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Abstract : The QUALZE and Box-Jenkins time series model were applied to the Miho river, a main tributary of the Geum
river, to predict water quality. The models are widely used to predict water quality in rivers and watersheds because of its

accuracy. As results of the study, we concluded as follows:

Pollutant loadings in upper stream of Miho river were determined to 57,811 kgBOD/d, 19,350 kgTN/d, and 5,013 kgTP/d.
The loading of TN in Mushim river was 19,450 kgTN/d, respectively. As the mass loadings were compared with pollutant
sources, it concluded that the farming livestock contributed highly to mass emissions of BOD and TP and the population
contributed to TN mass loading. The observed water quality values were applied to the models to verify and the models were
used to predict the water quality. The QUAL2E Model predicted the concentrations of DO, BOD, TN and TP with high
accuracy, but not for E-Coli. The Box-Jenkins time series model also showed high prediction for DO, BOD and TN. However,
the concentrations of TP and E-Coli were poorly predicted. The result shows that the QUAL2E model is more applicable in
Miho basin for prediction of water quality compared to Box-Jenkins time series model.
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Fig. 1. Relationship between nutrients and dissolved oxy-
gen in QUAL2E model.

PTREXO QP g—0 woe 0

e 4 i

2.2. Box-Jenkins A|AE 2%

22.1. Had

s AAID e A ZA dATE AFEe W
B WEREE JehiAY AEF FHE Jehi=
2 o]F 71Engoer nlg Y F gtk F, 7ER
oz o8 F v AES A (stationarity)S Zk=
Algoldel g, ole Age]l YA FREFE(level)S
FAo2 39 WEde F3& JYehie 4ES Ty
2lge gEFZ7 ATERXEE ZECUY oJH3 AES A
A+A L (stationary series)o]2t 3o} Atg 2] AL HAS
71 913 whHo g AFEE A (Normal probability paper)®
¥, ¥ AA(Chi-square Test), S=%E 7 A (Skewness Test) =
K-S7 A (Kolmogorov-Smirnov Test) 5] glov, ARAH
257t v AAA Y(non stationary series)d 739 dlHP
OB E FHsld AYAG=e dEgs HFdg 4+ o
(Box and Jenkins, 1976).

222 D& AlY

A7 gt FEAEBTFE o188 ARMA(Auto
Regressive Moving Average Model) E@2He] w2
AR(Auto Regression Mode) 2. &o]y} MA(Moving Average
ModeDE gl Hli3 o] Zen FEHHo|AR, IR
So] &£3tE 2y ARMAL o tigh AHE gukxos
oAgn ¥#A ok T oA FHHA AR 9&
A =Ho] Box-JenkinsHoIME efgow 4 o
olHg FHL FEH3I] AT WHOLE Akaike(1973)9
AIC(Akaike Information Criterion)7} Bo] o] &5 1 gl=1,
AIC7|EL B39 A YRy 249 8 £
#HE AR VAN s SR 3 PoEN oS 4
@2 ol ek



DYE O|88 0|5H RAHY MTA ofE 225

AIC=nln &+2(p+0q) €))

A7NA, n: & F
&: oo HuexsyY
(p+q): 28 29
AICE H5-ydl iy 2AEHE 258 710 29 F
g F=E wlwsty] 943 AFo|, 2L ulojEd Ul
A AIC7E & F AHE3A 19 2¥o] dvkh melr F
A3 2y ML JaiNe AICY Hav) He 2L
Ad3he Ro] e

223 259 1 DAY

Age] ZHEANE & X p, d, @7F AHHAE B A
5o ARE o)83H RFFAHEL 0, B¥ HA
W, residual ¥4 ¥ +HY F& o83t FHE EHo
TAAHLE A3t ARE AW -3FY B
residual ] z714#g57E fr1402 03 tEVLE AA
37 A%t AR S AR @3PS AAEY] 9%
residual®] 713 @Ere EELAE the o

S[rladl=[1+ 22(2‘)2]1/2”—1/2 )

Residuale] A7) 3@gst $48 EEAE ANE o
€, 7} residual®] A7)d@gg distd teT e AR
M H;r(@)=0& A3 & Uk ol8A (a7t 5§
AFoz 03 gd2uE AR A8t t g A
e

— 7d@) =0
Sty 2)]

©®

Fig. 2. Watershed area in Miho river.
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Fig. 3. Water quality variations in Miho river with time series.
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Table 1. Pollutant mass loadings in Miho basins with pollutant sources
Classification Lﬁl (x:;r Mushim Main | Byungchon | Main | Chochon | Walhachon | Main
(kg/d) loading stream) basin I basin \% basin basin \%
BOD 131,474 57,811 13,451 9,573 21,677 7,354 11,024 6,897 3,684
T‘;:: d;:;ss ™ 59.015| 19350  19450| 3,892 6763 2275 4292 1983 1,009
TP 12,854 5,031 2,793 499 1,955 548 1,132 586 307
BOD 26,448 7,165 6,499 7,569 1,886 1,385 1,079 554 308
Populations ™ 23,673 2,602 17,042 1,589 479 351 1,383 141 83
TP 3,036 305 2,263 181 48 36 178 14 8
BOD 91,634 44,647 4,640 528 18,024 5,298 9,190 6,065 3,238
Living stock N 22,518 10,999 1,101 127 4,490 1,278 2,248 1,486 786
TP 8,531 4,178 391 42 1,745 453 893 537 288
. BOD 8,101 3,648 1,615 545 1,034 414 506 199 137
};ﬁﬁs“: o 7,187 3,573 784 314 1244 453 474 202|139
TP 534 258 68 27 87 32 35 14 10
BOD 5,291 2,350 696 930 732 256 248 79 0
Industrial ™ 5,637 2,175 522 1,860 549 192 186 153 0
TP 751 290 69 248 73 25 24 20 0
Table 2. Correlationships for observed and predicted values
Parameters Predicted values by QUAL2E / by Box-Zenkins time series
DO BOD TN TP E-Coli

DO 090 / 0.73 - - - -

BOD - 0.80 / 0.69 - - -

03:;:::" ™ - - 0.70 / 0.63 - -

TP - - - 0.73 / 0.23 -

E-Coli 0.02 / 0.19

2 dFNME 1~12974A 2+ 98 3L 334
22 43¢ F3 7317 BOD decay(KnAl5-9t Un A A
FE APRYE o) &3l RY LAY £4 #S
29t 2 o FX] o] gt FBAFE ENF 2, Table 2
¢} o] DO} 0.90, BOD 0.80, TN 0.70 & TP 0.730.2
Uelston, E-Colix 0.022 A@Ado] A Jelgth

2) Dizts E4Y
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44 9 599 Z47] 7ol st FYFFel % Uz
T N3 2y AlgEHe £ANSAS 5 BOD decay
Kp, AR A% §712A4 AAL(S), F71%0 AALB)S
37k Aol Ui NAE B4E AAEAT. 42y Wzt
£& goti7] A3 fF £ FEANEAF -20%, -10%,
-5%, 5%, 10% 2 20%% WHEAIAH Fo| DO, BOD, TN,
TPo| W3 9R=E A% Ax, FY4FF g 3=
€ 3A Jebgen, HFE Wy Z5E Uidzs oA &
oAl Aoz uehgth 3 BgAFd i e &
AL 001~0.05mg/LP =8 HL FEH}E Vel

33.2. Box-Jenkins AlAIY 2%

SA5H4 23<Q Box-Jenkins AJAIEEAHE YRkHo R
Age FAA A, ANEY, 2 Y, w453y ada
HEA 2R SAR olFojAn HAY RO Fd

Zo] 7}53tHREE, 1995). AR AL 993 19939
ol¥9] BRF +AZHY ARE °|&3AL, A& B4
] A 2 2YEA 422 93 SPSS v10.0 EA )
A& o] &3

1) xzel iy AY ¥ AR

ZAge A APE AAIR A vEH 1539 DO
2 E-Coli, ¥]Z 3 2439 E-Coli 281 mEH 3442
DO¢} E-Coli ¥&5& AT Az didide ZFHFEEE
etk &3, A7EZE e A £33+ A dis)
o HFEH hX)E HE 2S¢ EF AFEEE JeEdo.

2) 2o £ 9 HEN HY

Table 32 W|ZHe] +AFE e FAZES vehiu
Ak AICEAF e o83t 2EE 2¥L o]83y
2¥e] B4E FAHIL, ttestE o]83o FAHRY o
3 A4 AFE Y 4 A F23Eq g
AR AT residuale] AVIAATE hRE A3 ¥
HAoy AIxE golues A4zt o] oo g A
3 A4AE 2 S-AAE ") A9 ttestE AAE
. 2 A BRE FAYENAH F4FE 0059 A= 80
90y we] t gk 1.66412 1.6601Kc} Z& gro] vJehst
or, F83E% 0059 dl& A Jehlaz PR Y|
3t residuale FA4A & AFAE JHAE Aog Yehg
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Table 3. Statistical summaries for water quality in Miho basins

Parameters No. Min. Max. Mean StDev. | Variations Skewness AIC Model
DO 96 5.90 13.6 9.12 1.88 3.55 0.71 -83 ARIMA (0,0,1)(0,1,1)
Miho 1 BOD 96 0.90 7.0 3.12 1.12 1.26 0.70 265 ARIMA (1,0,0)(1,1,0)
™ 95 1.30 84 3.80 1.68 2.81 0.72 76.7 ARIMA (1,0,1X1,1,1)
DO 96 430 13.7 8.45 2.06 422 0.67 343 ARIMA (1,0,0X1,1,0)
Miho 2 | BOD 96 1.00 9.6 435 1.78 3.18 1.01 345 ARIMA (0,0,1)(0,1,1)
TN 95 1.84 12.6 4.87 2.19 4.80 0.87 336 ARIMA (1,0,1)1,1,1)
DO 96 4.00 134 8.18 2.04 4.178 0.40 -285 ARIMA (0,0,1)(0,1,1)
Miho 3 | BOD 96 1.20 8.9 5.13 1.75 3.05 0.15 286 ARIMA (0,0,1)(0,1,1)
TN 95 0.68 12.0 5.82 220 4.84 041 346 ARIMA (1,0,0)(1,1,0)
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Fig. 6. Predicted water quality in Miho river.
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