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Abstract : This study was classified into two groups, normal season group and drought season
group, by the cluster analysis using the weather and water quality data from 2012 to 2015, using
SPSS 18 version. Also each cluster was classified into three spaces, Gangcheon, Yeoju and Ipoh weir.
We performed the multiple regression analysis with each monthly data that concentration of Chl-a
was more than algae warming level. 6 groups classified in time and space were analyzed by the
correlation analysis between concentration of Chl-a and 3 weather, 11 water quality and discharge
factors. We developed Chl-a prediction equations of each group with independent variables of the
multiple regression analysis applying to the correlation result.

The result of cluster analysis was that the period was divided into two groups, normal group(2012-
2013) that total annual precipitation rate was normal and drought group(2014-2015) that total annual
precipitation rate was less than 1,000 mm /hr, in time. The months that concentration of Chl-a was
more than algae warming level in each group classified by cluster analysis were that the normal
group was 3~8 and drought group was 3 and 6~10.

The correlation result between Chl-a and weather, water quality and discharge factors for each 6
group was that relationships between Chl-a and water, discharge factors were high in the drought
group more than in normal group at all weirs. This was influenced by velocity reduction and
increasing HRT according to the intense drought.

Weather, water quality and discharge factors that were high correlation with Chl-a were applied
to independent variables of Chl-a prediction equations and each equations were developed. Among
them, Each adjusted R square of Prediction equations for Chl-a in each group at Ipoh weir where is
located in Namhan river downstream and is directly connected to Paldang dam were normal group
=0.920 and drought group = 0.818. It's showed the high linear.

Keywords : Weir, Climate, Chlorophyll-a prediction equation, Multiple regression analysis
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Figure 1. Locations of Gangcheon, Yeoju and lpoh weir
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Table 1. Classified algae warning period

Space Temporal Period of algae warning occurrence (months)

2012~2013 4-6
Gangcheon
2014~2015 6-10
) 2012~2013 4-7

Yeoju
2014~2015 3,69
2012~2013 3-8

Ipoh
2014~2015 3,69

Table 2. Algae warning frequency and chl-a concentration depending on groups after weir construction

. Normal season (2012~2013 year)
Weir Gangcheon Yeoju Ipoh
month Frequency GEHEID Frequency GEHETD Frequency RO D
(mg/m’) (mg/’) (mg/m’)
3 - - - - 1 17.5
4 1 15.8 - - 1 16.3
5 2 189 3 22.8 5 392
6 2 22.1 4 35.8 4 444
7 - - 1 28.0 1 40.7
8 - - - - 3 31.8
Sum 5 19.5 8 30.0 25 36.2
. Drought season (2014~2015 year)
Weir :
Gangcheon Yeoju Ipoh
month Frequency LGS Frequency LGS Frequency LG
(mg/m?’) (mg/m?’) (mg/m?’)
3 - 3 16.3 3 204
6 5 36.6 3 32.1 9 39.7
7 5 20.2 5 249 6 36.0
8 4 29.7 1 16.5 3 30.7
9 4 27.5 1 20.0 4 28.6
10 2 21.1 - - -
Sum 20 27.7 13 23.6 25 33.6
galsict S3 ATEAE S ZoHe Table 33} 2,
ol wj, F 6712 Al-E7H4] TLgel tisl =7 52 AL} Hr| gol gt AdeHEA 2x), COD
5 olAke] Chl-a s%7F Z74¥ 94 Chl-a 9%+ (0.726), BODs(0.631), pH(0.424)9] <=2.& Chl-a

woh 23 o1 2 Wl Taple 29} 2T},

2. Chi-a2t 7|&, & &

21t

MR 25 WA 9 84S #£4817] Sl8iA Chl-a
TR MY 71, WS 5 B {7 5 29

FE w2 ¢ JWAEE UEded, §F
(~0.362), NHs~N(~0.308), @ZA|7H-0.279), T-N
(=0.259), NOs—N(-0.224)¢] =& Chl-a 5=}
B2 50 S el E3E R 7¥
B7] 280 i3t A4 A BODs(0.657), 4

(0.540), pH(0.496), 71-2(0.399), COD(0. 323)
$S(0.298), Y=A17H0.233)9] =22 Chl-a ¥ &
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Table 3. Correlation analysis result between Chl-a and environment factors depending on groups

Weir Gangcheon Yeoju Ipoh
Factors Normal Drought Normal Drought Normal Drought
Temp. 0.047 0.399 0.141 0.178 0.199 0.305
Rainfall -0.008 -0.049 -0.235 -0.116 -0.211 0.009
Daylight -0.279 0.233 0.351 0.092 0.239 0.036
Discharge -0.362 -0.581 -0.349 -0.508 -0.421 -0.340
Water Temp. 0.056 0.540 0.262 0.164 0.294 0.356
pH 0.424 0.496 0.717 0.399 0.826 0.820
DO 0.149 0.165 0.336 0.205 0.239 0.364
BOD;s 0.631 0.657 0.844 0.638 0.785 0.819
COD 0.726 0.323 0.176 0.522 0.143 0.656
SS 0.132 0.298 -0.130 0.122 -0.209 0.227
TN -0.259 -0.515 -0.055 -0.377 -0.343 -0.628
NH:-N -0.308 -0.246 -0.130 -0.366 -0.417 -0.367
NO>-N -0.224 -0.590 -0.205 -0.416 -0.435 -0.564
T-P -0.099 0.066 -0.160 -0.166 -0.336 -0.181
PO4-P -0.027 -0.116 -0.237 -0.319 -0.487 -0.413
= ¥ AHde deErlilen, NOs—N(- gt o] K O] 7}E7| 1| digh AvHEA A, pH
0.590), T-N(-0,515), NH5—N(-0,246)2] =22 (0.820), BODs(0.819), COD(0,656), DO(0,364), =
Chl-a S0} %8 &9] A2 ey olet, £4(0.356), 712:(0,305), $5(0.227)¢] %02 Chl-a
AT BAIIGA A FREL Ak, HES € A ARG dehslont, TN
BODs(0,844), pH(0,717), ¥ %= A 7+(0.351), DO (—0.628), NOs—N(—0,564), PO+—P(=0,413), NH3—N

(0.336), &(0.262)9 +2.2 Chl-a ¥E} £ (—0.367), +%(-0.340)¢] =& Chl-a s=t &=
FHEE et e, §7(-0.349), POi—P 2 29 S YER Gl
(=0.237), Z4>(-0.235), NOs—N(-0,205)9] <= Table 3] Aol oJatd, H4=7] 15 Bl 7}
O & Chl-a 5% =2 59 84S Uetiigldt, 71 1golA 21 fegol Chl-a s=o thgh A&
E3F, R RO 77| LEol HiE A A ol F71etelet, §6] 7 A Chl-a%t 42
BOD5(O 638), COD(0.522), pH(0.399), DO(0,205) O] Ao W47) 189 0,05600 4 7HE7] L&
TO % Chl-a 529 2 ¢ e Uetial 0.5402.2 A F7Fst3le}, ol«= 7Ha 7l L&A
o, §3(-0.508), NOs—N(-0.416), T-N(-0.377), o] 7|12 Qlall FAIRE 7Heol A&Hol| weh A
NHs—N(-0.366), POs—P(-0.319)2] &0 & Chl-a 2 7hA0L 7]8 Z7ta olg) 3k U G2Fo] 1At
TEO; = 29 TS YEGIT AL A FAIRE] STV % o]
o321 9] P7|AFo| theh A¥hEA A pH &e] g2-0] F7keto] 4223} Chl-a2he] A4
(0.826), BODs(0.785), 42(0.294), @ 2AI7t ¥ A Ao R Y, E5, AR $1Ag
DO(0.239)2] =22 Chl-a 5= =2 o] 434 oAl Chl-a%} Q1(P)<] Ad/do] Rotd Bha 74 %
S Yo, POi—P(—0,487), NOs—N(—0,435), oA o] W 7A] 3HFE W 44= Chl-at T-P,
92K(—0,421), NHs—N(—0,417), T-N(-0,343), T-P POs—P2] AHkAlo] Z7}8H= Ao g Uepdt) E3
(—0.336), 7F4=2F(-0.211), SS(-0,209)¢] %0 & ZYAR, o]F K o| LK oA PO—PL} Chl-a2] A
Chl-a =9} & 59 A4S Usdsit ® 32 B 1EolA 2442 -0.027, 0,237, —0.487
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Table 4. Prediction regression equations of Chl-a concentration depending on groups

Weir period multi-regression of Chl-a concentration
Normal Chl-a=-(0.352xDaylight) + (2.639xpH) + (4.021xBODs) + (6.194xCOD)
—(190.863xT-P) — 30.501
Gang Cheon - -
Drought Chl-a = (0.665xDaylight) — (0.115xDischarge) + 913.718%pH) — (72.665xNH;-N)
—(7.728<NOs-N) + (1.383xSS) + (159.302xT-P) — 91.388
Normal Chl-a= —(0.003xDischarge) + (0.502xWater Temp.) + (15.799xBODs)
Vool — (149.334xPO;-P) — 14.853
eo Ju
Drousht Chl-a = — (0.099xDischarge) + (8.399xCOD) — (35.742xNH;-N) + (6.483xNOs-N)
€ —~(121.944xPO-P) - 18.168
Normal Chl-a= —(0.004xDischarge) + (0.622xWater Temp.) + (3.068xpH) + (10.684xBODs)
dh ~(0.057%SS) + (2.479xT-N) — (12.281xNH3-N) — (124.489xPO,-P) — 39.353
0
P Drought Chl-a = (0.372x Water Temp.) + (20.031xpH) + (6.695xBODs)
— (20.739xNH:-N) — 162.527

o] 93 771 1ol 242k 0,116, 0,319, 0,413
OS2 FHEEG o] Hf|A Chl-a2he] /o]
AR ET,

3. 184 Chl-a sk 0|4
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Table 5. Diagnosis of regression equations of Chl-a concentration

. . F-Test
Weir Period VIF R Ad.R?
F p-value
Normal 13.9 <0.05 1.05~1.79<10 0.881 0.721
GangCheon
Drought 12.3 <0.05 1.13~2.65<10 0.865 0.699
Veol Normal 42.5 <0.05 1.13~3.84 <10 0.946 0.874
eolu
Drought 14.6 <0.05 1.62~2.23 <10 0.811 0.612
foch Normal 64.1 <0.05 1.63~5.78 <10 0.967 0.920
0)

P Drought 46.2 <0.05 1.19~2.18 <10 0.919 0.818
of gttt whebAl, 67]¢] Chl-a &&= o520l tigt Aol EAskA] ekettt, B471 150 7He7 1 1E
e Adstr] flal A4S FodS Ast ] 7}7} Chl-a &%= <5419 Ad.R*Z 0,874, 0.612
£ Fieiel prvaclh 074 998 99 oigien, 471568 3400 ARG o
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1= Ad R2Z; 2 EH 7 oAl ojne 5
Qla}l7] 93t VIFZE 5< SPSS 18 version Z& 13
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