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Remote monitoring of cyanobacterial blooms using multi-source satellite data. A case of
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Abstract: In recent years, there is a growing eutrophication of surface freshwaters. In many cases, this has resulted in an increase in
the occurrence and persistence of cyanobacterial blooms, not only large lakes, but also in small reservoirs. There is an urgent need for
new and better monitoring approaches. Satellite based remote sensing is one important and increasing accessible tool. However, the
application of MODIS and other satellite data with low spatial resolution (about 500 m) but high temporal frequency was limited to
larger lakes. While with higher spatial resolution satellite data (<30 m), such as Landsat-8, have longer return periods, making
them less useful for blooms monitoring. This study explores the usage of the Chinese HJ-IA\B CCD and GF-1 WFV sensors, together
with the United States Landsat-8 OLI and other high-resolution satellite data for joint observation of cyanobacteria blooms in a small
reservoir ( Yuqiao Reservoir, Tianjin). An algal extraction was developed for each satellite sensor, and the output of different satellite
sensors was evaluated. The results indicate that: (1) the combined satellite monitoring provided consistent results when compared to
the visual interpretation of multiband satellite images with a mean square root error and relative error of 0.78 km? and 4.9% ; (2) dif-
ferent satellite sensors provided consistent results, with an accuracy of 99.5% ; (3) According to the research in 2016, the water qual-
ity of Yuqiao Reservoir was eutrophic, and algal bloom was the most serious in the two seasons of summer and autumn. The use of

combined observations of high-resolution data was an effective, alternative strategy for monitoring cyanobacterial blooms in small
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waterbodies, opening up new possibilities to improve monitoring of these important freshwater environments.
Keywords ;. Water eutrophication; cyanobacterial blooms; high-resolution satellite data; multi-source remote sensing; Yuqiao Res-

ervoir
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Tab.1 Satellite parameter list

BER=) RS 23 [A]43 HEHE/m IR JE W/ d B JE i/ nm Bl v AR I
TERRA/AQUA MODIS 250,/500/1000 1~2 36 412~1050 G T
GF-4 PMI 50 20 s 5 450~900 T
Landsat-8 OLI 15/30 16~18 7 430~ 1380 N
HJ-1A\B CCD 30 4 4 [ ARG AT Bt Tk
CBERS-04 MUX 20 26 4 450~890 G T
GF-1 WEV 16 4 A ARG A BT
ZY-3 MUX 6 4 450~890 8 R4
ZY-1 02C MUX 5/10 3 4 510~890 8 T
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Fig.2 True color synthetic maps of different satellite sensors
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Tab.2 Satellite remote sensing data filtering table

TA fE IR 23 (8] 53 B/ m IR JEWI/d G FEl/nm Bl T R IBCHE
TERRA/AQUA MODIS \ J \

GF-4 PMI \ \ \
Landsat-8 OLI v v N
HJ-1A\B CCD v v v N

CBERS-04 MUX v v v

GF-1 WFV N N y J

7Y-3 MUX Y \ J
ZY-1 02C MUX v \ d

# 3 2016 47 TR SZ AR IR [R]

Tab.3 2016 satellite imagery acquisition time

TA iR WE (A -H)

HI-1A\B CCD 02-29,03-20,03-25,04-03,04-18,05-04,05- 18 ,05-22,05-26,06— 16,07 -06,07-27
08-08,08-21,09-09,09-19,10-01,10-17,11-08,11-15,11-24,11-28,12-09,12- 10,
12-14,12-15

GF-1 WFV 02-24,03-11,03-23,04-01,04-09,04-25,04—30,05-08,05-28,05-29,06-05,06-22 ,

07-05,08-22,08-26,08-27,09-08 ,09-19,09-20,09-28,09-29,10-03, 10~ 14,10-23
10-28,11-16,12-16

Landsat-8 oLl 02-23,03-10,04-11,04-18,05-04,05-13,05-29,07-16,08-08,09-09,09- 18, 10~ 11,
12-14
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