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Impact of urban land-use change on surface water pollution
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ABSTRACT

The purpose is to guide the proportion of urban land use and the layout of facilities, fully under-
stand the change of surface runoff caused by land use in urban development, and thus solve surface
runoff pollution. City A is selected for experiment base, the land use nature and urban construction
projects of grade demonstration area are specifically analyzed. Spearman’s analytic hierarchy pro-
cess can reflect the land use type and establish the type and layout of urban facilities. The influ-
ence of land use indexes on surface runoff water quality is studied qualitatively and quantitatively
with redundancy analysis. Then, key indexes are selected and analyzed to determine whether land
use structures can be reasonably planned, which provides an effective basis for rational planning
of land use structures. The results show that urban construction has a positive effect on improving
surface runoff water quality. Under moderate rainfall intensity, the influence of urban equipment
indexes on runoff is the most obvious. The results show that, when the average rainfall intensity
is moderate rain, the surface runoff quality of the improved sample with the same properties is

better than that of the unmodified sample.
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1. Introduction

With the accelerated global urbanization, the aggravat-
ing water resource destruction needs an urgent solution.
Various studies have shown that the urban population and
the population density are rising, and urban buildings are
expanding, so land reuse and space recombination are even-
tually leading to changes in the cities’ surface structure,
breaking the balance of surface radiation, the original urban
water cycle, and water resource utilization system [1].

Land-use change has a very complex impact on urban
water resources. Rainfall-runoff changes with rainfall
amount, rainfall intensity, and land use characteristics.
The original urban surface has gradually changed from
land and sand to hard soil, weakening the heat and water
exchange between the ground and the atmosphere. Thus,
the amount of rainwater flowing into the underground has
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been reduced, and the water absorbability of the surface has
been declined [2]. Studies have shown that only one-fifth
of rainwater is used as runoff in the large environmental
system. In highly urbanized areas, urban roads are almost
non-permeability for rainwater, and such roads are also
increasing, with almost four-fifths impermeable rainwater
[3]. The spread runoff enters the urban drainage system, and
floods generally occur if the amount of rainwater accumu-
lated exceeds the capacity of the urban drainage infrastruc-
ture. Meanwhile, rainwater runoff may be polluted by the
hardening urban road surfaces. The initial rainstorm loss
will wash away useless things, automobile exhaust, dust,
and silt on impermeable roads, such as motorways and open
areas. Pollutant sediments are eventually discharged into the
water body, when harmful substances to the human body
exceed the range of self-purification capacity of tap water,
the nature of water will change badly [4].
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Here, the impact of land use on surface runoff is stud-
ied after urban infrastructure construction. First, in the
practice of urban planning and design, the influence of
land-use change on surface runoff is discussed, and the key
land use indexes for controlling surface runoff are summa-
rized. Second, an analysis is conducted on how to solve the
quantitative structural relationship within these indexes to
control runoff and runoff water quality. The results provide
a reference for similar places in the future to restrict the
number and location of urban facilities in urban develop-
ment and help effectively manage the water ecological cycle
and water resource utilization [5].

2. Method
2.1. Runoff data acquisition

Here, the measurement method is used for runoff data
and runoff water sample data collection. Sample data are
collected at city A’s rainwater outlets because rainwater run-
off is the total runoff from different catchment areas, repre-
senting land use [6]. For the runoff into the river, a flowmeter
is installed at the outlet of each sampling point to contin-
uously obtain the hourly rainwater runoff of the sampling
point. Meanwhile, 2~3 connected tanks are selected as runoff
sampling points at each sampling point [7]. After the forma-
tion of surface runoff, the rainwater collector collects sur-
face runoff samples every 10 min, 5 times per hour. Then,
40 flow monitoring points and 45 water quality sampling
points are set. Runoff data is 5,800, water quality sampling
data is 1,400. All data must be dimensionless to avoid devi-
ations caused by different dimensions in statistical results.
To avoid the influence of different basins and different
rainfall levels, the runoff modulus coefficient is selected to
reflect the size of runoff, which can be transformed into a
dimensionless runoff coefficient, and the runoff and rain-
fall of rainfall are considered at the same time [8,9]. Due
to the correlation, diverse types of rainfall are selected to
study. Here, many indexes, including suspended solids
(5S), biochemical oxygen demand (BOD,), chemical oxy-
gen demand (COD), ammonia nitrogen (NH,-N), and total
phosphorus (TP) are selected to reflect the runoff pollution
degree. The Grubbs test can screen and eliminate the small
anomalies below the water level, and the average content of
each index in rainfall-runoff is finally obtained [10].

2.2. Acquisition of land use data

Here, the urban land use situation in 2020 is drawn with
computer-aided design (CAD) ground buildings, and the
urban base coverage information is obtained through statis-
tical data and manual interpretation. According to foreign
concepts of building permeability and effective impervi-
ous area, land use structure can be divided into effective
impervious area (EIA) and ineffective impervious area
(ITA) [11]. TIA includes green space and underwater imper-
vious surfaces. The underground impervious area includes
the roof green design, permeable road, and water body.
Environmental assessment means that the impervious area is
directly connected to the drainage collection system through
rainwater pipelines [12]. Compared with impervious sur-
faces, environment assessment contributes more to urban

area runoff. ITA is a city facility in Area A that cuts off drain-
age collection systems in impervious areas. Environmental
assessment and environmental impact jointly constitute the
total impervious area.

2.3. Land use classification

To determine the influence of land use on surface run-
off and runoff water quality, the research scope should be
determined first. According to the development trend of
watershed systems, the water quality grade of area runoff
and the first-level runoff are selected for watershed divi-
sion [13]. City A is a plain river network city, the drainage
network of different land types is directly connected with
the river, so each plot is a separate watershed. Here, the
value of land use zoning in different regions are obtained
through the Excel software and Sutherland classical equa-
tion, and Sutherland classical equation can calculate the
site environmental impact assessment rate, which applies
to the problem of small watersheds (8-28 ha) according
to the U.S. Geological Survey [14]. The specific method is
shown in Fig. 1. The sample points for transformation are
determined based on the construction drawings of water
absorption facilities at each point, combined with the actual
needs of change, and according to the classification crite-
ria in Fig. 1 [15]. The anti-seepage area of residential and
multi-person buildings is partially disconnected from the
drainage collection system, the anti-seepage area of the park
is highly disconnected from the drainage collection system,
and the anti-seepage area of each block is connected to the
drainage collection system.

3. Effect of land use on surface runoff water quality
3.1. Redundancy analysis results

The sample data redundancy is analyzed through the
CANOCO5.0 software. Firstly, the trend result analysis can
determine the linear relationship between the dependent
variable and the independent variable [16]. If the gradient
value of the first axis in the four axes is greater than 4, the
corresponding analysis model is selected; if the gradient
value is less than 3, redundancy analysis is selected; if the
gradient value falls between 3 and 4, then both methods
are applicable [17]. After calculation, the slope of the first
axis is 0.498, far less than 3, indicating that the water qual-
ity index is linear with the land use index [18]. Therefore,
a redundant analysis method is selected, and the relation-
ship between land use and water quality is shown as the
arrow of land use index and water quality index (Fig. 2),
the length and angle of the arrow in the figure indicate
that water quality indexes have different responses to land
use indexes [19]. The longer the length is, the greater the
angle is (sharp angle means that land use is positively
correlated with water quality indexes, while blunt angle
means a negative correlation). The higher the value is, the
greater the correlation between the two is, and the lower
the value is, the lesser the correlation is.

Fig. 2 displays that the types of land use indexes affect-
ing the runoff water quality of each sample are significantly
different. The reconstructed public building samples (R01-
RO6) are mainly affected by the IIA ratio. Park samples
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Degree of disconnection o
connection

r> < Judgment criteria >

< Sutherland equation >

Highly or completely
disconnected

Only a small part or no land in the area is directly connected to
drainage pipes, and 70% or more of rainwater runoff is
preferentially discharged to dry wells or other permeable areas;

EIA~ 0, TIA ratio is not less
than 1%

Partially disconnected

At least 50% ofthe underlying surface in the area is disconnected
— from the drainage pipe, mainly roads, grass, roofs, some dry wells
or other permeable areas;

EIA =0.04 (TIA) 1.7, TIA
ratio is not less than 1%

Moderately connected

The rainwater runoff in the area is mainly discharged into the
river through curbs or drainage pipes. There are no dry wells or
other permeable areas, and the runoff from the roof flows directly
into the sponge facilities;

| | EIA=0.1(TIA) 1.5, TIA ratio

is not less than 1%

Highly connected

|| All other impervious areas except the roof are directly connected
to drainage pipes;

EIA=0.4(TIA)12, the
proportion of TIA is not less
than 1%

Fully connected

| | The impervious cushion surface in the area is directly connected
with the drainage pipeline;

EIA=TIA

Fig. 1. EIA is obtained by Sutherland Equation.

1.0

@ RIO

ITA ratio  @Ro7

Proportion of weakly
permeable underwater surface

\

Green space ratio

SS
TP

uo1-U10

EIA ratio

@ ROV
@ RO8

-1.0 1.5

Fig. 2. Redundancy analysis of land use index and water quality
indexes.

(RO8 and R09) and park samples (R07 and R10) are signifi-
cantly affected by the green space ratio and underwater
ratio. Unmodified samples (U01-U10) are mainly affected
by green space rate and environmental assessment on

impervious surfaces. Environmental impact assessment of
construction land is the main index of increased runoff pol-
lution load. Green space rate, underwater impervious sur-
face rate, and IIA are negatively correlated with the water
quality index [20]. The correlation between green space
rate and water quality index is the largest, indicating that
the interception degree of green space on runoff pollution
load is higher than the other two indexes. Land use had
significant effects on SS, BOD, COD, and NH.-N, while TP
had no significant effect on land use [21]. The correlation
between the EIA ratio and water quality, and between IIA
ratio and water quality indexes are compared. The results
show that the EIA ratio and IIA ratio have opposite impacts
on water quality indexes, and the correlation between envi-
ronmental impact assessment and water quality indexes
is higher than that of ITA.

3.2. Partial least squares regression analysis results

The partial least squares (PLS) regression model is estab-
lished by SIMCA-P software, and the automatic adapta-
tion analysis is clicked to adapt the model. Two local least
squares components are extracted by the cross-validation
principle of the software. The information utilization rate
of the X model is R>X (cum) = 0.942, and the interpretabil-
ity of R is R?Y (cum) = 0.828. The cross-validity value Q*
(cum) = 0.7819, Q* (cum) is cross validity, indicating that
the PLS regression model has high prediction accuracy for
new data. Q* (cum) > 0.5 indicates that the model has high
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prediction accuracy. When Q? (cum) < 0.05, the model is not
significant.

Fig. 3 illustrates that the updated plots are mainly affected
by the ratio of green space, IIA, and underwater impervi-
ous surface. RO1-R04 is mainly affected by the proportion
of ITA in impervious surfaces, R07-R09 is mainly affected
by the proportion of green space. The representative water
quality indexes are SS, BOD,, COD, and NH_-N, which are
influenced by the environment impact assessment.

Some empirical equations for the ratio of water qual-
ity indexes to land use indexes are calculated through PLS
regression. These equations are greatly influenced by soil
types. The specific calculation is expressed as in Eq. (1).

f(x):ap+§(upxﬁp) 1)

where f(x) stands for water quality index concentration
(mg/L), o, represents a constant of p land use index on
water quality indexes, |1, denotes the level p land-use impact
index, and 3 is the p land use index (%).

The influence degree of different land-use indexes on
water quality indexes is shown in Fig. 4, and the influ-
ence order is as follows: green space rate > EIA ratio > IIA
ratio > underwater seepage control rate. Specifically, SS is
significantly affected by four land-use indexes; BOD, and
COD are mainly affected by green space rate and environ-
mental impact assessment; the change of NH -N caused by
the land-use index is less significant than that caused by
other water quality indexes, indicating that land-use index
is not the most significant index affecting the average con-
centration of NH-N [22]. Generally speaking, the higher
the EIA ratio is, the higher the average concentration of pol-
lutants is, and the worse the water quality is. The larger the
proportion of green space is, the worse the permeability of
ITIA underwater surface is, the poorer the permeability of the
ITIA underwater surface is, the lower the average content of
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Fig. 3. Impact load diagram of land use types on different drain-
age zones.
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pollutants that are more harmful to the human body, and
the better the water quality is. When rainfall occurs, it is
difficult to form surface runoff when the rainwater in the
inflow areas, such as green space and permeable roads
infiltrates into the ground. If the pollutant is overweight, it
will not rush into the river through the drainage network.
Although IIA is an impermeable area, it is not connected to
the drainage pipe or its surface. Runoff mainly flows to the
nearby water absorption facilities, rather than directly into
the drainage ditch. Therefore, the EIA rate can be reduced
with the increase in the proportion of green space and
permeable roads in construction land and the introduc-
tion of impervious road runoff into sponge facilities, such
as green space, which controls land runoff pollution and
improves river water quality.

The influence of the land use importance index on the
water quality index can be expressed as a variable of import-
ant prediction index (VIP) (Fig. 5). According to the VIP
ranking table, the VIP value of green space environmental
impact assessment is greater than 1, the characteristic ratio is
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Fig. 4. The influence coefficient of land use on water quality
indexes.

Note: A-Constant; B-Green space ratio; C-EIA ratio; D-Proportion
of weakly permeable underwater surface; E-IIA ratio.
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Fig. 5. Ranking of VIP values of land use indexes affecting water
quality.

Note: 1-Proportion of green space (%); 2- EIA (%); 3-IIA ratio (%);
4-Proportion of impermeable underwater surface (%).
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BODS5 COD

Water quality index

Fitting equation of water quality
index and proportion of green space

y=246.18-3.05x

y=42.13-0139x

0.8595

Correlation coefficient(D

0.97927 0.83992

Fig. 6. When EIA = 0, the regression prediction of SS, BOD,, COD, and the proportion of green space.
Note: @ The closer the correlation coefficient is to 1, the closer the fitting result is to the data to be fitted, and the better the

fitting result is.

between 0.8-1, and the ratio of green space to the impervious
surface is less than 0.8, indicating that green space environ-
mental impact assessment has an impact on water quality
index, which has important explanatory significance. The
green space environmental impact assessment and charac-
teristic ratio are the key indexes affecting water quality.

3.3. Origin fitting prediction results

To control the relationship between land use types and
surface runoff water quality, the fitting relationship between
the land use indexes and surface runoff water quality is
constructed through the original point fitting equation, and
the surface runoff water quality is envisaged in advance.

According to the analysis results of the PLS regression
method (Fig. 6), the EIA ratio on the X-axis and the aver-
age concentrations of SS, BOD,, and COD on the Y-axis is
obtained. According to the disconnection or connectivity
between the impervious area of the sample and the drain-
age network, nine fitting equations are established with
Origin2017 software. The green land is set as the X-axis,
combined with the other three water quality indexes, three
fitting equations are established. According to the obtained
sample data, it is predicted that, under the middle gradi-
ent rainfall, the conversion level of different runoff water
quality can reach surface water IV, and the scope of second-
ary standards of sewage discharge should be controlled,
as well as the land use indexes.

Based on the redundancy analysis, the influence of
runoff water quality index on different land types is dis-
cussed qualitatively. In land-use indexes, the environmen-
tal impact assessment rate is significantly and positively
correlated with water quality indexes, such as green space,
water permeability, and ITA. The proportion of green space
is negatively correlated with each water quality index, and
the correlation between green space proportion and each
water quality index is the strongest. According to the PLS
analysis, the influence of land use indexes on the surface
runoff water quality indexes from large to small is as fol-
lows: green space rate > environmental impact assessment
rate > IIA rate of underlying surface > seepage prevention

rate. Finally, the origin fitting equation can predict the
response threshold of surface water in class IV and the
environmental impact assessment rate of green space,
the surface water quality grade, and the secondary sew-
age discharge standard.

4. Conclusions

Here, the influence of construction land types on urban
surface runoff water quality is analyzed, and specific influ-
ential mechanisms are concluded. Based on redundancy
analysis, the relationship between land-use types and runoff
water bodies is revealed. Land use index will affect run-
off water quality, greening activities, impervious surface,
and water quality index is negatively correlated, environ-
mental impact assessment rate and water quality index is
positively correlated. Soil SS, BOD,, COD, and NH-N are
related to land-use indexes. Based on PLS regression anal-
ysis, the influence of different land-use areas on the water
quality index is quantitatively discussed. The key indexes
affecting water quality are the green space rate and environ-
mental assessment rate. The indexes affecting urban water
quality are SS and BOD,.

Through various analysis methods, the impact of land-
use change on surface runoff of urban small watersheds is
studied qualitatively and quantitatively. Although some
achievements have been made, there are still some short-
comings that need further research and improvement.
Because the monitoring data of surface runoff and surface
runoff water quality is not enough, the number of selected
rainfall types is insufficient, and the statistical law is insuf-
ficient, the final calculation results may produce some devi-
ation. In future research, it can be considered to increase
the sufficient amount of experimental data, further expand
the research scope, and make the results of the calculation
model more accurate. The impact of underground runoff
is complex. Here, the land-use change is only studied from
the perspective of underlying surface permeability, other
land-use change indexes do not consider the use of perme-
able pavement and permeable pavement, which may lead
to the impermeable facilities being classified into the same
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underlying surface. Therefore, the analysis index of the
underlying surface can be further improved, and the statisti-
cal results can be closer to the actual situation.
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