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Abstract: Understanding the effect of land use/land cover (LULC) on water quality is essential for
environmental improvement, especially in urban areas. This study examined the relationship between
LULC at buffer-zone scales and water quality in a lakeside city near Poyang Lake, which is the largest
freshwater lake in China. Representative indicators were selected by factor analysis to characterize
the water quality in the study area, and then the association between LULC and water quality over
space and time was quantified by redundancy analysis. The results indicated that the influence of
LULC on water quality is scale-dependent. In general, the LULC could explain from 56.9% to 31.6%
of the variation in water quality at six buffer zones (from 500 m to 1800 m). Forest land had a positive
effect on water quality among most buffer zones, while construction land and bare land affected
the representative water quality indicators negatively within the 1200 m and 1500 m buffer zones,
respectively. There was also a seasonal variation in the relationship between LULC and water quality.
The closest connection between them appeared at the 1000 m buffer zone in the dry season, whereas
there was no significant difference among the buffer zones in the wet season. The results suggest the
importance of considering buffer-zone scales in assessing the impacts of LULC on water quality in
urban lakeshore areas.
Keywords: land-use types; redundancy analysis; lakeshore area; buffer zones; seasonal variation

1. Introduction
Water quality deterioration has widely existed in lakeside cities. The interaction between lakes and
the urban environment is significant in urban lakeshore areas, where urban rivers, lakes, and waterfront
areas are vulnerable to human activities [1,2]. The change of land-use types and patterns including the
expansion of construction land, the development of lakeshore tourism, and the boosting of aquaculture
production affect the integrity and function of urban and lake ecosystems [3,4]. Understanding the role
of land use/land cover (LULC) in hydro-environmental management can help quantify the impact of
human disturbance on water quality in lakeside cities.
There has been an increasing interest in the importance of LULC to water quality in different
areas [5]. Most previous studies focused on forested watersheds [6], rural areas [2], and river
basins [7–9], but scarcely have they focused on lakeshore areas [10,11]. Although some case studies
reported that shoreline development levels are unrelated to water quality indices, it is generally
accepted that water bodies with higher development levels have worse water quality than lightly
developed waters [10]. LULC characteristics are a frequent concern in water quality management.
For example, Dustin et al. [11] used Geographic Information System (GIS)-based techniques to compile
an inventory of watershed land use to reflect water quality conditions and undertook a separate
analysis of lakeshore land uses as an indicator of littoral habitat conditions.
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The analysis scale is essential in determining the range available to specific connections between
LULC and water quality indicators [12]. At a watershed scale, an area not located along or even near
the stream might be attributed to pollution. The scale of the stream reach might be improper as well, as
the pollutants are diluted by flow or absorbed by plants and soil before sampling [13,14]. Some studies
have reported that LULC in riparian buffer zones i.e., a certain distance or series of distances from
the stream channel, is more competent to explain the variations in water quality [15,16]. On the other
hand, a suite of buffers of different distances to sampling sites was employed to quantify the effects of
land-use changes on the existence of water pollutants [17,18]. Owing to the diversity of water bodies
(e.g., lakes, streams, and reservoirs) in lakeshore areas, the circular buffer might be more appropriate
than the riparian buffer in this study. Therefore, we adopt a circular buffer-zone scale analysis to
quantify the relationship between LULC and water quality in a lakeside city.
In addition, seasonal variation should be considered as an important factor when studying the
impacts of LULC on water quality. For example, Lucie et al. [19] reported a slight seasonal difference
in the interaction between LULC and water quality by comparing the data across three seasons.
The investigation in the Taizi River basin [20], China, demonstrated that point source pollution was
predominant during the dry season, whereas both point and non-point sources contributed significant
pollution loads in wet season. Likewise, there was a substantial seasonal difference denoted in the
study of the relationship between landscape factors and water quality in the Saginaw Bay catchment
of Lake Huron [21]. Moreover, Yu et al. [8] also observed a temporal variation of relations between
water quality variables and different land-use types in Wei River basin, China, including a weaker
relationship in the rainy season. However, the seasonal impacts of LULC on water quality have not
been fully studied in lakeside cities.
Thus, the objective of this study is to understand the relationship between land-use types and
water quality in a lakeside city at buffer-zone scales in different seasons. Specifically, two research
questions are explored. (1) Does the buffer-zone scale affect the results of the impacts of LULC on
water quality, and if so, what are they? (2) Does the season play a part in determining which buffer
zone scale has the most substantial influence on water quality in the lakeshore area?
2. Materials and Methods
2.1. Study Area
Located in the lower reaches of the Yangtze River, Poyang Lake is the largest freshwater lake
in China with a drainage basin area of 162,200 km2 (approximately 97% of Jiangxi Province) [22].
Five tributaries flow from the east (Rao River), south (Ganjiang River, Fu River, and Xinjiang River),
and west (Xiu River) into the lake through the Poyang Lake Basin, and form a fluvial-deltas plain
around the lakeshore area [23]. Adjacent to the northwestern shoreline of Poyang Lake (approximately
50 km), Gongqingcheng City (29◦ 090 –29◦ 190 N and 115◦ 440 –115◦ 580 E, Figure 1) lies in the north of
Jiangxi Province. The city is a typical hilly lakeside area that is high in the northwest and low in the
southeast, where the urban area is within the subtropical humid monsoon climate zone. The average
annual temperature and rainfall are 17.5 ◦ C and 1680 mm [22], respectively. The hydrology of the
area is strongly seasonal as a consequence of the combined impact of seasonal rainfall and potential
evapotranspiration patterns.
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Figure 1. Location of study areas and sampling sites.
Figure 1. Location of study areas and sampling sites.

2.2. Data Sources
2.2. Data Sources
2.2.1. Water Sampling
2.2.1. Water Sampling
In order to show the overall water quality of the study area, we selected a total of 19 sampling
sites (Figure
lakes,
reservoirs,
rivers,
andofwetlands
this we
area.
Water aquality
samples
were
In order1)tofrom
show
the overall
water
quality
the studyinarea,
selected
total of
19 sampling
collected
monthly
50 lakes,
cm below
the surface.
Ten
water
quality
[14,20,24],
including
sites (Figure
1) from
reservoirs,
rivers,
and
wetlands
inparameters
this area. Water
quality
sampleswater
were
temperature
(WT),
electrical
conductivity
(EC),
total
dissolved
solids
(TDS),
salinity,
Secchi
depth
(SD),
collected monthly 50 cm below the surface. Ten water quality parameters [14,20,24], including water
phosphate,
total
nitrogen
(TN),conductivity
total phosphates
andsalinity,
turbiditySecchi
are selected
temperature
(WT),
electrical
(EC),(TP),
totalsuspended
dissolvedsolids
solids(SS),
(TDS),
depth
to
represent
the surface
water quality
fromphosphates
November(TP),
2018suspended
to April 2019.
December
April are
(SD),
phosphate,
total nitrogen
(TN), total
solids
(SS), andand
turbidity
are
selected
and wet
seasons,
respectively
[25,26].2018 to April 2019. December and
selected to
torepresent
representthe
thedry
surface
water
quality
from November
April are selected to represent the dry and wet seasons, respectively [25,26].
2.2.2. Spatial Data

2.2.2.The
Spatial
Data
LULC
data at 30 × 30 m resolution information is obtained from the USGS-Glovis website.
A single
of data
Landsat
8 Operational
Land Imager
(OLI) is
onobtained
5 Octoberfrom
2018the
is used.
Due to thewebsite.
lack of
Thescene
LULC
at 30
× 30 m resolution
information
USGS-Glovis
cloud-free
data
for
multi-seasonal
imagery
classification,
this
study
utilized
a
single
date
classification
A single scene of Landsat 8 Operational Land Imager (OLI) on 5 October 2018 is used. Due to the lack
for
seasons. data
According
to the nationalimagery
land-use classification,
classification standard
(GB/T21010–2017)
anddate
the
of all
cloud-free
for multi-seasonal
this study
utilized a single
objectives
of this
LULC
is divided
intonational
five categories
(Table
1). Remarkably,
we(GB/T21010–
constructed
classification
for research,
all seasons.
According
to the
land-use
classification
standard
multiple
buffer
zones
(500
m,
800
m,
1000
m,
1200
m,
1500
m,
and
1800
m)
around
the
sampling
sites
2017) and the objectives of this research, LULC is divided into five categories (Table 1). Remarkably,
by
of the buffer
function
in ArcGIS
10.5m,
[27].
scalem,
of1200
the buffer
zone
was 1800
interpolated
based
weuse
constructed
multiple
buffer
zones (500
800The
m, 1000
m, 1500
m, and
m) around
the
on
the
previous
research
[28].
sampling sites by use of the buffer function in ArcGIS 10.5 [27]. The scale of the buffer zone was
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Table 1. Details of land-use land-cover (LULC) classification.

Table 1. Details of land-use land-cover
(LULC)
classification.
Classification
Land Use and
Land
Covers
Classification
Forest land
Water
Forest area
land
Agricultural
land
Water area
Bare landland
Agricultural
Construction
Bare landland
Construction land

2.3. Statistical Analysis

Land
Use shrubs,
and Land
Covers
Trees,
bamboos
Rivers, lakes, reservoirs,
ditches,
ponds, aquaculture areas
Trees,
shrubs,artificial
bamboos
Rivers, lakes, reservoirs,Farms,
ditches,reclaimed
artificial land
ponds, aquaculture areas
Bare
ground,
fallow land
land, rock
Farms,
reclaimed
Urban land, rural
residential
sites, and
other
Bare
ground, fallow
land,
rockconstruction lands
Urban land, rural residential sites, and other construction lands
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Identical statistical analysis was performed at each buffer zone to investigate the relationship
Identical statistical analysis was performed at each buffer zone to investigate the relationship
between land-use types and water quality. Factor analysis is a widely used method to reduce the
between land-use types and water quality. Factor analysis is a widely used method to reduce the
dimension of variables. It can screen out key water quality indicators to represent the water quality
dimension of variables. It can screen out key water quality indicators to represent the water quality
status in the study area. The value up to 1.0 for Kaiser–Meyer–Olkin (KMO), a measure of sampling
status in the study area. The value up to 1.0 for Kaiser–Meyer–Olkin (KMO), a measure of sampling
adequacy for presenting the proportion of variance, would sufficiently prove the usefulness of factor
adequacy for presenting the proportion of variance, would sufficiently prove the usefulness of factor
analysis [29]. Given that the KMO test value is above 0.7, and the p-value (i.e., significant level) of
analysis [29]. Given that the KMO test value is above 0.7, and the p-value (i.e., significant level) of
Bartlett0 s Sphericity tests is 0, the factor analysis method is appropriate for this study. Grounded in
Bartlett′s Sphericity tests is 0, the factor analysis method is appropriate for this study. Grounded in
the principle that the eigenvalue is greater than 1, the principal component method is used to extract
the principle that the eigenvalue is greater than 1, the principal component method is used to extract
common factors for factor analysis. To make the meaning of factor clearer and more nomenclature
common factors for factor analysis. To make the meaning of factor clearer and more nomenclature
explanatory, the factor load matrix is rotated orthogonally using the maximum variance method [30].
explanatory, the factor load matrix is rotated orthogonally using the maximum variance method [30].
Redundancy analysis (RDA) was used to determine the relationship between LULC and water
Redundancy analysis (RDA) was used to determine the relationship between LULC and water
quality indicators [31–33]. The greatest advantage of an RDA is that this statistical method can
quality indicators [31–33]. The greatest advantage of an RDA is that this statistical method can
independently maintain the contribution of each explanatory variable for each dependent variable,
independently maintain the contribution of each explanatory variable for each dependent variable,
without performing a simple analysis for the explanatory variable vector and converting some of the
without performing a simple analysis for the explanatory variable vector and converting some of the
variables into virtual complex variables [34]. Before using the RDA, water quality data were first
variables into virtual complex variables [34]. Before using the RDA, water quality data were first
analyzed with detrended correspondence analysis (DCA) to determine whether to choose a linear
analyzed with detrended correspondence analysis (DCA) to determine whether to choose a linear or
or a unimodal model. After DCA, for water quality indicators at various sampling sites, it was
a unimodal model. After DCA, for water quality indicators at various sampling sites, it was found
found that the longest gradient of the four ordination axes was less than three in all the buffer zones.
that the longest gradient of the four ordination axes was less than three in all the buffer zones.
Consequently, the linear model of RDA was selected to evaluate the influences of land-use types on
Consequently, the linear model of RDA was selected to evaluate the influences of land-use types on
water quality at multiple spatial scales. The analysis can simultaneously study the influence of LULC
water quality at multiple spatial scales. The analysis can simultaneously study the influence of LULC
on the representative water quality indicators among all buffer zones. Two essential outputs were
on the representative water quality indicators among all buffer zones. Two essential outputs were
obtained with RDA: (1) interest correlations of the land-use types with the RDA axes, which show the
obtained with RDA: (1) interest correlations of the land-use types with the RDA axes, which show
land-use types that have the most significant influence on the ordination; and (2) the portion of each
the land-use types that have the most significant influence on the ordination; and (2) the portion of
predicted variable that is explained by the RDA axes; additionally, it can be intuitively displayed by a
each predicted variable that is explained by the RDA axes; additionally, it can be intuitively displayed
two-dimensional ranking diagram.
by a two-dimensional ranking diagram.
2.4. Study Sequence
2.4. Study Sequence
A flowchart was given in Figure 2 to show variables used in RDA and how they were combined
A flowchart
was given
in Figure
2 to show
variables
used
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and how
they were combined
with spatial
and temporal
analysis.
Factor
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was first
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to select
the representative
water
with
spatial
and
temporal
analysis.
Factor
analysis
was
first
used
to
select
the
representative
water
quality indicators. Then, the quantitative association between LULC and water quality was explored
quality
indicators.
Then,over
the quantitative
association between LULC and water quality was explored
by
redundancy
analysis
space and time.
by redundancy analysis over space and time.

Figure2.2.AAflowchart
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and water
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3. Results and Discussion
3. Results and Discussion
3.1. Differences in LULC within Various Buffer Zones
3.1. Differences in LULC within Various Buffer Zones
In general, water area and construction land were the dominant land-use types in the study area,
In general, water area and construction land were the dominant land-use types in the study area,
followed by agricultural land, forest land, and bare land (Figure 3). The LULC area proportion shows
followed by agricultural land, forest land, and bare land (Figure 3). The LULC area proportion shows
two opposing trends with the increase of buffer scales. With the rise in buffer scales from 500 m to
two opposing trends with the increase of buffer scales. With the rise in buffer scales from 500 m
1800 m, the proportion of forest land and agricultural land show an increasing trend, while the
to 1800 m, the proportion of forest land and agricultural land show an increasing trend, while the
proportion of water area and bare land show a declining trend. As a lakeshore area, the percentage
proportion of water area and bare land show a declining trend. As a lakeshore area, the percentage of
of water area dominant in all buffers decreases, from 47.66% at 500 m to 36.58% at 1800 m. The
water area dominant in all buffers decreases, from 47.66% at 500 m to 36.58% at 1800 m. The proportion
proportion of construction land amid different diameters was similar (approximately 24.62%), with
of construction land amid different diameters was similar (approximately 24.62%), with no significant
no significant difference, reflecting the massive amount of developed land within this area. The
difference, reflecting the massive amount of developed land within this area. The increase in the
increase in the proportion of agricultural land was more significant than that of forest land. The bare
proportion of agricultural land was more significant than that of forest land. The bare land occupied
land occupied the least area among the five types, where the area changed little with the increase of
the least area among the five types, where the area changed little with the increase of buffer scales.
buffer scales.

Figure 3.
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Table 2. Rotated component matrix, eigenvalues, and principal component contribution rate.
Parameters and indicators
Eigenvalue
Contribution/%
Water temperature
EC
TDS
Salinity
SD
Phosphate

Principal Component
F1
F2
F3
4.186
2.282
1.199
41.86
22.82
11.987
0.6
0.193
−0.271
0.945
0.207
0.181
0.902
0.147
0.262
0.897
0.136
0.265
−0.221
−0.636
−0.377
0.428
−0.038
0.653
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Table 2. Rotated component matrix, eigenvalues, and principal component contribution rate.
Principal Component
Parameters and Indicators
Eigenvalue
Contribution/%
Water temperature
EC
TDS
Salinity
SD
Phosphate
TN
TP
SS
Turbidity

F1

F2

F3

4.186
41.86
0.6
0.945
0.902
0.897
−0.221
0.428
0.408
−0.161
0.185
0.097

2.282
22.82
0.193
0.207
0.147
0.136
−0.636
−0.038
−0.038
−0.063
0.927
0.938

1.199
11.987
−0.271
0.181
0.262
0.265
−0.377
0.653
0.699
0.837
−0.145
−0.185

Note: EC, electrical conductivity; TDS, total dissolved solids; SD, Secchi depth; TN, total nitrogen; TP, total
phosphates; SS, suspended solids.

3.3. The Influence of LULC on Water Quality among Buffer Zones
In an attempt to more intuitively reflect how the land-use types exert in explaining water quality
variations, the RDA adopted a range of representative water quality indicators in each site and land-use
type at different spatial scales. As shown in Table 3, the explained variations for different land-use
types are different at different spatial scales, with the explanatory rate higher than 31.6% and up to
56.9%. The total explained variance is 44.77% on average and declines as the buffer size increases.
The water quality interpretation rate also varies across the five land-use types, amongst which forest
land and water area are ranked as the highest two (Table 3). Interestingly, the interpretation rates of
the water area at 800 m and 1000 m are substantially higher than those of the other four buffer zones,
which could be caused by the large-scale aquaculture industries in the two buffer zones (Figure 3).
Table 3. The explained variation (%) for different land-use types at multiple buffer scales.
Buffer

Forest
Land

Water
Area

Construction
Land

Agricultural
Land

Bare
Land

Total Explained
Variance

500 m
800 m
1000 m
1200 m
1500 m
1800 m

24.3
26.2
21.6
16.6
13.2
24.7

1.8
20.8
22.9
0.09
1.8
0.1

20
1
2.4
13.3
3
1.9

2
0.09
0.1
4.3
1.2
0.09

8.8
7.8
2.4
4.7
12.4
6.5

56.90
55.80
52.00
38.90
31.60
33.40

In the biplots (Figure 4, Figure 5), land-use types are represented by red hollow arrows, and
water quality indicators are represented by mazarine solid arrows. When the included angle (between
the arrows of a land-use type and water quality indicator) is less than 90 degrees, the relationship
between them is positive. In contrast, the relationship between them is negative when over 90 degrees,
and there is no correlation when equal to 90 degrees. The angle between the arrows indicates the
magnitude of the correlation, and the smaller the angle, the higher the correlation. The biplots can also
be interpreted quantitatively, using the length of the land-use factor arrow to indicate how much that
factor explains the water quality indicators variance.
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500 m

800 m

1000 m

1200 m

1500 m

1800 m

Figure 4. Redundancy analysis between LULC and water quality at buffers of 500–1800 m.
Note: ForsLand = Forest Land; ConsLand = Constructive Land; WatrArea = Water Area;
AgrcLand = Agricultural Land; BareLand = Bare Land.
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Figure 5. Biplots of redundancy analysis in the (a) dry and (b) wet seasons at 1000 m buffer.
Note: ForsLand = Forest Land; ConsLand = Constructive Land; WatrArea = Water Area;
AgrcLand = Agricultural Land; BareLand = Bare Land.
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Figure 5. Biplots of redundancy analysis in the (a) dry and (b) wet seasons at 1000 m buffer. Note:
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4. Conclusions
We studied the relationship between land-use types at buffer-zone scales and water quality in a
typical lakeside city near Poyang Lake. Factor analysis was used to select the representative water
quality indicators. Then, the quantitative association between LULC and water quality over space
and time was explored by redundancy analysis. The results of this research lead to the following
conclusions. (1) In general, the LULC could explain from 56.9 to 31.6% of the variation in water quality
at six buffer zones (500–1800 m). (2) Forest land had a positive effect on water quality among most of
the buffer zones. (3) Construction land had a bad effect on the identified vital water quality indicators
within the 1200 m buffer zone, and bare land had a similar influence within the 1500 m buffer zone.
(4) The closest connection between LULC and water quality appeared at the 1000 m buffer zone in the
dry season, whereas no significant differences are observed among the buffer zones in the wet season.
The results highlight the importance of a multi-scale perspective in evaluating the impact of LULC on
water quality. These findings improve our understanding of the impact of LULC at multiple scales on
water quality in the lakeside city.
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