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Mitigation Effect of Watershed Land Use due to Riparian Vegetation on Stream Water Quality. Hyeonil Kwon
(0000-0002-6897-3648), Jong-Won Lee (0000-0002-7984-7233) and Sang Woo Lee* (0000-0002-3275-7564) (Department of
Forestry and Landscape Architechure, Konkuk University, Seoul 05029, Republic of Korea)

Abstract  Urban areas in watersheds increase the impervious surface, and agricultural areas deteriorate the
water quality of rivers due to the use of fertilizers. As such, anthropogenic land use affects the type, intensity
and quantity of land use and is closely related to the amount of substances and nutrients discharged to nearby
streams. Riparian vegetation reduce the concentration of pollutants entering the watershed and mitigate the
negative impacts of land use on rivers. This study analyzes the data through correlation analysis and regression
analysis through point data measured twice a year in spring and autumn in 21 selected damaged tributary
rivers within the Han River area, and then uses a structural equation model to determine the area land use. In
the negative impact on water quality, the mitigation effect of riparian vegetation was estimated. As a result of
the correlation analysis, the correlation between the agricultural area and water quality was stronger than that
of the urban area, and the area ratio of riparian vegetation showed a negative correlation with water quality. As
a result of the regression analysis, it was found that agricultural areas had a negative effect on water quality
in all models, but the results were not statistically significant in the case of urban areas. As a result of the
model estimated through the structural equation, BOD, COD, TN, and TP showed a mitigation effect due to
the accumulation effect of river water quality through riparian vegetation in agricultural areas, but the effect
of riparian vegetation through riparian vegetation was found in urban areas. There was no These results were
interpreted as having a fairly low distribution rate in urban areas, and in the case of the study area, there was no
impact due to riparian forests due to the form of scattered and distributed settlements rather than high-density
urbanized areas. The results of this study were judged to be unreasonable to generalize by analyzing the rivers
where most of the agricultural areas are distributed, and a follow-up to establish a structural equation model by
expanding the watershed variables in urban areas and encompassing the variables of various factors affecting
water quality research is required.

Key words: riparian vegetation, land use, structual equation model, water quality, stream, watershed

A =
Manuscript received 2 December 2022, revised 9 December 2022,
revision accepted 12 December 2022 3t Ao dGFFS mx= g4 9 golf
* Corresponding author: Tel: +82-2-450-4120, = = 1:01 °= — o : o :
E-mail: sw17311@konkuk.ac kr A geolow AEHT IF A9 82L& 2HYY

(© The Korean Society of Limnology. All rights reserved.

This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/),

which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provide the original work is properly cited.

— 320 —



3 250 uet AR SUSE AR B B
o 5 529 JaEE AZ3h] ol (Khatri and Tyag
2015). 1914 2219 BEx|o]§ /17 F =AAY gdie &
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Fig. 1. Study areas and sampling sites.
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Table 1. Descriptive statistics of the variables.
Variables Min. Max Mean Std. D.
BOD 0.60 7.80 2.05 1.12
. _ TN 0.97 10.28 3.25 1.34
Water quality (mg L")
TP 0.01 0.34 0.07 0.06
COD 1.30 17.30 4.00 2.22
Riparian vegetation (%) RVR 100m 0.00 85.00 37.00 0.21
Urban 0.00 10.00 4.00 0.03
Land use (%) .
Agriculture 3.0 82.00 26.00 0.17
n=116
Table 2. Pearson correlation among variables in the study.
BOD COD TN TP Urban Agriculture
RV 100 m (%) —0.426%* —0.435%* —0.456%* —0.386%* —0.230* —0.570**
BOD (mg L™ 0.948%%* 0.556%* 0.701** 0.418%* 0.574%*%*
COD (mg L™ 0.606** 0.648%* 0.398%* 0.517%*%*
TN(mgL™) 0.583%* 0.303%* 0.348%%*
TP(mgL™") 0.319%* 0.491%**
Urban area (%) 0.473%*

n=116, *p<0.05, ** p<0.01

o #9002 Uehith TNY 3% B

AR 2, AFF AME Thg

7t ¥3}= COD (Std. =2.22)7}
=3 TP7HStd. =0.06) 7F @& Aoz A}
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2|9 Hlgo] 3] & AR 2AE R AA|H o= AF
E 7 EAA Y H&] ¥k AtiE o2 21 (Std. =0.03)
+8 B (RVR 100)2 djdoz & Ao Yepylth
(Std. =0.21).
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2 5N v e FARNOE Tt o) AUBAS
Holzl zlo2 Uepth(Table 2). oS A2 A
B, §eo4 e $UA G HLL BOD (r=0.574), COD

(r=0.517), TN (r=0.348) 18]32 TP (r=0.491)<} =& A}
THAE 2= AR BAEHYY FY0AY ZAIAY H]
£ 9] BOD (r=0.418), COD (r=0.398), TN (r=0.303)
23 TP (r=0.319)% 49 AHBAE 2= 222 U
Bt ol fF0lA Aol EAA Y EX|ol&
o] =25E $Ho] AtEE Aor AT =tk 2 A
TO] A £4 Aoe FEAYe] EAX GRS =3
of thste] AiF o= gt AIIAE B, A8 A
Fo|AE FARE AgFo] BRI E Itk (Han et al., 2010; Jung
et al. 2012). ©|¢}= VIR £¥Y HAHH| &L BOD (r=
—0.426), COD (r= —0.435), TN (r= — 0.456) 18|31 TP
(1= —0.386)2 2] AFBTAL Hof 2T 22 v
o] obAIH G4 o] AMEE Ao ekt S
o) 5 o] djgk 2R ANE HIF WS MY @
T A} U84tk (Tong and Chen, 2002; Choi et al.,
2015; Park et al., 2019).
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Table 3. Estimated BOD, COD, TN, TP regression model.

Dependent variable Independent variable B S.E § t P
(Constant) 1.297 0.200 6.488 0.001
Urban 7.532 8.489 0.175 0.887 0.377
BOD Urban_RVR100 0.195 16.523 0.002 0.012 0.991
Agriculture 3.796 1.122 0.5651 3.382 0.001
Agriculture_RVR 100 —17.080 2.868 -0.290 —2.469 0.015
F=21.498 (p<0.001), adj.R*=0.416
(Constant) 2.985 0.394 7.580 0.000
Urban 3.159 16.733 0.037 0.189 0.851
COD Urban_RVR100 26.291 32.567 0.157 0.807 0.421
Agriculture 8.607 2212 0.641 3.891 0.000
Agriculture_RVR 100 —22.548 5.652 —0.465 —3.989 0.000
F=22.314(p<0.001), adj.R*=0.426
(Constant) 3.045 0.266 11.428 0.000
Urban 4.389 11.321 0.085 0.388 0.699
TN Urban_RVR100 8.449 22.035 0.084 0.383 0.702
Agriculture 3.504 1.497 0.431 2.341 0.021
Agriculture_RVR100 —13.225 3.824 —-0.451 —3.458 0.001
F=12.266 (p<0.001), adj.R*=0.282
(Constant) 0.038 0.012 3.077 0.003
Urban —-0.334 0.522 -0.141 -0.641 0.523
TP Urban_RVR100 1.240 1.015 0.267 1.221 0.225
Agriculture 0.257 0.069 0.688 3.723 0.000
Agriculture_RVR100 —0.452 0.176 -0.336 —2.563 0.012
F=12.017 (p<0.001), adj.R*=0.277
LHLEZ QAT SEPHELE EAR Y, BUX9S A Table 4. Structural equation model results for BOD, COD, TN,
Boon LUB SNA, YAl Jrag 8s and TR
£ F7P5tth 24 A1 BODY 3AERE L EAZFCRE Path B S.E CR p
O 05 k3| A
oot LR (F=21.498, p<.001), QME o Urban — BOD 0.20 3.21 2.53 0.01
[e]
B2 oF 41.6%% YEHT SAAAS 78 AF AT sgrculre —BOD 051 0.50 6.49 0.00
Urban (p=0.377), Urban_RVR (p=0.991)2 §2|3}A] &  Urban — COD 0.21 6.667 2.523 0.01
=Ztoz 1,].]:,], cq Agrlculture (p=0.001), Agriculture_ Agriculture — COD 0.44 1.050 5.430 0.00
. = Agriculture — TN 0.27 0.70 3.06 0.00
9] Q—‘HEFJ L EAF o Z §o3HA JElG e (F=22.314,

° °EL;O N ;40 o ;]( X Urban — TP 0.12 0.19 1.39 0.16
p<0.001), AR A2 oF 42.6%=2 HEHith. 9 Agriculture — TP 0.45 0.03 5.43 0.00
AAE w948 "2 A3 ZAAY (p=0.851), =A] 100
(p=0421)2 Fo3tA] ¢, FHAH (p=0.000), 54 100
(p=0.000)2 &5t Ao 2 Ueytth TNY SARFL & A AA Ak AR Y (p=0.699), EA] 100 (p=0.702)
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s 21 A8 A9 (Paul and Meyer, 2001; Tong and
Chen, 2002; Bolstad and Swank, 2007) t}4 oh2 A= o
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FE A7) W2 Aoz A 4 ek U 2
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Table 5. Result of Model for BOD concentration with ratio of 100 m
buffer riparian vegetation, Urban area and Agriculture area in water-
shed.

Path B SEE CR P
Urban — 100m buffer_RVR 0.05 0.61 0.66 0.51
Agriculture — 100m buffer RVR  —0.59 0.10 -7.76 0.00
100 m buffer_RVR — BOD -0.17 049 -1.76 0.08
100 m buffer_ RVR — COD -0.23 1.00 -236 0.02
100 m buffer RVR — TN —-041 063 —4.00 0.00
100 m buffer_ RVR — TP -0.17 030 -1.70 0.09
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ANA 7FE 22 Aoz EAHJAT(P=0.12). THAF F
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2Rl 7P e Aoz BAHIHB=0.27). olela
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Fig. 2. Structural Equation Models for BOD (a), COD (b), TN (c), and TP (d). The values in the model are standardized coefficients and e

represents error terms.
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a: Model for BOD concentration with ratio of 100 m buffer
riparian vegetation, Urban area and Agriculture area in
watershed
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c: Model for TN concentration with ratio of 100 m buffer
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Fig. 3. Model for BOD (a), COD (b), TN (c), and TP (d) concentration with ratio of 100 m buffer riparian vegetation, Urban area and Agri-
culture area in watershed. The values in the model are standardized coefficients and e represents error terms.
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