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Evaluation of Correlation between Chlorophyll-a and Multiple
Parameters by Multiple Linear Regression Analysis
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Abstract : In this study, Chlorophyll-a (chl-a) prediction model and multiple parameters affecting algae occurrence in Mulgeum
site were evaluated by statistical analysis using water quality, hydraulic and climate data at Mulgeum site (1998~2008). Before the
analysis, control chart method and effect period of typhoon were adopted for improving reliability of the data. After data prepro-
cessing step two methods were used in this study. In method 1, chl-a prediction model was developed using preprocessed data.
Another model was developed by Method 2 using significant parameters affecting chl-a after data preprocessing step. As a result
of correlation analysis, water temperature, pH, DO, BOD, COD, T-N, NOs-N, PO4P, flow rate, flow velocity and water depth were
revealed as significant multiple parameters affecting chl-a concentration. Chl-a prediction model from Method 1 and 2 showed
high R* value with 0.799 and 0.790 respectively. Validation for each prediction model was conducted with the data from 2009 to
2010. Training period and validation period of Method 1 showed 20.912 and 24.423 respectively. And Method 2 showed 21.422
and 26.277 in each period. Especially BOD, DO and PO4-P played important role in both model. So it is considered that analysis
of algae occurrence at Mulgeum site need to focus on BOD, DO and POs-P.

Key Words : Nakdong River, Chl-a, Multiple parameters, Data Preprocessing, Multivariate Statistics
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chlorophyll-a (chl-a) o] % B9E EZabgich. £4) 41 dlojelo] AL G2 oI5 ol 4AS AAsHE WA BYS 59
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Fig. 1. Location of research area in Nakdong River basin 2"
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Table 1. Data for research (1998~2010)

Classification Parameters Resource
Water temperature, pH, DO, BOD, National Institute of
Water quality COD, T-N, NOs-N, NH4-N, T-P, Environmental
PO,-P('01/03~'08/12), chl-a Research
SWAT analysis,

Flow rate, flow velocity,

Hydraulic Simulation result of
water depth
Hec-ras model
Climate Precipitation, insolation, The meteorological

wind velocity Administration
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oA M 2t Fig. 3. Conc. of chl-a and NH4-N in period of typhoon ‘RUSA’
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\ Raw Data (water quality, hydraulic, climate)

Step 1 : Data preprocessing

Control
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preprocess1  preprocess 2
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Preprocess 1 : Calculating dard iation of every p s. And
using this value to eliminate outliers which are above mean value plus
third time of standard deviation and below mean value minus third time
of standard deviation

s 2 : Make sure the effect period of typhoon in south korea
by information of the biggest typhoon from "98~'08. From this result the
data out of effect period of typhoon in south korea is removed

Step 2 : Make linear regression model by each methods 1r—>Step 3 : Validation

- Chlorophyll-a prediction model using the data from Method1
and Method2
- The best model is made from each methods by R** value
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Fig. 2. The proposed flow chart for determining statistically optimized regression variables and developing the chlorophyll-a prediction
model by multiple linear regression,
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Fig. 4. Monthly variation of chlorophyll-a concentration from
1998 to 2008 at Mulgeum,
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Table 2. Correlation analysis between chl-a and non-preprocessed
data

WT. pH DO BOD COD T-N NOs-N NHs-N
R -0698 0680 0798 0826 0656 0572 0502 -0.053
p 0,000 0000 0000 0.000 0,000 0000 0000 0.380
TP POP ooty dogh voooty ation  ton
R 0.114 -0654 -0111 -0.164 -0216 0.013 -0.096 -0.208
p 0056 0000 0064 0006 0000 0835 0111 0.000

Table 3. Correlation analysis between chl-a and preprocessed
data

WT. pH DO BOD COD T-N NOs-N NHs-N
R -069 0675 0793 0816 0.731 0586 0513 -0.106
p 0000 0.000 0,000 0000 0.000 0000 0000 0.092
TP PO ooty donh vty ation _ on
R 0.206 -0.650 -0.176 -0.172 -0.159 -0.026 -0.093 -0.204
p 0001 0000 0,005 0006 0012 0681 0.143 0.001

(Step 1)E =33} c}. Step 19] 43 # Raw datas 0]3—
3 2+ AAE=T} chl-a9}o] ATWHAE pearson ATA
23] B4 23 4=, pH, DO, BOD, COD, T-N, NO3-N
PO4-P, Flow rate, Water depth ¥ Insolation®] chl-a 5=}
oIt A (p<0.05)F UrEth(Table 2). 1% BOD,
DO, =&, pH, COD Y PO4-P7} A& o2 =2 At
vElATE 2 Step 12 A%l datas A S 2 chl-a®}
7} Q17 7ke] ATEHAE pearson ARASE Fo Bt
At A A3 &2 T-P2} Flow rate Q1&F7} F=712 0
& chl-a®} {203t A4HaAE Yelick(Table 3). oh&
Ot AHAE YUY A AduAs S & &
o]5 Ho|z] ogtom COD7} 0.65690|4 0.731 2 %7}, Water
depth7} -0.2169] 4] -0.159= 7+Aadst A2 Rc). A
on WFSY, BE W 2HoF Fo| thE UE wr}
T-P} Flow rate®] tofefof o =A| F3& vzt F7¢
ok o] % wA 9 B2 HA Y e AX dataE F30
A= ATt

N

off oE‘.

3.3. Method 1& 0|28t chl-a 0| & 2 &(Step 2)
HAE S AR 4, 2 9 7141 1671 5o
g3tk glolEE 0|83t chl-a ¥ & TE5HTE S
%Hﬁéﬁl%ﬂf J= AT EAT A Fofe ¥
| SEHpol T & Aor Ay
F7hete W SAEE Harh b
RE7F A He= oA A ASH El= Stepwise H
< AHEEYE EEEH EdoA ESYHeE 7h
= 7 & tEs4ddel &
VFER=G|(VIF value > 10Y°” o] A& 441, 44
AA7F f9) 22 RE 2ojH Foli=w OIF&?‘&
Ueld Aoz g Augoz 489l

>—Yl

>~

o o
_\::1
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Table 4 Result of multiple linear regression by Method 1

No. Selected parameters in regression model R

1 BOD 0.665
2 BOD, DO 0.754
3 BOD, DO, PO,-P 0.781
4 BOD, DO, PO,-P, T-P 0.797
5 BOD, DO, PO,-P, T-P, Insolation 0.799

Table 5. Result of the selected multiple linear regression model
of chl-a by Method 1

Parameters Coeffcient  Beta coefficient  p-value VIF
Constant -36.277
BOD 17,742 0.378 0.000 2516
DO 4775 0.309 0.000 2.408
PO4-P -572.959 -0.314 0.000 2317
T-P 259 966 0.158 0.000 1.580
Insolation -0.405 -0.061 0.037 1.052

A7) chl-a & BES % 577} =25 Qltk(Table 4).
o] Z BOD, DO 1 PO, P 37| SIZFehe 53] A4 A%57)
0.781& JElJ= AL E 4, BOD, DO 2 PO4P7} chl-a
S oo Al 2 d%e sl Ao wekE.
w29 S7H0) mY B R¥gko] 7b &7 ehd s w
Qe ofdo] Azt Zow & 57p9] W

L
4 ER
zo g =gstu gk

Chla = -36.277 + 17.742BOD + 4.775DO - 572.959PO,P +
259.966TP - 0.405Insolation (R = 0.799) )

229] p-value®} VIFFES: &3l A8E Hb=
st oS 7R S Ae EIE 4 9l

Egh mdl o] F&Hwpo gt A Al FFE o A7)

£ UEYL BetaA|4= BODS} PO,-P 71831 DO%£O2 =

Al vepsteh wheba wrEoj Rl Belo] F&5R4Ql chla &

o] mE fo

3ltTable 5).

o A PFL u|x= W42 BODS POs-P 18] DO
£ 3 4 9o T-P9} Insolation®] 9= chl-aQ] £
of Y vA= FoT HGolu thE RS HE| #

< BetaAl gh= WALl qleh

3.4. Method 2E 0|23t chl-a 0f|& 2 &(Step 2)
Xt

Siol ot 7.4 21748 Hrfoln Lrum Al e 5

w2 oA 1]
3 1998 =E] 2008 Afolo] W AZEK127.01 m'/s)S
_'Qr

ATl faFol B A ojshel Fg AAFATE of
), g3k A o] o8] ol HlolH R o] 7
= 7R F YARFE

Bl A nEEdck 28
9l 14.4 MJ/m* 2t} + 6 (7.1 MJ/m?)2] oFoj

'L o
)
1o
ol
£l
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Table 6. Seasonal value of pearson coefficient of correlation between water quality data and chl-a

WT, pH DO BOD COD T-N NOs-N NH4-N T-P PO4-P
Spring, Autumn -0.651 0.637 0777 0.847 0.823 0.430 0.480 -0.143 0.057 -0.852
R Summer 0,102 -0.199 -0.261 0.749 0.566 -0.641 -0.573 -0.392 -0.395 -0.607
Winter -0.239 0.744 0213 0.786 0.450 0.765 0.493 0.002 0.195 -0.694
FFoh= F7to 2 A FEFo] Ut WXk HX %= oA o] Table 7. Seasonal value of pearson coefficient of correlation be-
Z2 uhilo] & RS 2| w2 A5Elgch w3 7 tween hydraulic condition and chi-a
2o 9lo] 7kaEFo] 0 mmE 740l i3k R1H A o] ko) Flow rate Flow velocity ~ Water depth
ol o Helstgic) o3t BAHELS B S 9 74k Spring, Autumn -0.267 -0277 -0.269
A JFE ASIT S AAET chl-ashe] JUTA N Summer . DOBE 008 0099
2 B4519c} o] o B4 Z AAHE Swo] 2E ) Winter 0479 0492 0510
i s QAES B 8 AL, o18A % eix
Ade PRt BAS AAF Ak AR 24 A chl-a9] 5w8 TSR AT YIS FA okt 7]
A QAR p-value7} 0.05 o]3HE el E QS diato At FEFEAA =29 B9 22 ol & A5
2 3tk 24 Aal 2 7peHe £ pH, DO, BOD, 0 mm ¥ FHF A 144 MI/m’9] 6 (7.1 MI/m’)¥
COD, T-N, NO3-N¢} PO,-P, o232 BOD 181l ALHL ¢re} A g5 AEstqith. A2 = Table 73 Zom
pH, BOD 9 T-No] chl-a®} 32031 3741 E K g rHTable 6). , 7he, ASEe AS e A B chl-agt R A
BOD: &4 7to] chl-a7} 2£3He 4= QJoH& o]2 8 9 A5de 49 deeeudt @

FolAetn W) of2len ofol tat A7t o Wa
TSR Bt BT ALES chiad] £a AR
7 chEA e, ol A Aol uhek 42 chE A4
PSS A S0l EA] oz uiHo
Ak wrebA] e, 714 Qake] W9lE ARUE o chl-a
= W] S nAE QA 42, pH, DO, BOD,
COD, T-N, NO;-N 9 PO,P& UE}y}on 0|3 pH, BOD
3 TNE 3743 o[4S chl-agh §of3k A4S hehyglct.

I}
-0,
- L
ofy
>
il
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o&‘i

o] 0|8 4 Sl 8

N03-N NH4-N4 Jﬂ% l"—ESl} = 4 Agﬂoﬂ 293} 4A
3] T-N, T-P %%£(0.2, 0.02 mg/L)*? A}o]9] H|(ratio)=
ol g3l FstArt 1 Ayt 2F A Hgt Hasks
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Table 8. Seasonal value of pearson coefficient of correlation be-
tween climate condition and chl-a

Precipitation Insolation
Spring, Autumn 0.107 0.033
R Summer 0.305 0.370
Winter 0.057 0.390
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Table 9. Result models of multiple linear regression by Method 2

No. Selected parameters in regression model R

1 BOD 0.665

2 BOD, DO 0.754

3 BOD, DO, POs-P 0.781

4 BOD, DO, PO4-P, COD 0.787

5 BOD, DO, PO4-P, COD, Water temperature 0.790
42]91217} chl-a FFAAZ o FHsi A grol &
A A e 3 At o ot R S5k,
Chl-a X2 W3}7} 7|A¢IA et ARTAS Ho|z| 99)A]
o P QAUE dlojEl] HerS B3 FAF AT
Mt e Ao AoEc BEE Fagald
Q1 =2, pH, DO, BOD, COD, T-N, NOs-N, PO4-P, -2
chl-ag] 6% RHo] EYWSR AHGEAT §4 L 4
= frgel o8 =% goln® gEsAdS sl ¢
of W= JgshA Ay d=¥E HeES o835k wt
=017 ©de] Ai= Table 99 YEtfiQleh T-N &f go]
e gRd =& B9 stepwise A ‘ﬂ 2817
oA FeofshA e W= FuEo] Mz AduEA ¢

ATHP>0.05).
=2d 2dF 7P £ 2AASE 7R lb I Re= N
ofgfet Zom R¥Zho] 0.7900.2 =& fo4S yehfick

Chl.a=-28.523 + 13.095BOD + 4.570DO - 403.782PO,P +
5.929COD - 0.576Water Temp. (R* =0.790) )

o] uf, stepwise HpAE o] Q3 =EH RAS AT
2 Method 13} b7} 2 BOD, DO, PO,-P Tto g m
do] AGAF7E 0781714 A== A& o = ok 2=
Method 2& £33t Ao A= Method 1 & Ai}E e
= A& &, 454 3+ &5x% BOD, DO, POs-P
7} chl-a %= AS53E AEsked 7MY & 9T kL 8l
59 ¢F 4= 9lt}. Table 102 Mehotd 2& E3F myo] nE=
HeEo] o8t tEaidds HolA o3& HolEth
18] 3 BetaA|4E £33 BOD, 422, PO,-PY] &£42 & &
H 2do] FEHHEQ chl-a & A S0 & FEFE 1A
pHO] 7% mdlo] {003t =) p2 ko] o
g2 xFbo] EQA|RE FEHHSL] It S FA=
%e Ao i

Table 10. Result of the selected multiple linear regression model
of chl-a by Method 2

Parameters ~ Coeffcient  Beta coefficient  p-value VIF
Constant -28.523
BOD 13.095 0.279 0000 4326
DO 4570 0.296 0000 3643
PO.-P -403,782 -0.222 0.000 1599
COD 5929 0.158 0002  3.032
Water temp. -0.576 -0.103 0.043  3.046

3.5. Chl-a 0| & 2 & 2| ZHE(Step 3)
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Fig. 5. Training and validation results of MLR by Method 1 for
chl-a prediction [(a):training result, (b): validation result].
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Fig. 6. Training and validation results of MLR from selected pa-
rameters by method 2 for chl-a prediction [(a): training
result, (b): validation result],

Table 11. RMSE value of both regression model for prediction

chl-a
MLR model RMSE
Model 1 training 20,912
(by Method 1) validation 24423
Model 2 training 21422
(by Method 2) validation 26227
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