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Testing Non-Stationary Relationship between the Proportion of Green Areas in
Watersheds and Water Quality using Geographically Weighted Regression Model

Lee, Sang-Woo

Dept. of Environmental Design, Konkuk University
ABSTRACT

This study aims to examine the presence of non-stationary relationship between water quality and land use in watersheds.
In investigating the relationships between land use and water quality, most previous studies adopted OLS method which
is assumed stationarity. However, this approach is difficult to capture the local variation of the relationships. We used 146
sampling data and land cover data of Korean Ministry of Environment to build conventional regressions and GWR models
for BOD, TN and TP. Regression model and GWR models of BOD, TN, TP were compared with R?, AICc and Moran’s
I. The results of comparisons and descriptive statistics of GWR models strongly indicated the presence of Non-Stationarity
between water quality and land use.

Key Words: Land Use, Water Quality, Forest Effects, Nakdonggang
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Figure 1. Descriptive statistics of variables
Legend: @ sampling location major streams
7 small watershed management areas
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Table 1. Descriptive statistics of variables

Variables Min, Max. Mean Std.D.
BOD 2 51 1.029 0.69

TN(F ) 0.739 4.9 2.263 0.86
Sl 0.003 0.443 0.045 0.05

i
0

\_/

% Green area(5A|H] &) 26,674 95.54 64.215 14.98
n=146

Kilometers| Kilometers

Kilometers. Kilometers
30 60 30 60

a: Spatial distribution of BOD b: Spatial distribution of TN

c: Spatial distribution of TP

d: Spatial distribution of green areas

Figure 2. Spatial distributions of measured variables

In the Figure, Bad, Fair, Good of water quality (a, b, ¢) and Poor, Fair, Rich of green areas (d) are used relative terms.

Legend: (abc) M bad @ fair A good (d)

46 &=xZESIA A 413 62(2013E 128)

M poor @ fair A rich
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Table 2. Estimated OLS and GWR models of BOD and comparison

Varishies OLS model (BOD) GWR model
v g7 Fvalue (BOD)"
Intercept 2.187 - 9.358** -
% Green area -0.018 -0.390 ~5.085"* -
Fvalue 25.8607* -
Adjusted R 0.146 0222
AlCc 288.019 276.450
Moran's 1" 0.118 -0.044
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Table 3. Estimated OLS and GWR models of TN and comparison

' OLS model (TN) GWR model
Variables ? P2 Fvalie (TN)?
Intercept 3220 - 10.452%* -

% Green area -0.015 -0.255 -3.169** -
Fvalue 10.045
Adjusted R 0.059 0.119
AlCc 368.682 362.969
Moran's ¥ -0.063 -0.081

Compared to OLS model, GWR model with higher R? lower AICc value

and lower spatial autocorrelation explains better the relationship between

green areas and BOD.

U Coefficients of intercept and %green areas in GWR model vary obser-
vation by observation,

2 Regression coefficient of green areas.

% Standardized regression coefficient of green areas,

' Spatial autocorrelation index of residuals,

n=146, **p<0,01

Compared to OLS model, GWR model with higher R? and lower

AlCc value explains better the relationship between green areas and TN

concentration,

U Coefficients of intercept and % green areas in GWR model vary ob-
servation by observation.

2 Regression coefficient of green areas.

% Standardized regression coefficient of green areas,

Y Spatial autocorrelation index of residuals.

n=146, **1<0.01
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Table 4. Estimated OLS and GWR models of TP and comparison

Vatiables OLS model (TP) GWR model
I Y £value (TP)”
Intercept 0.127 - 6.075%* -
% Green area -0.001 -0.315 —-3978** -
Fyalue 15.827%*
Adjusted R 0,093 0.149
AlCe -417.826 -425190
Moran's 2 0.071442 -0.0883

Compared to OLS model, higher B> GWR model shows suggests GWR

model explains better the relationship between green areas and TP con-

centration. However, higher values of AICc values and spatial autocorrelation

of GWR model indicate better performance of GWR model over OLS model

is not conclusive,

V" Coefficients of intercept and % green areas in GWR model vary obser-
vation by observation.

2 Regression coefficient of green areas,

% Standardized regression coefficient of green areas,

Y Spatial autocorrelation index of residuals.

n=146, **p<0,01
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Table 5. Local R? and coefficients of green areas in estimated GWR models, and their descriptive statistics

Water quality GWR model Min! Max. Mean Std.D.
Local R 0,042 0.284 0.183 0.093

5D Coefficient of Green Areas -0.006 -0.034 -0.021 0.726
Local R 0.000 0212 0.081 0.064

B Coefficient of Green Areas 0.003 -0.042 -0.017 0.013
Lcoal R? 0.053 0.137 0.102 0.021

R Coefficient of Green Areas —0.0005 -0.001 -0.001 0.0005

V" Absolute values
n=146
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a: Spatial distribution of BOD-green areas

b: Spatial distribution of TN-green areas

¢ Spatial distribution of TP-green areas

Figure 3. Non-stational relationships between green areas and water quality parameters
Spatially, influence of green areas is higher in downstream areas where watersheds are relatively highly urbanized, and it is lower in middle and upstream

areas where watersheds are relatively less urbanized.
Legend: M low @ fair A high
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