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Water quality mapping in Lake Shinji and Lake Nakaumi using satellite remote
sensing data (partl)
-Horizontal distribution of secchi depth, suspended substance concentration and chlorophyll-a
concentration under algal bloom condition-

AR

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

Abstract : Simultaneous waler 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 4z 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.

Key words : remote sensing, SPOT2/HRY, algal bloom, Lake Shinji, Lake Nakaumi
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Tab.l 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 87713 SPOT-2 HRV 317-279 - Available
4 97.8.8 SPOT-2 HRV 317-279  Available  Available
5 97.8.11 Airborne MSS - - Available
6 97.9.24 Landsat-5 ™ 112-35 = Available
7 97108 SPOT-2 HRV 317-279  Available  Available
Airborne MSS - Available  Available
8 97.10.13 JERS-1 OPS 76-241 - Available
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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  (mls)
9763 11:00am 246  1009.6 w 4.0
97.88 11:00am 336 10024  SW 5.0
97.10.9 11:00am 210 10157 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) Bbit 20m*20m
(Japan) (Visible and Near Band2: 0.63-0.69(Red) (G4 grey)

Infrared Radiometer)  Band3:0.76-0.86(IR)
SPOT-2 HRV Band1: 0.50-0.59(Green) 8bit 20m*20m
(France)  (High Resolution Vible Band2:0.61-0.68(Red) (256grey)

and Middle Infrared) Band3: 0.79-0.89(IR)
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Fig.2 Aecrosol 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/l). Date of research : Jun.3,
Jun.4, Aug.8, Aug.l1, Sep.24, Oct.9, Oct.13. Time
of research : from 9 to | lam.
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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 ( zg/l).
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 Shinji

S1-5 S2-1

S2-2 S2-3 S2-4 S2-5 S4-1 S4-2 Total

Water quality parameters Station S1-1 S1-2 S1-3 S1-4
Secchi depth Ave. 10 11 10 1.0
(m) SsD 03 04 02 02

CV(%) 28.1 336 215 20.8

10 11 10 11 11 13 11 10 1.1
02 03 03 03 02 04 03 03 03
17.5 327 247 239 209 31.2 257 240 254

Suspended Substance Ave. 82 7.0 79 75
(mg/l) SD 25 22 27 1.8

CV(%) 30.2 31.8 337 242

82 67 78 76 68 53
27 22 21 27 25 19 38 19 24
32.8 327 273 349 371 359 459 269 32.8

84 71 7.4

Chlorophyll-a Ave. 31.2 327 343 36.3
(ngh) sD 133 13.0 102 1141
CV(%) 42.7 39.8 29.7 30.6

415 322 341 384 324 246 416 356 346
228 20.5 13.8 21.8
54.9 63.6 404 56.7 540 311 727 38.8 46.3

175 76 303 138 16.3

(b) Lake Nakaumi

(n=7)

Water quality parameters Station NU1 NU2 NU3 NU4 NU5 NU6 Total

Secchi depth Ave. 1.5 16 1.7 1.7 14 14 1.6

(m) sbD 0.3 0.2 0.1 06 04 03 0.3

CV(%) 16.4 94 6.7 36.7 29.0 224 20.1

Suspended Substance  Ave. 3.8 4.0 44 6.1 50 4.1 4.6
(mg/l) sb 0.7 16 03 14 18 1.8 1.3

CV(%) 17.0 40.2 6.6 22.8 36.1 435 27.7

Chlorophyll-a Ave. 9.6 6.5 10.0 199 153 13.3 12.4
(ng/ SsD 0.6 2.3 2.6 13.8 6.8 50 5.2

CV(%) 6.2 359 256 69.1 444 375 36.5
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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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Oet:9.1997.
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Fig.10 Map of chlorophyll-a concentration in Lake Shinji and Lake Nakumi from the simple regression algorithm under

algal bloom condition , Oct.9,1997.
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Appendix 1. Raw data of water quality research in Lake Shinji, June 3, 1997.

Appendix 4. Raw data of water quality research in Lake Shinji, Aug. 8, 1997.

1997/6/3 L Shinji =
Sampling Paint Si-1 Si2 513 S14 S5 S2-1 S22 S23 S2-4 S2.5 531 532 533 Sa.4 S35 Sa1 Saz #W =
North latitude 35 2731 35 26.83 35 26.38 35 2586 35 2536 35 2805 627.67 465 27.07 6 26,563 45 26.10° 35 27.56 35 27.31' 35 26.82' 35 26.58' 35 26.19' 35 25.32° 35 26.10° —Lth f!mds T TR 2;‘34‘ !sf';;‘;?‘ = Z:s-sse' = Sal 5o iSou  Say - {BoA Sd-i Sd-2 NUY NUZ NU3 NU4 NUS NUG
East longiude 133 54.78° 132 BE.11° 192 55 11" 135 65 25 139 £5.99' 132 §9.52" 192 §9.74' 103 £5.87' 133 30 09" 133 00,07 133 0318”183 03.44' 193 5895153 56,82 123 £3,62'135 66.60" 132 56.28' e SRR e S (352804 3527.58° 3527.06' 35 26.55' 3526.10' 35 25.09' 35 2608 35 3084’ 35 30.17° 35 20.22' 35 26.66 35 28.05 36 20.06'
Time (Begin) 8:53 9.02 s:07 9:13 9:19 10:10 10:05 10:00 10:33 9:51 11:37 11:19 10:55 10:37 9:54 9.28 9:29 Tima (Bagin bt : $5.207132 55.35" 132°59.63" 132 59.73' 132 59.86' 132 59.96' 130 00.03' 132 56.77' 132 56.36' 133 09.74' 133 0B.8B' 133°09.03' 133 09,69 133 11.11 133 12.41°
| | | | 1 I 1 | 1 1 | | 1 1 | | | 1 ';"‘" (Begin) 2:00 Lk 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
Time (End) 858 9:04 .08 9:15 9:21 10012 10:07 10:02 10:35 953 11:44 11:26 101 10:45 10:20 9:30 942 e el 9‘:” g.‘m g_'zz 9_'30 9_;5 ; ! ! ! ! I I i ' | | | 1 [
Watar depth(m) 3.4 5.2 5.4 5.5 51 a6 48 5.0 a9 48 14 45 58 56 81 25 54 Watwe Hoplkifi A o A e : 0:50 10:42 10:35 1028 10:22 9:52 10:07 9:40 10:52 10:08 10:28 10:45 1059 |
Secchi disk depth (m) 1.5 1.8 1.4 1.4 1.3 1.7 14 14 1.5 14 1.4 1.2 10 10 07 16 15 Sacohi disk dapik (i o e a 4 f: 5.0 5.2 53 5.2 50 27 5.7 6.3 B.5 6.7 58 5.9 7.4 |
Watar temp. (C) 05m 213 212 213 212 21.3 201 213 213 21.4 213 225 213 218 216 215 212 21 sl itk Gl O Lo ML b L 2!7.0 09 1.0 1.1 : 13 10 15 16 16 15 13 1.3 |
Water temp, ('C) 1.0n] 213 212 213 212 212 201 213, 213 214 213 2256 218 217 21.5 21.4 21.2 211 Watds “mp' (c) T S ks 2 it il 2 26.9 269 27.4 27.7 27 27.2 26.5 26.1 263 26.4 263 26.4 |
Waler temp. ('C) 20n 21.2 21.2 21.2 21.2 21.2 215 21.2 213 21.3 212 225 215 215 21.4 213 212 211 Vi o el aam]| A s s S 5 =t 2;-2 262 26.9 27.3 27.6 27.7 27.2 257 25.6 25.8 253 253 25.5 |
DO{mglly 0.5m a7 8.7 9.1 8.9 91 2.0 91 9.2 2.0 85 74 9.5 9.8 9.9 8.8 8 9.1 00(mgr) Sn s Ey 1 s 5 '72 e '{mﬂ 279-5 268 273 27.4 27.3 27.0 25.8 25.7 25.7 25.1 25.0 252
DO(mgfl) 1.0m 88 8.7 9.1 B9 9.0 9.0 91 92 8.1 85 76 9.4 97 98 8.7 7.8 a1 S g G > i) ar il e z 2 7.3 78 7.5 5.9 78 83 7.5 7.3 10.0 ER] 108
0C(mg/l) 2.0m 8.9 8.7 9.2 8.9 9.1 90 92 9.3 9.1 86 7.7 9.4 9.7 87 8.8 77 5.0 sl iy L2 £ 2 7 7‘: 7.2 7.3 7.9 7.5 7.2 8.0 7.8 8.1 8.0 1.2 107 10,1
DO(%) 0.5m 104.0 103.7 108.9 105.9 1076 107.6 108.1 104.5 107.8 100.9 935 11a2 114.0 1154 103.4 94.8 1075 DO Db e bl i [t 2L el 9"'-0‘ 7.3 7.9 6.9 6.8 7.7 6.6 7.4 73 7.4 7.3 8.0
DO(%) 1.0m 105.4 1038 108.4 105.8 1079 107.6 108.8 109.7 108.2 1019 310 110.5 1122 1128 100.6 226 107 9 Sl ek s = bt il naz 1 92.0 29.6 96.2 89.5 100.2 106.9 1001 95.4 1352 1019 130.3
DO(%) 20m RLER] 1042 109 2 1052 107.8 107.1 109.0 1104 1085 102.3 899 100.9 12,6 112.8 9.9 91.7 107.0 DOM%) 2.0m Wb 5 e e bl 9.3 92.7 100.4 96.8 82.9 1015 1014 1052 103.7 132.5 143.5 1265
pH 0.5m a1 8.0 8.4 8.5 8.5 B3 85 85 B4 a1 - - . . . 78 85 PH DSmA o P e 913 88.3 1.7 100.7 89.5 867 8.5 90.4 95.3 94.4 94.5 RS 104.3
pH 1.0m a2 8.1 as 8.5 B.5 Ba BS 85 B4 B - - - - - T 85 A ald 8 i :—: 8.8 8.4 8.3 83 8.7 a4 8.3 B.6 a1 8.1 8.0 8BS 8.1 a5
pH 20m 82 8.1 a5 85 85 8.3 B5 86 8.4 8.1 - - - - - g 85 zH o &5 s 0 o g-: b4 8.2 8.2 8.7 B4 a.s 86 8.1 81 8.1 B.S 8.6 86
Salinity (%) 0.5m 3.1 31 3 3.3 3.4 36 386 38 35 as - - . . . 3.4 36 S!“ni'ly - Sk e 5 b 4 g‘; 5- 8.2 a7 8.1 a2 B4 7.9 8.0 8.0 B2 8.0 83
Salinity (%) 1.0m 3 31 a1 33 3.4 3.6 3.6 a6 35 35 - - - . - 3.4 36 SaRalt ). om b i s l—g i o8 0.8 o8 1.0 11 1 0.8 10.3 10.0 0.2 4.1 28 41
Salinity (%) 20m a 31 a 33 3.4 36 36 36 as as - - - . - 3.4 36 el ey 2 o e o= L i i - 08 0.8 1.0 1 1.1 08 10.6 1056 107 7.3 4.0 5.0
S5 (mgfl) a2 52 78 81 72 58 90 65 4 40 22 5.8 65 8.0 167 56 59 i = i i 2 . 08 0.8 0.8 1.0 11 11 08 1.0 10.9 1.3 71 6.0 6.3
“Chi-a  (ugll) 278 228 U7 405 20.2 17.8 243 231 16.9 16.9 25 138 2186 273 30.8 26.1 23.3 Sl . i 2L i ssa.ag 55 57 8.0 a9 32 9.7 40 45 a2 a2 54 43 a2
“Chib (gl o P e o il G it seh a P o Ay S f iia 19 a6 ke (::n; i i e 2|5.5 e 335‘4 36.2 are at 26.6 330 331 95 9.1 12.3 28.7 17.5 148
*Chlc  (ugfl) 121 10.0 15.3 17.7 10 72 103 10.2 79 B39 23 10.5 10.3 1.4 12.0 10.9 8.3 oiie. T, o b = 55 5 A 25 1.8 1.7 10 21 15 22 0.6 0.8 0.8 10
“Carot.  (ugl) 4Eqen 16.7 i2.8 21.8 245 158 15.5 13.6 12.1 T 9.6 - 5.3 12,8 15.7 15.5 9.4 12.8 *Carol. (ugl} 4E 13.7 11; 8 11.8 11‘ 4 |5 7 193.77 et 53 9.0 5.0 6.2 4.6 0.4 27 3z 8.4 38
‘Carot {ug/) 10E.| 416 a1 4.4 612 397 ag.s ETR 303 19.4 24.1 - 13.2 315 394 387 234 314 . mE‘ s B e ) E 13.7 143 12.2 1.5 138 138 4T 3.8 52 1.0 6.6
“'Chl-a  {ugll) 387 16.0 28.3 38.3 25.3 13.6 18.2 13.3 12,9 135 - 1.9 104 244 27.3 21.2 19.4 oL }l( )8! . S0 bl 8 4 39.3 342 343 358 305 - 348 aas e a5 131 76 164
“Phago. _(ug/l) - 12.0 it 38 6.7 7.2 10.5 16.9 74 59 B4 3.8 19.6 5.3 6.6 8.7 7.5 “Phaes 'l':w ia i 5 22.4 33.1 271.7 30.8 26.7 22.7 27.0 285 43 7.4 10.2 221 10.1
Unascs T1566) method e ol i 1.9 5.2 6.6 13.8 8.7 9.0 15.2 1.0 8.3 8.4 a2 38 1.5 12.8 14.2
*Lorenzen (1967) method & el
Lorenzen (1967) method
N3gm g - e — N
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Appendix 2. Raw data of water qualitv research in Lake Shinii. June 4. 1997. 9525, FREMIZBITLKRERET—5 (1997 €8 F 11 H)
. . § . s
e b Appendix 5. Raw data of water quality research in Lake Shinji, Aug.11, 1997.
Sampling Pont S1:1 S1-2 S1-3 81-4 81-5 S2-1 S22 S2:3 S2-4 §2:-5 831 832 833 S3-4 835 Sé-1 S4-2 1997/8/11 L.Shinji. L.Nakaumi and Miho B )
North  lantude 35°27.36 35 26.84° 3526.35 3525.84 352536 35 2B.03 35 27.58 35 27.10° 35°26.56 35'26.08' 35°.27.53 35 27.33' 35 26,85 35°26.63 35'26.00° 35 25.37 35 26.08° Emmm e SL. Eiz % Y
East longitude 132°54.91 132 55.08° 132°55.10' 132 55.21° 132 55,29 132°56.62' 132°69.74' 132'59.85' 132-50.98' 133°00.0 € 133°03.00' 133°01.26’ 132°58.34" 132°66.77' 132763.63' 132°56.76' 132 58.30 #th R TP asaéi —St4 S5 _S2a S22  S2.3 824 S2:5 Sa- S42 NUT MB1 WEz [
Tima {Begin) 9:00 615 9:20 9127 #:33 ety Toizs Soiie 1008 ey 10:68 10:38 J618 16:00 a0 Stz abE s i 38 83" 4' 35°25.88' 3525.34' 3520.03 36 27.58° 35 27.10° 3526.54' 35 26,06 35.27.41° 35 26,04 35 30.830' 35°31.20° 3531.78 3532.40°
: : 5 ; ! ; ; ; : i : . ; i : : ; : ast longiude 132 54.94° 132 55.03'132/56.13' 132 55.19' 132 '55.26" 132 59.64' 132 §9.73' 132 50.80' 132 59.94° 133 00.01' 132 56.75' 132 58.32' 133 09.72' 133 16 52' 133 20 65 133 22 89"
Time (End) @12 87 w24 9:29 9:35 10:31 10:26 10:21 10:15 10:08 11:05 10:42 - 10:05 - 9:46 9:57 T""'“ {Begin) ﬂ‘l‘” 9:08 %18 9:23 9:31 10:58 10:52 10:44 10:35 10:30 g:50 1011 9:45 10:16 959 9:35
Waler dapthim) A 51 5.3 53 5.1 a8 a8 5.0 a9 a6 1.3 a2 55 56 as 2.4 55 Trus: e iy a-ln g.'m i 1 ! ! | | 1 ' | 1 I | I
Sacchi disk depth (m)| 1.3 1.2 1.2 10 11 13 14 14 12 1.8 1.3 1.5 13 1.3 1.2 0.8 1.0 Waler dogths i i o 95‘2‘ 9:85 11:01 10:53 10:48 10:38 10:31 9:55 10:15 9:55 10:03 9:43
Waler lemp, () 0.5m  21.2 21.4 21.5 21.6 217 21.2 21.5 21.8 218 218 219 216 218 218 21.6 21.8 21.6 Secchi disk deglh {m) b4 i b ‘-: B4 48 5.3 52 5.4 4.9 2.6 5.6 6.0 - .
Waiar temp. (C) 1.0m  21.1 211 215 216 207 21.2 216 21.9 21.8 219 218 217 218 215 217 218 21.6 War e, (o1 65| 28 L H : 1.0 1.1 1.0 11 1.1 12 09 12 15 5.5 6.0
Water temp. {C) 200 21.1 213 218 216 217 214 215 218 218 219 220 218 218 215 217 21.8 21.5 Water tomp Vel Tom| 234 bt & g:.z 28,4 288 28,9, 28.9 28.0 29.4 28.8 28.9 272 8.2 278
DO(mgA)  0.5m 86 8.8 9.1 9.1 0.3 8.9 9.1 8.8 8.9 7.8 2.6 9.3 9.4 06 B.e 5.9 8.5 Wiyl soml 2o i o -2 28.3 28.3 28.4 28.6 289 29.2 28.6 28.7 26.9 26.8 26.8
DO(mg) 1.0m 85 8.8 9.1 9.2 8.1 8.8 8.2 8.7 8.8 7.8 6.9 9.2 9.3 9.6 as 8.1 9.6 00(mgh o5m i i &= 257'9 il 28.0 28.0 28.0 285 28.8 28.3 281 267 26.7 26.7
8.5 88 8.5 5.0 100 8.8 8.2 87 8.8 T8 66 8.9 8.1 9.3 B9 7.6 9.3 DO(mg® 1.0m o 4 s b : 2-9 8.4 §ia 8.5 6.5 6.3 51 65 8.1 6.7 6.9
1014 105.3 108.2 109.8 112.0 105.4 109.6 105.5 106.9 93.2 99.4 106.8 110.3 110.8 103.8 120.0 1140 DOUmaN 2.0m o gl e i s'g 6.4 8.5 6.5 6.5 6.4 6.1 6.6 a.0 8.7 7.2
1014 105.2 108.7 109.5 108.1 106.5 1099 105.4 1060 913 81.4 106.5 108.0 110.3 103.0 96.0 114.3 0% 5 i il S0 S 2 6.0 6.1 6.1 6.1 5.4 5.3 6.2 78 6.9 7.2
101.0 105.2 107.8 1075 107.2 1017 109.3 1044 106.1 538 205 102.6 106.3 108.9 105.1 88.e 1113 0O0%) 1.0m - G : e 258 836 948 86.3 84.3 77.9 85.3 106.9 85.0 89.0
81 83 B4 86 86 8.4 8.3 8.4 8.0 . 4 3 B . 8.8 8.6 . el 124 713 748 6.2 832 839 8.8 85.6 4.4 795 86.1 105.8 86.0 88.0
& e e ae e Pl i 2 5 ) i B B . a5 b DO[:) 20m o7.9 702 70.4 72.7 536 772 785 78.8 B0.2 836 89.1 80.0 107.6 83.0 91.0
pH 2.0m a1 83 BS5 8.6 8.5 a3 8.3 8.3 7.8 . . . - 8.0 8.7 ”: 3$ 0 8.5 8.1 8.8 88 B9 as 9.0 8.2 9.1 88 a1 B2 8.6 as
Salinity (%) 05m as 33 3.3 3.3 3.2 36 EX a8 35 - - - - . 32 34 B i :: 2.4 8.1 88 8.8 8.8 a6 9.0 9.1 9.1 as ER 8.2 85 8.5
Salinity (%) 1.0m 3.4 3.3 21 3.3 3.2 36 3.6 3.5 35 . . . . . 32 3.4 S e— e i 8o i) 78 83 8.5 87 8.8 8.1 8.0 8.8 82 2 85
Salinity (%) 2.0m a4 3.3 3.3 az a2 36 a6 as . - . - . 23 3.4 Sa“m‘: b et o g': g‘: [ 0.3 0.8 08 0.8 1.0 0.9 0.8 10.2 255 0.7
S5 (mg/) 43 59 57 6.8 8.7 41 a0 a7 24 5.9 57 7.3 60 16.0 9.4 Salinity () 20m o ia o5 b g»: 0.8 0.8 0.8 1.0 1.0 1.0 08 10.3 31.5 316
‘Chi-a  (pgl) 206 23.6 23.9 315 30.8 133 17.8 221 14.1 17.2 310 21.4 22.8 108.0 52.5 53 (man) ) 5'5 5‘3 5'7 e‘o 5-? g: 08 0.8 1.0 10 1.0 0.8 10.3 316 31.7
“Chi-b  (ugh) a4 11 2.6 14 1.6 14 2.8 28 0.5 0.5 07 51 14 . - Fhica et s i o L 5 63 48 5.3 44 5.4 6.0 3.4 3.3 0.9
*Chi-c (ugd) 1.2 1.3 17.3 227 17.6 58 16.3 166 23 7.3 153 201 a1 0.2 24.8 “Chio (g e o i S Al ~"|3f 423 3.3 3z3 207 29.9 39.6 127 8.7 23
“Caret. (ugh) 4E.sn 95 13.4 13.8 28.3 20.2 6.2 8.7 13.0 52 74 166 57 10.7 73.0 ar.e ‘Chic  (ugi) e G o 5 i s ;-2 ;~; 1.8 oa 0.4 18 0.6 1.2 0.4
‘Carcl. (pgf) WE| 238 336 344 733 806 185 a7 32e _me e a1 268 te2s w44 Cuot Gl 4Es; | 188 4BF e fE4 a1s daE 1dk : 2 b £ o a1 o 23
hi-a  (ug) BE 17.8 49.5 25.6 24.8 43 a0 10.7 85 96 229 16.1 35.4 350 s ;i : - 5 * 1 1 1o:7 s 134 12.8 51 . 22 0.4
0 20.7 103 i 213 114 158 88 15.7 203 5.6 13.4 131 119 1183 30.2 “Coral_Uig. 106y | 42.2 e Lo #ra 238 3.9 284 292 318 24.5 32.9 34.4 128 101 55 1.0
Citos T1068) aTWO Chi-a  (ug/) 36.3 28.1 24.8 283 30.6 350 36.9 26.9 30.7 18.6 222 arz 9.4 107 48 1.1
Phaso. _(ugil) 432 5.2 7.5 10.9 - 6.2 109 1.2 5.3 3.6 13.6 45 5.7 36 6.9 2.2

*Lorenzan (1967) method Unesco (1966) methed

**Larenzen (1867) method

5 3. SOl B A KERET— ¥
(1997 7 B 13 H)

Appendix 3. Raw data of water quality
research in Lake Shinji, July 13, 1997.

ff& 6. FEMIZBITHARERET—Y (199749 A 24 H)
Appendix 6. Raw data of water quality research in Lake Shinji, Sep.24, 1997.

1997/9/24 L.Shinji

1997/7/13 L.Shinji Sampling Point S1-1 §1.2 513 S1-4 S1-5 §2-1 §2-2 S2-3 S2-4 S2-5 S4-1 S4-2
Sampling_Point Sad S2:3 . S2-4 . S2-5 - 53-3 = Noith  latitude 35°27.32° 35 26,83 35 26.33' 35 27.84° 35 25.37' 35 28.01' 3527.58' 35 27.05' 35 26.58' 35 26.09' 35°27.37 35 26.08
North latitude 35°27.60°  352708' 3526.10' 152601 3526.89" East longilude 132°54.91° 132 55.05' 132 55.08' 132 55.22' 132 55.20' 132 59.63’ 132 56.82' 132 59,82' 132 59.98' 132 00.04' 132 56.74' 132 58.31"
East longitude 132 §9.75' 132-59.83' 133 00,07' 133 00.12° 132 58.38 Tima (Bagin) 9:10 $:18 925 931 o7 10-a0 10:35 10.28 1022 1015 9:48 10:03
Time (Begin) 10:27 9:48 9:51 9:10 10:09 | | i | | | | 1 1 i I 1 |

1 ! | ! ! ! Time (End) 9:18 9:21 9:27 9:34 9.34 10:42 10:37 10:30 10:24 1015 2:51 10:05
Tima (End) 10:30 9:52 9:63 9:30 10:12 Water depth{m) 4.0 52 53 5.3 5.2 4.8 48 5.0 51 48 25 5.4
Waler depth(m) 6.0 61 6.2 57 6.3 Sacchi disk depth (m) 0.7 0.8 08 08 0.8 0.7 0.8 0.7 0.8 1.1 % 07
Secchi disk depth {m) o o7 0.5 o7 0.4 Water lemp. () 0.5m 19.7 207 21.8 214 217 208 21.7 27 21,2 21.2 216 210
Water temp. (C) 0.5m 245 24.4 235 22.9 22.8 Water famp. (C) 10m 19.7 20.7 218 21.4 217 208 21.6 217 212 21.3 21.6 210
Water temp. ('C) 1.0m 245 24.4 235 229 22.7 Water temp. (C) 20m  19.7 208 21.8 21.4 217 208 21.7 217 21.2 21.3 21.6 21.0
Water tamp. (C) 20m|  24.4 24.3 235 229 227 DO{mg/) 0.5m 83 7.9 76 71 68 5.5 6.4 8.6 6.6 6.7 66 68
DOmgA} 0.5m 65 6.7 6.8 7.2 6.4 DO{mgf} 1.0m 8.4 8.0 75 7.1 &8 6.0 6.4 6.5 6.6 6.6 638
DO(mgn) 1.0m 66 6.7 6.8 7.3 6.8 DO(mgd) 2.0m 8.3 7.9 7.5 7.1 5.8 54 6.4 8.5 6.6 6.6 68
DO{mg/) 2.0m 6.6 6.8 6.9 7.2 6.7 DO{%s) 0 5m 90.3 88.4 86.4 79.9 774 67.5 725 747 74.0 745 76.4
DO(%) 05m 78.0 81.0 80.0 86.0 75.0 DO} 1.0m 90.7 88.7 85.5 80.4 78.1 67.0 731 745 74.2 74.8 76.6
DO(%) 1.0m 79.0 B2.0 a1.0 85.0 780 DO{=:) 2.0m 90.4 88.5 1oy 80.2 78.2 663 73.0 74.3 74.0 74.5 76.1
DO{%) 20m BO.0 B1.0 B2.0 86.0 79.0 pH 0.5m 7.5 7.4 7.5 75 7.6 78 7.9 7.9 7.6 7.4 75
pH 05m - s s * = pH 1.0m 7.4 74 786 786 7.7 77 8.0 8.0 7.7 7.5 76
pH 1.0m - . . - pH 2.0m 7.4 7.4 7.7 76 77 77 8.0 8.1 7.7 7.6 76
pH 20m - - . - - Salinity (%) 0.5m 0.2 0.5 i1 0.9 1.0 08 08 0.9 0.8 11 0.8
Salinity (%) 0.5m 2.6 25 18 1.4 1.4 Salinity (%) 1.0m 0.2 0.5 1.1 0.9 1.0 0s 0.8 0.8 0.8 1.1 oa
Salnily (%) 1.0m 2.6 2.5 1.9 14 1.4 Salinity (%) 2.0m 0.2 0.5 1.1 089 1.0 0.5 0.8 0.8 0.8 11 o8
Salinity (%) 2.0m 2.6 2.6 1.0 15 15 SS (mgil) 10.3 6.3 13.0 10.7 8.5 7.3 9.9 103 86 5.5 88
88 (mgf) 9.7 101 138 128 23.1 *Chi-a  (ugh) 96 18.4 28.0 18.1 252 103 24.0 342 14.0 165 12.8 |
“Chi-a  (ugfl) 19.0 16.8 10.7 142 83 “Chi-b  {ugl) 1.1 28 a6 21 3.1 12 2.5 4.2 2.1 29 32
*Chi-b  {ugil) 2.8 3.8 0.8 22 1.7 “Chi-c  (ug) 2.8 a3 5.3 46 48 32 36 a2 4.7 3.3 9.7
:Chi-c {ngil)y 1.5 14.8 36 9.6 6.6 “Carot.  (ug/l) 4Eug 25 5.0 8.0 58 7.5 29 7.6 10.3 2.4 4.2 10
Carot.  {ug/l) 4E.so 4.6 a4 3.1 5.7 8.7 ‘Carol. (ugf) 10Eupm| 6.3 12.6 20.0 14,5 18.8 7.2 19,1 256 5.9 10.5 26
*Carot. (g} 10E., 1.5 109 7.7 14.2 93 “Chl-a  (ugh) 6.2 . 19.7 6.2 17.2 - 16.7 304 8.0 8.5 -
“Chi-a  (ugh) - - 3.3 - - Phago, _(ughl 6.0 372 157 22.8 15.3 19.4 13.1 7.8 1.1 14.5 245
“*Phago. _(ugll) 42.2 406 14.3 as.9 43.8 ~Unesco (1966) method

* Unesco (1966) method
**Lotenzen (1967) method

*Loranzen (1967) method
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i 7. REMICBY 2 KERET -5 (197 F 104 9H)
Appendix 7. Raw data of water quality research in Lake Shinji, Oct.9, 1997.

1997/10/8 L.Shinji and L Nakaumi

Sampling Point S1-1 §1-2 S$1-3 S1-4 $1-5 82-1 52-2 s2-3 §2-4 825 S4-1 54-2 NU1 NU2 NU3 NU4 NUs NUs
North  latitude 352737 352684 352634 352737 352536 35:28.02 35 27.60' 35 27.08' 35-26.50° 3526.07 35 27.39° 35 26,096 35 30.83° 35 30.22° 35 29.18' 35 26.50' 35 28.30° 35 29.05°
East longitude 132 54.98' 132°55.03' 132 55,11' 132°64.98' 132 55.30' 132 58.64’ 132 59.76' 132 56,86’ 132 59.97° 133 00.04' 132 56.75' 132 58.29' 133 09.74' 133 08.69' 133 09.06' 133 09.69' 133 11.16' 133 12,41
Time (Begin 8:58 9:10 9:23 9:37 9:50 11:22 11:08 11:03 1057 10:49 10:10 1027 10:05 9:51 9:36 9:09 8:51 8:25

1 o 1 I | | | 1 1 ] | 1 1 I 1 I | I i | : E s : \ ~
Tima (End) 9:05 9:18 9:33 9:45 10:01 11:30 11:18 11:05 10:59 10:53 10:16 10:39 10:12 9:58 9:43 917 §:00 a:39 l m7 — =] 7 0) ~ I
Watar depth{m) 5.3 5.3 53 5.8 5.1 45 47 5.0 5.0 4.8 25 5.3 5.0 6.5 6.6 5.8 76 7.4 < - I 'y \JL l
Sacchi disk depth (m}) 08 0.8 0.8 1.0 1.0 o7 0.8 0.9 09 07 0.9 0.9 1.3 1.5 1 1.2 1.1 1.3
Water lemp. ('C) 0.5m 19.7 19.8 19.7 19.8 200 20.5 208 - - - 200 202 205 206 204 19.3 19.0 19.0
Watar temp. (‘C) 10m 197 19.7 19.7 19.7 19.8 20.1 20.3 19.8 200 204 206 202 19.3 200 19.0 ~ —
Water temp. (C) 20m  19.5 19.6 19.6 198 19.6 19.8 19.9 19.3 19.8 204 203 202 20.1 195 19,6 ~
DO(mg/) 0.5m 100 10.2 105 106 106 12.0 11.4 102 12 8.3 77 2.0 10.0 101 9.9 / x , A O) F*ﬁ% —_— ( %iﬁ)
DO(mg/) 1.0m 10.0 102 10.5 10.6 0.7 1.6 1.7 103 1.0 8.3 7.4 8.9 98 10.0 9.8
DO(mg!) 2.0m 9.7 10.0 10.1 10.6 102 108 10.8 8.5 10.8 82 7.2 85 9.1 95 9.5
DO(%) 0.5m 100.0 121 15.2 116.3 1166 133.3 128.7 112.9 124.0 975 604 1054 114.3 1141 110.4
0O(%) 1.0m 108.7 1120 1150 116.4 117.2 128.8 130.2 RER] 1214 6.7 86.6 1038 11,6 1123 1105
DO(%) 2.0m 108.4 109.9 1107 115.5 111.3 194 118.9 92.9 1120 6.1 845 98.3 106.2 108.3 109.8
pH 05m 9.1 9.1 9.2 9z 9.2 9.5 9.4 8.1 9.2 8.4 8.3 8.6 8.7 88 a9
pH 10m 9.1 9.1 2.2 8.2 9.2 9.4 9.4 8.1 9.2 8.4 8.2 86 8.7 8.8 8.9
pH 20m 9.0 8.0 9.1 a1 9.1 9.3 93 8.4 8.1 8.4 8.2 8.5 a6 88 8.8
Salinity (%) 0.5m 0.6 06 0.6 06 0.6 0.7 0.7 0.7 0.7 9.0 8.0 B.8 8.2 79 7.7 4 1 e 3 1 l :EE 2 A 3
Salinity (%) 1.0m 0.6 0.6 0.6 06 0.6 0.6 07 0.7 0.7 9.0 5.0 6.8 8.3 8.0 7.8 [[A) g —_— [] = ° E‘*T \/ﬁ %[] ° '}E m%} HE *
Salinity (%) 2.0m 0.6 06 0.6 0.6 0.6 0.6 07 - - - 0.7 0.7 9.0 9.1 88 9.5 B.1 8.2 S g
SS (mg/l) 12 10.2 9.0 73 7.5 105 8.3 1.0 10.2 7a 68 7.5 a8 2.9 42 7.7 71 6.1 *’\E -ﬁ%‘l . E fl:a 5 & v 6
“Chi-a  (ugh) 47.2 53.4 50.2 48.3 51.6 68.8 55.6 83.8 82.6 36.7 39.0 415 10.2 59 10.4 27.0 20.7 17.4 FAN { AL T
‘Chi-b  (ugl) 0.4 1.0 0.1 1.7 0.9 22 13 - 0.5 18 0.9 15 0.8 0.4 05 29 0.4 0.6
*Chic  (ugl) 9.4 12.8 10.2 12.5 9.9 17.1 101 12.5 13.3 9.1 8.7 14.1 58 1.8 52 134 55 59
“Carot.  (ngh) 4Eus 16.7 19.3 16.9 16.0 18.9 318 217 ary 25.1 13.4 18.5 16.2 58 26 54 9.2 71 5.9 .
‘Carot. (ug/) 10Eus| 41.8 48.4 423 388 a7.2 78.7 54.3 543 62.9 azs EERS 40.4 14.4 6.4 13.6 23.1 176 146 S l d t Ri G k D .
“*Chl-a  (ug/l) 4z.9 44.9 46,5 ar.o 47.2 61.2 54,2 85.0 60.6 32.6 a4.2 ar.e 82 5.0 B.4 25.1 15.0 10.7 a lne we ge a ver 0“0 awa - evelopment Of long-tErm Observatlon System
‘*Phaco. _ {pall) 7.7 15.7 6.8 20.0 80 14.2 3.4 a2 7.6 B9 18.5 35 1.4 36 3.4 9.7 11.5

“Unesco (1966) method

**Lorenzen (1967) method

of saline wedge behaviour- (Preliminary report)

Takao TOKUOKA', Yoshikazu SAMPEI', Takeshi KAMEI', Kiyokazu NISHIMURA?,

38, MBI 2 RERET—2 (1997 €10 A 13 1) . :
# g Bz — 5 ( l Satoshi SUZAKT’, Shigeo MATSUDA *, Shunsuke KUBOTA ° and Shigenori SUZUKI °

Appendix 8. Raw data of water quality research in Lake Shinji, Oct.13, 1997.

1997/10/13

L.Shinji and L.Nakaumi

:ar::linq Paint S1-1 E S1-2 $i-3 51-4 51-5 52-1 S2-2 52-3 S2-4 S2-5 Sa-1 54-2 NU1 NU2 NU3 NU4 Nus NUs

orf Iaﬂ.luds a5 2?.45‘ 35°'26.84' 35°26.35' 3525 88" 352535 35 28.08° 35°27.16' 35 27.16' 35 26.60' 35 26.10° 35 27.38" 35 26.08' 35 30.85' 35 30.21' 35°20.19" 35 28.49' 35 28.34" 35 29.08'

$a$! :ngltuﬂe 132 '54.94' 132 55.03' 132 55.09' 132°65.22' 132°55.22' 132°59.60' 132'59,89' 132 59.89' 132 59.98' 133 00.04' 132 56.79' 132 58.34' 133 08.75' 133 08 A9’ 133 09.04' 133 09.73"133 11.17' 1337 12.44" . b

|r;ne( agin) a?a s.laa 9“34 s“sz m.‘us n;u 11;33 11;21 n;w 10:57 10;23 ml‘as 1o;|s 10‘02 9.:5 9::3 1ulsa n‘wﬁ Abstract: We have deVGIOped a long‘term observation System for the Study of saline Wedge

Time {End) 9:05 29 : ! . 5 E : H B : ) i : E i | i i

;v:w’: TP:"E:;W( l ?; g:g 9;? 1552 !géa & 1;;9 115-;3 1;.:7 1;:;:« 11; Ea |:::a 1%5 1:;:]0 97.525 s)ﬂ,lsso ﬂ?:gs ':; :B at the mouth of river. The observation were carried out at the lower stream of River Gonoka-
cchi dis m, o » A A 1.0 1.0 1.0 1.0 1.8 i F 8 1 1

el B T R S S T R o e a8 18 42 24 e 7 wa of Shimane Prefecture during December 14,1997 and January 24, 1998. The following

3 2 18.3 18.2 18.4 185 191 181 19.0 18.4 17.8 18.1 1 = 2 =,

e R T I R TR T R TR instruments were used for observation: (1) Underwater acoustic profiler for survey of saline

DO{mgh) 1.0m A | 3 % 4 8 ; ; ) i i i i

ar;ﬂgsam ‘:;éga :g‘: l;:. 2: ::: :8: :g: :g: :::: 3; :i :gg :i E‘: :‘: :g :.f :‘-i Wedge (SC'] of Senbon Denki CO., Ltd) ) (2) On-line type, underwater acoustic observation
a) m i 113.7 103.0 104.0 108.0 108. N 0 1 1 i 1

o 1o o om 180 Do Mo 1120 ledo 1010 100 3 a1 ono 84D Toa7 104 system for detecting of halocline (SC-2 of Senbon Denki Co., Ltd.) , (3) Off-line type, un-
4) 2.0m A ¥ 9.0 108.0 112.0 114,0 112.0 102.0 98.0 1 5.9 3 3 ] =

i W ; " : s : : : ; ; W gk mee s Gy aolE e derwater acoustic observation for detecting of halocline (CL-1 of Clover Tech Inc.) , (4)

K - - - - B B.3 B3 8.2 81 8.6 B& .

H 20m 9.0 - - - - - . - - - - 8 | i 1

é"‘,'”‘t’ wom | 3 z: ¢ m w = @ - = A ST I TR T CH Thermometry system using optical fiber distributed temperature sensor (DTS-80 of Y.O. sys-

alinity om § ;i 0.8 0.9 5 5 E i 1

St | ar aea as  ss ey R o - S S - S - tems Inc.) , (5) CT multi-sensor cable remodeled by XCTD probes for measurement of salin-
m 1 a. 13, 85 97 a8 9.5 7 ; 1 1 1k

o A R R I Lo #8342 = 7 sz 2z 2 ity and temperature (Tsurumi-Seiki Co., Ltd.) , (5) Electoromagnetic current meter (Alec
| 3 y - 0.4 0.0 0.2 0.4 28 0.4 0.6 28 0.1 0.1 0.4 0.4 0.1 2

*Chi-¢  (ngil) 2 t ¢ . = i

E S I T TS S OO SO S S O LR N OO soow @ Ele.:cFromcs Co., Ltd.) and (6) Compact water temperature recorder (T.S. WaDaR of Tsurumi-

‘Carol. (ugl) 10E,,| 338 354 a8 i i i i i

ot o s w1 wa  s6 s we e s me s s e s 60 43 71 58 Seiki Co., Ltd.). On the basis of acoustic profiling survey by ship, the front of saline

Bhaco. (gl : ot ' ’ o5 o s 4 8. ur  as  ew id . 62 46 a6 wedge at River Gonokawa was observed to be located at 7.0km point from the river mouth on

“Unesco (1966) method

“‘Larenzen (1987) method

{$52 9. S8 - PiEIIBIT S

wR-KEF—v+t v b (1995

Dec. 14, 1997 and at 4.0 km point on Jan. 14, 1998, respectively. All instruments were ar-
ranged on the said date at the area between 5.4 km and 6.0 km from the river mouth. It was
successfully observed that saline water had invaded at least twice to this area. This newly

~1997 4F) developed system has indicated to be very useful for long-term observation of saline-wedge.
Appendix 9. Satellite and water qulity data set in Lake Shinji Key words: saline wedge, echo sounder, optical fiber system, Gonokawa.
and Lake Nakaumi, 1995-1997.
No. Date Satellite or  Sensor  Cloud Resolution
Airborne cover.(%) (m)
1 11 Aug.1995 LANDSAT-5 ™ 100 30730
SPOT-2 HRV 70 20"20
2 13Aug.1995  JERS-1 OPS 70 20720 ' BRAEREE TN
3 7 Nov.1995 SPOT-2 HRV 20 20*20 Faculty of Science and Technology, Shimane University, Matsue 690-8504, JAPAN
4 13 Aug.1996 LANDSAT-5 TM 40 30°30 T LR e A AT 0 D
5 110ct.1996 SPOT-2 HRV 0 2020 Marine Geology Department, Geological Suevey of Japan.
6  3Jun.1997 JERS-1 HRV 50 20*20 T FREHRA ST
7 8 Aug.1997 SPOT-2 HRV 30 20"20 Senbon Denki Co., Ltd.
8  90ct.1997 SPOT-2 HRV 0 20*20 P ro—nT oy s HREM
Airborne MSS 0 12.5(Nadir) Clovertech Inc.
S HRAHTA A — - VAT A

Y. O. Systems Inc.
PR A AR
The Tsurumi-Seiki Co., Ltd.
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