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Estimation of Turbidity in Lakes Shinji and Nakaumi from MODIS

Shuichiro Yamamoto', Toshiaki Kozu?, Toyoshi Shimomai'
Shingo Nonohara® and Yuji Sakuno®

Abstract: MODIS is a medium-resolution satellite imaging sensor that has a observation
interval of once or twice a day, although the spatial resolution is marginal (250 m). Because
of the high observation frequency, it should be suitable for operational monitoring of water
quality of Lakes Shinji and Nakaumi. A preliminary study was undertaken to test the utility of
MODIS channels 1 and 2 (red and near-IR bands) for turbidity mapping. Two test data sets,
May 2 2002 and August 23 2003, are used for this study. Data from a high spatial resolution
satellite sensor ASTER are also used for comparison. For May 2 2002, turbidity is thought
to be dominated by inorganic materials and MODIS Band 1 (red) appears to produce a
reasonable turbidity map. On the other hand, on August 23 2003, both organic and inorganic
materials contributed to total turbidity. This caused significant differences in turbidity maps
created from MODIS Band 1, MODIS Band 2, and ASTER Band 1 (green). Therefore we
suggest that combined use of MODIS Bands 1 and 2 may produce more reliable turbidity
estimates. Further information may be available from MODIS Band 4 (green) although this
channel has a coarser resolution of 500 m.
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Table 1. Major parameters of MODIS and ASTER.

Sensor Band Wave length (um) |Spatial Resolution | Swath width
1 Red 0.62~0.67

MODIS 250m 2330 km
2 Near IR 0.841~0.876
1 Green 0.52~0.60
2 Red 0.63~0.69

ASTER 15m 60 km
3N Near IR 0.78~0.86
3B Near IR 0.78~0.86
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Fig. 1. Location of in-situ observation points.
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Table 2. In-situ turbidity and wind data obtained at operational stations. (a) 11:06 a.m. 2 May, 2002 (b) 11:02 a.m. 23 August, 2003.

(@)
Center of Lake Shinji Center of Lake Nakaumi Bay of Yonago
Wind Turbidity [mg/1] Wind Turbidity [mg/1] Turbidity [mg/1]
.. velocity .. velocity
direction [mis] Surface layer Bottom layer|direction [mis] Surface layer Bottom layer|Surface layer Bottom layer|
2002/5/2 10:00 90 11.3 12 24 12
2002/5/2 11:00 90 11.4 12 28 90 11.2 8 6 18
2002/5/2 12:00 90 9.5 12 32 68 114 8 6 23
(b)
Center of Lake Shinji Center of Lake Nakaumi Bay of Yonago
Wind Turbidity [mg/l] Wind Turbidity [mg/l] Turbidity [mg/1]
. velocity . velocity
direction mis] Surface layer Bottom layer|direction mis] Surface layer Bottom layer|Surface layer Bottom layer,
2003/8/23 09:00 | 248 9.3 8 13 225 3.0 4 91 6 8
2003/8/23 10:00 | 270 10.8 8 13 248 8.1 4 129 6 10
2003/8/23 11:00 | 270 11.2 7 16 270 9.5 4 129 6 8
2003/8/23 12:00 | 248 12.8 10 18 270 10.1 4 129 12 12
2003/8/2313:00 | 270 131 15 24 270 11.8 6 129 6 12
2003/8/23 14:00 | 270 12.7 20 24 270 11.2 6 190 6 8
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3. IinBEEE 7 — 2 (2002455 A2 H)
Table 3. In-situ turbidity data obtained from ship measurements. (2 May 2002).

Observation Point Latitude/Longitude Observation time (JST) [Turbidity [mg/1]
Al N35° 30'29” E133° 12'33” 8:50 26
A2 N35° 29'30” E133° 12'17” 9:10 8
A3 N35° 29'11” E133° 13'01” 10:15 8
*Ad N35° 27'46” E133° 11'32” 9:35 9

*ALVEHPHENO & AEIER CALE O 72X 1 TIEE I

*Location of A4 is omitted in Fig. 1, because it is close to that of

Nakaumi tower observatory.

F 4. MANBLINEE T — % (2003 48 H 23 H)
Table 4. In-situ turbidity data obtained from ship measurements. (23 August 2003).

Observation Point Latitude/Longitude Observation time (JST) [Turbidity [FTU]
Bl N35° 30'21” E133° 09'02” 10:31 6
B2 N35° 28'20” E133° 09'12” 11:05 8
B3 N35° 27'31” E133° 09'08” 11:16 7
*B4 N35° 27'47” E133° 11'31” 11:50 9

*BA [ Z R L OB & 1 FIEE UALE O 725 1 TIEEms

*Location of B4 is omitted in Fig. 1, because it is close to that of
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Fig. 2. Relationship between MODIS DN and In-situ
(tower) turbidity. (2 May, 2002) . Heavy solid line: Linear
regression of turbidity to Band 1 DN. Light solid line:
Linear regression of turbidity to Band 2 DN.
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Fig. 3. Relationship between turbidity estimated from
equation (2) , and In-situ (ship) turbidity. Solid line
shows 1:1 correspondence line.
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Fig. 4. Relationship between MODIS DN and In-situ
(tower) turbidity. (23 August, 2003).
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Fig. 5. Relationship between turbidity estimated from
equation (3), and In-situ (ship) turbidity. Solid line shows
1:1 correspondence line.
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Fig. 6. Relationship between ASTER DN and In-situ
(tower) turbidity. (2 May, 2002). Solid line: Linear
regression of turbidity to Band 1 DN. Dot-line: Linear
regression of turbidity to Band 2 DN. Dot-dash-line: Linear
regression of turbidity to Band 3 DN.
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Fig. 8. Turbidity map obtained from MODIS Band 1 (Red) (2 May, 2002). (a) Lake Shinji (b) Lake Nakaumi.
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Fig. 9. Turbidity map obtained from MODIS Band 2 (Near IR) (2 May, 2002). (a) Lake Shinji (b) Lake Nakaumi.
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Fig. 10. Turbidity map obtained from ASTER Band 2 (Red) (2 May, 2002). (a) Lake Shinji (b) Lake Nakaumi.
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Fig. 11. Turbidity map obtained from MODIS Band 1 (Red) (23 August, 2003). (a) Lake Shinji (b) Lake Nakaumi.
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Fig. 12. Turbidity map obtained from MODIS Band 2 (Near IR) (23 August, 2003). (a) Lake Shinji (b) Lake Nakaumi.
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Fig. 13. Turbidity map obtained from ASTER Band 1 (Green) (23 August, 2003). (a) Lake Shinji (b) Lake Nakaumi.
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