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1. Secchi Depth (SD) or Secchi Disk Depth (SDD)
2. Pietro Angelo Secchi
3. Diffuse attenuation coefficient

doddo —)

1 . é. ) .
<l 69 e sla Syl S (S Gos
Syl bLs L Ol caS b as wwaslal ,o g o gLl
S0l sl 6l plgreds 98T (S 00l
599 5 i 5l ool b Ol &0 S g cudlas
! S35 Sl s 355 g0 095 (a

aly = . Al g
3,5 oolaiwl dphw Suws ol il uoe sbys ol
cdeas wling ol 5l eolaw! e (Secchi, 1864)
oolw o 4 (Sw Gas .28 £l Q—| solw ,5g5k
A L5 je0 aS amo oo s codlad ogd co laeld
el S Gos g o o 1y Ol jo 3985 LUl e
Ol 3l el Sw 3—oc .(Lee et al.,, 1995)
Slemban 55 Slsw) 5 (955 wg, S0 slapanslS)|
(Lindell etal., 1999) 4,1

Gos (aeS (g5 45 (oot y9 Sl 4 (i) Ll
aols glojlsalo yolai 3l codlads o b S
ot B e el Ll 55 55 i 51 iy
e 3l (S g slelsmle aaz b b,
Iy omoled ogil 8l jo saSoolaiwl sla s, 051l
ol S (Kratzer et al., 2003) o3l o 1,3,
Gloylsalo poliar 3l yusie oyl C‘).’SLZ.»J‘ &l el
5 (VAAY) 5,20 ¢ 5o loals plxil g0l sl oD
Sl b g 5, 5 ORAY) (500 5 6 )9Y
R? as s i g 90,8 ool (S Gos (e
oldlas ol jo 0wl caws /A 5 - /YO L ol
O g (638 g oads oolatwl cwadd glassls
l__a 9 A_SQ)S ool L;_«) G—< 9 Camdd o)‘}lbLo Y

Ol GIS 5 550 5l Glaies
WAY Ller® oS5 et ® ati Jlow

Ve



0 yaRio iy g 0 o S Jas (ygumw 35y B9y b 535 (L yo 3O Cadladh Gos cuekS HO g0 seSIS 8y,

PRSP 3;.\...79_..4 (LeVeI'lb) sS_u - C_Ia_u; ).'sl..a;
Sl 0alds udeS b ue 0 0ed &) 55 gl
ol 53 as - L Sldllae OIS (Sow o 5 a5

gl Byl g ey - 28,

gy 9 Slgo Y
ole L Lsd iy 3L )0 (3 S ) 555 by
bs g LS PYA 5 ayefaghS YV oo v e dgu>
col_?q.l:v)é] (olimwiaS 5 oyl joiS O Gl Jlo
U] d_o.c a-A-A—AM-A-’ el o0 cﬁlj ul........ﬁ‘)ﬁ 9 dawg,
S yo \IY Sgd—> L)—‘ 6)9_...4 G2y g o VY0
el = ol3T lab yo O (60 oy Ve a0 oo -
A )33 by oS (ST8ds8)50) (el Ll )
45 3gdio pedl (2932 9 (Sl (b i 4w
Lo e onl (S59ds5T 5 (Kiglarses sbocaogas

(Kosarev, 2005) cuwl cglaie sl

YL e o )55 sy Sy Lo
sl g0l polie ddow g Sl (5,0 0 00
))L..us u‘)_u.a 5).0......3 ssle Lsd.ua 0‘9.4 aLbujo).m}
& s jobay b ailsog, 5 )bl Sladl wylj olge
S ) OF Gyl me 5 0y 555 sl
.(Zonn, 2005; Korshenko and Gul, 2005) wuS' .o

Jolis ol 3dos yo su i sllas d_dlais
Y Ss o as a5 by psie slbcend
30 Sls (610 paigas bogaze el o ools yiules
&3y 51 VLS Blas (05 55 e ieslss 10
IRERIEY ul_......‘ Zoye Oygmods \ Js.ﬁ.»).) aS oo
ol Gl paiges sla 5 ca o Sl slacdin o]
Aapd o Hlis 1) Budss

1. Medium Spectrometer Resolution Imaging
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1. Environmental satellite
2. Sun glint
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Rrs parameter SD 1/SD Log(SD)
Rrs(412) 0.07 0.09 0.08
Log Rrs(412) 0.07 0.08 0.08
Rrs(442) 0.09 0.12 0.11
Log Rrs(442) 0.09 0.11 0.1
Rrs(490) 0.16 0.18 0.18
Log Rrs(490) 0.16 0.17 0.17
Rrs(510) 0.23 0.25 0.25
Log Rrs(510) 0.24 0.25 0.25
Rrs(560) 0.41 0.46 0.46
Log Rrs(560) 0.45 0.45 0.47
Rrs(620) 0.3 0.39 0.36
Log Rrs(620) 0.32 0.37 0.37
Rrs(665) 0.25 0.33 0.3
Log Rrs(665) 0.27 0.31 0.31
Rrs(681) 0.25 0.32 0.3
Log Rrs(681) 0.27 0.31 0.31
Rrs(709) 0.21 0.26 0.25
Log Rrs(709) 0.23 0.25 0.26
Rrs(754) 0.1 0.08 0.1
Log Rrs(754) 0.11 0.08 0.1
Rrs(779) 0.1 0.08 0.1
Log Rrs(779) 0.12 0.08 0.11
Rrs(865) 0.08 0.05 0.07
Log Rrs(865) 0.08 0.04 0.07
Rrs(885) 0.07 0.04 0.06
Log Rrs(885) 0.08 0.03 0.06
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Rrs ratio SD 1/SD Log(SD)
Rrs(560)/Rrs(412) 0.44 0.44 0.47
Log(Rrs(560)/Rrs(412)) 0.47 0.43 0.47
Rrs(560)/Rrs(442) 0.50 0.48 0.52
Log(Rrs(560)/Rrs(442)) 0.52 0.47 0.53
Rrs(560)/Rrs(490) 0.59 0.57 0.62
Log(Rrs(560)/Rrs(490)) 0.60 0.55 0.62
Rrs(490)/Rrs(560) 0.62 0.54 0.62
Log(Rrs(490)/Rrs(560)) 0.60 0.55 0.62
Rrs(510)/Rrs(560) 0.64 0.57 0.65
Log(Rrs(510)/Rrs(560)) 0.63 0.58 0.65
e 8018 YO g ol Carnss (5200 5l ool b (S o (55l 5okl s F oo
Input parameter (A) Fitted Model MBE R®
SD =-20.3+19.7 *A 0.00042 0.64
Rrs(510)/Rrs(560) 1/SD =297 - 2.14 *A 0.00002 0.57
Log (SD) = - 2.57 + 2.53 *A 0.00003 0.65
0331 8313 VYl soliial b (S Boc s08a8])l 026 Jote aw ob)) (bl ol . Jgoo
Model MAPE MBE R
SD = - 20.3 + 19.7 Rrs(510)/Rrs(560) 31.72 -0.06 0.39
1/SD = 2.97 - 2.14 R510/R560 46.81 0.05 0.42
Log (SD) = - 2.57 + 2.53 R510/R560 27.01 -0.04 0.41
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Modeled 1/SD [m]
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y=0.3833x+0.2438
R?=0.1745 y=0.2926x + 2.556
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Model MBE R?
SD = 7.27 + 157 Rrs(510) - 257 Rrs(560) + 76.9 Rrs(885) -0.05 0.63
1/SD = - 0.087 + 10.1 Rrs(412) - 48.2 Rrs(510) + 38.1 Rrs(560) + 24.8 Rrs(681) -
0.01 0.92
23.6 Rrs(779)
Log (SD) = 1.04 - 29.4 Rrs(442) + 62.2 Rrs(490) - 39.4 Rrs(560) - 8.89 Rrs(681) +
0.003 0.83
14.6 Rrs(779)
0905 831NY 5l eoliiwl b (Saw Boe sabasl) )25 Jow aw obs,) sylel mls Y Jgax
Model MAPE MBE R
SD = 7.27 + 157 Rrs(510) - 257 Rrs(560) + 76.9 Rrs(885) 30.52 0.03  0.30
1/SD = - 0.087 + 10.1 Rrs(412) - 48.2 Rrs(510) + 38.1 Rrs(560) + 24.8
37.66 0.04 0.69
Rrs(681) - 23.6 Rrs(779)
Log (SD) = 1.04 - 29.4 Rrs(442) + 62.2 Rrs(490) - 39.4 Rrs(560) - 8.89
24.31 -0.03 0.50

Rrs(681) + 14.6 Rrs(779)

Ol GIS 5 550 5l Glaies
WAY Lleo® oS5 et ® ati Jlow
v



T e 6 ol no

07762%+ 01246 704 Y=0.1907x+3.067
0gd  YTOLeTO R?=0.0927
g R?=0.4792 6.0 -
E = <
E 504
g 0.6 - o o 8 >
= . J LN P S
3 © B 40 O s & <®
o 2 O ..
< (04 - ° O
° o> S 304 iod
o
s R = o ~°
. 2.0
0.2 © %
o 10 4
0.0 . . . . . 0.0 . . . . . . . .
0.00 0.20 0.40 0.60 0.80 1.00 000 100 200 300 400 500 600 700 800
Observed 1/SD [m] Observed SD [m]
(<) (&
y=0.4111x+0.2912
_ 08+ R®=0.2478 i
E
= S
a)
@ 06 . 2.
g o S8
| L.
B 044 @5 ©
k= o
o
s
0.2
0.0 . . . . :
0.00 0.20 0.40 0.60 0.80 1.00

Observed Log (SD) [m]

@

Y oz pom s Joo () Y Jgaz pgo sl Jao (0) Y Jsar Jsl Sl Joo () 58T, Jlogas ¥ IS5

Ll (S o aa 50 (G S5 Slobs,
Joce bl il o s g ot plodl (yg0)] Al e
5l eoloss ailoas a8 5 IS 4y g oo &l Sgaw S
Kloads &IA Jgaz o Slallas
b Gg S5 Joe o e Gl s
oals &1 F Joaz yo aS ol> dsllas [0 0 pitenis
dlaly e o Gl |, fJAY el o o ]
Sy 5L 0 cadalily p sals YO 5l eolanul b jeS i
Slalas b abaly ol daolie .ol sawl Cavoas aalef
s oo ol |y ol g5 LT A Jgaz) (e
S)lg (sobed 5l e 00l Joo (et 0 p2
Sloj 550 bldsl 8)bsl.casl A Jgax j0 00l )53
Sy s Loools slawd g Slawe (5,5 05lul plowl
oy 3l e 0abdll)] Joe yasS u ps 0,0 wlie
sloosls (V- V) LlSon ¢ ,351,8 a5 Jow s

WJJYla sd}‘od)si Cawddy Bl

aw ol 2l (SIS el ml v ag b
L ol dlio 5 (F US55V J5u2) (s Joo
S (S Gof (gaw S Joe aw 2L, mls
(7 IS 50 Jgo2) (S Goe o2 )8 5 (S oo
Jos aw ol gilw Jow cds a5 8 5 ass olei oo
5 ool s Sl 4Bl S5 iz S S
| Bl o peitoniz Gse,S; s @l (S5
G oS Sl B9y (e 45 s LS
el (V) Al Joo e o ol 5l (Sew
(V) akal,
V/SD=—-/-AY+)-\Rrs(f1v) —
fALYRrIs(oY-) + YA /\Rrs(os-) +
Y¥/ ARrs(sAY) — v/ #Rrs(vva)
4 0 ol gaa S ) g, 4O Sy oo S
Lo Jaw ;o0 g2 005wl pacie leolawl cle
odls (Lti jSoglhe (lasgSa g g pe e & )gon
Sy)lS pegmad )0 iy Dlalllas )0 090 e

Ol GIS 5 550 5l Glaies
WAY Ller® oS5 et ® ati Jlow
YA



0 yaRio iy g 0 o S Jas (ygumw 35y B9y b 535 (L yo 3O Cadladh Gos cuekS HO g0 seSIS 8y,

slojlgale pslas 5l (S Goe ghiinl jolaiody (Sgam 55 Sla by, 005 ogat s addS Sllllas (S p s A Jgox

) o9, slaws oley e .
: iz dalllae
&= R ooy ool s Foylu e s
Green Bay,
Lath;%%ft al. g7 b' 0 59, ¥ ™ western part of
Michigan Lake
Lavery etal., Y ~ . Peel-Harvey
1993 0.81 ¢ 3T ™ Estuary, Australia
0.86 a’ y. Loosdrecht lakes
Dekker and ' s ™ and Northern
Peters, 1993 907 Recht lakes, The
0.81 A ! Netherlands
Prasad et al., . Southern
1998 0.89 b A VATAAT SeaWiFs California
0.52 a Gulf of Finland
Zhazrg%ggal., oy 39 ™ and Archiplago
0.74 c Sea
Zhand et al Gulf of Finland
20%3b 077 c oY 5y e TM & ERS2-SAR  and Archiplago
Sea
Hellwgggzret al., 0.85 a ) - ™ New York Harbor
Kratzer et al 0.79 of Yooe¥eey Hemerfjarden Bay,
2007 N b MERIS Northwestern part
0.86 Yy Yooy of Baltic Sea
Chenetal., 2007  0.67 a A-1RAV-T- 0 SeaWiFS Tampa Bay,
Florida
0.42 a
Yellow Sea and
Yuetal., 2014 (.68 b #Y aiie ¥ 8-day MODIS East China Sea
0.72 C

0 peiio ST g 55 ¥

Jsiz 4o 45 (2014) o, San 5 51 5 (20038) o,y
3,1 Ll SLals il 41,1 A
9 O3S ) S (03l A pe gl (e Sglis
Vis# cladsiz 50 5F sladsuz j0 a5 (T (a5
Joe (o28ly Cdo aS aao o ylid IS wloals &l

o priadiz e S ;Y

Wil e ol s 0 piincSS (ygms S5 )

Joe a5 s e s sael cewodn b

0 yexin ST (sl gam S ) 5l e o piiedin (Jgaw S
Loy, 9 9y eesS ) Codla il Gee wlg o
09y 3 sl Cus bl 0,500 ST S S
po— 9 90 GBS, ;0 Cud Ja 0SS (Sgam)S
9 SSl5 wlalllas mls L gl ol 08 o0 )13

Ol GIS 5 550 5l Glaies
WAY Lleo® oS5 et ® ati Jlow



T e 6 ol no

Jol g gl VA an by e a5 amd o LiS 1) glas

Sgm 0l 395 gzl 4y )35 (6byo ;o b, Yeos (Sl
Goe LialS (g9, (Sl 2Bl (pl wad 56
00 o9 2lgSD e )0 555 gy codlas

D9

@338 Slalllas 51 6 oy Sy 5 055 oo st
Gos Uil Glp GammS 5 oo 5l eolitul plon ol
2,8 do g 4SSl 4y o sloarg jo (S
&3,y (F) alasl,y olusl y oalasl | o oS LG o
Cdlads Goe sloa i g ol Jlool Guye polas

ol 5l aSges g0 O S el Comsan 435 by

secchi depth [m]

0 A &
00 10 20 30 40 50 60 695

secchi depth [m]

A ' —t—t— S
00 1.0 20 30 40 50 60 7.0 80

(<)

O3S () S 5 pgal olyendy 535 gb o cublad Bes L2k O S
Yool )A.ALMA) J9|4JJ09))& (g_:) ARRIA “—’5‘ V4 MJ@}A)& (u:.”)

Ol GIS 5 550 5l Glaies
WAY Ller® oS5 et ® ati Jlow

A



e el g il 5033 guduadib 3l oolisiwl b o Liws il vow s A g SxS v Cawd il (85l (65235 Ol s oy 9

S ol -0
oot alowl (LE56 o sley Culom b iz ol
Gipsin 5l s Calem Sblay sley cnl 51 A oo

Ded on S,08 Lol>

&Ll -F

Chen, Z., Muller-Karger, F., Hu, C., 2007,
Remote Sensing of Water Clarity in
Tampa Bay, Remote
Environment, 109: 249-259.

Sensing  of

Dekker, A.C., Peters, S.W.M., 1993, The Use of
the Thematic Mapper for the Analysis of
Eutrophic Lakes: A Case Study in the
Netherlands, International Journal of
Remote Sensing, 14: 799-821.

Ghezzi, P., Giardino, C., Pepe, M., Zilioli, E.,
1998, Report on the 2nd Salmon Joint
Meeting, Venice, CEC Progress Report.

Giardino, C., Pepe, M., Brivio, P.A., Ghezzi, P.,
Zilioli, E., 2001, Detecting Chlorophyll,
Secchi Disk Depth and
Temperature in a Sub-alpine Lake using

Surface

Landsat Imagery, The Science of the Total
Environment, 268: 19-29.

Hellweger, F.L., Schlosser, P., Lall, U., Weissel,
J.K., 2004, Use of Satellite Imagery for
Water Quality Studies in New York
Harbor, Estuarine, Coastal and Shelf
Science, 61: 437-448.

Korshenko, A.N., Gul, A.G., 2005, Pollution of
the Caspian Sea, The Caspian Sea
Environment (Handbook of Environmental
Chemistry), Edited by: Kosarev A.N.,
Springer, PP. 109-142.

&S aomis ¥
bl 55 sl sl cdlad o Joe e
3 ek UL slaesls alewgar (o g S
bl oot > Y
4 S o4 LOg(SD) =—v/av+vy/ar(Royv-/Ros:)
252 YL 5o GBSk Sl G Gl Akl SOl
G w0 g Sl OF 9 OV slagss Job
oobly adal) ol Ko oo ol cudlas
dpd o lis a5 el Cawsas +[FY ae;l slools

2 G sloesls ) (rdlad cealie Jaa )i
3591 Sy 2 VL
o sbe sl edla s e Joe (p e
2y all) Oypon o gt s e S5 elel
il il G sl A, Sy o il Cesony
VYA 5 #AY B DY FIY lazs o Job o
Ll Cdlal Bos (uSe g ool
V/SD=—-/-AY+\-\Rrs(f1v) —
fALYRIS(6Y-) + YA \Rrs(os-) +
v§/ ARrs(sAY) — v/ #Rrs(vva)

Ao, g oY sgam alaly o] Sen oo
Cewdds YYIY sg0x ] codlads Gos diwlne gllas>
orions lalllas Uy 5ol aallla i ylie o]
ool wl b cdla s 3oe cwlin g5l o
O o585 52 YL sloodls §piieniz (g S
A oo Gl ) e o Bz slaosly SaSay
2 aS asls ol ;o () s e
S Gl 5 Serw S ) slaJos 5 LS4
Gl oo = i Slalllae M5 o= ol sloasy,
s ol @l a5 9,5 psasl | S S5 oo
polal [0 saslcwwod Aoyl Jlael ccolys jo .cuils
5 Sz (QBgSl by jop Sendlys (2554 e
SIS pgeal a3 Gl o ) (S Ges a5

Ol GIS 5 550 5l Glaies
WAY Lleo® oS5 et ® ati Jlow



Ohed g (P >l Lo ooz

Kosarev, A.N., 2005, Physico-Geographical
Conditions of the Caspian Sea, In: The
Caspian Sea Environment (Handbook of
Environmental Chemistry), Edited by:
Kosarev A.N., Springer, PP. 5-31.

Kratzer, S., Brockmann, C., Moore, G., 2007,
Using MERIS Full Resolution Data to
Monitor Coastal Waters - A Case Study
from Himmerfjarden, a Fjord-like Bay in
the Northwestern Baltic Sea, Remote
Sensing of Environment, 112: 2284-2300.

Kratzer, S., Hakansson, B., Sahlin, C., 2003,
Assessing Secchi and Photic Zone Depth
in the Baltic Sea from Satellite Data,
Remote Sensing for the Environment, 32:
577-585.

Lathrop, R.G., Lillesand, T.M., Yandell, B.S.,
1991, Testing the Utility of Simple Multi-
date
Algorithms for Monitoring Turbid Inland
Waters, International Journal of Remote
Sensing, 12: 2045-2063.

Thematic Mapper Calibration

Lavery, P., Pattia, R. A., Tchi, C., Wyllie, A.,
Hick, P., 1993, Water Quality Monitoring
in Estuarine Waters using the Landsat
Thematic Mapper, Remote Sensing of
Environment, 46: 268-280.

Lee, G.F., Jones-Lee, A., Rast, W., 1995, Secchi
Depth as a Water Quality Parameter,
Report of G. Fred Lee & Associates, El-
Macero, CA.

Lindell, T., Pierson, D., Premazzi, G., Zilioli, E.,
1999, Manual for Monitoring European
Lakes using Remote Sensing Techniques,

Official
Communities, Luxembourg.

Publication of the European

Mallows, C.L., 1973, Some Comments on Cp,
Technometrics, 15: 661-675.

Park, Y., Cauwer De, V., Nechad, B., Ruddick,
K., 2003, Validation of MERIS Water
Products for Belgian Coastal Waters:
2002-2003, MERIS and AATSR Calibration
and Geographical Validation Workshop, 20—
24 October, Frascatti, Italy.

Prasad, K.S., Bernstein, R.L.,
Mitchell, B.G. 1998,
Algorithms for Estimating Water Clarity
(Secchi depth) from SeaWiFS, Journal of
Advanced Marine Science and Technology
Society, 4: 301-306.

Kahru,
Ocean

M-y
Color

Secchi, P.A., 1864, Relazionedella Esperienzo
Fatte A Bordo Della

Pirocorvetta L’Immacolata Concezione

Pontificia

Per Determinare La Transparenze Del
Mare, Il Nuovo Cimento, 20: 205-238.

Su, Y.F., Liou, J.J., Hou, J.C., Hung, W.C., Hsu,
S.M., Lien, Y.T., Su, M.D., Cheng, K.S.,
Wang, Y.F., 2008, A Multivariate Model
for Coastal Water Quality Mapping Using
Satellite Remote Sensing Images, Sensors,
8: 6321-6339.

Suresh, T., Naik, P., Bandishte, M., Desa, E.,
A., Parbhu, S.G., 2006,
Secchi Depth Analysis Using Bio-Optical

Mascaranahas,

Parameters Measured in the Arabian Sea,
Remote Sensing of the Marine Environment,
64: 66-75.

Ol GIS 5 550 5l Glaies
WAY Ller® oS5 et ® ati Jlow

AY


http://www.tandfonline.com/loi/tres20?open=12#vol_12
http://www.jstor.org/stable/1267380

Zhang, Y.,

e el g il 5033 guduadib 3l oolisiwl b o Liws il vow s A g SxS v Cawd il (85l (65235 Ol s oy 9

Yu, D.F., Xing, Q.G., Lou, M.J., Shi, P., 2014,

Retrieval of Secchi Disk Depth in the
Yellow Sea and East China Sea Using 8-
day MODIS Data, 35th
Symposium on Remote Sensing of
Environment (ISRSE35), 22-26 April 2013,
Beijing, China.

International

Pulliainen, J.,
Hallikainen, M.,  2003a,
Algorithms for Secchi Disk Depth Using
Optical and Microwave Remote Sensing
Data from the Gulf of Finland and the
Boreal Environment

Koponen, S.,
Empirical

Archipelago  Sea,
Research, 8: 251-261.

Zhang, Y.,

Pulliainen, J., Koponen, S.,
Hallikainen, M., 2003b.,Water Quality
Retrievals from Combined Landsat TM
Data and ERS-2 SAR Data in the Gulf of
Finland, IEEE Transactions on Geoscience
and Remote Sensing, 41: 622-629.

Zonn, 1.S., 2005, Environmental Issues of the

Caspian, The Caspian Sea Environment
(Handbook of Environmental Chemistry),
Springer, Edited by: Kosarev A.N.,
PP. 223-242.

Ol GIS 5 550 5l Glaies
WAY Lleo® oS5 et ® ati Jlow

AY



