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-Horizontal distribution of secchi depth, suspended substance concentration and chlorophyll-a
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Water quality mapping in Lake Shinji and Lake Nakaumi using satellite remote

sensing data (partl)

concentration under algal bloom condition-

Yuji Sakuno', Daisuke Nakayama’, Tsuneo Matsunaga’, Katsumi Takayasu®,

Shuichi Rokugawa', Mikio Nakamura’ and Hidenobu Kunii*

Abstract : Simultancous water quality research with satellite observation were carried out in
Lake Shinji and Lake Nakaumi from June to November, 1997. The objective of this report
is to know horizontal distributions of Secchi depth (SD) , suspended substance concentration
(SSC) and chlorophyll-a (C) in Lake Shinji and Lake Nakaumi, 1997. Average SD ranges
1.0-1.3 m, average SS ranges 5-8mg/l, average C ranges 25-42 s« g/l in Lake Shinji. C is the
most variable of the three water quality parameters in Lake Shinji. Honjo area water located
in the northern part of Lake Nakaumi, showed higher SD, lower SS and lower C than the Na-
kaumi area water. Under algal bloom condition, Lake Shinji water showed lower SD, higher
SS and much higher C than Lake Nakaumi water. An empirical approach of relating
SPOT2/HRV data with simultaneous C data through simple linear regression analysis was
employed. Highly significant relationships (r=0.79) were identified between HRV band|
(Green) and C. With the linear regression model (C=3.864+HRV band1x8.64) , C map in
Lake Shinji and Lake Nakaumi was displayed. The C map in Lake Shinji showed wholly high
concentration, especially in the northern parts of the lake.
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Tab.1 Results of simultaneous water quality research
with satellite in Lake Shinji and Lake Nakaumi, 1997.

No.  Date Satellite or  Sensor Path-Row _Imagery Field Data

Airborne

1 97.6.3 JERS-1 OPS 76-241 Available  Available
2 9764 Landsat-5 ™ 112-35 Available
3 97713 SPOT-2 HRV  317-279 - Available
4 9788 SPOT-2 HRV ~ 317-279  Available Available
5 97811 Airborne MSS - - Available
6 97924 Landsat-5 ™ 112-35 - Available
7 97109 SPOT-2 HRV ~ 317-279  Available  Available
Available  Available

Available

Airborne MSS -
8 97.10.13 JERS-1 OoPS 76-241
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Tab.2 Meteorological data of satellite
overfright (Data from Matue local mete-
orological station) :

Date Time Airtemp. Airpress. Wind  Wind speed

(JST) (°C) (hPa)  direction (m/s)
97.6.3 11:00am 246 1009.6 W 4.0
97.8.8 11:00am 33.6 1002.4 SW 5.0
97.10.9 11:00am 210 1015.7 W 25
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Tab.3 Characteristics of satellite sensors.

Satellite  Sensor Band width Qant.level  Resolution
JERS-1 VNIR Band1:0.52-0.60(Green) 6hbit 20m*20m
(Japan)  (Visible and Near Band2: 0.63-0.69(Red) (64 grey)

Infrared Radiometer)

Band3: 0.76-0.86(IR)

SPOT-2 HRV
(France)  (High Resolution Vible
and Middle Infrared)

Band1:0.50-0.59(Green) 8bit
Band2:0.61-0.68(Red)  (256grey)
Band3: 0.79-0.89(IR)
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Fig.1 Research points, 1997.
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Fig.2 Aerosol optical thickness data, Jun. 3, 1997 at the sky of Shimane University.
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Fig.3 Spectral reflectance data of asphalt, Jun. 3,
1997 at a parking lot .
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Fig.4 Mean distribution of secchi depth, suspended
substance and chlorophyll-a in Lake Shinji, 1997.

(a) secchi depth (m), (b) suspended substance (mg/l),
(c) chlorophyll-a (zg/1). Date of research : Jun.3,
Jund, Aug.8, Aug.11, Sep.24, Oct.9, Oct.13. Time
of research : from 9 to 11am.
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Fig.5 Mean distribution of secchi depth,
suspended substance and chlorophyll-a in
Lake Nakaumi, 1997.

(a) secchi depth (m), (b) suspended sub-
stance (mg/l), (c) chlorophyll-a ( s g/).
Date of research : Aug.8, Aug.11, Oct.9.
Time of research : from 9 to 11am.
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Tab.4 Statistic value for each research point of secchi depth, suspended substance and chlorophyll-a in Lake Shinji and

Lake Nakaumi. (a) Lake Shinji, (b) Lake Nakaumi.
(a) Lake Shiniji

Water quality parameters Station S1-1 S1-2 S1-3 S1-4 S1-5 $2.1 S22 $2-3 $2-4 S2-5 S4-1 S4-2 Total
Secchi depth Ave. 1.0 14 i0 10 10 14 10 14 1.1 1.3 14 1.0 1.1
(m) SD 03 04 02 02 02 03 03 03 02 04 03 03 03
CV(%) 28.1 336 215 20.8 17.5 327 247 23.9 209 31.2 257 24.0 254
Suspended Substance Ave. 82 70 79 75 82 67 78 76 68 53 84 7. 7.4
(mg/) sD 25 22 27 18 27 22 24 27 25 19 38 19 24
CV(%) 302 31.8 337 242 328 327 273 349 371 359 459 269 32.8
Chiorophyli-a Ave. 312 327 343 363 415 322 341 384 324 246 416 356 346
(ngh SD 133 130 102 411 228 205 13.8 218 175 7.6 303 138 163
CV(%) 427 39.8 297 30.6 549 63.6 404 56.7 54.0 31.1 727 388 46.3
(n=7)
(b) Lake Nakaumi

Water quality parameters Station NU1 NU2 NU3 NU4 NU5 NU6 Total

Secchi depth Ave. 15 16 1.7 1.7 14 1.4 1.6

(m) sb 03 0.2 0.1 0.6 04 03 0.3

CV(%) 16.4 9.4 6.7 36.7 29.0 224 20.1

Suspended Substance  Ave. 3.8 4.0 44 6.1 5.0 4.1 46

(mgfh) sb 0.7 16 03 14 18 1.8 1.3

CV(%) 17.0 402 6.6 22.8 36.1 435 27.7

Chlorophyll-a Ave. 9.6 6.5 10.0 19.9 15.3 13.3 12.4

(ng/) sD 06 23 26 13.8 6.8 5.0 5.2

CV(%) 6.2 359 256 69.1 444 375 36.5

(n=3)
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Fig.6 Horizontal distribution of secchi depth, sus-
pended substance and chlorophyll-a under algal bloom
condition in Lake Shinii, Oct.9, 1997) .
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Raw data of water quality research in Lake Shinji, June 3, 1997.

TEBF#ET] - pILRA - HKER - BERC - NIE— - P ERE - BHAFHH

1997/6/3 L.Shinji
Sampling Point $1-1 512 518 S1-4 51-5 S2-1 52-2 $2-3 52-4 s25 $31 s3-2 $3-3 53-4 $3-5 Sa-1 S4-2
North latitude 35 27.31' 35 26.83' 35 26.38' 3525.86' 3525.36' 35 28.05' 3527.57 3527.07 35 26.53 35 26.10' 35 27.56' 35 27.31' 35 26.82 8526.58' 35-26.19' 35-25.32' 85 26.10'
East longitude 132 54.78' 132 55.11' 132 55.11' 132°55.25' 132 55.29' 132 59.52' 132 59.74' 132 59.87' 133 30.09' 133 00.07' 133 03.16’ 133'01.44' 132 58.33' 132 56.82' 132 53.62' 132 56.69' 132 58.28"
Time (Begin) 8:53 9:02 9:07 9:13 9:19 10:10 10:05 10:00 10:33 9:51 11:37 11:19 10:56 10:37 9:54 9:28 9:39
t ! | 1 | 1 | | 1 [ ' 1 ' 1 1 1 | |
Time (End) 8:58 9:04 9:09 9:15 9:21 10:12 10:07 10:02 10:35 9:53 11:44 11:26 11:01 10:45 10:20 9:30 9:42
Water depth(m) 3.4 5.2 5.4 5.5 5.1 4.6 4.8 5.0 4.9 4.6 1.4 4.5 5.8 56 3.1 25 54
Secchi disk depth (m)| 1.5 1.8 1.4 1.4 1.3 1.7 1.4 1.4 1.5 1.4 1.4 1.2 1.0 1.0 0.7 1.6 1.5
Water temp. (C) 0.5 21.3 21.2 21.8 212 213 20.1 21.3 21.3 21.4 21.3 225 219 216 216 215 21.2 21.1
Water temp. (C) 1.0n] 21.3 21.2 21.3 21.2 21.2 20.1 213, 21.3 21.4 21.3 225 21.8 21.7 215 21.4 21.2 21.1
Water temp. (C) 2.0n 21.2 21.2 21.2 21.2 21.2 21.5 21.2 21.3 21.3 21.2 22.5 21.8 21.5 21.4 21.3 21.2 21.1
DO(mg/l) 0.5m 8.7 8.7 9.1 8.9 9.1 2.0 9.1 9.2 9.0 8.5 7.9 9.5 9.8 9.9 8.8 7.9 9.1
DO(mg/) 1.0m 8.8 8.7 9.1 8.9 9.0 9.0 9.1 9.2 9.1 8.5 76 9.4 9.7 9.8 8.7 7.8 9.1
DO(mg/l) 2.0m 8.9 8.7 9.2 8.9 9.1 9.0 9.2 9.3 9.1 8.6 7.7 9.4 9.7 9.7 8.8 7.7 9.0
DO(%) 0.5m 104.0 108.7 108.9 105.9 107.6 107.6 108.1 104.5 107.8 100.9 93.5 114.2 114.0 115.4 103.4 94.4 107.5
DO(%) 1.0m 105.4 103.8 108.4 106.8 107.9 107.6 108.8 109.7 108.2 101.9 91.0 110.5 112.2 112.8 100.6 926 107.9
DO(%) 2.0m 105.8 104.2 109.2 105.2 107.8 107.1 109.0 110.4 108.5 102.3 89.9 109.9 112.6 1128 99.9 91.7 107.0
pH 0.5m 8.1 8.0 8.4 8.5 8.5 8.3 8.5 8.5 8.4 8.1 - - - - - 7.8 8.5
pH 1.0m 8.2 8.1 8.5 8.5 8.5 8.3 8.5 8.5 8.4 8.1 - - - - 7.7 8.5
pH 2.0m 8.2 8.1 8.5 8.5 8.5 83 8.5 8.6 8.4 8.1 - - - - - 7.7 8.5
Salinity (%) 0.5m a1 3.1 3.1 3.3 3.4 3.6 36 3.6 3.5 3.5 - - - - - 3.4 36
Salinity (%) 1.0m 3.1 3.1 3.1 3.3 3.4 36 3.6 3.6 35 3.5 - - - 3.4 3.6
Salinity (%) 2.0m 3.1 3.1 3.1 3.3 3.4 3.6 3.6 36 35 3.5 - - - - - 3.4 3.6
S8 (mg/) 8.2 5.2 7.8 8.1 7.2 5.8 9.0 6.5 4.4 4.0 2.2 5.8 6.5 8.0 16.7 5.6 5.9
‘Chl-a  (ngl) 27.8 22.9 34.7 40.5 29.2 17.8 24.3 23.1 16.9 16.9 25 13.8 21.6 27.3 30.8 26.1 23.3
“Chl-b  (ug/h) 0.9 0.3 07 0.8 0.5 0.4 0.5 1.0 1.2 0.9 0.6 27 1.3 - 1.8 1.9 0.5
“Chic  (ugl) 12.1 10.0 15.3 17.7 10.8 7.2 10.3 10.2 7.9 8.9 23 10.5 10.3 1.4 12.0 10.9 8.3
*Carot. (ug/l) 4Eus 16.7 12.8 218 245 15.9 15.5 13.6 12.1 7.7 9.6 - 5.3 12,6 15.7 15.5 9.4 12.6
(ug/) 10Eso| 41,6 319 544 612 39.7 38.9 34.1 30.3 19.4 24 - 13.2 315 39.4 38.7 23.4 31.4
(ngf) 39.7 16.0 28.3 38.3 25.3 13.6 18.2 13.3 12.9 13.5 - 11.9 10.4 24.4 27.3 212 19.4
[e) - 12.0 1.1 3.8 6.7 7.2 10.5 16.9 7.4 5.9 8.4 39 19.6 5.3 6.6 9.7 7.5
* Unesco (1966) method
**Lorenzen (1967) method
e e - 32 fivid =
%2, FREMIIBILRERET—2 (1997F 6 H4H)
. . . . .
Appendix 2. Raw data of water qualitv research in Lake Shinii. June 4. 1997.
1997/6/4 L. Shinji
_Sampling_Point S121, $1-2 $1-3 $1-4 $1-6 S2-1 S2-2 $2-3 S2-4 $2-5 $3-1 S3:2 833 $3.4 $3-5 S4-1 S4-2
North lstitude 35°27.36' 36 26.84' 35'26.35' 35°25.84' 35°26.36' 35 28.03' 3527.56' 35727.10° 35°26.56' 35°26.08' 35°27.53' 35 27.33 3526.85 35°26.63 35°26.09' 3525.37 3526.00
Bast longitude 132'54.91° 132 55.08' 132°55.10" 132°55.21" 132-55.29' 132°55.62" 132°59.74' 132°50.85' 132°59.98' 133°00.0 6' 133°03.00" 133°01.26" 132°58.34' 132°66.77° 132753.63' 132°56.76' 132°58.30'
Time (Begin) 9:09 9:15 9:20 9:27 9:33 10:25 10:13 10:06 10:59 10:38 10:15 10:00 9:30 9:42 9:55
1 ' 1 ! | ! i ! I ' | f ! | | ! 1
Time (End) 012 9:17 9:24 9:29 9:35 10:31 10:26 10:15 10:09 11:05 10:42 . 10:05 - 9:46 9:57
Water depth(m) at 5.1 5.3 5.3 5.1 46 4.8 4.9 4.6 13 4.3 5.5 56 3.5 2.4 55
Secchi disk depth (m)| 1.3 1.2 1.2 1.0 1.9 1.3 1.4 1.2 1.9 1.3 1.5 13 1.3 1.2 0.8 10
Water temp. (C) 0.5m  21.2 21.4 21.5 21.6 21.7 21.2 215 21.8 219 219 216 21.9 215 21.6 218 21.6
Water temp. (C) 1.0m  21.1 211 215 218 217 21.2 21.8 21.8 219 219 217 21.9 215 217 21.8 21.6
Water temp. (C) 2.0m  21.1 21.3 215 21.6 217 21.4 21.5 21.8 21.9 22.0 21.6 218 21.5 217 21.8 215
DO(mgA) 0.5m 8.6 8.8 9.1 9.1 9.3 8.9 9.1 8.9 7.8 8.6 9.3 9.4 956 8.9 9.9 9.5
DO(mgA) 1.0m 85 8.8 9.1 9.2 9.1 8.9 9.2 8.8 7.8 6.9 9.2 9.3 9.6 8.9 8.1 9.6
DO{mgh) 2.0m 8.5 8.8 8.5 9.0 10.0 8.6 9.2 A 8.8 7.8 6.6 8.9 9.1 9.3 8.9 7.6 9.3
DO%) 0.5m 101.4 105.3 108.2 109.8 112.0 108.4 109.6 105.5 106.9 93.2 99.4 106.8 1103 110.8 103.8 120.0 114.0
%) 1.0m 101.4 105.2 108.7 108.5 108.1 106.5 109.9 105.4 106.0 93.3 81.4 106.5 108.0 110.3 103.0 96.0 114.3
%) 2.0m 101.0 105.2 107.8 107.5 107.2 101.7 109.3 104.4 106.1 93.9 79.9 102.9 106.3 108.9 105.1 88.9 113
pH 05m 8.3 8.4 8.6 8.6 8.4 8.6 8.3 8.4 8.0 - - - - - 8.8 8.8
pH 1.0m 8.3 8.5 8.6 8.6 8.4 8.6 8.3 8.3 7.9 - - - - - 8.5 8.8
PH 20m 8.3 8.6 86 8.5 8.3 85 8.3 8.3 7.9 - . - - - 8.0 8.7
Salinity (%) 0.5m 3.3 3.3 3.3 3.2 3.6 3.6 3.6 35 EX - - - - - 3.2 3.4
Salinity (%) 1.0m 3.3 3.1 3.3 3.2 36 3.6 3.6 35 3.5 . - - - 3.2 3.4
Salinity (%) 2.0m 3.3 3.3 3.3 3.2 36 3.6 36 35 3.5 - - - - - 33 3.4
SS (mg/t) 5.9 5.7 68 8.7 4.1 a8 4.0 a7 3.7 24 5.9 5.7 7.3 6.0 16.0 9.4
“Chl-a  (ug/l) 23.6 23.9 37.5 30.9 13.3 15.2 17.8 221 252 4.1 17.2 31.0 21.4 2258 108.0 52.5
“Chl-b  (ug/) 11 2.6 14 1.6 2.8 28 0.7 05 05 0.7 5.1 1.4 - -
*Chi-c  (ugh) 11.3 17.3 22.7 17.6 16.3 16.6 133 7.3 15.3 201 8.1 40.2 24.8
“Carot. (ugh) 4Espe 13.4 13.8 29.3 20.2 8.7 13.0 16.5 71 16.6 5.7 10.7 73.0 37.8
“Carol.  (ugfl) 10Esse] 3 34.4 73.3_ 50.6 21.7 32.4 413 17.8 41.5 14.3 26.8 1825 94.4
**Chl-a  (ngh) 17.9 49.5 25.6 24.8 X 8.0 10.7 17.9 9.6 229 14.0 16.1 35.4 35.0
Pheeo.  (ught) 10.3 - 21.3 1.4 15.8 8.8 157 20.3 13.6 9.6 13.4 13.1 14.1 1.9 1183 30.2

Unesco (1966) method
“*Lorenzen (1967) method

fi& 3.

(19977 A 13 H)
Appendix 3. Raw data of water quality
research in Lake Shinji, July 13, 1997.

FEMI B A KERET— ¥

1997/7/13 L.Shinji

Sampling_Point S22 S2:3 S2:4 S2°5 S33
North latitude 35°27.60° 35 27.08' 35-26,10' 35-26.01° 35:26.89'
East longitude 132'50.75' 132-59.83' 133-00.07' 133°00.12' 132°58.38'
Time (Begin) 10:27 9:48 9:51 9:10 10:09

| ' i I 1 |
Time (End) 10:30 9:52 9:53 9:30 10:12
Water depth(m) 6.0 6.1 6.2 5.7 6.3
Secchi disk depth (m) 0.8 07 0.6 0.7 0.4
Water temp. (C) 0.5m|  24.5 24.4 23.5 22,9 228
Water temp. (C) 1.0m|  24.5 24.4 235 22.9 227
Water temp. (C) 20m|  24.4 24.3 23.5 22.9 227
DO(mg/) 0.5m 6.5 6.7 6.8 7.2 6.4
DO(mg) 1.0m 6.6 6.7 6.8 7.3 6.6
DO(mgh) 2.0m 6.6 6.8 6.9 7.2 6.7
DO(*%) 0.5m 78.0 81.0 80.0 86.0 75.0
DO(%) 1.0m 79.0 82.0 81.0 85.0 78.0
DO(%) 2.0m 80.0 81.0 82.0 86.0 79.0
pH 0.5m - - - - -
pH 1.0m - - - -
PH 2.0m - - - - -
Salinity (%) 0.5m 2.6 2.5 1.9 1.4 1.4
Salinity (%) 1.0m 2.6 2.5 19 1.4 1.4
Salinity (%) 2.0m 2.6 2.6 1.0 1.5 1.5
SS (mgil) 9.7 10.1 13.8 12.8 23.1
“Chl-a {(ugll) 19.0 16.8 10.7 14.2 8.3
“Chlb  (uglly 2.8 3.8 0.8 1.7
“Chlc  (ugll) 1.5 14.8 3.6 6.6
“Carot. (ugf) 4Eqgo 4.6 4.4 a1 3.7
-c (ugll) 10Eyg0 1.5 108 77
““Chla  (ug/l) - - 33 - E
“*Phaeo. _(ugfl) 42.2 40.6 14.3 35.9 43.8

*Unesco (1966) method
“*Lorenzen (1967) method
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Appendix 4. Raw data of water quality research in Lake Shinji, Aug. 8, 1997.
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1997/8/8 L.Shinji_and L.Nakaumi
Sampling Point S1-1 $1-2 81-3 Si-4 S$1-5 $2-1 $2-2 S2-3 S$2-4 S2-5 $4-1 S4-2 NU1 NU2 NU3 NU4 Nus NUs
North  Jatitude 35°27.35' 36°26.83' 35°26.34' 35°25.87' 35°25.36' 35°'28.04' 35°27.58' 35727.06' 35-26.55' 35'26.10' 35°25.39' 35°26.08' 35'30.84' 35 30.17' 35-29.22' 35°28.56' 35°28.35' 35 29.06'
East longitude 132754.85' 132°55.03' 132'55.07' 132°55.20' 132:55.35' 132-59.63' 132759.73' 132-59.85' 132°59.96' 133 00.03' 132°56.77* 132°58.36' 133°09.74' 133 08.88' 133°09.03' 133 09.69' 133-11.11' 133712.41"
Time (Begin) 9:00 9:11 9:20 9:27 9:36 10:47 10:40 10:33 10:26 10:18 9:48 10:031:00 9:33 9:48 10:00 10;23 10:39 10:49
i 1 1 I I 1 1 I I I I 1 1 I I I I I 1
Time (End) 9:04 9:13 9:22 9:30 9:35 10:50 10:42 10:35 10:28 10:22 9:52 10:07 9:40 10:52 10:05 10:28 10:45 10:59
Water depth{m) 3.8 5.5 5.6 5.5 5.4 5.0 5.2 5.3 5.2 5.0 2.7 5.7 6.3 6.5 6.7 5.8 6.9 7.4
Secchi disk depth (m) 0.9 0.9 1.0 1.0 11 1.0 0.9 1.0 1.1 - 1.3 1.0 1.5 1.6 1.6 1.5 1.3 1.3
Water temp. (‘C) 0.5m 26.0 27.2 27.7 27.8 27.6 27.2 26.9 26.9 27.4 27.7 27.8 27.2 26.5 26.1 26.3 26.4 26.3 26.4
Water temp. ('C) 1.0m| 25.7 27.2 27.6 27.7 27.6 27.2 26.9 26.9 27.3 27.6 27.7 27.2 25.7 25.6 25.8 25.3 25.3 25.6
Water temp. (*C) 2.0m) 24.2 26.6 27.1 27.2 27.3 27.0 29.8 26.8 27.3 27.4 27.3 27.0 25.8 25.7 25.7 25.1 25.0 25.2
DO(mg/l) 0.5m 8.5 71 7.7 7.7 7.8 7.3 7.2 7.3 7.8 75 6.9 8.3 7.5 7.3 10.0 9.1 10.9
DO(mg/) 1.0m 8.3 7.2 7.7 7.7 79 7.3 7.2 7.3 79 7.5 7.2 7.8 8.1 8.0 11.2 10.7 10.1
DO(mgh) 2.0m 7.2 6.5 71 71 7.7 7.2 7.0 7.3 7.9 6.9 6.8 6.6 7.4 7.3 7.4 7.3 8.0
DO(%) 0.5m 105.7 90.8 98.8 100.1 89.7 93.2 91.4 92.0 99.6 96.2 89.5 106.9 100.1 95.4 135.2 101.9 130.3
DO(%) 1.0m 101.2 91.9 99.4 101.3 101.1 93.8 91.3 92.7 100.4 96.8 92.9 101.4 105.2 103.7 132.5 143.5 126.5
DO(%) 2.0m 85.0 82.0 90.0 97.5 97.9 91.3 88.3 91.7 100.7 89.5 86.7 90.4 95.3 94.4 94.5 89.9 104.3
pH 0.5m 8.1 8.3 8.8 8.8 8.8 8.4 8.3 8.3 8.7 8.4 8.3 8.1 8.1 8.0 8.5 8.1 8.5
pH 1.0m 7.9 8.3 8.8 8.8 8.8 8.4 8.2 8.2 8.7 8.4 8.5 8.1 8.1 8.1 8.5 8.6 8.6
pH 2.0m 7.7 7.9 8.5 8.5 8.8 8.3 8.1 8.2 8.7 8.1 8.2 7.9 8.0 8.0 8.2 8.0 8.3
Salinity (%) 0.5m 0.5 0.9 1.0 1.0 1.1 0.8 0.8 0.8 1.0 1.1 1.1 10.3 10.0 10.2 4.1 2.6 4.1
Salinity (%) 1.0m 0.5 0.9 1.0 1.0 1.1 0.8 0.8 0.8 1.0 1.1 1.1 10.6 10.5 10.7 7.3 4.0 5.0
Salinity (%) 2.0m 0.3 0.9 1.0 1.0 1.1 0.8 0.8 0.8 1.0 1.1 1.1 11.0 10.9 11.3 74 6.0 6.3
SS (mg/l) 7.8 5.7 5.6 5.2 6.0 5.5 5.7 8.0 4.9 3.2 9.7 4.5 3.2 4.2 5.4 4.3 3.2
*Chl-a  (ng/l) 30.8 32.86 28.4 26.5 36.9 35.4 36.2 31.6 31.1 26.6 33.0 9.5 9.1 12.8 28.7 17.5 14.8
*Chl-b  (pgil) 1.1 1.7 2.2 1.2 1.3 3.1 2.5 1.6 1.7 1.0 2.1 22 0.6 0.8 0.8 1.0 1.7
*Chl-c  {ugfl) 5.7 6.1 8.0 5.0 8.9 9.7 8.2 6.3 9.0 5.0 6.2 9.4 2.7 3.2 8.4 3.8 5.2
*Carot. (ug/l) 4Eig0 13.7 12.6 11.8 11.4 15.7 13.7 13.7 14.3 12.2 11.5 13.9 4.7 3.8 5.2 11.0 6.6 5.0
“Carol. (ugM) 10Es | 343 31, 29.6 284 393 34.2 343 358 30.5 ‘28.8 348 1.6 95 13.1 276
Chl-a  (pgh) 28.8 30.6 21.8 22.4 331 27.7 30.8 26.7 22.7 23.2 27.0 4.3 7.4 10.2 221 . 6.8
**Phaeo.  (ug/l) 3.9 3.9 11.9 5.2 6.6 13.8 9.7 9.0 15.2 6.3 11.0 9.4 3.2 3.8 11.5 12.8 14.2
* Unesco (1966) method
“*Lorenzen (1967) method
s N Y =
TR 5. KEMIIBIAKERET—% (19978 A 11 H)
Appendix 5. Raw data of water quality research in Lake Shinji, Aug.11, 1997.
1997/8/11 L. Nakaumi_and Miho Ba:
Sampling _Point $1-1 S1-2 $1-3 81-4 815 S2-1 $2-2 $2-3 S2-4. $2-5 S4-1 S4-2 NU1 MB1 MB2 MB3
North  latitude 35727.38' 35°26.83' 35°26.34' 35°25.88' 35725.34' 35°28.03' 35-27.58' 35 27.10' 35°26.54' 35°26.06' 35-27.41' 35-26.04' 35 30.830' 35°31.29' 35°31.78' 35°32.40'
East longitude 132 54.94' 132 55.03' 132°55,13" 132'55.19' 132°55.28' 132 59.64' 132759.73' 132°59.80' 132-59.94' 133-00.01' 132 56.75' 132°'58.32' 133 09.72' 133 '18.52' 133 20.65' 133722,99"
Time (Begin) 8:57 9:08 9:15 9:23 9:31 10:58 10:52 10:44 10:35 10:30 9:50 10:11 9:45 10:16 9:59 9:35
I | 1 I I 1 I | 1 I I i 1 1 1 I I
Time (End) o 9:11 9:18 9:24 9:35 11:01 10:53 10:46 10:38 10:31 9:55 10:15 9:56 10:20 10:03 9:43
Water depth(m) 5.4 5.5 5.6 5.4 4.9 5.3 5.2 5.4 4.9 2.6 5.6 6.0 - - -
Secchi disk depth (m) 1.0 1.1 1.2 1.0 1.1 1.0 11 1.4 1.2 0.9 1.2 1.8 4.0 5.5 6.0
Water temp. (C) 0.5m 27.6 8.1 28.2 28.4 28.8 28.9 28.9 29.0 29.4 28.8 28.9 27.2 29.1 28.2 27.8
Water temp. ('C) 1.0m| 27.4 8.1 28.2 28.3 28.3 28.4 28.6 28.9 29.2 28.6 28.7 26.9 28.3 26.8 26.8
Water temp. ('C) 2.0m, 27.0 8.0 27.9 27.5 28.0 28.0 28.0 28.5 28.8 28.3 28.1 26.7 27.6 26.7 26.7
DO(mgn) 0.5m 57 5.6 5.8 5.9 6.4 6.4 6.5 6.5 6.3 5.1 6.5 8.1 6.8 8.7 6.9
DO(mg/l) 1.0m 5.7 5.6 5.8 5.9 6.4 6.5 6.5 6.5 6.4 6.1 6.6 8.0 7.0 6.7 7.2
DO(mgf) 2.0m 5.8 5.6 5.8 5.0 6.0 6.1 6.1 6.1 6.4 5.3 6.2 7.8 7.3 6.9 7.2
DO(%) 0.5m 73.6 71.5 74.8 76.7 83.8 83.6 84.8 86.3 84.3 77.9 85.3 106.9 88.0 85.0 89.0
DO(%) 1.0m 73.2 711 74.9 76.2 83.2 83.9 84.8 85.6 84.4 79.5 86.1 105.8 89.0 86.0 88.0
DO(%) 2.0m 70.2 70.4 727 63.6 77.2 78.5 78.8 80.2 83.6 69.1 80.0 107.6 90.0 83.0 81.0
pH 0.5m 8.5 8.1 8.8 8.9 8.9 8.9 9.0 9.2 8.1 8.9 91 8.2 8.5 8.8 85
pH 1.0m 8.4 8.1 8.8 8.8 8.8 8.9 9.0 9.1 9.1 8.9 9.1 8.2 8.6 8.5 8.5
pH 2.0m 8.2 8.0 8.5 7.8 8.3 8.5 8.7 8.8 9.1 8.0 8.8 8.2 8.6 8.2 8.5
Salinity (%) 0.5m 0.5 0.4 0.9 0.9 0.8 0.8 0.8 0.9 1.0 0.9 0.8 10.2 18.7 25.5 30.7
Salinity (%) 1.0m 0.5 0.4 0.8 0.9 0.8 0.8 0.8 1.0 1.0 1.0 0.8 10.3 27.7 31.5 31.6
Salinity (%) 2.0m 0.6 0.5 0.8 0.8 0.8 0.8 0.8 1.0 1.0 1.0 0.8 10.3 30.9 31.6 31.7
88 (mg/ly 53 5.7 6.0 57 5.3 6.3 4.8 5.3 4.4 5.4 6.0 3.4 3.4 3.3 0.9
*Chl-a  (ug/l) 31.0 28.4 34.2 27.5 38.6 42.3 33.3 32.3 20.7 29.9 39.6 12.7 12.6 8.7 2.3
*Chi-b  (ugfl) 0.7 1.8 1.6 0.7 1.4 1.8 1.4 1.8 0.8 0.4 1.8 0.6 0.8 1.2 0.4
“‘Chi-c  {pg/) 6.5 8.2 8.6 4.1 8.3 8.0 7.0 6.9 3.8 7.5 8.8 3.1 3.4 3.8 23
*Carot. (ug/l) 4Easso 12.7 11.2 15.1 11.9 13.6 14.3 1.7 12.7 8.8 13.1 13.8 5.1 4.1 2.2 0.4
*Carot.  (ngfl) 10Esey | ¢ 31.9 28.1 37.8 298 339 358 29.2 ‘318 245 32.9 344 .55 L0
“Chi-a (Ug/ 30.6 X 35.9 26.9 30.7 18.6 22.2 37.2 X 4.8 1.1
*‘Phaeo.  (ugfl) - 6.2 10.8 11.2 5.3 3.6 13.6 4.5 5.7 SAG 6.9 2.2
* Unesco (1966) method
**Lorenzen (1967) method
fH£ 6. REEIZBITHEKERET -5 (199749 A 24 H)
Appendix 6. Raw data of water quality research in Lake Shinji, Sep.24, 1997.
1997/9/24 L.Shinji
Sampling Point 81-2 S1-3 S1-4 S1-5 82-1 82-2 82-3 $2-4 S2-5 S4-1 54-2
North latitude 5° 35 26.83' 35 26.33' 3527.84' 35°25.37' 35 28.01' 35:°27.58' 35-27.05' 35°26.58' 3526.09' 35-27.37' 35 26.08"
East longitude 132°54.91' 132°55.05' 132°55.08' 132 65.22' 132 65.29' 132-59.63' 132 59.82' 132 59.82' 132'59.98' 133700.04' 132:56.74' 132 58.31"
Time (Begin) 9:10 9:18 9:25 9:31 9:37 10:40 10:35 10:28 10:22 10:15 9:48 10I03
1 I 1 I I ] 1 1 I i I 1
Time (End) 15 9:21 9:27 9:34 9:34 10:42 10:37 10:30 10:24 10:15 9:51 10:05
Water depth(m) 4.0 5.2 5.3 5.3 5.2 4.8 4.8 5.0 5.1 4.8 2.5 5.4
Secchi disk depth (m) 0.7 0.8 0.8 0.8 0.8 0.7 0.8 0.7 0.8 11 1.1 0.7
Water temp. (‘C) 0.5m 19.7 20.7 21.8 21.4 21.7 20.8 1.7 21.7 21.2 21.2 21.6 21.0
Water temp. (C) 1.0m 19.7 20.7 21.8 21.4 21.7 20.8 21.6 21.7 21.2 21.3 21.6 21.0
Water temp. ('C) 2.0m 19.7 20.8 21.8 21.4 21.7 20.8 21.7 21.7 21.2 21.3 21.6 21.0
DO(mgn) 0.5m 8.3 7.9 7.6 71 6.8 6.5 6.4 6.6 6.6 6.7 6.6 6.8
DO(mg/l) 1.0m 8.4 8.0 7.5 71 6.8 6.0 6.4 6.5 6.6 6.7 6.6 6.8
DO(mg/ly 2.0m 8.3 7.9 7.6 7.1 6.9 5.9 6.4 6.5 6.6 6.7 6.6 6.8
DO(°:) 0.5m 90.3 88.4 86.4 79.9 77.4 67.5 72.5 74.7 74.0 75.9 745 76.4
DO(%) 1.0m 90.7 88.7 85.5 80.4 78.1 67.0 73.1 74.5 74.2 75.8 74.8 76.6
90.4 88.5 110.7 80.2 78.2 66.3 73.0 743 74.0 75.8 74.5 76.1
7.5 7.4 7.5 7.5 7.6 7.8 7.9 7.9 76 7.6 7.4 7.5
7.4 7.4 7.6 7.6 7.7 7.7 8.0 8.0 7.7 7.6 7.5 7.6
7.4 7.4 7.7 7.6 7.7 7.7 8.0 8.1 7.7 7.7 7.6 7.6
0.5m 0.2 0.5 1.4 0.9 1.0 0.5 0.8 0.9 0.8 1.0 1.1 0.8
1.0m 0.2 0.5 1.1 0.9 1.0 0.5 0.8 0.9 0.8 1.0 1.1 0.8
Salinity (%) 2.0m 0.2 0.5 1.1 0.9 1.0 0.5 0.8 0.9 0.8 1.0 1.1 0.8
§S (mg/l) 10.3 6.3 13.0 10.7 8.5 7.3 9.9 10.3 8.6 7.8 5.5 8.8
*Chl-a  (ughl) 9.6 18.4 28.0 19.1 25.2 10.3 24.0 34.2 14.0 15.2 16.5 12.8
*Chi-b  (ugil) 1.1 2.8 3.6 2.1 3.1 1.2 2.5 21 2.5 3.2
*Chi-c  (ugfl) 2.8 3.3 5.3 4.6 4.6 3.2 38 4.7 1.8 9.7
*Carot. (pgfl) 4Ese0 2.5 5.0 8.0 5.8 7.5 2.9 7.6 2.4 4.6 1.0
“Carol. (ng) 10E;e| 63 126 200 145 188 7.2 19.1 5.9 11.4 1 26
Chi-a  (ugh) B 19.7 X B 16.7 ¥ 8.0 7.8 X B
“*Phaso. (ugh) 37.2 15.7 22.8 19.4 13.1 7.8 111 13.0 14.5 24.5

* Unesco (1966) method
**Lorenzen (1967) method
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527, REMIIBITLKERET -2 (19974€ 1059 H)
Appendix 7. Raw data of water quality research in Lake Shinji, Oct.9, 1997.

1997/10/9

Sampling Point 81-3 S1-4 S$1-5 S$2-1 S2-2 $2-3 S2-4 825 S4-1 S4-2 NU1 HU2 NU3 NU4 NUs NUe
North latitude 35°27.37' 35-26.84' 35°26.34' 35727.37' 3525.36' 35°28.02' 35-27.60' 35-27.08' 35-26.59' 35'26.07' 35-27.39' 35°26.096' 35 30.83' 35°30.22° 35°29.18' 35'28.50' 35 26.30' 35°29.05'
East longitude 132754.98' 132°65.03' 132°55.11' 132°54.98' 132 55.30' 132°59.64' 132-59.76' 132°59.86' 132-59.97' 133-00.04' 132°56.75' 132°58.29" 133 09.74' 133 08.89' 133 09.06' 133'09.69' 133 11.19" 133°12.41"
Time (Begin) 8:58 9:10 9:23 9:37 9:50 11:22 11:09 11:03 10:57 10:49 10:10 10:27 10:05 9:51 9:36 9:09 8:51 8:25

l | 1 1 1 1 [ 1 1 1 | t 1 !
Time (End) 9:05 9:18 9:33 9:45 11:05 10:59 10:53 10:16 9:58 9:43 9:17 9:00 8:39
Water depth(m) 5.3 5.3 5.3 5.3 5.0 5.0 4.8 2.5 65 6.6 5.8 7.5 7.4
Secchi disk depth (m)| 0.8 0.8 0.8 1.0 0.9 0.9 0.7 0.9 1.5 1.8 1.2 1.1 1.1
Water temp. (‘C} 0.5m 19.8 19.7 19.8 - - - 20.0 206 20.4 19.3 19.0 19.0
Water temp. (C) 1.0m 19.7 19.7 19.7 - - - 19.8 20.6 20.2 19.3 20,0 19.0
Water temp. (C) 2.0n 19.6 19.6 19.6 - - - 19.3 203 20.2 20.1 19.5 19.6
DO(mgl) 0.5m 10.2 10.5 10.6 - - - 102 7.7 9.0 10.0 10.1 9.9
DO(mg/) 1.0m 10.2 10.5 - - - 10.3 7.4 8.9 9.8 10.0 9.8
DO(mg/l) 2.0m 10.0 10.1 - - - 8.5 7.2 8.5 9.1 9.5 9.5
DO(%) 0.5m 1121 115.2 - - - 1129 90.4 105.4 114.3 114.1 110.4
DO(%) 1.0m 112.0 115.0 - - 113.8 86.6 103.8 11.6 112.3 1105
DO(%) 2.0m 109.9 110.7 - - - 92.9 84.5 98.3 105.2 108.3 109.8
pH 0.5m 9.1 9.2 - - - 9.1 8.3 8.6 8.7 8.8 8.9
pH 1.0m 9.1 9.2 - - - 9.1 8.2 8.6 8.7 8.8 8.9
pH 2.0m 9.0 9.1 - - - 8.4 8.2 8.5 8.6 8.8 8.8
Salinity (%) 0.5m 0.6 0.6 - - - 0.7 9.0 8.8 8.2 7.9 7.7
Salinity {%) 1.0m 0.6 0.6 - - - 0.7 9.0 8.8 8.3 8.0 7.8
Salinity (%) 2.0m 0.6 0.6 - - - 0.7 9.1 8.8 9.5 8.1 8.2
$S (mg/h) 10.2 9.0 1.0 10.2 7.1 6.8 2.9 4.2 7.7 7.4 8.1
“Chl-a  (ugh) 53.4 50.2 83.8 62.6 36.7 39.0 5.9 10.4 27.0 20.7 17.4
“Chl-b  (pgh) 1.0 0.1 - 05 1.8 0.9 0.4 05 2.9 0.4 0.6
“Chi-c  (ugh) 128 10.2 12.5 13.3 9.1 8.7 1.8 5.2 13.4 5.5 5.9
“Carot. (ng/l) 4Esgo 19.3 16.9 37.7 25.1 13.4 13,5 2.6 5.4 9.2 7.1
Carot. _(ugh! . 94.3 62.9 ‘33,5 33.8 6.4 13.6 23.1 17.6
**Chl-a (ughl) X 85.0 60.6 32.6 34.2 5.0 8.4 26.1 15.0
“‘Phaeo. _(ughl) 15.7 6.8 - 4.2 7.8 8.9 1.4 36 3.4 9.7

* Unesco (1966) method
**Lorenzen (1967) method

fra&k 8. FEMIZBITAKERET—% (19974 104 13 H)
Appendix 8. Raw data of water quality research in Lake Shinji, Oct.13, 1997.

1997/10/13 L.Shinji and L.Nakaumi
Sampling Point S1 S1-2 $1-3 S1-4

[ $1-5 S2-1 $2.2 S2-3 S2-4 S2-5 Sa-1 S4-2 NUT NU2 NU3 NU4 NUS NUG
North latitude 35°27.45' 35'26.84' 35°26.35' 35°25.88' 35°25.35' 35'28.08' 35°27.16' 35°27.16' 35°26.60' 3526.10' 35'27.38' 352608 35'30.85' 35'30.21' 35°29.19° 3528.49' 35 28.34 35°29.08'
East longitude 132'54.94' 132 55.03' 132 55.09' 132°55.22' 132°55.22' 132750.60' 132'59.89' 132°59.89' 132°59.98" 133-00.04' 132°66.79' 132° 58.34' 133°00.75' 133°08.89' 133°09.04" 133 08.73' 133"11.17' 13312.44'
'I'A;ne (Begin) a:lsa 9:'23 9:34 9:52 10:06 11:44 11:33 11:21 11:10 10:57 10:23 10:39 10:18 10:02 9:45 9:13 10:58 11:16

1 1 ' 1 [ 1 1 | 1 i 1 ' [ 1 1
Time (End) 9:05 9:29 9:48 10:02 10114 - 11:39 11:28 11:17 11:04 10:28 10:46 10:26 10:10 9:55 9:30 nfos 11:26
Water depth(m) 3.7 5.2 5.4 5.5 5.3 4.7 a.9 5.0 5.1 4.8 2.5 5.4 7.0 7.0 7.2 6.5 7.9 8.2
Secchi disk depth (m) 1.0 0.8 0.9 0.8 0.8 1.0 1.0 1.0 1.0 1.5 1.0 1.0 1.8 1.8 1.8 2:4 |:9 1:7
Water temp. (C) 0.5m  17.1 17.4 18.2 18.4 185 18.2 18.3 186 18.3 18.2 18.5 18.6 19.3 19.3 19.1 18.5 17.9 18.1
Water temp. (C) 1.0m  17.0 17.4 18.1 18.3 18.5 18.2 18.3 18.6 18.3 18.2 18.4 18.5 19.1 19.1 19.0 18.4
Water temp. (C) 2.0n 17.3 17.6 18.1 18.1 18.3 18.2 18.3 18.6 18.3 18.1 18.3 18.4 19.1 18.8 18.9 18.2
DO(mgfl) 0.5m 10.9 109 9.6 9.8 10.2 10.1 10.3 10.3 10.5 9.8 9.5 10.2 8.5 8.2 8.5 8.4
DO(mg) 1.0m 10.9 10.8 9.6 9.8 10.1 10.2 10.3 103 10.5 9.8 9.5 10.3 8.5 8.3 8.4 8.0
DO(mgfl) 2.0m 10.4 106 9.4 9.4 10.1 10.2 10.4 103 10.6 9.7 9.0 10.3 8.4 8.2 8.1 8.8
DO(%) 0.5m 113.3 113.7 103.0 104.0 108.0 108.0 1100 1110 112.0 104.0 101.0 110.0 97.3 94.1 97.0 94.9
DO(%) 1.0m 112.6 113.2 102.0 106.0  108.0 109.0 111.0 109.0 112.0 105.0 102.0 111.0 96.6 94.0 95.2 91.0
DO(%) 2.0m 108.3 1108 101.0 100.0 109.0 109.0 112.0 111.0 112.0 102.0 98.0 111.0 95.3 92.2 92.4 100.1
pH 0.5m 9.0 9.1 - - - - - - - - - - 8.3 8.2 8.9 8.0
pH 1.0m 9.0 9.1 - - - - - - - - - - 8.3 8.3 8.2 8.1

pH 2.0m 9.0 9.0 - - - - - - - - - - 8.3 8.2 8.2 8.3
Salinity (%) 0.5m 0.5 05 0.8 0.8 0.9 1.0 11 11 11 1.0 0.9 9.1 9.1 9.2 IR
Salinity (%) 1.0m 0.5 0.6 0.8 0.8 0.9 1.0 11 1.1 14 1.0 0.9 9.2 9.1 93 1.4
Salinity (%) 2.0m 0.6 0.6 0.8 08 - o9 1.0 11 11 1.1 1.0 1.0 9.2 9.2 9.3 1.9
SS (mgfl) 97 10.1 85 8.6 13.7 8.5 9.7 8.8 9.5 7.0 9.5 32 5.8 4.7 5.2
“Chl-a  (ugll) 44.1 46.7 467 49.0 89.1 41.5 a1 45.4 47.6 306 38.9 9.0 4.5 7.2 a1
*Chi-b  (ughl) 0.7 0.6 0.4 0.0 0.2 0.4 2.8 0.4 2.8 0.1 0.1 0.4
“Chl-c  (ngh) 8.3 8.4 9.1 6.3 7.0 7.4 18 6.3 127 2.1 31 22
“Carot. (ugh) 4Ews | 13.5 14.2 13.8 15.0 17.5 17.1 10.8 14.4 3.8 2.1 27 1.7
*Carot.  (ng/l) 10Esgo ] . 374 43.9 428 27.0 35.9 5.1 6.8 4.3
“*Chl:a (nghl) B R TR Taee T B X 76 s
“Phaeo. _(ug/l) - - - 2.3 1.0 24 1.5 0.7 30.0 1.2 - 6.2

* Unesco (1966) method
“*Lorenzen (1967) method
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Appendix 9. Satellite and water qulity data set in Lake Shinji
and Lake Nakaumi, 1995-1997.

No. Date Satellite or Sensor  Cloud Resolution
Airborne cover.(%) (m)
1 11 Aug.1995 LANDSAT-5 ™ 100 30*30

SPOT-2 HRV 70 20*20

2 13 Aug.1995 JERS-1 OPS 70 2020

3 7 Nov.1995 SPOT-2 HRV 20 20"20

4 13 Aug.1996 LANDSAT-5 TM 40 3030

5 11 Oct.1996 SPOT-2 HRV 0 20*20

6  3Jun.1997 JERS-1 HRV 50 20*20

7 8 Aug.1997 SPOT-2 HRV 30 20"20

8  90ct.1997 SPOT-2 HRV 0 20*20
Airborne MSS 0 12.5(Nadir)




