Korean J. Limnol. 36 (3) : 336~343 (2003)

Continuity Simulation and Trend Analysis of Water Qualities in Incoming Flows to Lake
Paldang by Log Linear Models. Na, Eun-Hye and Seok-Soon Park * (Dept. of Environmental
Science and Engineering, College of Engineering, Ewha Womans University, Seoul 120-750,
Korea)

Two types of statistical models, simple and multivariate log linear models, were
studied for continuity simulation and trend analysis of water qualities in incoming
flows to Lake Paldang. Water quality is a function of one independent variable (flow)
in the simple log linear model, and of three different variables (flow, time, and
seasonal cycle) in multivariate model. The independent variables act as surrogate
variables of water quality in both models. The model coefficients were determined
by the monthly data. The water qualities included 5-day Biochemical Oxygen
Demand (BOD:s), Total Nitrogen (TN), and Total Phosphorus (TP) measured from 1995
to 2000 in the South and the North branches of Han River and the Kyoungan Stream.
The results indicated that the multivariate model provided better agreements with
field measurements than the simple one in all attempted cases. Flow dependency,
seasonality, and temporal trends of water quality were tested on the determined
coefficients of the multivariate model. The test of flow dependency indicated that
BOD concentrations decreased as the water flow increased. In TN and TP concen-
trations, however, there were no discernible flow effects. From the temporal trend
analyses, the following results were obtained: 1) no trends on BOD at all three
upstreams, 2) increase on TN at the South Branch and the Kyoungan Stream, 3)
decrease on TN at the North Branch, 4) no trends on TP at the North and the South
Branches and 5) increase on TP at the Kyoungan Stream by 3 to 8% per years. The
seasonality test showed that there were significant seasonal variations in all three
water qualities at three incoming flows.

Key words : continuity simulation, trend analysis, seasonality, flow dependency,
surrogate variable, log linear model, Lake Paldang
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Fig. 1. Study area and locations of water quality monitoring stations.

Table 1. The three major incoming flows to the Lake Pal-

dang.
South North Kyoungan
Branch Branch Stream
Drainage area, A (km?) 12,355 10,698 564
Channel length, L (km) 382.2 3175 49.6

Drainage mean width, B (km) 32.3 33.7 114

Horton's form coefficient,
F(=BI/L) 0.085 0.106 0.230

2 A7eld 449 ezadgrde £ e
% Apolo] e} e

In[C]=B:+ P2 In[Q] +¢& @)

m

3714 Cx £ = (mg/l, & TP 7% mgim®), Q
E ¥ (m¥sec) 28] 31 B I ASolH IFAAS B
oo AFEE FHAh= ’3]- Faz2kswel o3 AA
AFEZ (0, ¢°) 3z

Table 2. Simple log linear models.

Para- Incoming

meters flow Model

South Branch In(C)=-0.129 In(Q)+1.222
BoD North Branch In(C)=-0.293 In(Q)-+1.809

(mg/l) Kyoungan _ >
youngal In(C)=2.869 x 1072 In (Q)+1.340

South Branch In(C)=—1.244x 1072 In (Q)+0.990
TN North Branch In(C)=-0.139 In(Q)+1.333

(mg/l) Kyoungan _ )
Stream In(C)=6.228 x 10 In (Q)+1.416

South Branch In(C)=0.234 In(Q)+2.615
TP North Branch In(C)=0.541 In (Q)—8.804 x 102

(ng/l) Kyoungan B
Stream In(C)=0.110 In (Q)+4.562

7} 8t} (Helsel and Hirsh, 1992).
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Fig. 2. Comparison between field measurements and mo-
del results-BOD.
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Table 3. The statistical results from simple and multivariate log linear models.

Simple log linear models

Multivariate log linear models

Parameter Location Signifi- ) Signifi- )
F-value P-value cance R F-value P-value cance R
BOD South Branch 3.722 0.058 S 0.053 9.233 0.0001 H 0.473
(mgl) North Branch 7.488 0.009 H 0.133 2.598 0.030 S 0.262
Kyoungan Stream 0.230 0.633 N 0.004 2.442 0.036 S 0.204
™ South Branch 0.096 0.758 N 0.002 3.000 0.013 S 0.237
(mg/) North Branch 2.246 0.140 N 0.041 4,137 0.002 H 0.346
Kyoungan Stream 1.199 0.278 N 0.019 3.596 0.005 H 0.306
™ South Branch 5.271 0.025 S 0.074 2.325 0.044 S 0.186
(ug/l) North Branch 6.039 0.017 S 0.104 3.243 0.009 H 0.293
Kyoungan Stream 2171 0.146 N 0.034 2.182 0.059 S 0.192
% H : Highly Significant, S: Significant, N : No Significant, R?:“variability explained” by the models
3 9
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= 2l ~— . Simple model <4 74 * | —- Simple model
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Fig. 3. Comparison between field measurements and mo-
del results-TN.
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Fig. 4. Comparison between field measurements and mo-
del results-TP.
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Table 4. Coefficient values of multivariate log linear models with statistical significance.
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South Branch

North Branch

Kyoungan Stream

Value SE Value SE Value SE
Bo 0.360** 0.090 0.128* 0.063 1.416%* 0.102
B: —0.613** 0.102 —-0.419* 0.165 —0.298* 0.168
B2 —0.203** 0.044 —-0.253 0.201 —7.831x1072 0.048
Bs 2.559x 1072 0.022 —3.790x 1072 0.025 5.098 x 1072 0.048
BOD Bs —4.468 x 1072** 0.014 -1.472x 102 0.021 —3.866 x 102 0.025
Bs 5.638x107° 0.057 5.756 x 1072 0.050 0.244** 0.080
Bs —0.289%* 0.062 —6.866 x 1072 0.049 -0.110 0.086
A 0.289** 0.062 8.960 x 1072* 0.049 0.268** 0.081
D* 1-Jul. 11 22-May 32 26-Apr. 18
Bo 1.028** 0.063 0.523** 0.077 1.643%* 0.087
B1 -2.532x107 0.073 -4.179x107?2 0.148 6.417x 1072 0.143
B2 —4.664x107° 0.031 1.727x 1072 0.113 8.687x107° 0.040
Bs 3.164 x 1072* 0.016 —9.526 x 107 2x* 0.023 7.648x107%*  0.040
TN Ba —3.303x 10 2** 0.010 1.408x107* 0.019 —~2.696 x 1072 0.021
Bs 9.465 x 1072* 0.040 6.311x 1072 0.045 0.187* 0.068
Bs 3.750x 1072 0.043 5.364 x 1072 0.044 1.097 x 1072 0.078
A 0.102* 0.040 8.283 x 1072* 0.045 0.187** 0.068
D* 10-Mar. 24 19-Feb. 31 20-Mar. 24
Bo 4.123** 0.173 3.368** 0.196 4.872%* 0.117
B: 0.295 0.195 0.212 0.380 4.767x 1072 0.193
B2 6.454 x 1072 0.085 —-0.159 0.290 1.751x 1072 0.055
Bs —2.920x 102 0.043 2.911x107? 0.059 0.104* 0.055
TP B4 —2.660 x 1072 0.028 —9.369 x 107%* 0.050 —2.847x1072 0.029
Bs 0.179 0.110 —0.293* 0.116 0.210* 0.091
Bs -0.197 0.119 —0.195* 0.113 6.278 x 1072 0.102
A 0.266* 0.115 0.352** 0.115 0.219* 0.092
D* 20—May 25 28—-Aug. 19 11-Sep. 27
** . Highly significant, *: Significant
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