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Spatial Distribution Mapping of Cyanobacteria in Daecheong Reservoir Using the Satellite Imagery
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Abstract

Monitoring of cyanobacteria bloom in reservoir systems is important for water managers responsible of water supply system. Cyanobacteria affect the
taste and smell of water and pose considerable filtration problems at water use places. Harmful cyanobacteria bloom in reservoir have significant
economic impacts. We develop a new method for estimating the cyanobacteria bloom using Landsat TM and ETM+ data. Developed model was
calibrated and cross-validated with existing in situ measurements from Daecheong Reservoir’s Water Quality Monitoring Program and Algae Alarm
System. Measurements data of three stations taken from 2004 to 2012 were matched with radiometrically converted reflectance data from the Landsat
TM and ETM+ sensor. Stepwise multiple linear regression was used to select wavelengths in the Landsat TM and ETM+ bands 1, 2 and 4 that were most
significant for predicting cyanobacteria cell number and bio-volume. Based on statistical analysis, the linear models were that included visible band
ratios slightly outperformed single band models. The final monitoring models captured the extents of cyanobacteria blooms throughout the 2004-2012
study period. The results serve as an added broad area monitoring tool for water resource managers and present new insight into the initiation and

propagation of cyanobacteria blooms in Daecheong reservoir.
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Fig. 1 Observation site map of cyanobacteria bloom in Daecheong
reservoir

Aeje] ol A ARl A8l Yl 2R HA| AR E
A|-2Hro} A28tk (Lee et al., 2009).
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ETM+ 914 A2 2004 WK E] 2012 E 714 4 LK E] 1197}
%] Chl-a 9 25 ZgAateb3e) AR sttt A
£ 715381 oAk o 2 Landsat TM-E 6 scene, Landsat ETM+
£33 scene & slsAc 20 G The 278 7}
AL 2 2o Aslshek D 05 3491 29
25 % o|AFel AT @ YA GAF HEAu} =R =AU} Abo)

o 747t Q= 9B G2 ALE 7S SR ERF Al
TS5kl gl 7otk Table 2= 2|F 4] AM-E ¢
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%qﬂ} Fig. 29} o] 2k =3, dlo|e A2, 3] x3
A ) g ) b5 348 A4 siedck WA o
A5 A o] 23} A) ufeke 95k 21 8= Landsat TM/ETM+
SpT AR B 2 ES Y AR Y 2R

A 2FEA +ASH ARE o] &34t (Lee et al.,
2009). th SAl= F/dA 8] TAR Landsat TM A= A]
A X (haze)7} A A= A 3EH HEALE (reflectance) AlARS ¢
3] COST (cosine of the solar zenith angle)='H-2 AME-5]%
t} Landsat TM / ETM+E 0]838F A9 COST 7| E A&
A1345]7] Z o] DN (digital number) gt2 WA= 2 HEA|A
e ARSI AR BgHA USGS oA AARE
9h- ALG-311C} (Chavez, 1988).
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Table 1 Landsat TM and ETM+ observation function

Landsat T™M Landsat ETM+
Band Spectral Sensitivity Wavelength (zm) IFOV (m) Spectral Sensitivity Wavelength (zm) IFOV (m)
1 0.45~0.52 Blue 30 0.441~0.514 Blue 30
2 0.52~0.60 Green 30 0.519~0.601 Green 30
3 0.63~0.69 Red 30 0.631~0.692 Red 30
4 0.77~0.90 NIR 30 0.772~0.898 NIR 30
5 1.55~1.75 SWIRR—1 30 1.547~1.749 SWIRR—1 30
6 10.40~12.50 TIR 120 10.31~12.36 TIR 60
7 2.09~2.35 SWIR-2 30 2.064~2.345 SWIR-2 30
8 0.515~0,896 Pan 15
Table 2 Date of imagery and In—situ data acquisition
Sensor Date of data acquisition E
Landsat Imagery In—situ
™ Aug. 05, 2006 Aug. 02, 2006 -
™ Sep. 22, 2006 Sep. 20, 2006 -
ETM+ Sep. 30, 2006 Oct, 02, 2006 -
™ Oct, 24, 2006 Oct, 25, 2006 -
ETM+ Jun, 18, 2009 Jun, 17, 2009 exclude Chudong, Mooneui
™ Jun, 26, 2009 Jun, 24, 2009 exclude Mooneui
ETM+ Aug. 21, 2009 Aug. 19, 2009 -
ETM+ Oct, 24, 2009 Oct, 21, 2009 -

Landsat TM/ETM+

of algal

imagety

Spectral reflectance

Cyanobacteria
cell number

| Chl.-a ‘

Radiometric
correction

Caleulation of

Cyanobacteria
Atmospheric bio-volume
correction(Cost
method)
IX3 and 5X5 Match-up In-situ and

Image smoothing

Landsat reflectance

Descriptive statistics

Single Bandmo del
+ Chl-a
+ Cyanobacteria cell number
« Cyanobacteria bio-volume

+ Chl-a
+ Cyanobacteria cell number
« Cyanobacteria bio-volume

Single and Band ratio model

Model validation

Cyanobacteria concentration
and spatial distribution map

Fig. 2 Flow chart of study process

(LAL-’lX)\ - LMM) X DN,

Asensor

QCAL max

MINX

O
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. Zot = 0

1. Chl—a®t HEXF MZ 2tA|

Chl-a®} 257 A Z4= A3 9494 37171 5o
SHA| 7T A g A el ol A AlEStaL 912004
WEE 20128 71R]| 9] 2R HA| ZF& (Lee et al., 2009)S
ol g3te] EAJ5H A} Fig. 37} 2ok Fig. 32 Chl-ash Hx
Aol g 4 e S g vl Aol

Fig. 4= Chl-a®] Ad4 Bl5at st date) 453 E
A7) ff5to] 22, 35, S 3/ A E I Hatghe 4t
Z3}o] v et Atolek. Chl-ao) A H Q) WsH= o} 2 o] 4]
AEl= 6 YU HE S5t 8€of HAIE YEhr 9~11
ol % 7 RESISIT. 53] 8L 0] 22 Chi-aZ 1Y
o 307 99, 109 22 UERTE Chl-a&= 20044
HE] 2012G 7R RE 2| H oA 27} & 7k ATFo| v]S=3)

AL Bk YA Aol Belo] 57} 7}

5 Slyiol 71U HES B5ic ol AR Bo
o] 7 Qo] e FAX 7 Hamsta glow Hale] &
£ 40]Ql B, Behe AR R chepe] Bo| §4lslo] 5
21 F7H) 0] $13|5te] Bl B8] A4H 02 A1
o= 24440 5

32 vt A s,

T HE2F N Epe F2F A2t AAFS Anabaena,
Microcystis, Aphanizomenon, Oscillatoria <5 (genus) 2.
TEse] AN HARF AR 2 4 ol B2 A
5] 9% (species) & 71FOE F AAFS ALYk
Table 3%} Table 4= 22+ G225 M| £} A FS 72 4=

AR Aeie Rol g dan AlEed jEe
2 ALZ=31 A3} Anabaena (575.2 um®/ cell), Oscillatoria (166.3
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Fig. 3 Monthly average Chl—a (Upper) and Cyanobacteria cell number
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Fig. 4 Trends of monthly average concentration for Chl—a

(Lower) and Cyanobacteria density (Upper) of the study area
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Table 3 Cyanobacteria cell number obtained from in—situ measurement

(Unit : cells/ml)

Date Anabaena Microcystis Aphanizomenon Oscillatoria Total
Aug. 02, 2006 14,500 852 - - 15,352

Sep. 20, 2006 1,700 - - 2,830 4,530

Oct, 02, 2006 2,236 550 - - 2,514

Mooneui Oct, 25, 2006 102 - - - 102
Aug. 19, 2009 652 774 - 50 1,476

Oct. 21, 2009 260 162 - - 422

Aug. 02, 2006 396 - - - 396

Sep. 20, 2006 832 - - 136 968

Oct, 02, 2006 2,542 - - - 2,542

Oct. 25, 2006 108 136 - - 244

Chudong Jun, 24, 2009 28 - - - 28
Aug. 19, 2009 1,858 1,412 - 364 3,634

Oct. 21, 2009 - 46 288 64 398
Aug. 02, 2006 20,340 1,368 - - 21,708

Sep. 20, 2006 1,248 196 - - 1,444

Oct. 02, 2006 2,128 214 - - 2,342

Oct, 25, 2006 166 - - - 166

Hoenam Jun, 17, 2009 56 - - - 56

Jun, 24, 2009 12 - - - 12
Aug. 19, 2009 114 21,520 - 282 21,916

Oct. 21, 2009 - - 138 126 264

Table 4 Cyanobacteria vio—volume obtained from in—situ measurement (Unit : mm3/L)

Date Anabaena Microcystis Aphanizomenon Oscillatoria Total

Aug. 02, 2006 8.34 0.05 - 8.39

Sep. 20, 2006 0.98 - - 0.47 1,45

Vooneu Oct, 02, 2006 1.29 0.02 - - 1.31
Oct, 25, 2006 0.06 - - - 0.06

Aug. 19, 2009 0.38 0.05 - 0.008 0.44

Oct. 21, 2009 0.15 0.01 - - 0.16

Aug. 02, 2006 0.23 - - - 0.23

Sep. 20, 2006 0.48 - - 0.02 0.50

Oct. 02, 2006 1.46 - - - 1.46

Chudong Oct, 25, 2006 0.06 0.01 - - 0.07
Jun, 24, 2009 0.016 - - - 0.016

Aug. 19, 2009 1.07 0.08 - 0.06 1.21

Oct. 21, 2009 - 0.003 0.005 0.011 0.19

Aug. 02, 2006 11,70 0.08 - - 11.78

Sep. 20, 2006 0.729 0.01 - - 0.73

Oct. 02, 2006 1.22 0.01 - - 1.23

Hoenam Oct. 25, 2006 0.095 - - - 0.095
Jun, 17, 2009 0.03 - - - 0.03

Jun, 24, 2009 0.007 - - - 0.007

Aug. 19, 2009 0.07 1.25 - 0.05 1.37

Oct. 21, 2009 - - 0.002 0.02 0.022

58 * Journal of the Korean Society of Agricultural Engineers, 58(2), 2016, 3



um?/cell), Microcystis (58.2 um?/cell), Aphanizomenon (17.6
i eell) 4202 UpEfie: ekt Aol 2 A
7F 7P B Ao Fdo® 200613t 20099 84
20,000 cells/m] ©JAFS- 7|25} a1, th&o] F2]2 20064 8
20] 15,352 cells/ml 2 LFERT}, o] A7olls dzs A2
£=7}5,000 cells/ml ©]A4}2} Chl-a‘s- =7} 25 0]Ao] E]o] %

of Ao “ 277 1 7E A H ATk o]e} o] F]Qle 5

2} 0jed0] wjafo] Zale] 5747} ot AFAT $3)
o] Ao R =28 Ao 7 miuty|n 7P Wl URE A|E
F7h Sk Qo AR ECH

:|

Table 5= A-AFR]H ol
3 A7k} Chl-a, Y22 A%
ETAsy 731_1-0]12} 7} Z£22H4=9) Ban
0.69 % 717 =340 ™ Band 70l 4] 7}
5+ AMlEZ4= Band 40f|A] At A 7} }
Band 27} 3zo} -9/ 0] *1 Q"’*T’% ‘25 A2 Band
45 Al 2JgE T2 BB A= =2 S HolX] it

NL
ﬂ
@
=
.
BN R

Table 5 Comparison between the image smoothing results and Chl—a,

Table 52} Zro] AAJgt Chl-a, g7 A4 2 xg A2k} 9
A} 7h e AR AT o] 2 Band 1,

Band 2, Band 3, Band 4& ©]-85}] Table 61} 7P0] 33
of TE WENE etk BUs AT AAHoR
53 Bt S AUUAR PRI R A
One point Ho] =8 A o & el o) 3x3 Bkt 2
Zfol|= gigick webA Chl-a, G257 A2 9 A =4
2 ST SIS Bk A8 okl T4 S AL

Fstoint

7L HEF MESs FE 2™

2T A= T340/ Aol whet Band 2} Band
45 o850 ThdmlE I i =H] 1y 0 7 A5
SRS A E e M E S o]-8-35ho] MY
o g AXGGTE DU EE o] 83t thes] Ry A
Band 2, Band 45 EH¥42 235H 4] ()2 EE 59k
hlui =9} wi=H] Band 4/Band 2 230 T3] 7w g
2l (3) o= HE I

Cyanobacteria cell number, and Cyanobacteria bio—volume

ngfi;g:zm Window size Band 1 Band 2 Band 3 Band 4 Band 5 Band 7
One point 0.34* 0.46%* 0.38"* 0,69%** -0.14 -0.21

(ﬁg'/;as) 3x3 Mean value 0.46%* 0.58%** 0.54*** 0,74 -0.16 -0.25
5x5 Mean value 0.41%* 0.47** 0.39** 0.65*** -0.13 -0.28

Cyanobacteria One point 0.27 0.68"** 0.55™* 0.74%** 0.01 -0.35*
Cell Number | 3%X3 Mean value 0.31* 0.66** 0.53** 0.73*** -0.06 -0.40*
(cells/ml) | 5x5 Mean value 0.17 0.47* 0.29 0.58** -0.09 -0.45*
Cyanobacteria One point 0.06 0.16 0.06 0.71%** -0.27 -0.34
Bio—volume | 3%X3 Mean value 0.26 0.31* 0.27 0,78*** -0.24 -0.34*
(mm’/L) 55 Mean value 0.11 0.19 0.07 0.62** -0.27 —0.42*

* p<0.10 ** p<0.05 *** p<0.01

Table 6 Using single band and the band ratio in the regression model

. Numerator Band 1 Band 2 Band 3 Band 4
Denominator
Band 1 Bund1 Band?2 Band3 Band4
an nd Band1 Band1 Band1
Band1 Band3 Band4
Band 2 band?2 Band2 Band?2 Band?2
DBand1 Band?2 Band4
Band 3 Band3 Band3 B Band3
Band 4 Band1 Band?2 Band3 Bundd
an Band4 Band4 Bund4 nd
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Fig. 5 Comparison between measured Cyanobacteria cell number and estimated Cyanobacteria cell number using the single band model

(Left) and single band and band ratio combined model (Right)
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Fig. 6 Comparison between measured Cyanobacteria bio—volume and estimated Cyanobacteria bio—volume using the single band model

(Left) and single band and band ratio combined model (Right)
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Fig. 7 Spatial distribution map of Cyanobacteria cell number in
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Fig. 8 Spatial distribution map of Cyanobacteria cell number
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