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Water quality mapping in Lake Shinji and Lake Nakaumi
using satellite remote sensing data (part 2) -March, 1998

Yuji Sakuno?, Daisuke Nakayama?, Tsuneo Matsunaga®, Katsumi Takayasu?,
Shuichi Rokugawa?, Mikio Nakamura? and Hidenobu Kunii¥

Abstract: Horizontal and vertical distribution of chlorophyll-a concentration (Chl-a) in Lake Shinji
was estimated using Landsat TM data, vertical Chl-a (ug/l), relative illaminance (%), water temperature
(°C), salinity (psu) data simultaneously acquired on 3 March 1998 at about 10:30 a.m. As a result, the
following things were found out : 1) Chl-a along the south shore side in Lake Shinji was lower than
that along the north shore side. 2) Vertical Chl-a in Lake Shinji gradually increased to lower layer. 3)
When the depths of the euphotic layers are assumed as the depths at which illuminance is 1% of the
surface level, the average + SD of Chl-a standing stock in Lake Shinji was 49.4 &= 13.5mg/m>
Key words: chlorophyll-a, Lake Shinj, Landsat TM, standing stock
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TWwb., LA LKEEM - PR 40km b H 54
WIHTH D, Dot ohdloTWw5 DI
KOBE DL <, MM X BKREREZ T TN
ERICBUIT AWM TS > 7+ EBEORIBIIES T
Ghrolz, TOX) GMESEBRTH00H L
WIKERAEE L LT, KIBEEEDERE Chl-a R FEEK
RO AL & BRER I D LB TR T X 26
BUE— b eV I UITDPEHENTNS,
DEDL)BERZOT, EELIIHEYE— Mt
YU I BFEM - FilED Chl-aEEEITH I2H
oo TOFEIRBELE LT, BERKBIZZERN - i
BV CKRERE B IZAT > T & 72 (REF I,
1996 - 1997 - 1998). ZD#ER, HHAEF TIZEF24 FD
BEMIIKEREZITV, 7HS O SPOT HRV (High
Resolution Visible, 7 J » A8 Zefi45fEEE : 20m (=
WFANRTZ PVE—FR), &F L 8y ) HE, 2
H 4> ® Landsat TM (Thematic Mapper, 7 x 1) 4 84, 7
W3 R BE - TR - JEARAMEI=30m ; BRI =120m, &
FAk:8 ¥y ) Eifg, 2 H% D JERS-10PS (Optical
Sensor, HAH, ZEMSEEE . 20m, EF{L .6y
F) 7= BNETLIENTEZ EEL513TTIC
7HS D SPOT HRV 7 — % L 52EiH - FEIC BT 5%
& Chl-a7— % &£ DERIZOWTHE L TW5D (fE5
1320, 1999). F-HEMRREH & FE L - ZEiEMSS
BUENC X oC, 1997 10 H9OH K UT19984E3 H 3 H
DFEWNZ B B FKBChl-ai2 54 3 & 222 7% o
TWwW5b (FBkiZ2, 1998a,b). AREETIL19984E3 A
3HIZEEMIZBW TR & /- Landsat TM 7 %,
$HTE D Chl-a, MATHRE, KEXUESEFOT—5 %
FHLT, COHDOREBMICBITA2ERERUSHE
Chl-a 737/ % £ 5 L7z,

MEVE-— b TICLBMBD
Chl-a EEDRIR &L MBS

BREVE- MRV UTEE, [WEWIBITLE
WO RS, MR RUCEEEFOS T2 N TEE
THETAZ LX), EVEBONRYEHRT 5
LEMIDOIETHL, ZD) bLKEE G L L
BUVE—MEVYI VT, BEPLKOSELE
FARLZ LI, KFIZETNAEW TS > 7 b
VRIKNTEOYEREXHELLIETHHDT
H5. B, MECRTRTCOWB TS v 7 b icE
I 5 Chl-att ROWRIH = Rl T 2 HEE 9 (L
T, WNEECHEESR) OF -5 2FIE LT, &HEk
LRIV DFERE Chl-a FHAEHREBFLFTICE->TW

WAKERE - BELREE - NHE— - PR - BB

5. FLTCEDT— 51, BEOEBEEEHRTESIC
B THNL ) L LTS (2 1L Ishizaka, 1998).
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O, B WES O B ki (F 21E, S8
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WEEIT) 1201, RREBOBRSMETZ HIZ
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BELEEE L Y (B 1om OISR, UTEZE
BO@REL v EIRR) ZRET L HENPLIEREN
T &7: (B 213 Sugihara ez al., 1985). & 22/ 5 f# kg
Y 2R A o 2B R T O Chl-a € T, Ry
R ET R (LUF, SEHE L ER) 27X < Aw
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DOFECEBEER (Landsat1X 16 HEEY) [2HEET 5
HWET— 7y OREEIIE L, HEICFEY L Chl-a
F=FFELWIL W, FOOZMOMBRHNE
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) DOHBIRTH 5.

DEDE ) EEZIEE L LT, SSE - D
Chl-ai2ESHMZHETA-OIX, TT1) HEL
FEAL7-Chl-a 7T— % &ML, HET—% & Chla
T— 5 OBREMAZ &, 2) FE Chl-a & $3E Chl-a
DEREHLPICTHI LN, REDBETH L. £
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AT R R VARSI Y oY (2
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1 HERYPKEREE
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1. EMCBIT2RTHA (19984E3 A3 0).
Fig.1. Survey points in Lake Shinji, 3 March 1998.
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FEHEIC X 1) UNESCO DRIt > TRIE L7z 72721
56 DOFE Chl-aWIERE L, HI%EM20ug0 1 23F L
EEREN g1 BETH 5. KERAETEOFEMIZD
WX (TEEFI3 2, 1996) BRI SNz, F /-4
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TeKETF—7 &2fE 1L, 21TRL7:.

F 72, SR OSRIE Chl-a 07 B USRE D KEF,
KRR RS Do, KRERARZ o7 1 Vil
EEE (7L 7 ETHE, ACL1151-DK) 2o T
B CEHE L7, AEBICBITAKIE, BT, KB
LU (BREEEIC L )V #E) OWERE L 5%
e GEILAY) 13 % 1 270.06m (0.01m), 0.5% (1uEIN),
0.05C (0.01C), 0.005mS (0.015mS) TH5A. ZOD
) bREFT—FiE, KEMDEE 100% & L, L
TOKRKEIZBT BHETFOMEEKEOMDETE S Z
L2, MxTRREE (%) 2B L7z, F72ACL1151-
DK (#965E) # o CRHAI L2270 74 VvE (7 =
THRELEALEE) &, HxHE (NfE) & LTHN
END. AEIINEZYHEEICERT L7201, 7Tt
b i - BREEIC X 5 TEto 72 Chlafli & NER
i > THRE#RE (Chl-a (ug/l) =-3.171+0.135 X N, n=35,
r=0.804) #{EB L, Chl-a\ZHE L 7-. &5 IERK
L7-HREMHIZL 5 Chl-a DPIEREE (EMED S HE
fEZ G\ /2FREDERRZE) 1X2.74ug TH o7z, 7
B, ACL1151-DK 2L A7 0na 7 4 VEllEDEERNIZ
HINED (REEH) oFmEEBE IS,

2 F—&IEE
KEFZEIZ BT 5 —EDF— & EEREZ X2 IR
1. RKECIREHEF— 712X AREHDOEE Chl-a
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NTW B - ERINERT R OBRINEET O
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770.52~0.62um (%), 73> F3%%0.63~0.69um (F&),
INY K 425076 ~0.90um GEARYL), /3> F62510.4
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a (C) RURBKER (Ts) 2#ETHETIVIE, #
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) HENY FRUHEAY FORRBRESV, RUE
EfE TN & {FHo 7.

C=a(IM)+f (1), C=a(TM/TM;)+f3 (2),
C=a (TM:) + B (IM;) + y (IMy).... +8  (3),
Ts=a (TM6) + 8 (4)
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TRTZLIITA.

/1
o=/ (N-D)

z,(Yest:imated-Yin—sim)2 (5)

: : ‘(:\ 9 Yesrimaled 63:?&% Chl‘(l & Zﬁ?ﬁ Z?Z'(iﬂ%, Yinﬂyim 531 }E‘
¥l L7z Chl-a L UKIRZ TR .

STEP.1 Satellite image data |—| Sea truth data
(Landsat or SPOT etc.) {Chl—a and SST)
STEP.2
STEP.3 | Regression analysis |
STEP.4 l IrI]age p!cessing |
v v
STEP.5 | Surface chlorophyll-a Surface water

concentration map temperature map
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Fig.2. Flow chart of data processing in this study.
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BETF— 2L 3EMDTRECH-ak U=
BAEHE

1 EH7F—7I12X5EHE, £ SS RUERE Chl-a
DIKF5 A e

ERORRE S N EMMOORBKE T —%
&3 H OFEME (BRAFHEFERA 2R BRSO L 3
WIEE, 1994) L OB FRIISRT. 2hick s L,
KRR LT & R THEZEHE, KSS, {&Chl-aq,
BIES, DO THo/2Z b5, 2 Chl-a®
WAHTFEOLGREDOETH o 725°, KEIZFE
WATH o7z, —7F, RFERFICBIT A 5EMOEH
FE, & SS K U'ERE Chl-a DKFESA % 3 I12RT.
SRR CRENER I ESENE, KEBSS KU
KEEChl-aTHh 72 &b h 5. & 51319954E
M5 1997 E D, STEMOBEERKES (5FRT10 ~
1185) B 1R LIS BT 5B, FESS Kk
'8 Chl-a DAFEHA & MEGRAIICHE L, Wb
DR CTHAPEATHAMHEAICH L L 2HREL
TELD (FEFITAH, 1996 - 1997 - 1998), 4D [F
BOBEAITH o7, 2O Lhs, FHI10~ 11 B
BIIBWTIL, —FICEREHIDFKITEATHSE
MichseHBMEND,

2 AR« EFRHNT — 2 ERE Chl-a DEIGHHF

B, TAENZB VTR ICH 2R EFHE
2 ff o TEREChl-ait 2 HA TV AMBERLHNE XD
LW, IEREBEOEHE - KETF—7ty baflio
THKEIZD (1998) HYFKE Chl-aEE D720 DERFE
Ke#HE L7,

Logl0 (C)=0.158 X TM4 — 0.057 X TM1+4.512
(n=66, r=0.837) (6)

Z ZTCEFERBChl-a, TMA R U TMI T #FNZFNTM
NYF4E1DDNTHAE. #2TFEY, EREOR
PARAERFICOBHCTE 0B L. HEHRED
T— 7 E23RURAL TH-FEE Chl-a L ERIL2E
EChl-aDBERZ 4R, Tk, REMOT—
FII3APLRELINNTLE W, ZORXSRAEE
TREHATELZWZ &b oz, 3RSKFAETHE
HATE Lo zBHICDOWTIE, HEE L REHIC
B LKONFERRFEN R D 2 L, HRERBLE
HE FEREDLT O IR D 2 L ENE
Y (WA

SENI3RAMER e hr o 72720, RFEROREM

K1 KEEGCOERERUREDBREMERE,
7UW 74NV aiRE, Kk, ESROBEFREEE
2B B AFANE L SPEBEOILE.

Table 1. Comparison between this survey and monthly
mean data of transparency, surface suspended solid,
chlorophyll-a concentration, water temperature, salinity,
dissolved oxygen at the center of Lake Shinji.

Date Chl-a Tr. SS  W.Temp. Sal. DO

(ug/H (M) (mg/) (€) (psuw) (%)
This survey 3.Mar.98 9.4 1.4 4.4 7.6 1.6 162
Monthly mean Mar.1982-1993  19.6 1.2 6.2 7.4 2.7 112

(a) Transparency (m)

01234kmg.‘

10 15 pgh

3. FEMICBIT A ERE, KBREWERER
URRBZ 007 AV aiRBEONRFEST (19984F3 A
3 HAPHT 8:40 ~ 11:23). (a) BHE (m), (b) &B
BEWERE (mgh), (o) KEBZ7un7 4 )VajRiE
(ug/D).

Fig.3. Horizontal distribution of transparency, surface
suspended solid concentration and surface chlorophyll-a
concentration in Lake Shinji, 3 March 1998. (a)
Transparency , (b) Suspended solid concentration , (c)
Surface chlorophyll-a concentration.
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2B 2EBCh-aEZ IR Z/ERT 5 2 &1
L7z, #2°C, FTAFETEFERE Chl-a & TMK
NV FF—7 L OMEERN (F2). FOHE, &
HHE R UFFRE SS & TM2, TM3 RIS TM4 77— % DE

F2. REWICBITSTM 7T % LEHE, EBE
BYWERERCT OO T 4 )V BEOHBREK
(199843 A3 H).

Table 2. Correlation coefficient between TM data and
transparency, surface suspended solid, surface
chlorophyll-a concentration data in Lake Shinji, 3 March

1998.

TM1 T™2 T™3 T™M4 SS Chl-a

Tr. -0.40 -0.71 -0.67 -0.50 -0.90 -0.35

SS 0.19 0.54 0.49 047 - 0.44
Chl-a 0.10 0.38 0.24 0.38 - -

n=14

WX EELME (AEAKES THHRESXIT->C, [H
B | SBEN I N7z NTHEBENEH 5 & kX5 B
i, SREFRIUFEICI > THRESNTERETS)
DB S NT2AS, R Chl-alZDoWTIFWFho/r F
THOEEZMHBREON o2, TDZLF4SE
FHNY FOTM 7T — % Tld Chl-a#EEDEHE LW &
ERLTWAS, Lo TERD/NY FEfo TChl-ajg
Badh20, 2, 3 TERLAEANAY Mok 2H[A
JZRETFNVEERBETIVEF o CTHOEHEEChl-a &
T™M 7 — ¥ OFREFz. 72720, BNy FEFL
X, BEERICIBNAST VTV ARFEZITo 725
& (EEIEH, EIRIA) ST L. Z2oRRIIR?2
RS EBY, TMDANY R -ERARR Ck
R) 12 & BHERE Chl-a & 53] Chl-a DA R B & <
oz,

C=-1.02 X TMI + 3.41 X TM2 — 1.080 X TM3 +
1.406 X TM4 + 7.596 (n=14, r=0.69) (7)

ZZTCIEER Chl-a (ugh), TMI, TM2, TM3 KU
TM4 3 ZNZENDNY FODNTH A, KHIEDOTM
7= E4RIRAL TR OENLHEERE Chl-a &L E
BL72KBDChl-a DEARERSIIRT. ThE D
BS42 FERER LA SN TV, Z0HEBO—
D& LT, HES4-2 DERE Chl-a i3 1.4pg/l L{RWE
ERLTWALD, EELOChl-alllEE (T
W - BEEE) CIIIEL (FHITE T idho 7w
REMENSE 2 S 7.

3 BFHNEIRT — &2 EAE T —20OREISHT

TM OEFHNY B (N2 F6) @ [DN] & B
MBI BIT 5 [REKE| OB, BWHEEH
A EAB T A () 2 i Lathrop and Lillesand,
1986). #Z THRFAEZHDO T — 7122V TH 4RITR
L7-BERET V2 Mo TGS ZIT 072, %D
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Fig.6. Correlation between observed and estimated surface

water temperature using Equation 8 in Lake Shinji, 3
March 1998.
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(a) Surface chlorophyll-a concentration map
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(19984E3 H3 H). (a) FBZ 107 1 )V ailiE (ugh),
(b) FBAKIR (T).

Fig.7. Maps of surface chlorophyll-a concentration

estimated using equation 7 and surface water temperature
estimated using Equation 8 in Lake Shinji, 3 March 1998.
(a) Surface chlorophyll-a concentration (ug/1), (b) Surface

water temperature (C).
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Fig.10. Comparison between surface chlorophyll-a
concentration and standing stock of chlorophyll-a in the
euphotic layer of Lake Shinji, 3 March 1998.
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Appendix 1. Water quality survey result in Lake Shinji and Lake Nakaumi 3 March 1998.

_Sampling Point S11 812 $1-3 S14 81-5 S2-1 822 S2-3 S2-4 82-5 83-5 S4-1 54-2 S-center  NU-center
North latitude 35" 27.36' 35 26.86' 35° 26.34' 35" 25.88' 35" 25.36' 35" 28.03' 35" 27.16' 35" 27.16' 35  26.57' 35 26.08' 35" 26.09' 35° 25.376' 35" 26.01' 35’ 2608 35 27.74'
East longitude 132° 54.97' 132" 55.02' 132" 55.13' 132" 55.22' 132" 55.25' 132" 59.63' 132° 59.89' 132" 59.89' 132" 59.96' 133" 00.03' 132" 55.60' 132° 56.74' 132" 58.20' 132" 58.34' 133" 11.46
Time (Begin) 9:05 9:15 9:43 9:50 10:01 11:20 11:10 11:05 10:56 10:42 9:28 10:15 10:30 8:40 9:20

I I | | I i t ! I | i I I [ I 1

Time (End) 9:09 9:18 9:45 9:54 10:05 11:28 11:15 11:08 11:00 10:46 9:34 10:18 10:34 8:45 9:26
Water depth(m) 3.4 48 5 5 4.9 4.4 46 a7 4.7 4.5 3.2 22 5.1 54 7.2
Transparency (m) 14 13 14 14 14 1.3 10 15 16 18 12 15 1.4 14 16
Water temp. (C) 0.5m 8.0 79 8.0 83 8.2 84 83 8.5 89 88 78 8.5 8.5 76 87
Water temp. (C) 1.0m 8.0 79 79 82 8.2 83 80 79 84 8.5 8.0 8.5 83 76 87
Water temp. (C) 2.0m 78 78 79 79 7.9 78 76 78 8.2 8.0 78 8.3 79 7.7 9.0
DO(mgA) 0.5m 187 188 18.8 18.1 188 19.3 189 19.0 18.4 18.6 187 19.0 19.0 191 88
DO(mgA) 1.0m 18.8 19.2 19.4 19.2 191 19.4 19.1 200 18.6 19.0 118.2 19.0 19.3 194 88
DO(mgA) 2.0m 19.1 193 19.2 19.6 19.6 19.8 19.7 200 203 19.0 18.2 18.8 20.1 19.8 83
DO(%) 0.5m 157 159 161 161 161 164 160 163 159 160 167 160 165 162 82
DO(%) 1.0m 159 161 164 163 162 164 161 169 159 160 154 161 162 164 82
DO(%) 2.0m 162 165 161 164 168 161 165 169 172 161 154 161 170 167 77
pH 0.5m - - - - - - - - - - - - - - 8.2
pH 1.0m - - - - - - - - - - - - - - 83
pH 2.0m - - - - - - - - - - - - - - 83
Salinity (psu) 0.5m 14 1.4 13 14 14 17 17 15 15 15 13 14 15 16 11.0
Salinity (psu) 1.0m 14 14 13 14 14 1.7 1.7 17 16 15 15 1.4 15 1.6 11.2
Salinity (psu) 2.0m 15 14 14 14 14 18 17 1.7 17 19 16 1.7 17 16 13.6
88 (mg/) 45 45" 4.1 36 3.6 53 72 36 3.8 25 48 3.6 4.0 44 58
*Chl-a (ugh) 74 17 79 6.2 6.1 84 8.1 59 6.2 39 5.2 54 14 9.4 -
*Chi-b (ugn) 1.1 1.0 1.3 08 0.7 1.2 0.7 05 0.8 - 0.4 0.4 06 12 -
*Chlc (ugh) 32 53 32 30 26 43 25 0.7 1.2 - 19 18 25 49 -
*Carot. (ugfl) 4E480 3.4 4.9 3.0 31 24 34 37 23 18 - 21 17 0.8 0.9 -
*Carot. (ugfl) 10E480 86 123 74 78 59 85 93 57 47 - 52 41 24 22 -
**Chl-a (ugn) 6.7 11.0 75 6.2 6.1 77 74 54 5.2 - 4.7 5.0 - 77 -
**Phaeo. (ugh) 14 1.4 1.2 0.2 04 16 15 1.0 21 - 1.2 09 - 28 -
* Unesco (1966) method
**Lorenzen (1967) method

P2, KB - PBICB B RERET -5 (199843 A 4H).
Appendix 2. Water quality survey result in Lake Shinji and Lake Nakaumi, 4 March 1998.

Sampling Point S141 S$1-2 813 814 $1-5 825 _ s41 84-2 NU-1 NU-2 NU-3 NU-4 NU-§ NU-6
North latitude 35' 2740 35° 2687 35 2634 35 2584 85° 253¢' 35 2608 35 2537 35 26.01' 35 3083 35 3022 35° 2019 35 2851 35 2633 35 2008
East longitude 132" 54.95° 132° 55.04' 132° 5510' 132" 55.22' 132" 55.30' ‘133" 0001 132° 56.78' 132° 58.29' 133" 09.71' 133" 08.91' 133" 09.02' 133" 00.99' 133" 11.19' 133" 1243
Time (Begin) 9:06 9:15 9:24 9:30 9:38 10:25 9:15 10:06 9:56 9:45 9:26 9:09 8:53 8:38

I 1 1 I i i i | { | | ! { | i
Time (End) 9:09 9:18 9:27 9:35 oM 10:29 9:54 10:10 10:01 9:48 9:34 9:11 8:57 8:40
Water depth(m) 34 5.0 52 52 51 48 32 53 6.0 6.2 6.8 56 6.7 6.8
Transparency (m) 16 13 1.4 15 14 14 15 15 18 2.1 1.9 11 16 16
Water temp. (C) 0.5m 83 8.5 84 84 8.8 9.1 88 88 8.8 8.6 87 9.0 89 8.9
Water temp. (C) 1.0m 83 8.4 84 86 87 9.0 8.8 88 88 86 87 91 89 88
Water temp. ('C) 2.0m 8.3 85 8.4 85 8.6 87 85 86 87 85 88 9.2 9.0 89
DO(mg#) 0.5m 1n7 107 1.2 1.1 13 1.4 13 11.4 74 75 75 8.3 78 8.0
DO(mg/) 1.0m 117 17 14 115 1.6 11.6 116 115 71 75 75 8.2 78 79
DO(mgn) 2.0m 17 117 s 1.7 1.7 1.8 17 1.6 71 73 73 8.0 7.8 78
DO(%) 0.5m a8 93 97 94 97 29 97 98 87 74 74 77 72 74
DO(%) 1.0m 100 100 98 98 99 100 99 a9 67 70 70 76 73 73
DO(%) 2.0m 99 110 97 100 99 101 99 99 67 68 68 74 73 72
pH 0.5m 79 8.0 8.0 8.0 8.0 8.1 8 8 83 8.3 83 83 83 83
pH 1.0m 8.0 8.0 8.0 79 8.0 8.2 8 8.1 83 8.3 83 8.2 82 83
pH 2.0m 8.0 8.0 79 79 80 8.2 8 81 8.3 8.3 83 8.2 8.2 83
Salinity (psu) 0.5m 15 15 14 14 18 1.7 15 17 14.7 143 14.3 15 11 109
Salinity (psu) 1.0m 15 15 14 1.6 16 1.7 15 17 147 145 145 116 11.2 10.9
Salinity (psu) 2.0m 15 16 1.4 16 16 - 17 16 1.7 14.6 147 14.7 124 114 1.0
8S (mgh) 40 27 3.2 41 36 24 29 8.4 25 1.7 5.9 3.8 3.1
*Chl-a (ugh) 9.2 6.6 73 4.2 8.2 57 6.2 8.2 6.6 56 76 52 45 40
*Chl-b (ugh) 21 0.6 06 1.2 09 08 - 0.6 0.0 - 0.0 07 - 0.1
*Chl-c (ugh) 77 34 37 3.3 30 20 - 17 28 - 24 18 - 1.5
*Carot. {ugh) 4E,, 4.4 24 2.6 2.2 38 23 27 19 26 3.6 38 18 22 1.3
*Carot. (ugh) 10E,, 1.0 6.1 6.6 55 9.5 56 6.9 4.7 66 9.0 9.6 4.5 54 3.2
**Chl-a (ugn) 27 0.5 22 38 6.4 - 26 29 53 19 42 0.6 25 23
**Phaeo. (ughl) 116 10.5 8.7 1.4 33 - 6.0 5.6 23 6.2 5.9 80 3.4 3.0
* Unesco (1966) method

**Lorenzen (1967) method



