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Abstract

This paper attempted to find implications for water resource management and water quality improvement by analyzing the causal
relationship among discharge, water temperature and pollution index, which were expected to have a great effect on water quality with
the rise of water temperature and precipitation change as the warming effect in recent years. For this purpose, the unit root test,
cointegration test, and Granger causal test were carried out for 10 multi-purpose dams in Korean major water systems using time series
data on discharge, water temperature, BOD, COD and DO. It was analyzed that the fluctuation of water temperature affected the pollution
index more than the fluctuation of discharge volume. Also, Hapcheon dam and Chungju dam were the best water quality management
dams based on the high causal relationship between water quality and discharge. The second rank was Daecheong dam. The third-ranking
group were Yongdam and Andong dam, whose causal relationships between water quality and discharge were low. The last group were
the remaining five dams.
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Table 1. Korean multi-purpose dam ranking by water storage

Water Water
Rank Dam storage |Rank Dam storage
(106 ton) (106 ton)
| Soyang river 2,900 7 Hapcheon 790
dam dam
2 Chungju dam 2,750 8 Imha dam 595
3 DeaCheong 1,490 9 Seomjin river 466
dam dam
4 Andong dam 1,250 10 | Junam dam 457
Hwacheon dam | 1,018
1 Namgang 300
6 | Yongdam dam | 8,150 dam
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Z—LO_E—;;H Hoo]| Thol o] EAFITHE AR/PES EAE G 0.05 D 0.1)= A5 } 45 71261 2ol R, 42, DO,
OOl A e fofeka 22 el 712 6kA] g Al A =1 BOD, COD #=9] YA A FolA At = 12 | 2] 2het 2H
= @9&6}%1 o Bl QP AR AAI D Am 2 et ZITh = 5o PP A= sttt A% d 1’411““ Ak
Tables 2 ~ 4+=107] o] DT AA A2, gz ot el 5 4712] ©19] ADF 9 PP HA2 =S4 &9l
Tl QXA G A oo EASHA] Y= 7l 0 2 T ] = EASh= Bt A A G2 BFH A ZH2F 12 A2 AA]
lom], 55, s, AN, B 54 WO ADF  Sto] QP AADS Shmsle] BelRo] EAfRIThe AT
Aol A= LAA Gl Thelo] EA5HA] ko, PP A 7HaE 7145kl
Table 2. Result of the ADF & PP test for Hapcheon and Andong dam
Hapcheon dam Andong dam
ADF test Level PP test Level ADF test Level PP test Level
t P t P t P t P
Discharge -4.21 0.0076 -3.93 0.0166 -3.98 0.0146 -3.47 0.0515
Temperature -6.50 0.0000 -3.25 0.0843 -7.29 0.0000 -3.26 0.0829
BOD -5.39 0.0002 -5.53 0.0001 -3.27 0.0814 -3.44 0.0554
COD -7.11 0.0000 -7.12 0.0000 -5.81 0.0001 -5.81 0.0001
DO -5.34 0.0003 -3.74 0.0266 -1.57 0.0000 -3.33 0.0705
Table 3. Result of the ADF & PP test for Soyang river, Daecheong, Yongdam and Juam dam
ADF test PP test
Level Testl Level Testl
t p t p t p t p
Discharge -4.00 0.0140 -8.79 0.0000 -4.24 0.0072 -16.43 0.0000
. Temperature -4.82 0.0013 -4.64 0.0022 -2.81 0.1985 -4.66 0.0021
Soyj;il rver BOD 324 0.0864 -10.67 0.0000 -3.24 0.0859 -10.67 0.0000
COD -3.03 0.1308 -8.64 0.0000 -3.03 0.1329 -8.74 0.0000
DO -2.65 0.2571 7.19 0.0000 -2.89 0.1722 -7.19 0.0000
Discharge -3.77 0.0249 -9.49 0.0000 -3.77 0.0249 -9.49 0.0000
Temperature -2.82 0.1973 -9.16 0.0000 -2.82 0.1973 -9.16 0.0000
Daecheong
dam BOD -6.09 0.0000 -6.90 0.0000 -6.09 0.0000 -6.90 0.0000
COD -3.32 0.0720 -7.73 0.0000 -3.33 0.0700 -7.76 0.0000
DO -6.60 0.0000 -6.70 0.0000 -3.23 0.0878 -4.93 0.0009
Discharge -3.34 0.0685 -8.48 0.0000 -3.40 0.0606 -8.56 0.0000
Temperature -1.44 0.8336 -10.95 0.0000 -3.15 0.1027 -3.65 0.0334
Y(’;‘f:fm BOD -3.96 0.0153 -9.03 0.0000 -3.96 0.0153 -9.47 0.0000
COD -3.59 0.0385 -7.61 0.0000 -3.66 0.0324 -11.06 0.0000
DO -5.52 0.0001 -5.93 0.0000 -3.13 0.1079 -6.11 0.0000
Discharge -2.98 0.1443 -8.39 0.0000 -3.03 0.1322 -8.44 0.0000
Temperature -2.10 0.5280 -6.95 0.0000 -3.18 0.0976 -4.16 0.0091
Juam dam BOD -5.05 0.0006 -8.46 0.0000 -5.05 0.0006 -16.78 0.0000
COD -4.25 0.0069 -9.24 0.0000 -4.27 0.0065 -9.27 0.0000
DO -7.11 0.0000 -8.55 0.0000 -3.38 0.0632 -6.22 0.0000
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Table 4. Result of the ADF & PP test for Chungju, Imha, Seomijin river and Namgang dam

ADF test PP test
Level Level PP testl
t p t p t p

Discharge -3.72 0.0283 -3.62 0.0359 -9.89 0.0000

Temperature -6.57 0.0000 -2.79 0.2039 -5.90 0.0000

Chungju dam BOD -6.39 0.0000 -6.38 0.0000 -46.28 0.0001

COD -3.27 0.0813 -3.42 0.0579 -8.71 0.0000

DO -4.56 0.0029 -3.87 0.0194 -8.12 0.0000

Discharge -4.06 0.0116 -3.43 0.0568 -8.43 0.0000

Temperature -7.14 0.0000 -3.06 0.1236 -4.74 0.0017

Imha dam BOD -4.65 0.0022 -4.68 0.0020 -10.07 0.0000

COD -4.02 0.0131 -4.12 0.0099 -10.57 0.0000

DO -3.74 0.0274 -5.02 0.0007 -12.26 0.0000

Discharge -5.39 0.0002 -3.24 0.0861 -6.39 0.0000

Temperature -5.90 0.0000 -3.11 0.1116 -5.54 0.0001

Seomyjin river dam BOD -3.96 0.0151 -4.03 0.0126 -9.60 0.0000

COD -4.61 0.0024 -4.64 0.0022 -10.65 0.0000

DO -6.55 0.00 -3.31 0.0730 -5.98 0.0000

Discharge -5.39 0.0002 -5.47 0.0002 -12.56 0.0000

Temperature -6.39 0.0000 -3.06 0.1246 -4.57 0.0027

Namgang dam BOD -3.42 0.0576 -3.42 0.0576 -7.62 0.0000

COD -3.60 0.0383 -3.66 0.0325 -8.16 0.0000

DO -5.66 0.0001 -3.77 0.0248 -8.66 0.0000
32 3HE A o SAH foleFo A FRALE 71245k T B Bt
AL AL A9ITo] A BT UAAD A w47 WA BARS IAY 5 9gick HE
= of| sl AHE-a F5l I A Q1 AAI S Hekoh= ol Al FUH ] Trace Testi=5%2] FAA] frolpEoll A 5220l
AAAG dlole] Aolol] H71249 HRE G 9o oom  EAehA Qrhe HEE B 7|Z)ste] BE W] 328
BolAst 2tz gt sl 2t A7) 2 9l oA 7 24 & 4 o] 50 1= 0™, Maximum Eigen Test BYtof| A=
QItt. W5 7 B AR ZAIGHA] o, ThelZol AL 1719] WA At most 3YE Al 91§ ] 47)e] Mol e B
+ Hgof tisf| 2hE-& S5l A AHe s Mg F VAR 2 AE= 22 AT F5HH ] Trace Testi=8-220] EA4)
Q@ 71Hre] Z1sA 13t G AL, B o MapE 7 F 512 ethe 7Hd2 1%9] SAIA ool B 712
o] ZANSHH VECM 29 7]5He] Z1ghA] Q1 H A& AA o EH R= Wepof| FARo] EAfsl= Aol & = Ao,
shch WhReF 4~2 BOD, COD, DO th$t &9l A4 27} Maximum Eigen Test A Y} A= 1712] H14~(At most 1)E
O] Hapof A ©helo] EAISH= A& SQlE o] B Al LJRt 2] 471 9] Mol = 3422 T 2 4= U3l
A2 e s 342 WA HAS sk 324+ g Wt F7 -2 Trace Testol| 4] -5-&&0] EAoHA] o=
A e dESke 7P Srshtal Q1A E = 83k 54 the 7Ha& 5%2] TAIA frolaEolA B 71265k e
H AX(Johansen’s Cointegration Test)S -85} c}. Hao] FHEo] glgo] ERI% 2 C™, Maximum Eigen
W2, Table 52 Zo] A%7FH ] Trace Test= 524H0] Test A1H=27119] A4 H: Atmost 2, 3, 'B74H: At most

Ao} QFeThe 71AS 59%0] BAY Golizol A mE
Atetel E W4 FARo] glgo] SklEglon,

Maximum Eigen Test ZZ}o] A= 1 7]2] (At most 2) 5%

1, 2)°l1A 5%2] TAA f-2gFol| A AF7HA-E 712514
ST YR 3709] Hgof| M 3RS HAT 4= Qlih
S A A7 H-E Trace Testol| A 22 Ho] ZA514]
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Table 5. Johansen’s cointegration test for Korean 10 dams

Soyang river dam Andong dam Juam dam Imha dam Daecheong dam
Trace Max- Trace Max- Trace Max- Trace Max- Trace Max-
Test Engen Test Test Engen Test Test Engen Test Test Engen Test Test Engen Test
i};p thhésézg)j Prob. Prob. Prob. Prob. Prob Prob. Prob. Prob. Prob. Prob.
None* 0.0000 0.0053 0.0000 0.0064 0.0000 0.0001 0.0000 0.0282 0.0000 0.0000
At most 1* 0.0002 0.0709 0.0000 0.0027 0.0000 0.0094 0.0001 0.0894 0.0000 0.0017
At most 2* 0.0009 0.0312 0.0014 0.0211 0.0008 0.0272 0.0006 0.0431 0.0052 0.0631
At most 3* 0.0086 0.0410 0.0206 0.1233 0.0090 0.0584 0.0036 0.0356 0.0278 0.0769
At most 4* 0.0187 0.0187 0.0120 0.0120 0.0115 0.0115 0.0066 0.0066 0.0428 0.0428
Namgang dam Hapcheon dam Seomjin river dam Chungju dam Yongdam dam
None* 0.0000 0.0108 0.0000 0.0111 0.0000 0.0068 0.0000 0.0079 0.0000 0.0002
At most 1* 0.0024 0.1609 0.0000 0.0280 0.0000 0.0071 0.0006 0.0772 0.0001 0.0009
At most 2* 0.0069 0.2484 0.0002 0.0256 0.0000 0.0046 0.0036 0.1479 0.0334 0.0513
At most 3* 0.0065 0.0337 0.0015 0.0273 0.0016 0.0134 0.0062 0.1243 0.2623 0.3250
At most 4* 0.0168 0.0168 0.0027 0.0027 0.0086 0.0086 0.0020 0.0020 0.1938 0.1938

* Significance level 5%
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Table 6. Test result of the Granger casuality test for Soyang river dam
Temp BOD Discharge Temp Temp DO DO
= BOD = Discharge = COD = COD = DO = Temp = Discharge
Lagsl F 9.46 2.76 6.66 5.87 4.48 10.20 0.01
P 0.0033* 0.1021 0.0126** 0.0187** 0.0388** 0.0023 0.9140
Lags2 F 6.33 3.79 3.39 3.86 1.84 7.09 0.18
P 0.0034* 0.0291** 0.0413** 0.0273** 0.1681 0.0019* 0.8333
Lags3 F 4.52 3.53 2.31 2.44 2.06 7.01 2.94
P 0.0070* 0.0215** 0.0879*** 0.0750%** 0.1172 0.0005* 0.0420%**
F:F-statistic, P:Prob, * P> .01, ** P > 05, *** P> .1
Table 7. Test result of the Granger casuality test for Chungju dam
Temp Discharge Temp COD COD Temp DO Temp
= BOD = BOD = Discharge | = Temp = Discharge = COD = Discharge = DO
F 0.00 2.83 0.51 5.16 2.30 2.67 2.99 3.16
Lagsl P 0.9495 0.0977*** 0.4776 0.0269** 0.1343 0.1078 0.0893*** 0.0806%***
F 0.85 1.70 2.90 7.94 2.68 7.94 6.61 1.12
Lags2 P 0.4313 0.1918 0.0634*** 0.0010* 0.0779*** 0.0010* 0.0028* 0.3315
Lags? F 3.35 2.30 2.55 423 4.07 5.13 5.74 1.66
P 0.0262** 0.0882%*** 0.0659*** 0.0097* 0.0116** 0.0036* 0.0019* 0.1871
F:F-statistic, P:Prob, * P> .01, ** P> .05, *** P> ]
Table 8. Test result of the Granger casuality test for Daecheong dam
Temp Discharge | Discharge Temp COD Discharge Temp DO DO
= Discharge | = Temp = COD = COD | = Discharge = DO = DO | = Discharge | = Temp
F 2.00 0.05 0.23 5.22 0.44 10.49 17.93 0.04 0.08
Lagsl P 0.1629 0.8190 0.6301 0.0262** 0.5057 0.0020* 9.E-05* 0.8277 0.7680
F 2.21 2.08 3.04 3.38 2.91 5.94 7.92 4.52 1.58
Lags? P 0.1199 0.1340 0.05 0.0414** | 0.0630%** 0.0047* 0.0010* 0.0154%** 0.2145
Lags3 F 5.25 4.42 4.47 2.34 2.16 5.95 6.36 3.68 3.58
P 0.0032* 0.0078* 0.0074* | 0.0841%** 0.1038 0.0015* 0.0010* 0.0181** | 0.0202**

F:F-statistic, P:Prob, * P> .01, ** P> .05, *** P> ]
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Table 9. Test result of the Granger casuality test for Andong and Imha dam

Andong dam Imha dam
Temp Discharge BOD Discharge Temp Temp Temp Discharge
= Discharge = Temp = Discharge = COD =BOD = Discharge = DO = DO
F 7.19 4.69 3.96 3.68 3.49 1.17 17.00 0.86
Lagsl P 0.0097* 0.0345%* 0.0514%** 0.0601%*** 0.0670*** 0.2832 0.0001* 0.3577
F 3.29 5.64 4.07 1.91 422 1.03 10.38 1.06
Lags2 P 0.0451** 0.0061 0.0228** 0.1579 0.0199** 0.3636 0.0002* 0.3514
F 1.86 3.03 2.92 1.67 6.03 2.29 6.65 2.73
Lags3 P 0.1473 0.0379 0.0431** 0.1853 0.0014* 0.0898*** 0.0007* 0.0537***
F:F-statistic, P:Prob, * P> .01, ** P> .05, *** P> ]
Table 10. Test result of the Granger casuality test for Hapcheon dam
Temp BOD Temp Discharge Temp COD Temp DO
= BOD = Temp = Discharge = Temp = COD = Temp = DO = Discharge
Lags] F 6.65 10.13 3.31 3.45 3.83 6.97 7.20 1.63
P 0.0125** 0.0024* 0.0739%** 0.0683*** 0.0553*** 0.0107** 0.0095* 0.2068
Lags? F 4.67 0.99 1.45 3.45 1.60 1.64 11.95 2.56
P 0.0134** 0.3759 0.2423 0.0388** 0.2096 0.2023 5.E-05* 0.0867***
Lags3 F 7.25 0.27 3.21 2.47 1.52 0.74 5.72 1.60
P 0.0004* 0.8451 0.0307** 0.0723*** 0.2200 0.5293 0.0019* 0.1994
F:F-statistic, P:Prob, * P> .01, ** P> .05, ¥** P> ||
Table 11. Test result of the Granger casuality test for Seomjin river dam
Temp Temp Discharge | Discharge COD Temp Temp DO DO
= BOD |= Discharge| = Temp = COD |= Discharge| = COD = DO |= Discharge| = Temp
Lagsl F 1.49 4.10 1.13 0.29 1.65 8.02 11.03 0.99
P 0.2265 0.0478** 0.2916 0.5864 0.4585 0.2037 0.0064* 0.0016 0.3221
Lags?2 F 4.55 1.72 0.81 2.80 2.89 4.08 6.56 0.86
P 0.0151** 0.1880 0.4478 0.0702%** | 0.0721*** | 0.0644*** 0.226 0.0029* 0.4276
F 2.87 6.79 451 1.93 242 4.54 6.08 3.03
Lage3 P 0.0457** 0.0007* 0.0072* 0.1364 0.0428** | 0.0765*** | 0.0069* 0.0014* 0.0376**
F:F-statistic, P:Prob, * P> .01, ** P> .05, *** P> ]
Table 12. Test result of the Granger casuality test for Juam dam
Discharge BOD BOD Temp Discharge Temp DO
= Temp = Discharge = Temp = COD = DO = DO = Temp
F 2.94 4.42 3.17 4.69 6.20 12.21 0.23
Lagsl P 0.0918*** 0.0400** 0.0324** 0.0346** 0.0158** 0.0009* 0.6325
F 2.32 2.09 1.56 4.85 8.03 6.89 1.13
Lags2
P 0.1078 0.1334 0.2182 0.116 0.0009* 0.0022* 0.3288
Lags? F 1.61 1.61 3.17 3.60 5.77 4.34 2.94
P 0.1985 0.1975 0.0324 0.0197** 0.0018* 0.0086* 0.0421**

F:F-statistic, P:Prob, * P> .01, ** P> .05, *** P> ]
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Table 13. Test result of the Granger casuality test for Yongdam and Namgang dam

Yongdam dam Namgang dam
Temp Discharge Temp DO DO Discharge Temp Temp Temp
= Discharge| = DO = DO = Temp |= Discharge| = BOD = BOD = COD = DO
Lags] F 3.75 1.45 9.48 3.84 2.92 3.20 8.96 4.75 3.82
ags
& P 0.0577*** 0.2336 0.0032* 0.0550%** 0.0929%** | 0.0790%** 0.0041* 0.0336%* | 0.0555%**
Lagsd F 2.23 4.27 9.27 0.58 1.59 2.58 7.18 4.40 291
ags
& P 0.1174 0.0191%*%* 0.0004* 0.5584 0.2118 0.0853*** 0.0018* 0.0171%** 0.0630
Lags3 F 1.52 3.17 5.24 3.22 3.81 3.44 5.33 3.67 1.41
ags
& P 0.2203 0.0322%%* 0.0032* 0.0303** 0.0154** 0.0236** 0.0029* 0.0183** 0.2484
F:F-statistic, P:Prob, * P> .01, ** P> .05, *** P> ]
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Fig. 1. Water quality improvement effect according to discharge and water temperature of dam
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