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Estimation of Water Quality using Landsat 8 Images for Geum-river, Korea

oK A Y B YUY e H D e

Lim, Jisang / Baik, Jongjin / Kim, Hyunglok / Choi, Minha

Abstract

In this study, the water quality parameters of Geum-river were estimated using Landsat 8 satellite image data which
had launched in March 2013. The goal of this research is to predict HAB and to monitor spatial pattern of total nitrogen
(TN) and total phosphorus (TP) because both TN and TP are the dominant factors of the growth of harmful algal
blooms (HABs). To investigate the relationship between satellite band reflectance and in situ measurement value,
Pearson’ correlation coefficient analysis was used. The band2, 3, 4 and 5 reflectance values among 11 bands of Landsat
8 were used which was highly associated with detecting TN and TP. The 20 in situ data set with satellite’s overpass
time were identified. TN showed positive relation with band 2 (0.48), band3 (0.62), band4 (0.57) at a significance level
of p<0.05. TP also showed high correlation for band2 (0.59), band3 (0.59), band4 (0.58) at a significance level of p<0.01.
The optimal regression equation models were constructed for TN and TP based on multiple regression equations. The
estimated concentration based on derived regression equations of TN and TP were compared with in situ measurement
data. Finally, the spatial pattern of the two parameters was able be monitored through mapping on November 12, 2013
and April 21, 2014.

Keywords : Landsat 8, Geum-river, water quality, nitrogen, phosphorus
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Fig. 1. Study Sites of Guem-river

Table 1. In situ Data in 7 Study Sites about Three Days (2103/6/5, 2013/11/12 and 2014/4/21)

Date Station (No.) Total nitrogen (mg/L) Total phosphorus (mg/L)

Buyeo (S1) 2.399 0.047
Nammyun (S2) 1.953 0.043
Hyundo (S3) 1.56 0.004

2013. 6. 5 Daechungho (S4) 1.384 0.018
Okcheoncheon (S5) 3.093 0.046
Jangae (S6) 1.423 0.024
Iwon (S7) 1.416 0.026
Buyeo (S1) 3.765 0.045
Nammyun (S2) 4.133 0.109
Hyundo (S3) 1.523 0.004

2013.11.12 Daechungho (S4) 1.348 0.014
Okcheoncheon (S5) - -
Jangae (S6) 1.051 0.015
Iwon (S7) 1.687 0.009
Buyeo (S1) 2.988 0.065
Nammyun (S2) 3.726 0.073
Hyundo (S3) 1.325 0.008

2014. 4. 21 Daechungho (S4) 2.515 0.014
Okcheoncheon (S5) 3.016 0.014
Jangae (S6) 1.552 0.01
Iwon (S7) 1.596 0.009

The data of Okcheoncheon observation was missed on November 12, 2013.
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Table 2. Characteristics of Bands Onboard in Landsat 8 (http://landsat.usgs.gov/landsat8.php)

Sensor Band (No.) | Wavelength (um) | Spatial resolution (m) | Temporal resolution (day)
Band 1 0.44-0.45 um
Band 2 0.45-0.51 pym
Band 3 0.53-0.59 um
Operational Band 4 0.64-0.67 um 30 m
Land Imager Sensor Band 5 0.85-0.88 um
(OLD Band 6 157-1.65 ym 16 day
Band 7 2.11-2.29 ym
Band 8 0.50-0.68 um 15 m
Band 9 1.36-1.38 um 30 m
Thermal Infrared Band 10 10.60-11.19 um
Sensor (TIRS) Band 11 11.50-12.51 ym 10 m
= Ao R Adsilon, 3k AjZbA o7 9ol W2 Chavez (1996)°l ©J3l] At 210 tf7]e] s}k
A A5l acrosol, B, £ JFol Q= AL A BAe F3) 4L Aoz S wiel FA
Aok 1 A3 F 370(2013/6/5, 2013/11/12, 2014/4/21) < om DN& WHHE gho s 3k ejekelx AxHA (i
4 AAE7E d5HI W) 7ER ] 7] F2-&E consignik o2 AFSAIZ] 0]
Landsat 8 platformell= Operational Land Imager EAo|tHPark et al, 2012). Egs. (1) and (4)¢] 3 =,

sensor (OLD ¢} Thermal Infrared Sensor (TIRS) 2 7415

o] Stk OLI A=

o i3t ARE Al TIRS AlA=

= =ge

= A= — (el =] =
5 5, w, AT 22 54 &4

v e

e AFs 4 °‘Whttp //landsat.usgs.gov/landsat 8). -
Aol A= W= AR |, TS} F
2le] %Ej% 32 9180 OLI AlA 2] 97l W= & W= 2~5
H =S ARSI Z47he] 914/ b USGSe
A #2]3}= http://earthexplorer.usgs.gov/°l 4] GeoTIFF
TURZ AFE AL QU g ZF M=o HhALE e A7

HOH /\]——Q-E] X]ZJJJ__L‘—
SYBRAARAN N ATHE AEES A

FAZAY A2

3. iy

3.1 fldge e

55+ Landsat 8 YA AAH ] 7242
ol digital number (DN)Z #3-%]7] wjiZo] Eol thah

ZHreflectance Value)j Xd%k’] I Q3}t} Landsat seriesi=

ZF a2 H3lol] I

-

&

T

B34 9}
o}

2 ot

]_

ol

SRS
H
)

5 Metadata file (MTL) 3

gl it oz A

2 % ek B ATNNE GPBGA) 10 E

COST methods ©]-&-3to] 7| HAS 43}kl o

H484 H29k 20154F 2J]

ESUN, #2(www.gisagmaps.com)ollA] A|&3h= k&
A&

2
d X (LA“S\"HS()V‘ - LA haze ) X

R =ESUN, < CO5(0) < TAU, x TAU,+

D
down

1M, Re FEBIAS] AL WALER, di A7)
EfFAtolo] AR, Ly e $8CIAS BARIE G
(Wm ™ 2sr \pm™ 1S /]U] T Ly e o S13AA ] W
o2 AbghE= FhelH, Egs. (3) and (A& o]&3t

=L =
sk 4= 9l

Ly sensor = Guiny, X DN+ Bias, 2

Chavez (1996)+= &4 0= whALgo] 091 Ao
AR e Aolgta 7FAE] A Ba|o] MALES
1%2 AR o|2XE tfr|e] ASFEALEES alglr)
Chavez (1996)7} AIFeF Egs. (3) and (4)& &34 o7
o] AEFEALES AR & Qlth

N

—

LA.,}uLzet: Lmin - Ll% (3)
0.01 X ESUN, x COS(9)*
& X

4

A%

7|, Gainy, ¥} Bias,+ Landsat 8 MTL IdellA A&

83



Hi= #olth Eq. olA Ly i, & 91401419 o BAL
ZX(Win 2sr lpm ™ HEA A7) dhALE0] 0 A o]
2hal ghate] AElgk Ao BALSE gholth ESUN, &
Bjoko 2 RE] WAV MAREE, T4 S SEwIA Al
A7) d7] FIHE(TAU=D), TAU, 2 Bl dellA AlA
AAe] B7) F3hE, (TAD, <cos(0)& Sl £, &
t7]¢] stekEAlgoly, g, & 002 oK Wang et
al., 2006).

32 EAENM J|H &
ression)

Ct= 3|+ 22 (Multiple reg-

A 24 T e FAAR FEEAL, ST OLIA
A IEe] WL grel BEe Aga] Sle)

WQP:a+b><x(2As)+c>< ‘Z‘(3’8)+d><1‘(4,s) (5)

2

rolﬂ

A, water quality parameters (WQP)&-2 42 =}
171614 A5=217del sl AA S43 202K
&, F2e] % ftoE gFd AN FH5EF
AL Eq. (5)9] -5 dellA] 2H7te] 22423 4)+=
=9 number(band2 band3, band4, band5) & 2|7|8hH, si=
ATAH, zv 314 AFH AXE, E5% Landsat 8
AR} Z oA DNS X }OJ WIALE gho 2 WskAZ] A}
ATE om|git] E AFoAe
= 3P7] HOH FEHd ol E=3d
5 1S AR5

U ol

7]
=47
é/\

=

12
= O
G R AN 5 ol ABASRE FAY

o2 Huwaly] 9aiA Biaset RMSES AH&-&t9l=tl Z+
Zte] b8 AL theF 2k

. 1
Bias = g E (Xmeasm'ed - I/estinwted) (6)

- Y;s imate )2
2 st ted (7)

(‘ K7neasure(i

n

TV, Xy’ WORSS] BT SIS, ¥,
= Landsat 89142 B3 451 a5 ne A74419)

solt}. webA Bias, RMSEE: A%kl oja jZke]
AN T AT ARES HR13] 93] B Aol
A Mg,

RMSE= \/

4. #7UI % E°|
41 BN N4F 2 HB

Table 32 Landsat 8] 1171 M= & Axd 4w zhzho] wh
o] HRALE gkt AA) 4 A 5477004 AgE A
= gkt AHaAE v Slolth A8l Aol
e T84, 9 5% banddS #1918+ RGB (red, green,
blue) = A FL AHAAE HATE E3], T2
7d-%- band3 (green)ol| 4 0.6 ©]’Hp<0.0D) <] 71 =2 4
WS Btk v Adabde] ek band2 (blue) =
frola= 0.05014 0488 Bl zH FHFolr 4
J_ﬂ- Landsat 82] RGBHME. Alelol A3 el 3

< AT = AUk
Normalized Difference Vegetation Index (NDVI) 2} 7+
ARAAFE SA = do] RGBE=ERTT 1 gt

o2 4dHA Ad=(http://landsat.gsfc.nasa.gov) T4

and59] 7ol TA L, T AT BT
—r—c(0.05 ola}h) Heiell U]X]X] o =M & Aol A
T AAE EAskE 2 A9 dERE 5 glolA]

rJ

>
L

nlo

rlo

rr L r* >“

Table 3. Correlation between in Situ Measurements and Reflectance Value of each Selected Band

Band2 Band3 Band4 Band5 TN TP
Band?2 1
Band3 0.74 1
Band4 0.89sx 0.87xx
Bandb5 0.43x 0.24 0.58: 1
TN 0.48% 0.62xx 0.57xx 0.29 1
TP 0.59xx 0.58#x 0.58: 0.08 0.80%x 1
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Table 4. Derived Multiple Regression through Band Combinations
Water quality parameters Derived multiple regression R
= -0.18 -8.895xB2+31.156xB3+16.097xB4 () 0.63
Total nitrogen = -0.052+0.765xB2+0.409xB3 0.58
= -0.048+0.956xB2+0.161 xB4 0.56
= -0.062+0.901xB2+0.714xB3-0.287xB4 () 0.63
Total phosphorus = -0.041+0.606xB3+0.526xB4 0.60
= -0.049+0.756xB2+0.447<xB4 0.59

(%) is the selected optimal regression model

Total nitrogen

Total phosphorus
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Fig. 2. Comparison between Estimated Value and in Situ Measurement
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Table. 5 Water Quality Standard of Lake Type (http://water.nier.go.kr/)

Standard
Rank :
Total nitrogen (mg/L) Total phosphorus (mg/L)
Ta 02 > 0.01 =
Ib 0.3 = 0.02 =
I 04 > 0.03 >
I 06 > 0.05 =
I\% 1.0 > 0.10 >
\Y 15 > 0.15 =
VI 15 < 0.15 <
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