 58.88 10.03 0.49 -0.57 -0.26 0.59 0.72
FUB/WeW (mean of pixels) 69.6 53.98 10.41 0.42 -0.61 -0.23 0.58 0.77
ALM (Central pixel) 53.36 | 45.79 10.2 0.47 -6.07 -0.39 0.37 0.55
ALM (median pixel) 5221 | 4453 10.2 0.47 -6.02 -0.38 0.36 0.55
ALM (mean of pixels) 53.05 45.55 10.2 0.47 -6.02 -0.38 0.38 0.55
Hybrid A"g’i')'(g;\”\'(ce””a' 5883 | 4639 8.52 0.38 331 027 0.53 0.76
Hybrid ALB?)‘Q;\'N(mEd'a” 59.22 | 46.12 8.52 0.38 -3.22 -0.27 0.53 0.74
Hybrid ALS{'};QSN)N(mea” of | 5777 | 4522 8.19 0.37 -3.22 -0.26 0.55 0.76
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Scatter Relative .
(Seore) | (Soore) | (Seore) | (seore | P90 | Distoution | SR SEIEEN | Rank
Score | Plot Score
MEGS (Central pixel) 89.15(1) | 8.63(2) | 0.54(2) 0.5(2) 1 1 1 10 3
MEGS (median pixel) 77.34(2) | 9.09(1) | -054(2) | 0.4(Q1) 1 2 3 12 2
MEGS (mean of pixels) 64.12(3) | 7.83(3) | -1.04(1) | 05(2) 1 2 2 14
C2R (Central pixel) 41.11(Q2) | 7.721) | -3.21(1) | 0.63(1) 1 7 3
C2R (median pixel) 40.55(2) | 7.65(2) -3.2(2) 0.65(2) 1 10 2
C2R (mean of pixels) 39.75(3) | 7.65(2) -3.21(1) 0.65(2) 11
FUB/WeW (Central pixel) | 85.02(1) | 12.651) [ 0.37(3) | 0.49(2) 9
FUB/WeW (median pixel) | 74.33(2) | 10.03(3) [ -0.57(2) | 0.59(3) 13
FUB/WeW (mean of pixels) | 69.6(3) | 10.41(2) | -0.61(1) 0.58(2) 11
ALM (Central pixel) 53.36(1) | 10.2(1) | -6.07(1) | 0.37(2) 1 8
ALM (median pixel) 52.21(3) | 10.2(1) | -6.02(2) | 0.36(1) 1 10
ALM (mean of pixels) 53.05(2) | 10.2(1) | -6.02(2) | 0.38(3) 1 11
Hybrid AL'F:’i')'(Q')\'N(Ce”“a' 58.83(2) | 8.521) | -331(1) | 053(1) | 1 1 2 9 2
Hybrid AL'S?)’(Q')\'N(med'a” 50.22(1) | 8.52(1) | -3.22(2) | 0.531) 1 1 2 9 2
Hybrid ALS?);QSN)N(mea” of | 57773) | 819¢2) | -3.222) | 0552) 2 2 1 14 1
°‘ﬁ—° @ Js “5‘&) s u—*i’l-»-" Sl e 6‘)-.‘ u*‘ﬁ-{-’-" Joe = 5,8 gs.’l-:})‘ 6)L"] G’L*-‘ SAARCRUIRES
SIS g &bl sl ylre 2o kel s
Scatter Relative .
(F;nsreE) (g/tlzlc?ri) (Sc'zre) plot | Distribution qs?:c?rlg Y| fsr | Renk
Score Plot Score
MEGS (mean of pixels) 7.83(4) | -1.04(3) 0.5(2) 1 1 3 14 4
C2R (mean of pixels) 7.65(5) -3.2(2) 0.65(5) 3 3 2 20 2
FUB/WeW (median pixel) | 10.03(2) [ -057(4) | 0.59(4) 2 2 1 15 3
ALM (mean of pixels) 10.2(1) | -6.02(1) 0.38(1) 4 4 4 15 3
Hybrid ALM-ANN (mean
of pivels) 8.193) | -32(2) | 055(3) 5 5 5 23 1
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Scatter Relative g-q .
RMSE MBE R plot Distribution plot Summation Rank
(Score) (Score) (Score) Score Plot Score Score of Score
Hybrid A'-'(\:"r;ﬁ;\)“\‘ (Surface | g 440y | -2813) |os1)| 1 1 1 9
Hybrid ALM-ANN (Surface
Pigment) 12.02(1) -5.7(1) 0.51(1) 1 1 1 6
Hybrid ALM":I';'N (Mixed Chl- | 6 17y | 0684y | 0573)| 1 1 1 14
Hybrid ALM-ANN (Mixed
Pigment) 8.19(3) -3.2(2) 0.55(2) 1 1 1 10

1
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MAPE | MAPEIlog RMSE | RMSElog | MBE | MBElog R Rlog
MEGS (Central pixel) 246.8 251.27 1.73 0.8 0.7 -0.14 0.22 0.22
MEGS (median pixel) 242.84 231.44 1.70 0.71 0.7 -0.07 0.22 0.22
MEGS (mean of pixels) 232.36 219.74 1.61 0.66 0.7 0.02 0.22 0.18
C2R (Central pixel) 70.74 206.79 0.33 0.64 -0.27 -0.57 0.48 0.55
C2R (median pixel) 70.69 204.75 0.33 0.63 -0.27 -0.57 0.49 0.57
C2R (mean of pixels) 69.91 203.51 0.33 0.63 -0.27 -0.57 0.52 0.57
FUB/WeW (Central pixel) 56.05 138 0.28 0.52 -0.18 -0.38 0.5 0.48
FUB/WeW (median pixel) 55.26 137.33 0.28 0.51 -0.19 -0.38 0.52 0.47
FUB/WeW (mean of pixels) 54.65 136.93 0.28 0.51 -0.19 -0.39 0.52 0.48
ALM (Central pixel) 74 275.04 0.37 0.65 -0.33 -0.62 0.48 0.49
ALM (median pixel) 74.14 | 276.06 0.37 0.65 -0.33 -0.62 0.52 0.52
ALM (mean of pixels) 74 275.05 0.37 0.64 -0.33 -0.62 0.52 0.54
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weee [ e | wee [ 5 | seter Rt |06 | ommaion [ g,
(Score) (Score) | (Score) (Score) Sr::ore Plot Score S?:ore of Score
MEGS (Central pixel) 246.8(1) | 1.731) | 0.71) | 0.22(1) 1 1 1 7 3
MEGS (median pixel) 242.842) | 1.7(2) 0.7(1) 0.22(1) 1 1 1 9 2
MEGS (mean of pixels) 232.36(3) | 1.61(3) 0.7(1) 0.22(1) 1 1 1 11 1
C2R (Central pixel) 70.74(1) | 0.33(1) | -0.27(1) | 0.48(1) 1 1 1 7 3
C2R (median pixel) 70.69(2) | 0.33(0) | -0.27¢1) | 0.49(2) 1 1 1 9 2
C2R (mean of pixels) 69.91(3) | 0.33(1) | -0.27(1) | 0.52(3) 1 1 1 11 1
FUB/WeW (Central pixel) | 56.05(1) | 0.28(1) | -0.18(1) | 0.5(1) 1 1 1 7 3
FUB/WeW (median pixel) | 55.26(2) | 0.28(1) | -0.19(1) | 0.52(2) 1 1 1 9 2
FUB/WeW (mean of 54.65(3) | 0.28(1) | -019(1) | 052(2) 1 1 1 10 1
pixels)
ALM (Central pixel) 74(2) 0.37(1) | -0.33(1) | 0.48(1) 1 1 1 8 2
ALM (median pixel) 74.14(1) | 0.37(0) | -0.33(1) | 0.52(2) 1 1 1 8 2
ALM (mean of pixels) 73.91(3) [ 0.37(1) | -0.33(1) | 0.52(2) 1 1 1 10 1
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Scatter Relative .
RMSE MBE R o g-qplot | Summation
(Score) | (Score) (Score) Splot Distribution Plot Score of Score Rank
core Score
MEGS (mean of
Dixels) 1.61(1) | 0.71) | 0.22(1) 1 1 1 6 3
C2R (mean of pixels) | 0.33(3) | -0.27(3) | 0.52(2) 3 4 3 18 1
FUB’V‘SX‘E’IS‘M” of | 0288y | -0.19(8) | 0.52(2) 2 3 2 17 2
ALM (mean of pixels) | 0.37(2) | -0.33(2) | 0.52(2) 4 2 4 16 2
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MAPE | MAPElog | RMSE | RMSElog | MBE MBElog R Rlog
MEGS (Central pixel) 257.24 178.07 1.75 0.78 0.73 -0.12 0.2 0.27
MEGS (median pixel) 255.22 167.41 1.71 0.71 0.73 -0.05 0.19 0.23

MEGS (mean of pixels) 248.86 156.57 1.63 0.66 0.73 0.04 0.2 0.16
C2R (Central pixel) 69.7 148.66 0.29 0.62 -0.24 -0.55 0.47 0.52
C2R (median pixel) 69.7 147.74 0.29 0.62 -0.24 -0.55 0.48 0.53

C2R (mean of pixels) 68.79 146.28 0.29 0.62 -0.24 -0.55 0.5 0.54
FUB/WeW (Central pixel) 57.83 112.94 0.26 0.51 -0.16 -0.36 0.39 0.4
FUB/WeW (median pixel) 57.94 113.42 0.26 0.5 -0.16 -0.36 0.39 0.38

FUB/WeW (mean of pixels) 57.15 112.82 0.26 0.5 -0.16 -0.37 0.39 0.39
ALM (Central pixel) 73.42 174.02 0.32 0.62 -0.29 -0.6 0.44 0.44
ALM (median pixel) 73.56 174.21 0.32 0.62 -0.29 -0.6 0.49 0.46
ALM (mean of pixels) 73.34 173.32 0.32 0.62 -0.29 -0.6 0.48 0.47
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MAPE | RMSE | MBE r | Seatter | Relative | o0 s mmation
(Score) (Score) (Score) (Score) plot Distribution Score of Score Rank
Score Plot Score
MEGS (Central pixel) 257.24(1) | 1.75(1) 0.73(1) 0.2(2) 1 1 1 8 3
MEGS (median pixel) 255.22(2) | 1.71(2) 0.73(1) 0.19(1) 1 1 1 9 2
MEGS (mean of pixels) | 248.86(3) | 1.63(3) | 0.73(1) 0.2(2) 1 1 1 12 1
C2R (Central pixel) 69.7(1) 0.29(1) -0.24(1) 0.47(1) 1 1 1 7 3
C2R (median pixel) 69.7(1) | 0.2901) | -0.24(0) | 0.48(2) 1 1 1 8 2
C2R (mean of pixels) 68.792) | 0.291) [ -0.24(1) | 05(3) 1 1 1 10 1
FUB/WeW (Central pixel) | 57.83(2) | 0.26(1) | -0.16(1) | 0.39(1) 1 1 1 8 2
FUB/WeW (median pixel) | 57.94(1) | 0.26(1) | -0.16(1) [ 0.39(1) 1 1 1 7 3
FUB/WeW (meanof | o7 153) | 0.261) | -016(1) |030) | 1 1 1 9 1
pixels)

ALM (Central pixel) 73.42(2) | 0.32(1) | -0.29(1) [ 0.44(2) 1 1 1 8 3
ALM (median pixel) 7356(1) | 0.32(1) | -0.29(1) | 0.49(3) 1 1 1 9 2
ALM (mean of pixels) 73.34(3) | 0.32(1) | -0.29(1) | 0.48(2) 1 1 1 10 1

25 ol a2 4, CDOM ias :Silo (s3lo e sl osSiae Jote Sloz 0,Shes b5l coylel b -13-0 Jgor
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RMSE | MBE R Scatter | Relative 1 o1t | summation
(Score) (Score) (Score) plot Distribution Score of Score Rank
Score Plot Score
MEGS (mean of
bixels) 1.63(1) | 0.73(1) | 0.2Q2) 1 1 1 6 3
C2R (mean of pixels) 0.29(3) | -0.24(3) 0.5(4) 3 3 3 19 1
FUB/WeW (meanof | 564y | _0.16(4) | 0.39(2) 2 2 2 16 2
pixels)
ALM (mean of pixels) | 0.32(2) | -0.29(2) | 0.48(3) 4 4 4 19 1
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CDOM _bos
RMSE | MBE R Scatter | Relative |\ o100 | summation
(Score) (Score) (Score) plot Distribution Score of Score Rank
Score Plot Score
C2R (Surface CDOM) 0.33(1) | -027(1) | 05202 1 2 1 8
C2R (Mixed CDOM) 0.29(2) | -0.24(2) 0.5(1) 1 1 1 8
ALM (Surface CDOM) | 0.37(1) | -0.33(1) | 0.52(2) 1 1 1
ALM (Mixed CDOM) 0.32(2) | -0.29(2) | 0.48(2) 1 2 1

SPM  Gos 3Slo (b3 1-T-1-0-0

S ALM 3 C2R FUB\WEW (MEGS g Sae Joo jlaz o Slae ol (S8 5 )bl mls
V-0 Jgaz 50,55 by 0 SPM des Sl polie 3l eolainl b walitne  JuSy <> 4w
el oo ooy las A0 S
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MAPE | MAPElog RMSE RMSElog MBE MBElog R Rlog
ESA (Central pixel) 306.26 68.89 39.18 0.72 23.26 0.13 0.45 0.46
ESA (median pixel) 304.66 68.64 38.81 0.71 23.26 0.13 0.45 0.45
ESA (mean of pixels) 274.49 63.29 35.36 0.66 21.29 0.14 0.45 0.44
C2R (Central pixel) 63.22 53.51 7.8 0.59 -6.01 -0.5 -0.14 -0.08
C2R (median pixel) 63.77 54.32 7.84 0.6 -6.01 -0.51 -0.15 -0.11
C2R (mean of pixels) 62.73 53.62 7.8 0.6 -6.01 -0.5 -0.17 -0.12
FUB/WeW (Central pixel) 69.42 72.71 8.06 0.87 -5.89 -0.65 -0.08 0.08
FUB/WeW (median pixel) 69.63 65.51 8.11 0.71 -6.1 -0.59 -0.1 0.01
FUB/WeW (mean of pixels) | 68.85 65.02 8.1 0.71 -6.1 -0.59 -0.11 0
ALM (Central pixel) 73.52 68.11 7.8 0.62 -7.11 -0.64 0.27 0.32
ALM (median pixel) 72.63 66.80 7.8 0.6 -7.06 -0.63 0.21 0.24
ALM (mean of pixels) 71.75 65.66 7.8 0.61 -6.98 -0.62 0.22 0.26
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MAPE | RMSE | MBE R Scatter | Relative | -0 | g\\nation
(Score) (Score) (Score) (Score) plot | Distribution | plot of Score Rank
Score Plot Score | Score
ESA (Central pixel) 306.26(1) | 39.18(1) | 23.68(1) 0.45(1) 1 1 1 7 3
ESA (median pixel) 304.66(2) | 38.81(2) | 23.26(2) 0.45(1) 1 1 1 10 2
ESA (mean of pixels) 274.49(3) | 35.36(3) | 21.29(3) 0.45(1) 1 1 1 13 1
C2R (Central pixel) 63.22(2) 7.8(1) -6.01(1) -0.14(1) 1 1 3 9 2
C2R (median pixel) 63.77(1) 7.8(1) -6.01(1) -0.15(2) 1 1 2 9 2
C2R (mean of pixels) 62.73(3) 7.8(1) -6.01(1) -0.17(3) 1 1 1 11 1
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C2R (mean of pixels) 7.8(3) -6.01(4) | -0.17(2) 3 3 2 17 2
FUB/WeW (mean of
pixels) 8.1(2) -6.1(3) -0.1(1) 2 2 3 13 3
ALM (mean of pixels) 7.8(3) -6.98(2) | 0.22(3) 4 4 4 20 1
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Parameter MAPE MAPE og RMSE RMSEiog MBE MBEiog R Riog
C2R (Chl-a without ICOL) 68.58 63.36 9.30 0.35 -2.80 0.00 0.54 0.63
C2R (Chl-a with ICOL) 86.05 74.02 9.35 0.36 -2.06 0.07 0.48 0.61
FUB/WeW( Chl-a without ICOL) 107.01 76.28 13.65 0.41 0.78 -0.09 0.43 0.72
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Parameter MAPE | MAPEio RMSE RMSEiog MBE MBEiog R Riog

C2R (Chl-a without ICOL) 4388 | 2008 | 1207 0.35 575 | -019 0.59 0.66

C2R (Chl-a with ICOL) 268 | 2812 | 1L.94 0.33 501 | 012 0.58 0.63

FUB/WeW( Chl-awithout ICOL) | 80.65 | 57.98 | 14.44 0.49 217 | 027 0.44 071

FUB/WeW (Chl-a with ICOL) 9% 5932 | 1933 051 0.34 024 0.37 0.7

ALM (Chl-a without ICOL) 5571 | 4710 | 1459 0.55 861 | 044 0.41 0.56

ALM (Chl-a with ICOL) 5645 | 4776 | 1454 0.54 860 | -044 0.44 0.60
Hybrid ALM-ANN (Chl-a ] ]

ithout 1COL) 6050 | 4764 | 12.30 0.43 5.85 0.33 0.49 0.74

Hybrid AL'\’:&NL';' (Chl-awith | soo6 | 4880 | 1318 0.44 -4.83 031 0.42 0.73
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Parameter MAPE | MAPEig | RMSE | RMSEng | MBE | MBEng R Riog

C2R (Chl-a without ICOL) 66.84 | 4887 552 0.29 20.68 0.04 0.59 0.62
C2R (Chl-a with ICOL) 84.76 57.83 575 031 0.06 011 053 0.59
FUB/WeW( Chl-a without ICOL) | 107.94 | 69.64 12.82 04 2.9 -0.04 05 0.72
FUB/WeW (Chl-a with ICOL) 14136 | 7427 19.18 0.45 542 20.01 0.42 0.71
ALM (Chl-a without ICOL) 41.42 39.10 7.28 037 354 0.21 0.39 0.56
ALM (Chl-a with ICOL) 40.29 37.97 7.22 0.36 353 021 0.42 058
Hybrid ALM'IAC'\(')'\I'_)(Ch"a without | gag9 | 3965 6.85 0.28 078 | -010 0.55 0.77
Hybrid AL'V:?ONL';‘ (Chl-a with 62.82 39.11 9.31 0.30 0.24 -0.09 0.46 0.75
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Parameter MAPE | MAPEIy RMSE RMSEiog MBE MBEiog R Riog
C2R (Chl-a without ICOL) 41.11 27.31 7.72 0.29 -3.21 -0.13 0.63 0.66
C2R (Chl-a with ICOL) 45.11 27.05 1.7 0.27 -2.47 -0.06 0.57 0.63
FUB/WeW( Chl-a without ICOL) 85.02 59.19 12.65 0.46 0.37 -0.22 0.49 0.73
FUB/WeW (Chl-a with ICOL) 106.48 61.02 18.61 0.49 2.88 -0.19 0.41 0.72
ALM (Chl-a without ICOL) 53.36 45.79 10.24 0.47 -6.07 -0.39 0.37 0.55
ALM (Chl-a with ICOL) 53.27 45.60 10.17 0.47 -6.06 -0.38 0.41 0.59
Hybrid ALM'IAC'\(;T)(Ch"a without | 5g 63 | 46.39 8.52 0.38 -3.31 -0.27 0.53 0.76
Hybrid ALM-ANN (Chl-a with 67.56 | 47.43 10.24 0.39 -2.29 -0.26 0.45 0.75
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Parameter MAPE MAPE |0y RMSE RMSEiog MBE MBEiog R Riog

C2R (CDOM without ICOL) 70.73 206.87 0.33 0.64 -0.27 -0.57 0.48 0.55

C2R (CDOM with ICOL) 61.69 173.65 0.30 0.57 -0.24 -0.48 0.53 0.56

FUB/WeW (CDOM without ICOL) 56.63 139.24 0.28 0.52 -0.19 -0.38 0.49 0.48

FUB/WeW (CDOM with ICOL) 64.65 169.64 0.32 0.61 -0.22 -0.49 0.44 0.46

ALM (CDOM without ICOL) 74.00 275.54 0.37 0.65 -0.33 -0.62 0.48 0.49

ALM (CDOM with ICOL) 74.49 280.77 0.37 0.65 -0.33 -0.63 0.49 0.51
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equation )
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Scatter Relative - .
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SD 1/SD Log(SD)
Rrs(412) 0.04 0.02 0.04
Log Rrs(412) 0.04 0.02 0.03
Rrs(442) 0.08 0.06 0.08
Log Rrs(442) 0.08 0.06 0.07
Rrs(490) 0.2 0.2 0.21
Log Rrs(490) 0.24 0.2 0.23
Rrs(510) 0.34 0.38 0.38
Log Rrs(510) 0.41 0.35 0.4
Rrs(560) 0.47 0.58 0.55
Log Rrs(560) 0.57 0.48 0.56
Rrs(620) 0.4 0.73 0.57
Log Rrs(620) 0.66 0.65 0.7
Rrs(665) 0.37 0.71 0.54
Log Rrs(665) 0.65 0.66 0.7
Rrs(681) 0.38 0.71 0.54
Log Rrs(681) 0.66 0.66 0.7
Rrs(709) 0.36 0.71 0.53
Log Rrs(709) 0.66 0.67 0.71
Rrs(754) 0.37 0.72 0.54
Log Rrs(754) 0.67 0.68 0.71
Rrs(779) 0.37 0.73 0.55
Log Rrs(779) 0.67 0.68 0.71
Rrs(865) 0.38 0.72 0.55
Log Rrs(865) 0.67 0.67 0.71
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Rrs(681)/Rrs(412) 0.37 0.66 0.52
Rrs(510)/Rrs(442) 0.51 0.57 0.57
Rrs(681)/Rrs(442) 0.38 0.66 0.53
Rrs(681)/Rrs(560) 0.39 0.68 0.55
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Rank variable used for dividing Nur_nber of variaple used_ln variable Number of times
times function

1 Rrs(665)/Rrs(560) 3 Rrs(510)/Rrs(560) 2

2 Rrs(490)/Rrs(560) 1

3 Rrs(412)/Rrs(560) 1
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Rank variable used for dividing Nur_nber of | variable USEd.m variable Number of times
times function
1 Rrs(665)/Rrs(560) 5 Rrs(510)/Rrs(560) 5
2 Rrs(620)/Rrs(560) 2 Rrs(490)/Rrs(560) 3
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Abstract:

Monitoring of water quality parameters (e.g. chlorophyll-a (Chl-a), suspended particulate
matters (SPM), colored dissolved organic matters (CDOM)) in the water bodies is vital. But the
monitoring of spatio-temporal distribution of water quality parameters using traditional in-situ
measurements is not cost effective and it is very complicated and time consuming. In the last
decades, remote sensing has been appeared as a useful tool for water quality studies. Now, some
the water quality parameters are estimated using satellite images reasonably. But one of the
most important challenges in this subject is the finding or development of the appropriate
methods for estimation. In this study, the performance of five different inverse models of
MERIS sensor (MEGS, C2R, FUB/Wew, ALM and Hybrid ALM-ANN) for the extraction of
Chl-a, SPM and CDOM in the Caspian Sea using MERIS images were evaluated and validated.
In addition the adjacency effects on the results of different inverse models are evaluated. The
different empirical approaches (linear regression, multi-variate regression, ALM) were utilized
for the extraction of Secchi disk depth in the Caspian sea using MERIS images.

For the coincidence of in-situ measurements and Satellite data, three different data extraction
methods (central pixel, mean of 3*3 pixels and median of 3*3 pixels) of satellite images were
performed. The results demonstrated that mean of 3*3 pixels is the best method for data
extraction of satellite images in the modeling of Chl-a, SPM and CDOM. Comparison between
the inverse models for the Chl-a and pigment in the Caspian Sea showed that hybrid of ALM-
ANN method is the best one and MEGS is the worst one. For the retrieval of the average
CDOM in the water column, the models can be ranked as ALM, C2R, FUB/Wew and MEGS.
For the SPM retrieval the ALM was the best model and MEGS was the worst one. Utilizing of
ICOL processor for the correction of adjacency effects, improved the results of ALM for Chl-a
and pigment retrieval and the other models did not present significant improvements. For the
CDOM retrieval, ICOL improved the results of C2R model and deteriorate the FUB/Wew
results. ALM results did not show any significant improvement. In the SPM modeling, ICOL
improved the results of FUB/Wew and C2R models. In addition, the performance of different
inverse models in a cross section in the Caspian sea was evaluated and using this cross section
the boundary between coastal zone and open sea was determined (8 km). The MEGS and C2R
inverse models were validated using the development of new bio-optical models for them for
Chl-a retrieval in the Caspian Sea. The validation highly improved the results of MEGS method
but it has no significant effect on the C2R results. The validated models were compared with
hybrid ALM-ANN model and the results showed that hybrid ALM-ANN model is the best one
for Chl-a retrieval. Validation using the shifting method was applied on the inverse models for
CDOM and SPM retrieval according to their biasness. The results highly improved and the C2R
and ALM were introduced as the best models for CDOM and SPM retrieval, respectively.
Results of Secchi disk depth modeling using the reflectance data in the TOA (Top of
Atmosphere) and BOA (Bottom of Atmosphere) showed that the linear regression can present
an easy and reasonable model , but the results of ALM is better than the other methods and the
results of models using BOA data is better than the using the TOA data. Finally, using different
inverse models the time series of spatial distribution maps of different water quality parameters
in the Caspian sea were generated using the time series of MERIS images.

Key words: water quality parameters, chlorophyll-a, suspended particulate matters, colored
dissolved organic matters, Remote sensing, inverse models, MEGS, C2R, FUB/Wew, ALM,
Hybrid ALM-ANN, MERIS, Secchi disk depth, ICOL, Caspian Sea.
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