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Impact of watershed habitat quality based on land use: a case study of taking Ciyao River Basin
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Abstract

Land use pattern is one of the most important factors affecting the quality of habitats, which is taken as the
research objective in this study. Based on the land use data of Ciyao river basin from 1985 to 2020, transfer matrix
analysis, superposition analysis, and zoning statistics were carried out by ArcGIS. The impact of main threat
sources (cultivated land, urban land, and rural residential land) on water quality was calculated using the invest-
ment model. The habitat changes and the impact of the habitat quality of the basin on the hydrological and water
quality were analyzed. The findings demonstrated that the land-type conversion in Ciyao River Basin from 1985
to 2020 is mainly manifested in the conversion from cultivated land to construction land (94.49 km?), and from
grassland to cultivated land (21.59 km?) and forest land (27.15 km?). The habitat quality of the Ciyao River Basin
decreased gradually from North to South. The medium and high habitat quality areas are mainly concentrated in
the headwater area of the river. Due to the change in land type, the habitat quality in the headwater area of the
river significantly improved from 2005 to 2020, while the habitat quality in the confluence area of the Wuliang
section significantly declined from 1995 to 2015. Due to the improvements of habitat quality in the source area of
the river and water conservation capacity, the total amount of water resources and annual runoff depth of Ciyao
River significantly increased from 2005 to 2019 without significant changes in precipitation. The water quality of
the Ciyao River has improved due to development of environmental pollution control and the improvement of
watershed habitat in 2016—2020.
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Introduction The ecological environment is the natural basis for

human life and social development (Wang et al., 2008).

Environmental pollution has become a global concern in
the last two decades (Bai et al., 2022; Chen et al., 2022;
Peng et al., 2021; Tian et al., 2021; Wan et al., 2022; Xu
et al., 2021; Yang et al., 2021; Yin et al., 2022; Zhang
et al., 2022a; Zhao et al., 2021, 2022). Chemical pol-
lution caused by wastewater discharge (Ge et al., 2019;
Lin et al., 2021; Tan et al., 2022a, 2022b) and solid waste
(Wang et al., 2022) and ambient air (Liu et al., 2022;
Wu et al., 2021; Yin et al., 2021, 2022) can pose harmful
effects on the quality of water resources.

Habitat quality is defined as the ability of an ecosystem
to provide conditions suitable for the sustainable devel-
opment and survival of individuals and populations in a
certain time and space (Bao et al., 2015; Berta Aneseyee
et al., 2020; Zhang et al., 2019b). It can usually be quan-
titatively characterized by habitat quality indexes (Aiguo
et al., 2020; Wilson et al., 2016). Land use is one of the
foremost factors affecting habitat quality (Shengkai et al.,
2022; Sushi, 2020; Quan et al., 2021). Changes in land will
influence the composition and structure of the habitat
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and cause matter circulation and energy flow between
habitat patches, which eventually lead to changes in the
habitat quality (Fang et al., 2021; Terrado et al., 2016; Sala
et al., 2000; Zhang et al., 2021). Habitat quality assess-
ment is a complicated process. It is significantly advanta-
geous to use models for evaluating habitat quality (Chen
etal., 2016; Ng et al., 2011).

The common models for habitat quality evaluation
include A.R.LE.S (Bagstad et al., 2011; Villa et al., 2009),
MIMES (Boumans and Costanza, 2007; Boumans et al.,
2015; Wanghe et al., 2022), and InVEST (Chen et al., 2021;
Liu et al., 2020; Redhead et al., 2016, 2018). InVEST mod-
els offer some advantages such as low application costs,
high accuracy, ease of operation, convenient data access,
and powerful space visualization, which allows them to
be widely used (Li et al., 2021). Yaqian et al. (2020) ana-
lyzed the changes in habitat quality in Tang County, Hebei
Province, using the Habitat Quality module in the InVEST
model to provide a scientific basis for reasonable land
planning and the protection of habitat and biodiversity in
the land development work. Wang et al. (2020) assessed
the spatiotemporal patterns for habitat quality in the Nen
River Basin from 1980 to 2015 and gave rational sugges-
tions for the protection of its ecological environment.

Rivers are closely related to human culture, and watershed
habitat quality directly impacts the aqueous environment
of rivers (Dai et al., 2022; Gao et al., 2021; Li et al., 2022).
Problems such as overexploitation of water resources,
excessively heavy pollution, and degraded ecosystem exist
in the rivers in the northern part of China. The aqueous
environment in rivers has been significantly improved
with the implementation of the Action Plan for Prevention
and Control of Water Pollution (Nan et al., 2017).

As the primary tributary of the Fen River, the Ciyao River
is seasonal, in the basin of which economic and social
developments exert great pressure on the ecological
environment of the stream, resulting in problems such
as water resource shortage, aquatic environment pollu-
tion, and aquatic ecosystem degradation. Water pollution
control was carried out under public supervision in the
Ciyao River in Shanxi province, with typical characteris-
tics of rivers in the northern region, so research on it is
extensively instructive (Ding et al., 2020).

In this study, the changes in land-use type and habi-
tat quality response in the Ciyao River Basin during the
period 1985-2020 were analyzed using tools such as
ArcGIS and InVEST models to explore the impact of
watershed habitat quality on the hydrology and water
quality of the streams, in a hope of providing technical
support for future pollution prevention and control and
ecological protection of the Ciyao River and the rives in
the northern region.

Impact of watershed habitat quality based on land use

Materials and Methods
Research region

Originating from Taling Village in the mountainous area
of Jiaocheng County, the Ciyao River runs across Qingxu,
Jiaocheng, Wenshui, Fenyang, Pingyao, Xiaoyi, and Jiexiu
before flowing into the Fen River on the right bank in
the middle reach of the River Fen, with a total length
of its main stem of 86.4 km and a total drainage area of
1059.83 km? Its main tributaries are Hupingshi, Wayao,
and Baishinan rivers. The Baishinan River starts from the
Baishi Mountains in Qingxu County and drains 241.26
km?, with U-shaped channels and stable riverbeds.
Moreover, the Wayao River, the headwaters of which are
on the Huye Mountains in the north of Jiaocheng County,
enters the Ciyao River in the south of western Shihou
Village, with a total area of 105.94 km? (Yingming, 2004).

The Ciyao River Basin is long and narrow, stretching
from mountains to plains, with the terrain being high in
the north and low in the south. It is fragmented by gullies
and ravines, with poor vegetation coverage and exposed
and heavily weathered rocks. The confluence takes a long
time, and the runoff process is steady. Due to continen-
tal monsoon climate and blockage by mountain ranges,
it is difficult for the monsoon to enter and thus causes
less precipitation, with an annual average rainfall of 455
mm and the months from June to September receiving
the highest rainfall, which accounts for 70% of the rainfall
of the entire year.

During the 13" Five-Year Plan For Economic And Social
Development Of The People’s Republic Of China, one
state-controlled section (Sangliushu) was created in
the Ciyao River Basin, and to enhance the protection
of the water environment of the river, three automated
water quality monitoring stations (Meijinqiao, Wuliang,
Peihui) were also established. In order to better analyze
and evaluate the watershed habitat quality and its influ-
ence on the river, the Ciyao River Basin is divided into
four regions according to the types of land and the dis-
tribution of automated monitoring stations. They are the
river source area (Lingdi Village acts as the representative
section of river water quality), Wuliang section conflu-
ence area, Peihui section confluence area, and Sangliushu
section confluence area. The scope and zones of the
Ciyao River Basin are shown in Figure 1.

Data sources and analytical methods

The data on land use in the Ciyao River Basin were
obtained by interpreting the satellite remote sensing
image data (30 m resolution) of the geospatial data cloud
platform, and this included six types of land uses: forest
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Figure 1. Overview of Ciyao River Basin.

land, bush, agricultural land, grassland, water body, and
construction land uses. Statistics of areas and analysis of
various categories of land use were done using ArcGIS,
and changes in the types of land use in the Ciyao River
Basin during different years were analyzed using the
transfer matrix.

Hydrological data of rivers and streams were derived
from the water resource bulletin of Lvliang city. Subject
to data collection, the hydrological data of 2005-2019
was used in this study. The data on water quality in rivers
and streams originated from the automated water qual-
ity monitoring stations and onsite sampling and testing
results. The data from the automated monitoring station
were for the period 2016-2020.

Methods for evaluating habitat quality

Model principles Habitat quality modules in the InVEST
model evaluates habitat quality and degradation in differ-
ent land use patterns by defining external threat sources
affecting habitat in combination with the sensitivity of
land use types and the intensity of external threats. Model
algorithms use grid as the basic evaluation unit, assigning
each grid a land use type. By taking into account factors
such as the influence distance and spatial weight of the
factor, the habitat degradation index (D, of each grid is
calculated to obtain the habitat quality index (ij)'

The formula for calculating the habitat degradation index
(ij) (Zhang et al., 2019a, 2020) is as follows:

R Y, w .
ij = Z R : rylrxyﬁxsjr (1)
r=1y=1 Zrzl w,
) d
1rxy =1 _[d = J (2)

Linear regression

i, = exp{—(dz'99 jdwl 3)

Exponential regression

Dis the degree of habitat degradation with a scale of 0—1.
The bigger the value, the worse the habitat degradation
(Zhang et al., 2019a, 2022b). From the above equations,

+ Ris the number of threat factors;
+ w is the weight of threat factor r;
« Y is the number of grids for the threat factor layer
in the land use type diagram;
o 1is the number of threat factors in grid y in the land
use type diagram;
¢ S, is the sensitivity of threat factor r to type j land
cover;
+ d,is the distance between grid x (habitat) and grid
y (threat factor);
+ d,,..is the influence range of threat factor r;
« B is the anti-interference level of habitat;
o dyis the influence of threat factor r in grid y on grid x.
The formula for calculating the habitat quality is as fol-
lows (Zhang et al., 2019a, 2022b):

=H =|1 Dy (4)
R e

Where, Qis the habitat quality index, with a scale of
0-1; the bigger the value, the higher the habitat suitabil-
ity. In the above Equation (4),

+ H_is habitat suitability;

+ k is the half-saturation coefficient, which is usually
half of the maximum degradation;

o Z is the default parameter of the model.

Based on previous investigations and analyses, it was
revealed that human activity is highest in agricultural
and construction lands in the Ciyao River Basin, and the
urban and rural residential lands account for a big pro-
portion of the construction land. Therefore, agricultural
land, urban land, and rural settlements were identified as

20

Quality Assurance and Safety of Crops & Foods 15 (1)



the ecological threat factors of changes in habitat quality
in the Ciyao River Basin. The weights and influence dis-
tance of threat factors were set by referencing the existing
researches, as shown in Table 1. The sensitivity of various
land use types to threat factors is shown in Table 2, and
the half-saturation parameter k was set as 0.5.

Results and Discussion
Land use changes

The land use types of the Ciyao River Basin are mainly
agricultural land, grassland, and construction land (Li

Table 1. Influence range and weight of threat factors.
Threat factor ~ Maximum influence ~ Weights  Regression
distance/km types
Agricultural 1 0.6 Linear
land
Urban land 7 0.8 Exponential
Rural 3 04 Exponential
settlements
Table 2. Sensitivity of different land use types to ecological threat
factors.
Land use Habitat Sensitivity to ecological threat factor
LD Gy Agricultural ~ Urban Rural
land land  settlements
Agricultural 0.5 0.3 0.8 0.6
land
Forest land 1 0.6 0.9 0.8
Bush 1 0.5 0.8 0.6
Grassland 0.6 0.3 0.7 0.7
Water body 0.8 0.65 0.7 0.6
Urban land 0 0 0 0
Rural 0 0 0 0
settlements

Impact of watershed habitat quality based on land use

et al., 2010). Agricultural land occupies the greatest share
of the area, covering 575.05 km? in 2020, accounting for
54.26% of the basin’s total area, followed by grasslands
(207.97 km?) and construction land (including 189.41
km? of impervious lands, such as urban land and rural
settlements). Table 3 indicates the areas and percent-
ages of various land use types of the Ciyao River Basin
in different years. Construction and agricultural lands are
the two categories that experience the most significant
changes among all the land use types. The construction
land area went up remarkably from 71.19 km?*in 1985
to 189.41 km? in 2020, with its share up 11.15%, and the
area of agricultural land decreased most from 691.96 km?
to 575.05 km?, with its share down 11.03%.

Table 4 shows the results of calculations using the trans-
fer matrix for land use from 1985-2020. These findings
reveal that the increase in construction lands mainly
resulted from the conversion of agricultural lands, and
the conversion area was up to 94.49 km?, which is also the
main reason for the decline in the share of agricultural
land area. The distribution of changes in land use types
is shown in Figure 2. It can be seen that the conversion of
agricultural land into construction land mainly occurred
in the Wuliang section confluence area and, most signifi-
cantly, along the banks of the Baishinan River. Despite
an increase in the area of construction land, agricultural
land was dominant in the Wuliang section confluence
area during 1985-1995, and construction land exceeded
agricultural land and became the land use type with the
greatest share in the region.

In addition to being converted into construction land,
agricultural land was transferred to other types of lands,
with a certain amount of areas, mostly into forest land
and grassland, with areas of 3.65 km? and 18.64 km?
respectively. Conversion among forest land, grassland,
and agricultural land mainly occurred in the areas of riv-
ers and stream sources in the Ciyao River Basin. The area
of forest land grew contentiously (by 4.18-7.83%) during

Table 3. Proportion of land use type area in Ciyao River Basin in different years (unit: %).

Land use 1985 1995 2005 2010 2015 2020
types Area Share Area Share Area Share Area Share  Area Share Area Share
(km?) (%) (km?) (%) (km?) (%) (km?) (%) (km?) (%) (km?) (%)

Agricultural 691.96 6529 66746 6298  607.14 57.29 580.62 5478 57457 54.21 575.05 54.26
land

Forest land 44.27 418 45,78 4.32 48.05 4,53 64.95 6.13 68.09 6.42 83.00 7.83
Bush 4.00 0.38 3.46 0.33 3.60 0.34 2.46 0.23 2.46 0.23 217 0.21
Grassland 247.04 23.31 249.28 23.52 265.38 25.04 250.45 23.63 23439 2212 207.97  19.62
Water body 1.37 0.13 1.79 0.17 1.01 0.10 2.24 0.21 2.25 0.21 2.23 0.21
Construction 7119 6.72 92.07 869  134.65 12.71 159.11 15.01 178.08 16.80 189.41  17.87
land
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Table 4. Land use transfer matrix of Ciyao River Basin from 1985 to 2020.

2020 Agricultural land Forest land Bush Grassland Water body Construction land

1985

Agricultural land 451.37 3.65 0.04 18.64 0.99 94.49
Forest land 0.14 35.83 0.02 0.41 0.00 0.00
Bush 0.01 2.31 0.51 0.29 0.00 0.00
Grassland 21.59 27.15 1.08 153.25 0.00 3.65
Water body 0.04 0.00 0.00 0.00 0.78 0.27
Construction land 0.42 0.00 0.00 0.16 0.04 56.93

1995 2005

Legend Legend
Agricultural land

B Forest land

Agricultural land
B Forest land

Agricultural land
I Forest land

I Bush I Bush [ Bush
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Figure 2. Changes of land use types in Ciyao River Basin in different years.

1985-2020, and the increased areas came from primary 25.04 to 22.12% and to 19.62%) in 2005-2020. Grassland

grassland (27.15 km?) and secondarily agricultural land and agricultural land were in a situation of mutual con-
(3.65 km?). Changes in grassland were a special case as it version. On the one hand, 18.64 km? of agricultural land
showed arising (from 23.31 to 23.52% and then to 25.04%) was converted into grassland, and on the other 21.59 km?
trend in 1985-2005 and continuously declined (from of grassland was converted into agricultural land.
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Overall, a rule in conversion among various land use
types of the Ciyao River Basin in 1985-2020 is mainly
reflected in the conversion of agricultural land into con-
struction land and the conversion of grassland into agri-
cultural land and forest land.

Habitat quality analysis

We used the InVEST model to evaluate habitat quality in
the Ciyao River Basin and divided the water habitat qual-
ity into three grades using the natural breaks classifica-
tion method in the ArcGIS software, that is, high (1.0 >
QM, > 0.8), moderate (0.8 > ij > 0.5) and low (0.5 > Q, >
0) habitat quality regions (see Table 5). The habitat qual-
ity of the Ciyao River Basin at different times is shown in
Figure 3, and the percentages of areas of habitat quality of
different grades are shown in Table 5.

Based on Figure 3, habitat quality in the Ciyao River
Basin declined from north to south. High habitat qual-
ity regions are mainly concentrated in the forest land—
dominated regions in the areas of the source of rivers and
streams, with low population density and good natural
ecological conditions; moderate habitat quality regions
are concentrated in the grassland-dominated regions
within the area of the source of rivers and streams, and
low habitat quality regions are mainly distributed in
Wuliang, Peihui, and Sangliushu section confluence
areas, with agricultural and construction lands being
dominant. According to Table 5, from 1985 to 2020, the
share of high habitat quality regions in terms of areas
increased from 4.71 to 8.31%; the share of moderate hab-
itat quality regions increased first and then declined, up
from 23.35% in 1985 to 25.08% in 2005 and then down to
19.64% in 2020; the share of low habitat quality regions
decreased first, and then increased, down from 71.94%
in 1985 to 54.71% in 2010, and then up to 72.05% in 2020.
Watershed habitat qualities at different years were com-
pared, and the changes in habitat quality are shown in
Figure 4. Regions that saw improvement in habitat qual-
ity are mainly concentrated in the areas of the source
of rivers and streams, which is most remarkable, espe-
cially during the periods 2005-2010, 2010-2015, and
2015-2020. The main reason for this is that a substantial

Table 5. Change in percentage of area of Ciyao River habitat
quality grade from 1985 to 2020 (unit %).

Grading 1985 1995 2005 2010 2015 2020
standards

High 4.7 4.85 500  6.62 6.92 8.31
Medium 2335 2355 2508 2366 2214 19.64
Low 7194 7160 6992 69.72 7094 72.05

Impact of watershed habitat quality based on land use

amount of agricultural land was converted into forest
land and grassland with the implementation of policies
such as “Returning Farmland to Forest and Returning
Farmland to Grassland” in 1985-2020 (Dou et al., 2019),
leading to significant improvement in habitat quality. The
analytical results of land type conversion in Section 2.1
also verify the same results.

Habitat quality in the Wuliang section confluence area
degraded significantly, especially during 1995-2015, and
exhibited a slowly degrading trend after 2015, primarily
because a raft of industrial companies began construc-
tion along the banks of the Baishinan River before 2015.
In Section 2.1, it is also can be seen that an extraordinary
amount of land was converted into construction land in
the Wuliang section confluence area from 1985 to 2020.
On the one hand, original agricultural land was occupied
for the construction of industrial companies, forest land,
and grassland, causing damage to natural vegetation,
and on the other, industrial enterprises that were already
built and human activity levels and pollutant emissions
in urban land that was developed and expanded accord-
ingly increased significantly compared with previous land
types and had an extremely remarkable impact on the sur-
rounding environment (Yuyang et al., 2021). Since 2015,
environmental pollution has been effectively controlled,
and natural ecosystems have been preliminarily recovered
with the implementation of environmental protection
policies such as “Water Ten Measure” (Yong, 2021) and
“Soil Ten Measures™ (Xiuping and Qinghai, 2016). As a
result, habitat quality showed a slowly degrading trend.

Habitat quality changes in Peihui and Sangliushu section
confluence areas are not significant, primarily because
these areas are agricultural production areas with agri-
cultural land as the mainland type all the time and less
conversion of other types of land. With the advancement
in environmental protection work and successive imple-
mentation of rural revitalization and river ecosystem res-
toration projects, habitat quality increased. For the Ciyao
River Basin, the construction of industrial companies
and urbanization progress caused considerable land con-
version into construction land, leading to a decrease in
habitat quality levels. Although habitat quality in the area
of the source of rivers was improved to some extent with
the implementation of policies such as returning agricul-
tural land to forest, the overall habitat in the basin was
still at a low level.

Changes in the hydrology and water quality of rivers

Hydrological changes in rivers

The rainfall levels of the main counties and districts in
the Ciyao River Basin are shown in Figure 5. The aver-
age annual rainfalls of Jiaocheng County, Wenshui

Quality Assurance and Safety of Crops & Foods 15 (1)
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Figure 3. Habitat quality map of Ciyao River Basin in different years.

County, Fenyang Municipality, and Xiaoyi Municipality
in 2005-2019 were 575.5 mm, 509.6 mm, 506.2 mm
and 526.1 mm, and up 20.9 mm, 16.6 mm 17.8 mm and
39.6 mm, respectively, compared with those of the years
1956—2000. From Figure 5, it can be observed that the
precipitation of the Ciyao River Basin in 2005-2019
fluctuated, and changes in various counties and districts
were consistent.

We used the Mann—Kendall (MK) test to analyze pre-
cipitation data of main counties and municipalities in
the Ciyao River Basin during 2005-2019 (Ali et al., 2019;
Ali and Abubaker, 2019; Zhao et al., 2020). The Z value
is the standardized test statistics. If Z > 0, it indicates an
increasing trend and vice versa. If the absolute value of Z
is greater than 1.96, it means that trends have passed the
significance test with a significance level of 95%.

The results show that the value of statistics Z of precipi-
tation in various counties and districts is greater than 0,
which indicates that the precipitation shows an increas-
ing trend. However, the absolute value of Z is less than
1.96. It is impossible to pass the significance test with
a confidence level of 95%, which means the increas-
ing trend of precipitation in the Ciyao River Basin is
insignificant.

Changes in the number of water resources and the run-
off depth of the Ciyao River are shown in Figure 6. We
analyzed the total amount of water resources and annual
runoff depth of the Ciyao River in 2005-2019 with the
MK trend test. The statistics Z of the total amount of
water resources and annual runoff depth is 2.18 and
4.01, respectively, and both are greater than 1.96, which
means that the total amount of water resources and

2
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Figure 4. Spatial changes in habitat quality from 1985 to 2020.
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Figure 6. Variation of water resources and runoff depth in Ciyao River Basin from 2005 to 2019.

Table 6. The Z value of MK test statistical parameter of precipitation change in main counties and regions of Ciyao River Basin from 2005
to 2019.
Statistics Jiaocheng county Wenshui county Fenyang county Xiaoyi municipality Average rainfall of the four counties
z 1.39 1.19 0.49 0.79 1.09

annual runoff depth of the Ciyao River in 2005-2019
showed a significant increasing trend (Table 6). From
the paragraph above, it can be seen that the precipitation
of 2005-2019 did not show a significant increasing
trend, and based on data investigation, it can be seen
that no projects such as trans-regional water transfer
were implemented in the Ciyao River Basin during this
period. Therefore, the significant increase in the total
amount of its water resources and annual runoff depth
might be mainly due to higher water conservation
capacity resulting from improved habitat quality in the
area of the river’s source.

Analysis of water quality in the river

From the results of water quality monitoring of various
sections (Figure 7), it can be seen that the water quality
in the Ciyao River in 2016—2020 showed an overall trend
of getting better year over year overall. It was superior
to Class V surface water quality in 2020 (Appendix 1),
except in the Meijingiao section. Habitat quality in var-
ious regions in the Ciyao River Basin improved to vary-
ing degrees. The increase in the water quality of the river
is due to, on the one hand, more stringent requirements
for environmental pollution control, such as the Plan
for Special Campaign against Water Pollution in the

Ciyao River under Public Supervision issued by Shanxi
province in 2019, which required that chemical oxygen
demand (COD), ammonia nitrogen, and total phospho-
rus (TP) in effluent meet Class V surface water standards
and thus caused reduced input of point-source pollut-
ants (Sutadian et al., 2016); and on the other hand due
to improved watershed habitat quality that increased
the natural flow of the river and a decrease in the input
of point-source pollutions. The Meijingiao section is
located at the border between Qingxu County and
Jiaocheng County in the Baishinan River. Mass industrial
companies and urbanization progress in Qingxu County
are the main reason for a higher concentration of ammo-
nia nitrogen in the river (Yang et al., 2019).

Conclusions

This study was designed to investigate the water qual-
ity of the Ciyao River Basin and the effects of various
factors, such as land use, through ArcGIS and InVEST
models. The areas with improved habitat quality in the
Ciyao River Basin were mainly concentrated in the area
of the river source. Habitat quality in the Wuliang sec-
tion confluence area degraded greatly from 1995 to 2015,
and changes in Peihui and Sangliushu section confluence
areas were not significant.
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Figure 7. Section water quality of Ciyao River Basin from 2016 to 2020.

Due to the improved habitat quality in the area of the riv-
er’s source, water conservation capacity increased. The
total amount of water resources and the runoff depth of
the Ciyao River in 2005-2019 went up remarkably. Due
to more stringent environmental governance require-
ments and improved habitat quality, the water quality in
the Ciyao River in 2016—2020 increased year over year.
The water quality in all sections except the Meijingiao
section in 2020 exceeded Class V surface water stan-
dards. Therefore, it is recommended to continuously
monitor the concentration of pollutants in the Ciyao
River, especially in the Meijingiao section, and try to
reduce the sources of pollution. It is also recommended
to determine the contribution of resource pollution of
the Ciyao River in future studies so that the water qual-
ity can be increased by more accurate management of
sources of water pollution, especially in the Meijingiao
section.
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Impact of watershed habitat quality based on land use

Appendix 1. Surface water quality classification (1).

Class | Mainly applicable to the water from sources, and the national nature reserves.

Class Il Mainly applicable to first class of protected areas for centralized sources of drinking water, the protected areas for rare fishes, and the
spawning fields of fishes and shrimps.

Class Il Mainly applicable to second class of protected areas for centralized sources of drinking water, protected areas for the common fishes

and swimming areas.
Class IV Mainly applicable to the water areas for industrial use and entertainment, which are not directly touched by human bodies.
Class V Mainly applicable to the water bodies for agricultural use and landscape requirement.
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