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Abstract
important role in non-point source pollution processes. This paper aims to improve the location-weighted

The changing patterns of watersheds in a landscape, driven by human activities, play an

landscape contrast index using remote sensing and GIS technology to account for the effects of scale and
ecological processes. The hydrological response unit (HRU) with a single land use and soil type was used
as the smallest unit. The relationship between the landscape index and typical ecological processes was
established by describing the influence of the landscape pattern on non-point source pollution. To verify the
research method, this paper used the Yanshi River basin as a study area. The results showed that the relative
intensity of non-point source pollution in different regions of the watershed and the location-weighted
landscape contrast index based on the minimum HRU can qualitatively reflect the risk of regional nutrient
loss.

Keyword: landscape spatial load contrast index; minimum hydrological response unit; remote sensing;

non-point source pollution

1 INTRODUCTION

Water is the source of life and essential for human
survival. However, human activities, such as
deforestation and excessive fertilization, have resulted
in damage to ecosystems that inevitably changes the
original pattern of river basin landscapes. These
changes cause a high degree of non-point source
pollution via surface runoff and groundwater
migration and pose a threat to both aquatic ecosystems
and human health. The study of the hydrological
response to landscape patterns has been the focus of
watershed ecological research. In complex ecological
river basin systems, ecological processes are
interrelated in terms of their geographical location,
biological processes and physical environment, such
that the damage from agricultural non-point source
pollutants to the aquatic environment in the watershed
is also characterized by complex relationships. From
the perspective of non-point source pollution,
landscape pattern plays an important role in the
process of pollutant spread (Verburg et al., 2009).

The advantages of remote sensing data, including

that they are multiphase and multiresolution and
allow large-scale synchronous observation, make
them the main data source used to study the landscape
pattern (Fichera et al., 2012). Accurately extracting
feature-type information from remote sensing data
facilitates the next step of computing the source of
landscape pattern information (Chen et al., 2012).
The use of remote sensing and GIS techniques to
analyze landscape pattern is the basis for studying the
relationship between pattern and ecological processes
and is key to the study of landscape dynamics and
function (Yang and Liu, 2005). In addition, landscape
pattern analysis plays an important role in resource
management and biodiversity. For these reasons, the
study of landscape pattern analysis has been an
ongoing effort (Wang et al., 2009). Remote sensing
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data are used to obtain landscape pattern information
(Yang, 2005; Yu and Ng, 2006), which can be used to
calculate the spatial load of non-point source
pollution.

To extract landscape pattern information, Chen et
al. (2003) proposed a location-weighted landscape
contrast index (LCI) that links the landscape pattern
with non-point source pollution processes and enables
the quantitative study of the relationship between
landscape pattern and ecological processes. Based on
a spatial load contrast index, a grid landscape contrast
index (GLCI) was constructed by Jiang et al. (2013).

In this paper, an ecological landscape spatial load
contrast index was constructed, the results of which
reflect the contribution of the region to non-point
source pollution. Compared to traditional landscape
indices, the new index in this paper takes into account
the effect of research scale. Combined with the
process of non-point source pollution, the calculation
results of the index can effectively reflect the
contribution difference made by ‘source’ and ‘sink’
regions to non-point source pollution loads in the
watershed landscape pattern. Therefore, this landscape
index is characterized by its ecological focus and
multiple scales. This paper describes the effect of
landscape pattern on the non-point source pollution
process from the minimum hydrological response
unit (HRU).

2 MATERIAL AND METHOD

2.1 Research area and data source

The Yanshi River runs through Yanshi town within
Longyan city in Fujian Province (24°55'-25°21'N,
116°49'-117°14'E) and is one of the upstream
tributaries of the Jiulong River (Fig.1), with a drainage
area of 1 459 km? The Yanshi River originates in the
Longmen River, and the trunk stream length is
96.5 km. The average annual flow is 47.72 m?, and the
average annual runoff is 1.505 billion m?®. The gradient
of 24.2 m per thousand meters allows the development
of hydropower resources with an installed capacity of
30 800 kilowatts. The three main tributaries of the
Yanshi River are Longmen Creek (Xiaochi Creek),
Dongbang Creek (Xiao Creek) and Feng Creek, and
these three main tributaries converge in the city.

The data used in the calculation of the minimum
hydrological response unit (HRULCI) included 2014
remote sensing image data from GF-2 (available from
China Centre for Resources Satellite Data and
Application), Digital elevation model data (Fig.2)
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Fig.1 Location of the Yanshi River Basin

(available from the U.S. Geological Survey), 1:1
million Chinese soil texture data (available from
Harmonized World Soil Database), 2014 precipitation
data (available from China Meteorological Data
Service Center), and statistical yearbook data. The
land use/cover data are based on high resolution
remote sensing image data of GF-2 for the Yanshi
River watershed. According to the national land use
classification standards, there are many types of land
use/cover change (LUCC) in the Yanshi River basin,
such as cultivated land, plant, shrub land, orchard,
rivers, lakes, construction land, forest, wetland and
unused land. The soil types in the basin are red soil,
paddy soil, purple soil, and yellow soil. Average
precipitation data for 2014 were obtained from the
Chinese meteorological data monitoring station.

2.2 Research method

Dividing the HRU: The minimum hydrological
response unit of the basin reflects a relatively
homogeneous area of the underlying soil surface
(Kumar and Mishra, 2015). In traditional location-
weighted landscape contrast index calculation, the
smallest unit of research is chosen by dividing the
landscape arbitrarily into grid cells. Although this
method is convenient for grid data processing, its flaw
is that there is no scientific basis for the individual
units. Indeed, there is a relationship between the
landscape pattern and geographical factors, which the
mandatory division of the grid divides (Sun et al.,
2012). There is also a scale effect on the relationship
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Fig.2 Remote sensing image of GF-2 satellite and digital elevation model (DEM) (measured in meters) of the Yanshi River

in 2014

between the landscape pattern and ecological
processes, and discussion is needed as to whether the
fixed size grid unit is the most appropriate scale unit.
Compared with the artificial division of the grid unit,
the smallest research unit selection of HRU forms a
sounder ecological base.

When the traditional landscape index is used to
evaluate the landscape pattern, the result is often a
numerical calculation (Chen et al., 2003). For
example, remote sensing indices (Normalized
Difference Vegetation Index, Leaf Area Index)
describe the overall landscape with a single numerical
result, and the internal differences of the landscape
pattern are neglected. Thus, when the internal
landscape changes, the traditional landscape index
calculation results may not reflect these changes
(Lausch and Herzog, 2002). Therefore, this paper
proposes a location-weighted landscape contrast
index, which needs to meet the following three
requirements: (1) remote sensing data is the underlying
data, so the calculation method of the new index
should be consistent with the processing mode for
raster data; (2) the HRULCI should be of ecological
significance and reflect the relationship between the
landscape pattern and non-point source pollution; and
3) the results of the HRULCI should reflect the spatial
differences in the regional contribution of non-point
source pollution between different regions, that is, the
spatial heterogeneity.

Determination of the geographical correction

factor: Different geographical factors play different
roles in non-point source pollution. Taking annual
precipitation as an example, higher annual
precipitation will lead to a greater possibility of
surface runoff, accompanied by soil erosion and
nutrient loss. Therefore, precipitation contributes
positively to the process of non-point pollution
(Herzog et al., 2001). In contrast, NDVI reflects the
surface vegetation biomass: compared with bare land,
forest conserves soil and water better, so vegetation
has a negative effect on non-point pollution (Emili
and Greene, 2013).

There are two key points in the calculation of
HRULCI: the first is selecting the appropriate
geographical variables. In this paper, the selection of
factors was based on the principle of being
comprehensive and independent, that is, considering
the geographical factors as much as possible and
ensuring that they have a weak correlation (Griffith,
2002). The second is to determine the correction
factor for geographical variables. In this paper, with
reference to the standard Chinese farmland pollutant
runoff discharge coefficient, we used the paddy field
both as the reference standard and to revise the
influencing factors (Herzog and Lausch, 2001).

2.2.1 Division of HRU

Remote sensing image data from GF-2 were the
basic data used to extract the watershed landscape
information. In this paper, to obtain high-precision
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Fig.3 Landscape pattern in the Yanshi River region in 2014

data after classification, artificial visual interpretation
was used to classify 2014 land use data (Fig.3;
Table 1). Soil information was obtained from the
1:100 million Chinese soil texture data.

ArcGIS (ESRI, Redlands, CA) was used to extract
sub-basin information from DEM data, and the data
were analyzed by spatial statistical superposition
analysis using landscape source and sink, and soil
distribution data. The sub-watershed was divided into
a plurality of HRUs with only a single land use type
and a soil type (Liu et al., 2013), and the spatial
distribution characteristics of the underlying surface
factors were represented in the form of discretization.
Efficiently and accurately extracting the river basin
DEM is the focus of the software in the hydrological
analysis module, so by setting different thresholds
and comparing the division of the river water and
river basin differences to determine the final threshold
size, we obtained a reasonable distribution of the
drainage network data (Pietroniro et al., 1996). We
superimposed an analysis of spatial data to determine
the watershed HRU division results. We used
conditions settings to merge very small HRUs into
larger HRUs (Zehe et al., 2014).

There were 638 HRUs in the Yanshi River Basin
with a single type of land use and soil type in each
hydrological unit (Fig.4), which reflected not only
the spatial heterogeneity of the underlying basin
surface but also the internal homogeneity of each
research unit of LUCC and soil type (Zhang et al.,
2009).
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Fig.4 The hydrological response units (HRUs) of the Yanshi
River region in 2014

Table 1 Area and proportion of landscape types in the

Yanshi River Region
Landscape types Area (km?) Percentage (%)
Lake 1.173 6 0.101 861 233
River 6.1533 0.534 068 442
Unused land 8.861 4 0.769 114 799
Cultivated land 47.028 6 4.081 792 07
Residential land 111.628 8 9.688 690 513
Orchards 29.2104 2.535282 341
Forest land 934.900 2 81.143 564 19
Industrial land 3.6387 0.315 816 69
Shrubbery land 8.46 0.734 275 758
Wetland 1.100 7 0.095 533 963
Total land use landscape 1152.155 7

(including bare land, excluding seas)

2.2.2 Geographical factors and correction coefficient
calculation

Taking into consideration the influence of
geographical factors in the process of non-point
source pollution transmission in the watershed,
effective soil moisture, soil texture, slope, land use
types, annual precipitation, the effective distance and
NDVI were selected as influencing factors (Jiang et
al., 2013).

The effective soil moisture and soil texture
characterize the soil properties in the watershed,
mainly reflecting the effect of soil on surface runoff.
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Fig.5 Distance and slope of the Yanshi River region in 2014

The slope represents terrain information in the
watershed. The type of land use is the basis for
distinguishing the source and sink landscapes, bearing
in mind that the intensity of different source (or sink)
landscapes on the non-point source pollutant diffusion
process is variable. The annual average rainfall is an
important measure of climate in the study area. Under
the same surface conditions, the erosion intensity of
rain affects the effective transmission of non-point
source pollutants. NDVI reflects the amount of
surface vegetation and the conservation capacity of
soil and water tends to be stronger where the value of
NDVI is high.

With reference to the Chinese standard farmland
runoff pollutants discharge coefficient and according
to the actual situation in the Yanshi River in 2014, we
used the paddy field as the reference standard and to
revise the influencing factors.

The definition and correction coefficient for
standard farmland: standard farmland includes a
plains landform, planted with wheat, with a loam soil.
Chemical fertilizer is applied at the rate of 151.757—
212.460 kg/acre/year, and precipitation is in the range
of 400-800 mm.

(1) Slope correction (Fig.5). When the slope of the
land was below 25 degrees, the loss coefficient was
1.0-1.2; when the slope was greater than 25 degrees,
the loss coefficient was 1.2—1.5.

(2) Crop type correction. According to the actual
situation of the Yanshi River, this paper provided
different correction coefficients for forest and shrub

land, cultivated land and orchard, and other cases.
The correction coefficient for forest and shrub land
was 0.7, and the correction coefficient for cultivated
land and orchard was approximately 1, and the other
modified coefficient was approximately 1.5.

(3) Soil type correction. The soil in the Yanshi
River basin is classed by its texture, which is the ratio
of clay and sand in the soil composition and is divided
into sand, loam and clay. The correction coefficient
for loam was 1, the correction coefficient for sandy
soil was 0.8—1.0, and the correction coefficient for
clay was 0.6-0.8.

(4) Chemical fertilizer amendment correction. If
the amount of chemical fertilizer per mu was below
25 kg, the correction coefficient was 0.8—1.0; if the
amount was between 25 and 35 kg, the correction
coefficient was 1.0-1.2; and if the amount was more
than 35 kg, the correction coefficient was 1.2—1.5.
The Yanshi River basin is located in Xinluo County of
Longyan City, Fujian Province. According to the
statistical yearbook, in 2014, the amount of chemical
fertilizer used in farmland and orchard was
approximately 250.4 kg/acre/year; therefore, the
correction coefficient of cultivated land and orchard
was 1.4, and that for other surface types was 0.8.

(5) Precipitation correction. The correction
coefficient for annual precipitation below 400 mm
was 0.6—1.0; the area correction coefficient for annual
precipitation between 400 mm and 800 mm was 1.0—
1.2; and the correction coefficient for annual
precipitation above 800 mm was 1.2—1.5.
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Table 2 Grade and area of grid landscape contrast index
(GLCI) in Yanshi River in 2014

HRULCI 0-1 12 2-3

Area (km?) 1038.63 67.480 2 32.8383

(6) NDVI correction. The reason why NDVI is an
influencing factor is that NDVI can reflect the
difference in vegetation biomass information. In the
case of forest, tree density differs across regions,
necessitating the use of NDVI to reflect the biomass
of different regions.

(7) Effective distance correction (Fig.5). The
farther away from the water body, the less likely it is
that the non-point source pollutant will enter it. We
used the 20 km maximum for local water source
protection as the most effective surface distance. The
distance from the water body was used to determine
the correction factor.

(8) Available Water Content (AWC) of soil
correction. AWC represented the water in soil that can
be absorbed by crop water, namely, the field moisture
between field water capacity and the wilting
coefficient. The soil suction force was related to the
available soil water content, such that, all other
conditions being equal, the greater the soil moisture,
the smaller the soil suction, and the more effective the
water content.

3 RESULT AND DISCUSSION

3.1 Calculation of HRULCI

To study the landscape pattern, the landscape index
must be ecologically significant. To characterize
specific ecological processes, such as non-point
source pollution, the landscape index must reflect the
links between the landscape pattern and non-point
source pollution. The HRULCI describes this
relationship in the watershed, and the results show the
influence of different areas in the watershed landscape
on non-point source pollution.

Based on HRU, the calculation formula of the
location-weighted landscape contrast index is
expressed as

HRULCI=Wx4,, )
where i refers to a specific HRU,, 4, is the area of
HRU,, and W; is the weight of emission of a pollutant
from a given source or sink landscape type that is
affected by land use, soil properties, precipitation and
fertilizer application. When considering the process
of non-point source pollution from HRU production

or attenuation and final entry into the water body;, it is
necessary to revise the different geographical factors,
so W, can be expressed as

W=F(L,P,R,D,N, S, F, A), 2)
where L refers to LUCC correction, P refers to slope
correction, R refers to precipitation correction, D
refers to effective distance correction, N refers to
NDVI correction, S refers to soil type correction, F'
refers to chemical fertilizer amendment correction,
and A refers to the AWC of soil correction.

At the same time, to compare the different
HRULCI, the pollutant correction coefficients for
different landscape source sink types need to be
standardized:

W= VV/ WMAXa (3)
where W, refers to a non-point source pollutant
correction factor for a land use landscape and W, is
the maximum value of the non-point source pollutant
correction coefficient in the watershed landscape.
Considering the existence of various types of
pollutants, HRULCI can be expressed as

HRULCI,,=HRULCI+HRULCI,, )

where HRULCI, refers to the HRULCI of non-point
source pollutant ¥ and HRULCl,y is the HRULCI of
sum of X and Y.

For the sub-basin, the non-point source pollution

location-weighted landscape contrast index is
calculated as
N
LCI,,, = > mHRULCI,, ®)

i=1

where N refers to the number of HRU in sub-basin
and i refers to HRU. Comparing the LClI, between
different sub-basins, larger LCI,, values lead to a
stronger relative effect of the sub-basin on non-point
source pollution, greater risk of nutrient loss and
greater propagation of non-point source pollutants.
After calculating the HRULCI of the time series, we
can compare the numerical changes of different
regions to reflect the changes in non-point source
pollution over multiple years. The lower the numerical
value, the greater is the improvement in the landscape
source and sink pattern, and vice versa.

The HRULCI calculation result of Yanshi River
basin is shown in Fig.6 and Table 2.

3.2 Discussion

(1) The HRULCI results for the Yanshi River show
that numerically higher areas were concentrated in
the cultivated lands. The reason was that cultivated
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Fig.6 HRULCI of the Yanshi River region in 2014

land had less vegetation cover, and the soil texture
was loose; therefore, the soil erosion and nutrient loss
on cultivated land were more significant. Further,
cultivated land usually included artificial fertilization,
which indicated that it played an important role in
promoting agricultural non-point source pollution.
The results show that the mid-range values were
concentrated in the residential lands and orchards. In
residential land, the vegetation coverage rate was low,
and the surface was impervious to water. Although
the phenomena of soil erosion and nutrient loss were
not obvious, residents produced a great deal of non-
point source pollutants, so the HRULCI value was
second only to that of cultivated land. Compared with
cultivated land, the soil in orchard areas was harder,
and the soil and water conservation of the fruit trees
was higher than that of the crops, leading to values
slightly lower than for cultivated land. The above two
land use types had HRULCI values higher than 1,
indicating that they promoted transport of non-point
source pollutants. Higher values show a more obvious
promotion effect. The lowest HRULCI values were
obtained in forest and shrub forest areas. Because of
the high vegetation coverage in these areas, they had
a strong ability to conserve water and soil. In this
case, the HRULCI value was less than 1, which
indicated that they inhibited non-point source
pollutant transport. Smaller values equate to greater
inhibition.

(2) After calculation, HRULCI can be used to
calculate the relative degree of contribution of non-
point source pollution, which is of great significance
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to its prevention and control. On the one hand, regions
with a large contribution should be key control areas,
and reducing the size of such areas can effectively
reduce non-point source pollution. On the other hand,
by monitoring the change over a certain period of
time, we can monitor the change in the landscape
source and sink pattern within the watershed. If the
value increases, it would indicate that the source
landscape had become the dominant landscape and
vice versa, and this could be the basis of efforts to
study the landscape and predict further changes.

(3) The traditional dynamic monitoring of the
landscape pattern is often from the perspective of land
use change detection by analyzing the landscape
pattern changes over a certain period of time through
the conversion of surface types. This analytical
method is characterized by easy-to-monitor landscape
changes, but its disadvantage is that it is not associated
with the underlying ecological processes. The
superficial analysis of a change of surface type is
insufficient to measure the ecological effects on the
landscape. In this paper, by constructing HRU, the
landscape pattern was related to the ecological
processes affecting non-point source pollution,
making the new index more ecologically relevant.
The next step of the work will be to measure the
landscape pattern changes in the Yanshi River Basin
by comparing the changes in HRULCI over the years,
from the aspect of non-point source pollution.

4 CONCLUSION

In this paper, we proposed an improved location-
weighted landscape contrast index. The newly
established index has several beneficial characteristics.
Compared with the artificial division grid unit with a
fixed size, using the minimum HRU as the research
unit has advantages. For example, while the land use
and soil types are homogeneous in the same HRU,
there are discrepancies among different HRUs, which
can effectively reflect landscape heterogeneity. In the
research of landscape pattern, we should pay attention
to the scale effect and should verify whether a fixed
size arbitrary grid unit is appropriate for the research.
According to the first law of geography, all attribute
values on a geographic surface are related to each
other; this relativity may be damaged when researchers
take a grid unit as the minimum research scale,
because the same geographical object may be divided
into two or more units. However, when we use the
minimum hydrological response unit instead of the
grid unit as the minimum research scale, this
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uncertainty can be avoided. HRULCI combines
landscape pattern research and non-point source
pollution processes, which makes the research more
ecologically relevant and significant. Although the
results of index calculation cannot be used to quantify
the spatial load of non-point source pollution, the
qualitative analysis of the contribution of different
regions to non-point pollution is still significant for
watershed pollution control.
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