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ABSTRACT

Land use in watersheds has been shown to be a major driving factor in determining the status of the water quality
of streams. In this light, scientists have been investigating the roles of riparian vegetation on the relationships between
land use in watersheds and the associated stream water quality. Numerous studies reported that riparian vegetation could
alleviate the adverse effects caused by land use in watersheds and on stream water quality through various hydrological,
biochemical and ecological mechanisms. However, this concept has been criticized as the true effects of riparian vegetation
must be assessed by comprehensive models that mimic real environmental settings. This study aimed to estimate a
comprehensive structural equation model integrating topography, land use, and characteristics of riparian vegetation. We
used water quality data from the Nakdong River system monitored under the National Aquatic Ecosystem Monitoring Program
(NAEMP) of the Korean Ministry of Environment (MOE). Also, riparian vegetation data and land use data were extracted
from the Land Use/Land Cover map (LULC) produced by the MOE. The number of structural equation models (SEMs)
were estimated in Amos of IBM SPSS. Study results revealed that land use was determined by elevation, and developed
areas within a watershed significantly increased the concentration of Total Nitrogen (TN) in streams and LDI in riparian
vegetation. On the contrary, developed areas significantly reduced LPI and PLAND. At the same time, PLAND and LDI
significantly reduced the concentration of TN in streams. Thus, it was clear that developed areas in watersheds had both
a direct and an indirect impact on the concentration of TN in streams, and spatial pattern and the amount of vegetation
of riparian vegetation could significantly alleviate the negative impacts of developed areas on TN concentration in streams.
To enhance stream water quality, reducing developed areas in a watershed is critical for long-term watershed management
plans, restoration patterns for riparian vegetation could be immediately implemented since riparian areas were less developed
than most other watersheds.
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Inca et al, 2015).
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Table 1. Selected landscape metrics to quantify the degree of fragmentation of riparian vegetation (McGarigal, 2014)

Characteristics Metrics Calculation Remarks
n . . . .
. . + A value of 0 represents a landscape with no riparian vegetation.
. X . . .
Proportion riparian vegetation | PLAND (1:21%/ A|x100 + A value of 100 means the entire buffer is covered by a large vegetation patch.
Larcest rivarian - LPI approaches 0 when the patch is very small.
g pa . LPI mflx(ai)/ Ax (100) + A value of 100 means the entire buffer area consists of a single large
vegetation patch ratio i=1 vegetation patch.
. . n + A value of 0 means the riparian buffer consists of a single large vegetation patch.
. Spatlal prognnty of LDI 1— Z (a,- / A)2 + A value of 1 indicates that the total vegetation patch type consists of a single
riparian vegetation patches £\
=1 small one-cell patch.
- A standardized measure of total edge or edge density that adjusts for the size
Shape of riparian LS] €; of the landscape.
vegetation patches mine, - A value of 1 indicates that the patch shape is “square”.
- The more complex the landscape, the greater the value.

n=number of riparian vegetation patch, a;=area of riparian vegetation patch i, e=total length of perimeter of class i in terms of number of cell surfaces and
A=total area of riparian buffer zone.
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Table 2. Descriptive statistics of variables used in the study
Category Variables Min, Max Mean Std. D.
Stream order 1.00 7.00 428 1.33
Stream environments Elevation (m) —4.00 568.00 80.68 11015
Slope (%) 1.00 89.50 13.68 19.24
Land use Developed areas (%) 434 6757 31.03 1211
PLAND 4.69 7842 3637 19.60
Riparian LPI 1.34 59.44 20.73 1315
vegetation pattern LDI 0.64 0.99 092 0.08
LSI 1.43 2.82 1.85 0.22
Water quality TN (mgL Y 0.79 6.66 2177 1.10
n = 8.
§ : ) o N oo A4 o o ) CEd
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Figure 2. Significant correlations among used variables in the study. Blank boxes indicate insignificant relationships.
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Figure 3. Models for developed areas in watershed (a) and TN

concentration with elevation and developed areas in

watershed (b). The numbers in the models are stan-

dardized coefficients.

A 9] et

=
=

At LS
RO et A0 Z sjaz e o

3k

o3 FHAAIE Fe

)
pe

ol

o

I EA

mT
7o

Br

A

o AOR Yo, des

ok
5

3}

Aoz o

o))

(B=034) A2 Yeldt} (Figure 3b %), &,

L
T

]

o

=
I

CE
==

= 7o) of @AY,

APF e Ao A

dn| o] wob LAY "] Y, sfdo] A2 A

ﬁo

o
L

O 34T F Uk webd

)

~
o

F4o] o3}tE 7 (Carpenter
© HIE9} A ML

9)
et al, 1998: Shen ef al, 2015), 574

d

E geA ik (Woli ef al, 2004).

o]

M B

to Al WA A HF

o] F7}s

[§]

LDl LSDE &

-

=

s

5

ofy

ol

N
BOZ o
g _,_ ™
~ o
mEWyﬂA
—_
N5
™ N
~ M
) ﬂvlm%_
A= e
< 8°
T 8o
© T N

TN
™ @m.
ol o
™ e T
o) B =

<
fe2
H & o,
®e Mo =
T
A g
" Ao
o ol oF

B

s

o] Ao
st AsiAE Ao SN % gtk LSI

Rlg)g S o)

=
=

o] "ojA AdsA ¥y B

e

Ho} g7t g2

?l_

7Ho] Al

5

1
N

i
T
3
ol

)

5(20204 2%

K| H| 483 1



X[, WX, S8t oid W S84 S2940| Y 2| 24

Journal of the Korean Institute of Landscape Architecture 197

Developed Elevation

Figure 4. The standardized final structural equation model (SEM)
with topography, developed areas in watershed and
pattern metrics of riparian vegetation. In the best-fit
final model, developed areas in watershed had directly
and indirectly (through PLAND, LPI and LDI) impacts on
the TN concentration of in streams.

2 Jehgth #AAS2 PLAND(B=—031)9F LDI(B=—
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A% 2ol sk A WAL 24 o 497

FFE T AOE Yepth A Yo FAR o 2
WA o] -l mAE FAHAQ G 71T B AT
3 AZHAT (Osborne and Wiley, 1988: Woli et al,
2004 Baker, 2006: Chang, 2008: Urlarte ef al, 2011: Wan ef
al, 2014: Ding et al, 2016: Huang ef al, 2016). B3k 7] =]
o WA FHPY FH FRE 5o £2A Tl A
OZ% PGS F= ASE Yepdth /A WA Y
DAk WAE AYATE Tl ASH R HEen (Allan,
2004: Ferreira ef al, 2005: Von Schiller ef af, 2008), < &
Aol go] FAo| nA e FAA F3= s e 3714
Tz o8 4318 4 JE AR Yelstth (Gharabaghi ef al,
2002; Shandas and Alberti, 2009; Fernandes ef al, 2011;
Gonzales-Inca ef al, 2015; Yirigui ef al, 2019). FHEL 7}F
T2 AFAE S/, GFEE, HHE )8
o3, AT ZHN NAAZRE S QAEAE AAG A 51
Ao tist JeS dslst (Meave ef al, 1991 He ef al,
2000), 53] FHEe] F7H F2E AA i 849 w29
F7159 Halol S F= A2Z B (de Souza ef
al, 2013: Tanaka ef al, 2014). &, FHEY] T4 720 ot
2t 1 &3k geA, FHdel 3R sst 45 o
9] Fdo BAAQ e FA A} (Shandas and Alberti,
2009: Gonzales-Inca et al, 2015).
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Table 3. Coefficient of paths in the best-fit final model for TN with elevation, developed areas and vegetation pattern metrics in watershed.
Among pattern metrics of riparian vegetation, PLAND, LPI and LDI significantly reduced the concentration of TN in streams.

Path b B SE. CR. p
Elevation — Developed areas —0.04 —0.39 0.01 —3.92 0.00
Elevation — PLAND 0.04 0.24 0.01 3.88 0.00
Developed — PLAND —0.59 —0.44 0.12 —4.84 0.00
Developed — LDI 0.002 0.32 0.001 317 0.00
Developed — LPI —0.35 —0.32 0.11 —3.14 0.00
Developed — TN 0.03 0.33 0.01 3.33 0.00
PLAND — TN —0.02 —0.31 0.01 -1.82 0.06
LPI — TN 0.01 0.25 0.01 2.02 0.04
LDI — TN —3.84 —031 173 —2.21 0.02
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Table 4. Goodness-of-fit index of the estimated final model for TN. Except root mean souare error of approximation (RMSEA) and
parsimony normed fit index (PNFI), all other index was in the acceptable range.

Goodness-of-fit index Criteria Final model
Probability of x° <005 787 (p<0.05)
Goodness-of-fit index (GFI) >0.90 097
Adjusted goodness-of-fit index (AGFI) >0.80 0.80
Comparative fit index (CFI) >0.90 0.99
Root mean square error of approximation (RMSEA) <0.08 013
Normed fit index (NFI) >0.90 097
Parsimony normed fit index (PNFI) >0.60 0.20
AR EYE AAste B¥s #Risty, A4S A i, WA E sy 3 HJg Bl 7R i ol o
R3S Melsiglon, 49 239 APE EE30tt A B2 g9 olgjet s ek FAY #A tigt A
T YA AETt FSFE NEAY WAL FUtel, A 7t 98 Ao yerdd
BAY WA Z7k sl $44 FES ol Aoz
bt Bgh A WA SUbe e ot g References
£2 ¥ol7, AAAoR e $84 sEo YL
do & R G 1o 93 AT Y] F7HE 1. Abu-Zreig, M. (2001) Factors affecting sediment trapping in
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