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Monitoring primary production in Lake Shinji
using satellite remote sensing

Yuji Sakuno', Tsuneo Matsunaga’, Katsumi Takayasu®, Hidenobu K unii®,
Mikio Nakamura' and Shuichi Rokugawa’

Abstract: To monitor the gross primary productidi®,) in Lake Shinji, a simple algorithm of

the Pg estimation using chlorophyll-&Chl.a) derived from satellite remote sensing data and
the maximum primary production per Chl(2°m) derived from the in—situ water temperature
(Tw) was proposed. Some assumptions for developing the algorithm were verified using field
survey data obtained in the lake, 1995-1998. And the algorithm was applied to images and Tw
data of different dates in the Lake. The following results were obtaingdihk area average
SPOT/HRV band ratio after offset removal showed high correlati@s0.98) for the area
average in—situ Chl.a.)2The primary production per Chl-8P®) almost reached saturation
(=P°®m) under the irradiance below 4@CEin/n¥/s condition. 3 The P°m showed relative

high correlatior{fR=0.71-0.73 for Tw. 4) The estimated?, using the algorithm changed within

the range of about 50-700 mgC/hr in the lake
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Fig.1 The standard stations of water quality survey in Lake

Shinji.
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Table1l Ranges of simultaneous water quality survey data
with satellite observation in Lake Shinji, 1995-1998.

Chl-a(ugfl) SS(mgh) Transparency(m) Temperature ("C)

No. Date Min-Max Min-Max Min-Max Min-Max

1 7 Nov.1985 19.2-29.3 3757 1.3-1.7 13.8-14.6

2 11 0ct. 1996 14.1-34.1 34-72 1.0-15 10.9-20.4

3  8Aug.1997 26.7-36.9 3.2-80 0.9-1.1 26.9-27.7

4 90ct.1997 36.7-68.8 6.8-105 0.7-1.0 19.8-20.9

5 3 Mar.1998 14117 3672 1.0-16 8.3-8.9

6 4 Mar.1998 4.2-82 2.4-84 1.3-1.5 8.4-9.1
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Fig.2 Correlation between SPOT/HRV band ratio and the in-situ surface chlorophyll-a concentration in Lake &hinji.

before offset removal(h) after offset removal.
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Fig.3 Correlation between the area average of SPOT/
HRV band ratio and the average in - situ surface

chlorophyll-a concentration in Lake Shiniji.
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Fig.4 Example ofP-I curve at the center of Lake Shinji.
P andl data from Kunii (unpublished.
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Table 2 Original data primary production per chlorophyll<R°®), using the simulated in-situ method, chlorophyll-a
concentratioiChl.a) , and water temperature at the center of Lake Shinii, unpublished. Chl.a data are the averages

of values at 0 m and 1 m depths.

Gross primary production per Chl.a

(mg C/mg Chl.a/hr) Respiration T. Chla
Light intensity( « Ein/m?/s) 0 3.8 11.4 38 133 380 (mg C/mg Chi.a/hr) (C) (ugh)
1.Aug.94 0.00 -026 1.09 148 223 412 3.0 25.0 151
9.Sep.94 000 050 064 150 312 7.29 2.3 25.0 220
13.0ct.94 0.00 0.34 0.45 156 386 4.14 0.6 20.0 633
24 Nov.94 000 035 089 095 430 576 1.0 15.0 148
20.Dec.94 000 016 074 260 3.80 3.48 0.5 10.0 302
27.Jan.95 0.00 055 082 211 256 2.21 1.2 6.5 491
28.Feb.95 000 015 -009 200 1.88 0.81 25 65 126
29.Mar.95 0.00 -0.04 038 1.04 1.85 1.00 0.7 120 244
20.Apr.95 0.00 2.28 3.79 3.84 6.65 6.51 47 15.0 83
1.Jun.95 0.00 030 0.71 209 357 424 1.4 20.0 155
30.Jun.95 000 034 1.05 184 432 6.72 24 250 83
27.Jul.95 000 030 052 168 446 6.22 0.8 27.5 156
29.Aug.95 0.00 0.07 0.22 149 518 8.86 0.7 30.0 259
27.Sep.95 0.00 011 0.47 145 385 469 0.4 25.0 494
5.Nov.95 0.00 006 0.63 159 355 3.76 03 15.0 343
R=0.96LL L& fdTEv., S ki, SeEii 10 , — ]
DEBIZBITA I L PPOBRITA 3-1 0Bl T
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Fig.5 P-I curves estimated fror® and| data for each
month between Aug.1994 and Nov.1995 in Lake ShiRiji.
and| data from Kunii (unpublished.
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#3 A 3-LILoTHEEBSNAKEMD Chl.ad
720 O K—RKEE=E (P'm) K OPEfflzEik (K),
HBMRE (R), RMSEEAE (RMSE). HAZ 1 P°m (mg C
Img Chl.a/hy, K, (x Ein/nf/s), RMSE (mg C/mg Chl.a
/hr).

Table3 Maximum primary production per chlorophyll-a
(P®m), P-I saturation parametefK,) in Lake Shinji
derived from equation 3—1, and correlation coefficiéR}
andRMS error (RMSE ). Unit: P®m (mg C/mg Chl.a/h,

Kl (p Ein/nt/s), RMSE (mg C/mg Chl.a/hr.

No. Date Pe. K, R RMSE
1 1Aug.1994 52 1212 099 0.5
2 9S8ep.1994 184 5854 0.99 0.3
3 130ct1994 52 73.0 096 0.4
4 24 Nov.1994 83 155.3 0.99 0.4
5 20Dec.1994 4.2 306 0.98 0.3
6 27Jan.1995 26 154  0.97 0.2
7 28Feb.1995 1.6 16.1 0.88 0.6
8 29Mar.1995 1.5 227 073 0.3
9 20Apr.1995 6.5 9.8 0.96 07

10 1Jun.1995 4.9 53.7 1.00 0.1
11 30Jun.1995 92 1441 1.00 0.2
12 27 Jul.1995 86 1365 1.00 02
13 29 Aug.1995 16.1 3053 1.00 0.2
14 27 Sep.1995 6.1 101.4 0.99 0.2
15 5 Nov.1995 4.6 626 0.99 0.2

Ave. 6.9 1222 0.3

SD 48 1499 0.2
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Fig.6 Typical P—I curves in Lake Shinji under three

different water temperature condition in Lake Shinj.
andl data from Kunii(unpublished.
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Fig.8 Seasonal change of the area average of the
estimated gross primary production using the proposed
method in Lake Shinji, 1995-1998.
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