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Feasibility study for the estimation of chlorophyll concentration
in coastal lagoon environments using satellite optical sensor
—Results of sea truth in Lake Shinji and Lake Nakaumi, 2001

Yuji Sakuno®, Tsuneo Matsunagd Toshiaki Kozu®,
Katsumi Takayasu', Toyoshi Shimomaf and Daisuke Nakayamd

Abstract: In order to estimate chlorophyll-a concentration (Chl.a) for coastal lagoon
environments using satellite optical sensor, simultaneous water quality surveys with satellite
observation were conducted from July to November 2001 in Lake Shinji and Lake Nakaumi.
Thermal infrared image of Terra/ ASTER at night in August 2001, and a radar image of ERS 2/
SAR, avisible image of SPOT-2/HRV, and in-site water quality datasets in November 2001,
were obtained. Comparison between the smulated ASTER data using spectra reflectance data
obtained from the lakes on boat, and in-situ Chl.awas performed. Consequently, “Band ratio of
Band 1 and Band 2" or “Band ratio of Band 1 and Band 3", and “Logarithm of Chl.a” had
comparatively high correlation. It was suggested that Chl.a distribution in the lakes may be able
to be estimated using ASTER data.

Key words: optical sensor, ASTER, coastal lagoon, chlorophyll-a
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Fig. 1 Standard stations of simultaneous water quality
survey with satellite observation in Lake Shinji and Lake
Nakaumi, 2001
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Table 1 Summary of simulataneous water quality survey with satellite observation in Lake Shinji and Lake Nakaumi, 2001

Date Satellite Path-Row Time of satellite Quality of ~ Water quality ~ Water  Atmospheric

/Airborne / airborne observation satellite image data on the boat reflectance transmitance
2001/7/23 Terra 210-209 22:27 O Table 2 x x

2001/7/25  Terra/Landsat7 112-35 11:12/? x/x Appendix 1 A

2001/8/3 Terra 111-35 11:06 O Table 2 x x
2001/8/8 Terra 210-209 22:26 A Table 2 x x
2001/8/10  Terra/Landsat7 112-35 11:12/? X/% Table 2 X x
2001/8/11 SPOT4 317-279 11:21 x Appendix 2 O O
2001/9/4  Terra/Landsat7 111-35 11:12/10:11 x/x Appendix 3 O x
2001/9/6  SPOT2/ERS2 317-279/77-241 11:12/10:47 X X x x
2001/10/30 SPOT2/ERS2 317-279/77-241 11:12/10:47 O Appendix 4 O O
2001/11/10 Airborne (Pi-SAR) - 14:30£15 x/O Appendix 5 X x
2001/11/15 SPOT2/ERS2 317-279/77-241 10:47/11:12 x/O x x x
2001/12/1  SPOT2/ERS2 317-279/77-241 10:47/11:12 </ Appendix 6 A X
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Fig. 2 ASTER imagesin Lake Shinji and Lake Nakaumi, 2001
(a) Thermal infrared band image, 23 Jul. 2001 (22:27 JST)

(b) Visible bandsimage, 3 Aug. 2001 (11:12 JST)

(c) Thermal infrared band image, 8 Aug. 2001 (22:26 JST)
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Table 2 Water temperature/turbidity data at the surface of Lake Shinji and Lake Nakaumi. Data from towers
owned by the Ministry of Land, Infrastructure and Transport.

(a) Water temperature

Date Time L.Shinji Matsue L.Nakaumi Yonago Bay
(center) (center)
2001/7/23 22:00 29.5 30.1 29.8 30.7
23:00 29.5 30.2 30.0 30.7
2001/8/3 11:00 31.2 31.9 31.8 30.9
22:00 31.0 31.0 30.2 29.8
2001/8/8 23:00 31.0 30.9 30.2 29.8
Unit ('C)
(b) Turbidity
Date Time L.Shinji Matsue L.Nakaumi Yonago Bay
(center) (center)
2001/8/3 11:00 5 2 4 9
2001/10/30 11:00 7 7 7

Unit (mg/1)
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Fig. 3 Example of in-situ spectral reflectance in Lake Shinji, Ohashi River, and Lake Nakaumi
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Table 3 Dataranges of chlorophyll-a and transparency

—SRIE - HEIC BT % 2001 4F O B ARG R 59
4 { T T I
% 0 25 July 2001
3.5+ ® 11 August2001 |
X 4 September 2001
3L Regression line ||

Chl.a Tr
Date (ugh (m) N
25 Jul 01 4.0 2.4 I
11 Aug01 7.8-18.6 1.3-19 6
4Sep01 11.7-37.9 0.6-1.5 4
Total 4.0-379 0.6-24 11
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Table 4 Correlation coefficients between the simulated
ASTER band ratio from the in-situ spectral reflectance and
the in-situ chlorophyll-a concentration

Band ratio B1/B2 B1/B3 B2/B3
Chl.a -0.42 -0.37 -0.24
LnChl.a -0.65*% -0.64* -0.45

* denoes significance at 0.05

Vihdrolz2 &, W7 > 7 by DANO BB E
BOEBPKEP - LEPREZONS. F72,
TR UGS D 5228855 2 X 1) KR B3R % IR EE X

IR SN D o725, WEHEEREROMES D &
0, GHBOFEE o7,

B O T — & 2 L CEHE L 72350
ASTER 7 — ¥ O AT # I3 & Chl.a & [ O # B B
BERARLI-DIHERA LT DL T %23k 3
2, MEOMERMEFA4IIRT. Thi Y [Band
1+ Band2 D] %5\ id [Band1l & Band3 D1t |
& Chl.a D3l IX LR & A > 72, Chl.a & DAHE
Vi bmEmho72[Bandl & Band2 DIt & DR
(M55 065) 2 4IRS, INSDERNTS
ASTER 7— ¥ 12 X O 5R3&E M - HifED Chl.af i &
B CEDABEMD DL Z EDRBENTZ. L
L, 2000 4£7 HD 17— % % HIk L7346, MBI
FLCEL D, LIzdoT, 5%0OF—% 1y b
DERIZLD, WMHEOHEIZOWTE S IHEMRT 5
VEDH 5.

BRT— % o7z ChlafffEIcDonTiE, Th
FCEHONED B B (] 213 Lathrop et a,1991) .
L2 LE L OYf, FEHSEFELR 5 L Chl.alf
ETNT)ALIEZ VW) REDVH L. IS
EClE, B E 2L ET— 12X % Chlalft
FEDT N T) XA RALNTWDH (B 21F
Z0] - =W, 1979), BAETD 2O P LT

Ln Chla (mg/l)

Y=3.41-0.56X (R=-0.65) =

1 \ \ | \
1 1.5 2 2.5 3 3.5

Simulated ASTER [Band1/Band2]

4 ASTER/Y> Flt (Band 1/Band) DFRMHAE & 7
07 40V aighE () OBk

Fig. 4 Correlation between the simulated ASTER [ Band
1/Band 2] and log chlorophyll-a concentration
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Appendix 1 Results of water quality measurement in Lake Shinji and Lake Nakaumi, 25 Jul. 2001

B} 5 2001 4F O L3 A 5

No. Station Latitude Longitude  Weather Time Tr (m) W.Temp(°C) Sal(psu) DO(mg/l)  Chl.a(ug/l)
1 SJ01-3  35°26'50"  132°57'45" Clear  8:27 17.3 6.7 6.0
2 SJ01-2  35°27'02"  133°00'48" Clear  9:05 1.8 17.6 248 6.9 5.6
3 SJO1-1  35°27'01"  133°00'49" Clear  9:20 22 17.6 3.1 4.7 5.6
4 OHO1-1 35°27'11"  133°06'09" Clear  9:40 1.5 17.4 8.1 4.6 7.1
5 NUOI-1 35°27'02"  133°08'03" Clear  9:52 1.8 18.2 15.4 6.6 4.0
6 NUO0I-2 35°27'47"  133°11'35" Clear 10:08 2.4 18.5 143 6.8 4.0
7 NUO0I-3  35°30'30"  133°1224" Clear  10:35 23 18.0 12.1 12.1 4.7
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Appendix 2 Results of water quality measurement in Lake Shinji and Lake Nakaumi, 11 Aug. 2001

No. Station Latitude Longitude  Weather Time Tr.(m) W.Temp(°C) Sal.(psu) DO(mg/l)  ChlLa(ug/l)
1 SJ0I-3  35°26'48"  132°57'44" Clear  8:30 1.3 29.3 29 7.4 18.6
2 SJ01-2 35°26'59"  133°27"43"  Clear  9:00 1.3 29.2 2.8 6.7 12.5
3 SJo1-1  35°27'01"  133°03'13" Clear  9:30 1.5 28.9 29 59 12.8
4 OHOI-1 35°27'09"  133°06'12" Cloudy 9:50 1.7 279 2.4 5.4 14.7
5 NUOI-1 35°26'56"  133°07'48" Clear 10:30 N.D. 279 35 6.1 N.D.
6 NUO01-2 35°27'45"  133°11'36" Clear 11:00 1.7 28.3 17 7.2 8.7
7 NUO01-3  35°30'19"  133°12'28" Clear  11:30 1.9 27.9 18 7.3 10.4
N.D.=No data
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Appendix 3 Results of water quality measurement in Lake Shinji

and Lake Nakaumi, 4 Sep. 2001

No. Station  Latitude Longitude ~ Weather Time Tr.(m) W.Temp('C)
1 SJ01-3  35°26'49"  132°57'48"  Cloudy 9:12 1.3 11.7
2 SJ01-2  35°26'56"  132°59'52"  Cloudy 10:00 1.4 13,1
3 SJOl-1  35°2723"  133°03'01"  Clear 10:25 1.0 14.4
4 OHOI-1 35°27'09"  133°06'11"  Clear 11:10 0.6 379
5 NUOI-1 35°26'56"  133°07'59" ND. 11:35 20 5.6
6 NUO01-2 35°27'46"  133°11'33" ND. 12:05 15 13.9
7 NUOI-3  35°30'31"  133°12'27" Cloudy 12:40 1.6 9.4

N.D.=No data
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Appendix 4 Results of water quality me@rement in Lake Shinji and Lake Nakaumi, 30 Oct. 2001

No. Station Latitude Longitude  Weather Time Tr.(m) W.Temp(°C) Sal.(psu) DO(mg/l)  ChLa(ug/l) pH SS(mg/l)  Turb.(NTU)
1 SJ01-3  35°26'49"  132°57'45"  Clear  8:50 1.2 N.D. 3 6.5 16.0 7.1 2.8 5
2 SJ01-2  35°27'00"  132°59'52"  Clear  9:23 1.3 N.D. 3 6.8 17.0 7.8 3.6 5
3 SJOl-1  35°27'38"  133°03'15"  Clear  9:50 2.4 N.D. 3 6.4 9.8 6.9 2.4 4
4 OHOI-1 35°27'09"  133°06'09"  Clear 10:15 1.8 N.D. 3 6.7 9.0 6.7 4.2 5
5 NU3 35°27'19"  133°09'07"  Clear 10:35 1.4 N.D. 8 7.8 6.4 7.8 22 48
6 NU2#  35°27'42"  133°09'59"  Clear 10:50 1.3 N.D. 9 83 4.6 83 1.8 3
7 NUOI-2 35°27'46"  133°11'36"  Clear 11:00 1.3 N.D. 10 8.0 4.1 8.0 3 3
8 NUOI-1 35°30'30"  133°12'24"  Clear 11:20 1.2 N.D. 14 8.4 11.7 8.4 3 5

NU 2# 13 NU 3 & Hifiil Lo i (NU3 D)
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Appendix 5 Results of water quality measurement in Lake Shinji and Lake Nakaumi, 10 Nov. 2001

No. Station Latitude Longitude  Weather Time Tr.(m) W.Temp(°C) Sal.(psu) DO(mg/l) pH SS(mg/l) Turb.(NTU)

1 S1-1 35°27'13"  132°57'50"  Clear 13:02 N.D. 14.4 2 6.7 7.8 11.2 19
2 S1-2 35°26'47"  132°55'06"  Clear 13:18 N.D. 14.6 2 7.4 8.4 6.9 10
3 S1-3 35°26'17"  132°55'09"  Clear 13:35 N.D. 14.7 2 7.6 8.6 5.4 6
4 S1-4 35°25'53"  132°55'12"  Clear 13:46 N.D. 14.8 2 7.2 83 4.6 9
5 S1-5 35°2523"  132°55'18"  Clear 13:58 N.D. 14.7 2 7.2 83 6.2 8
6 S2-1 35°28'01"  132°59'36"  Clear 15:09 N.D. 14.6 3 6.9 8.2 7.2 9
7 S2-2 35°27'33"  132°59'39"  Clear 15:20 N.D. 14.6 3 6.8 79 5.2 9
8 S2-3 35°27'04"  132°59'49"  Clear 15:32 N.D. 14.6 3 7.2 83 7.2 12
9 S2-4 35°26'33"  132°59'58"  Clear 15:42 N.D. 14.6 3 7.3 8.5 5.6 9

10 S2-5 35°26'05"  133°00'04"  Clear 15:53 N.D. 14.5 2 7.4 8.5 6 8
11 HJ2 35°3027"  133°08'45"  Cloudy N.D. 1.6 153 15 9.5 ND 6.4 N.D.

12 HI1 35°3024"  133°08'43"  Cloudy N.D. 2 153 15 8.9 ND 42 N.D.

13 NU4 35°28'30"  133°08'51"  Cloudy 13:46 2.5 15.2 14 8.0 ND 3 N.D.

14 NU3 35°27'45"  133°09'37"  Cloudy 14:00 1.5 15.0 13 10.3 ND 4 N.D.

15 NUO1-2 35°27'47"  133°11'32"  Clear 1420 14 14.8 15 10.0 ND 7.4 N.D.

16  NUI 35°27'46"  133°11'33"  Clear N.D. 1.3 15.0 14 10.6 ND ND N.D.

17 NU2 35°29'30"  133°12'19" ND N.D. 1.4 15.1 15 9.8 ND 6.8 N.D.

18 NUO0I-1 35°30'32"  133°1228" ND N.D. N.D. 15.5 17 9.7 ND 4.8 N.D.

N.D.=No data
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Appendix 6 Results of water quality measurement in Lake Shinji

and Lake Nakaumi, 1 Dec. 2001

No. Station Latitude Longitude ~ Weather Time

1 SJO1-3  35°26'49"  132°57'45" Clear  8:55
2 SJO1-2 35°27'00"  132°59'52" Clear  9:20
3 SJol-1  35°27'37"  133°03'17" Clear  9:42
4 OHOI-1 35°27'09"  133°06'09" Clear  10:03
5 NU3 35°27'18"  133°09'39"  Cloudy 10:23
6 NUOI-2 35°27'46"  133°11'34"  Cloudy 10:38
7 NUI 35°27'45"  133°13'41"  Cloudy 10:55
8 NU2 35°29'30"  133°12'20"  Cloudy 11:12

Tr.(m) W.Temp(°C)
1.1

1.1
1.0
0.6

21.9
N.D.
12.4
16.5
238
239
12.8
14.7

N.D.=No data



