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　　　　　　　　Fig.2 Measurements ofwater surfllcerenectance and nuorometer data

Speclral r(ldialion data collection

　　The spectral radiation data were conectedoverthe period fiom 1997 to 2000; downward spectral

irradiance(solar radiation， H in Figure 2)and upward water surface spectral radiance (U in Figure 2).The

water surface renectance data represent the ratio of renected energy to incident energy with values ranging

fiom o to l. The upward water surfllce radiance is composed of two components: the direct renected

radiation at the water surface and the scattered radiation fiom transferred light under the water surface which

possess water quahty in柘rmation.Solar radiation was measured by upward radiance liom diflusible

whiteboard.

Eslimalion of remote sensinR r哨eclancejrom spectroradiometer

　　　A spectroradiometer was used to measure upward radiance and downward irradiance. Through the

components of light absorptionand scattering coemcients， the water body controls the ratio between light

scattering and absorption values， and thus determines the subsurface renectance and in tum the emerged nux

that win be sensed by radiometers (Jupp et a1 (3)).Because the medium composition affects the absorption

and scattering coemcients difTerently at various wavelengths， the resulting spectral distribution can be

mathematically modeled and/or measured by a spectroradiometer from above and under the water surface，

and thus canbe used to provide in柘rmation about the water quality. As it is shown in Figure 2，solar

radiation can be measured by determining the amount of H, while renection constituents fiom water surface

and under water surface can be measured by knowing the amount of U. But it is very dimcult to measure

solar radiation directly; therefore the upward radiation from the difTusible whiteboard is measured for solar

radiation,which can be considered equal to solar radiation due to the renectance l in all directions. ln view

ofthis，we measured renected energy W from diffusible whiteboard by means of spectroradiometer f1)｢

measuring solar energy. Renectance 鳥fk｣r any particular wavelength can be estimated by

い脊

ＨこπＷ

Therefbre，remote sensing renectance can be calculated by

＆＝
　び

沁x)s咤

where，4 is solar zenith angle.
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　　Fluorometer and spectroradiometer data were conected f1)rthe year of l997， 1998，1999 and 2000 in the

different stations of Lake Abashiri. The nuorometer data of chlorophy11αxvere considered as ground truth

data. These data were aeeompanied by turbidity，salinity and water temperature data. ln this study， only

turbidity and ehlorophyn αdata were used.Spectroradiometer wavelength ranges liom 350 to 900nm.

ThereR)re，we prepared the spectral data corresponding to the wavelength of 443， 490，510 and 555nm to

assimilate with SeaWiFS data. Remote sensing renectances can be estimated by using equation 3. However，

the logarithmic value of remote sensing renectance ratio 沢for two selective bands were estimated by

�＝

一
一

尚［

」

」

］

(6)

　　Therefore,this equation be,comes independent of solar zenith angle. By using Equations 4，5 and 6, we

estimated chlorophyll αfor spectroradiometer renectance which was assimilated according to SeaWiFS

bands.Therefore，thenleasurenlents of chlorophyll αfiom spectroradiometer renectance assimilate the

chlorophy11αfrom SeaWiFS data.Comparisons among chlorophyH αestimated fiom spectral value of

spectroradiometer and in situ chlorophy11 αmeasured by nuorometer are shown in Figure 5. The ground

truth data shows higher values compared with estimated results. Although OC4-V4 shows a littlebit higher

estimation compared with OC2-V2， it does not contribute significant development fbrcase2 water.

Therefore，another estimation technique should be necessary to estimate the chlorophyll αconcentration fk)r

highly turbid inland and coastal water｡

　　The largest source of errors for chlorophyll a retrieval in case 2 waters afe generany attributed to the

bio-optical model that relates water leaving radiance or renectance to the chlorophyll a concentration and to

treatment of aerosol renectance in the atmospheric correction procedure (Ruddick et a1 (8)).Latter one was

only considered in OC2-V2 and OC4-V4 algorithms. Considering only blue to green， two-band ratios were

used in these algorithms.
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lnμuence of waler d叩lh on averaged chlorophyll a concentration

　　Based on the correlation with the in situ data，one of the most important relationships observed in this

study was the relationship between spectral bands ratio and the average of chlorophyII αconcentration from

water surface to the depth up to the water 壮ansparency. Water transparency was measured by using Secchi

disk depth. The average transparency of Lake Abashiri is l.60m. The transparency (Secchi disk depth)is

negatively correlated with turbidity, which shows correlation coemcient r＝-0.64.The average ofchlorophyll

αconcentration was calculated fiom o to lm， 0 to the depth of water transparency and o to 2m depth. The

correlation between the band ratio (恥(670)/I‰(700))and chlorophyII αconcentration averaged in the

depths mentioned above are shown in Figures 8(a)and 8(b).The average value for chlorophyH αfiom o to

63



　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　･lu!ⅢoolqjaⅢⅢns

puliu!jdsJoldQ3×9jaqopool心IWujo4Juo!11?JluQguoazりμqdojolll9JOSuμlⅢ!lsa｣(11Ⅲlll!JOSllQlqll!ns

gjoⅢlaqolsⅢ99suo!111nbal-IDlaq1‘QJOJQ』9qlltｱA-K)OpullZA-Z30111!MpaJldⅢo3』911MZQslaJqJzﾌ

II心ldoJOlll9Qlluj!lsaonuaujaAojduj!ll!lullsqnssMoqsl-IDI91LL‘1りp(lldoJolll3pallⅢ!lsQJaMOI9111sMoqs

tA-ﾔJ)Opuli:A-こ)091!qM‘sluQⅢaJnslauj脚芦zj!o19sop』19ddlsllnsaJpQllⅢ!lsaaqlllqlsul9ulq3!11M

‘au!111uoSll!pQ叩spJIMolsgnllAp911ul!lsaalllsMo畢1-II■‘lslljluo3ul'6aJni!ju!uMo甲aJlsuo!llnba

l-ｴIlpulﾔＡ-Ｋ)Ｏ‘乙Ａ-こ)01u!snuo!111Jluaguo3zりμlldoi113p911Ⅲ!lsQQqlql!Muo!llJlua3uo9zMμqdoJOIlp

ljμ岬Q叩liuoumsloldpQJaU19sJouos!Jldu】ooV　luo!llnbgl-IDlsllpalll3s!uo!lllaJs!ql‘JaU19JQH

(乙)

O£゛O＝り叫回脚sla９旨)]＝zﾌ

　　　　　{((x)乙)y/吃9)な}2吋＝y

　　　　　　　,4い4)I＝ぴ阿L)

　　　:sMOIloJsuPassQJdx99qul3d!1lsuo!luPJs!U/両軍lqv照rIJ(uulひ)10ulo刄p9涵JaAluo!llJlugc)uo3

z7H胡doJol聊坂戸昭平!Mulu00乙pulO乙9Joo照Ja3ulpQUgJiu!sugsQloul9J明111u!snλqpgdol9A叩

slMd!qsuo煕19』3!ul畢!JBSOIMQul3‘tzA-K)Opul乙Λ-こ)ＯＪｏｕｏ照nbgJII!明sgyullol‘9JopJ明l

'punoJslMulひ)10uloJJp而IJaΛluo!坪JluQ3uo3z7H胡doJoltp明IPuluJuOひllP!Mp皿qql!Mulu00乙p四〇乙9

J叫u9り)ulqJoo!秤J93u郡)覗JaJiu!suQsQlouJgJ祠1ugQM19quo卵IQJJo3Jgu!lu‘uo!pQsiiu!oSJOJ鯛1ul

　　　　　　　　　　　　　　　　uo!IDjJua3uo;)Dll絢dojolpJouo!μ}uj!lsa明ljoflaPouH}Juau4dol∂4∂(I

　　　　　　　　　謁甲uqv9･rlu!sluQul9Jnsl9uj脚!y岬Puluo!llJlu93uo3

pHXlldoJol1F)PQ秤ul!lsgl-IDH)ul17A-K)O‘乙Λ一石)OJOJsloldpQJQUIM)S6'IH

　　　　　　　　　　　　回乙'0](?/lul)叩F)叩y岬

　　　　OE　　　g　　　OZ　　　S;1　　　01　　　9　　　0

　.φ

.●

　●●

●

.句

･゛　●

●

　　　　●

　●　●

　　　●

6t7＝司召pJOJ9(秤nN

　　　　　　IILIごi●

　　　　　t7Λ-K)O□

　　　　　乙Λ一江)Ｏ▽

０

ｇ

OI

『

c
h
l
.
a
（
ヨ
覧
恥
）

　
Ｇ
一
　
　
　
屁

g乙

OE

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　'((00乙)％/(O乙9)-)o!四P回qql!心

J9印q司召PJJo3olPQJ19ddlslM‘qldgpulひ)10Q而JQA列)Qu!11qo‘zMI胡doJOlp‘QQuQH°XIgA!pgdsQ』‘ul乙o1

0pul以;)uQJBdsulJIJoqldgpo10uloJJzﾌH胡doJolllc)JOQnllASIJQAu明IJOJtｧ8'O＝JPul乙8｀O＝JgnlllAaA!l!sod

叩隅uo卵pJJo3JII!ul!s心9八lslugAgJIlc)!11Aい((00乙)りI/(o乙9)s泡)‘o!秤Jp回qPguo!lugmgAoqlJoasJgAu!

9qlJOJuo!llpJJo39tl1PQlsQlosIBQM'uo!司QJjo;)JQ聊qλIQA照JI?duloosMoqsul乙olouloJJgnll3AQSI｣9Al

鰐1qSnolll‘lu乙P四心ugJlds四Jlo1畢d叩鰐1J(ﾘpQu!llqo9nＦA911JgABzMI胡doJOlpql!Msuo!司QJJoo鰐l

uQQM19q93ugJS!plu召弓!u卵ous!oJQ111‘9JOJQJ鰐J/o!即puBq明1ql!M乙8'o-＝JsMo苧o甲ulloloul叩

uo!即luQ3uo;)引I胡doJOlpJo9叩3AjiBJ9ΛgQqnna'qldgpulひ)10田o弓引I胡doJo叩Jo9nllAp9而JQAI

明U(IJ(q)8aJn恥lu!u4oqss!tｧ810-＝J9凹Aいo!坪Jpuｒalμ11!Aﾘ8‘o-＝Jsaoqs心u93dsulJIJo畢d叩明1

ﾔ9



　　　　　　　　　　　　　　　　　RESULTS AND DISCUSSIONS

　　　Sigmoid form of the OC2-V2 and OC4-V4 algorithms are vely sensitive to small variations of

R。(490)/R。(555)ormax[R｡(443)，恥(490)，R｡(510)]/R｡(555)，and then estimate unrealisticany high or low

chlorophynαin cases of high yellow substances， detrital and/or accessory pigment absorption. These two

algorithms show high estimation for lower ranges and low estimation for higher ranges of chlorophyn α

concentrations in case of Lake Saroma and Abashiri. Thereforejt was revealed that blue-green two-band

ratio algorithm does not show good adaptations f1)rcase 2 water, though which is popular fbr case l water.

　　　Chlorophynαis a phytopigment present in all algae groups in Lake Abashiri， which shows distinct

absorption bands in the red wavelength near at 670nm (Figure 6)jeaving a maximum green renectance.

The red edge ascent near 700nm that is narrowed to a peak by growing water absorption in the near infiared

is also correlated to increasing chlorophyn α.Based on the correlation with in situdata,the ratio of band 670

and700nm wavelength produces a good correlation (r＝-0.84)with ehlorophyn αconcentration averaged

from o to 2m depth. lt is found that KIT-1 is better than that of OC2-V2 and OC4-V4， therefore by using

this KIT-1 mode1， a chlorophyll αdistribution map can be produced for Lake Abashiri and similarly another

KIT-1 model can be produced for Lake Saroma.

　　Therefore,hand-held spectroradiometer data have been used efTectively to assimilate the spectral band to

the remote sensing technique for the estimation of chlorophyll αconcentration for case 2 water in Lake

Abashiri.This study suggests that blue-green two-band ratio can not be used for monitoring chlorophyn a in

case 2 water.The ratio of band wavelength 670 and 700nm would be a better way to monitor the

chlorophynαconcentration for inl皿d and high turbid water｡
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