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Abstract: The aim of this study was to quantitatively evaluate the influences of landscape composition and spatial structure on 
the transmission process of non-point source pollutants in different regions.  The location-weighted landscape contrast index, 
using the hydrological response unit (HRULCI) as the minimum research unit, was proposed in this paper.  Through the 
description of the endemic landscape types and various geographical factors in the basin, the index calculation can reflect the 
impact of the “source-sink” landscape structure on the non-point source pollution in different regions and quantitatively 
evaluate the contribution of different landscape types and geographical factors to non-point source pollution.  This study 
constructed a method of geo-cognitive computing for identifying “source-sink” landscape patterns of river basin non-point 
source pollution at two levels.  1) The basin level: the spatial distribution and landscape combination of the entire basin are 
identified, and the crucial “source” and “sink” landscape types are obtained to measure the differences in the non-point source 
pollutant transmission processes between the “source” and “sink” landscapes in the different watersheds.  2) The landscape 
level: HRULCI is calculated based on multiple geographical correction weighting factors.  By using the idea of intersecting 
geographic information system (GIS) and landscape ecology, the landscape spatial pattern and ecological processes are linked.  
Compared with the traditional method for studying landscape patterns, the calculation of HRULCI makes the proposed method 
more ecologically significant.  Lastly, a case study was evaluated to verify the significance of the proposed research method 
by taking the Yanshi River basin, a sub-basin belonging to the Jiulong River basin located in Fujian Province, China, as the 
experimental study zone.  The results showed that this method can reflect the spatial distribution characteristics of the 
“source-sink” types and their relationship with non-point source pollution.  By comparing the resulting calculation based on 
HRULCI, the risk of nutrient loss and the influence of landscape patterns and ecological processes on non-point pollution in 
different catchments can be obtained. 
Keywords: non-point source pollution, “source-sink” landscape pattern, remote sensing, hydrological response unit, 
quantitative calculation 
DOI: 10.25165/j.ijabe.20171005.3272 
 

Citation: Zhang X, Cui J T, Liu Y Q, Wang L.  Geo-cognitive computing method for identifying “source-sink” landscape 
patterns of river basin non-point source pollution.  Int J Agric & Biol Eng, 2017; 10(5): 55–68. 

 

1  Introduction  

Water pollution is a major problem that restricts the 
sustainable development of China and the whole world, 
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and non-point source pollution is one of the most difficult 
problems to control.    Since the 1960s, the research and 
treatment of non-point source pollution have been of 
great concern to the international environmental 
protection community.  The United States Clean Water 
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Act Amendment of 1977 defined non-point source 
pollution as “Pollutants that enter the surface and 
groundwater in a wide, scattered, and micro form”.  
Because non-point source pollution is closely related to 
human activities and environmental conditions, such as 
atmosphere, hydrology, soil, vegetation, geology, 
geomorphology, and topography, and because it cannot 
be monitored in time and space, non-point source 
pollution is characterized by randomness, extensiveness, 
fuzziness, latency, and it is difficult to control[1].  At 
present, non-point source pollution has become a 
worldwide global environmental problem.  According to 
statistics, 30%-50% of the earth’s surface has been 
affected by non-point source pollution[2].  In fact, 73% 
of biochemical oxygen demand (BOD), 92% of 
suspended matter and 83% of bacteria in US rivers are 
caused by non-point source pollution.  Additionally, 
89% of the annual nitrogen load in Mexico Bay comes 
from non-point source pollution, and water eutrophication 
is serious in Europe.  The total nitrogen and total 
phosphorus produced in agricultural activities heavily 
imported into the Beihai Estuary account for 60% and 
25% of the total nitrogen load and total phosphorus load, 
respectively.  In Denmark and the Netherlands, 94% and 
52%, respectively, of the total nitrogen load and 60% and 
40%-50%, respectively, of the total phosphorus load 
contribute to agricultural non-point source pollution, 
representing the main sources of water quality 
pollution[3,4].  At present, some studies of the Songhua 
River, the Huaihe River, Taihu Lake, and Chaohu Lake in 
China have shown that at least 50% of the water pollution 
load is contributed by non-point sources[5].  Therefore, 
the severity of non-point source pollution has gradually 
emerged, and controlling non-point source pollution in a 
watershed has become a key task of water environment 
management. 

The interaction between landscape patterns and 
ecological processes is an important part of landscape 
ecology research.  Landscape pattern influences the 
process of pollutant transmission and affects the 
occurrence, migration and transformation of non-point 
source pollutants[6,7].  Therefore, exploring the 
hydrological response of landscape patterns has always 

been a focus of watershed ecological research.  Kibena 
et al.[8] analysed the impacts of land-use activities on the 
water quality of the Upper Manyame River and used 
hydrologic response units and buffer analysis to 
determine the dominant land-use types that contributed to 
certain water qualities.  Fatemeh et al.[9] studied the 
correlation between landscape variables and nitrate 
pollutant in the Tajan River watershed.  Statistical 
analysis indicated that nitrate was positively associated 
with the patch density, edge density, patch number, and 
landscape shape index.  Antonia et al.[10] assessed 
land-use intensity within stream catchments and how 
streams changed along gradients of nitrogen and 
phosphorus supplies.  Derek[11] used GIS (Geographic 
Information System) and remote sensing to calculate the 
landscape indexes, which identified the non-point source 
pollution in the Mississinewa river watershed, and carried 
out correlation analysis between indexes and the 
monitoring results of different pollutants in the water.  
Chen et al.[12] proposed the landscape type recognition 
based on “source-sink” ecological processes and also 
introduced the location-weighted landscape contrast 
index (LCI), which investigates the relationship between 
the landscape pattern and non-point source pollution 
processes.  The LCI enables the quantification of 
landscape spatial patterns and evaluates the potential risk 
of non-point source pollution.  Wang et al.[13] proposed 
the landscape resistance and motivation cost models to 
identify large-scale non-point source pollution “source” 
and “sink” patterns in the Three Gorges Reservoir Area.  
Bhaduri et al.[14] analysed the dynamics of land-use 
change and used the distributed hydrological model to 
simulate the impact of land-use change on non-point 
source pollution in the study area.  Some domestic and 
foreign scholars use qualitative research mainly to study 
the relationship between land-use change and non-point 
source pollution[15,16].  However, it is difficult to analyse 
the relationship between land-use change and non-point 
source pollution with a single hydrological model or 
land-use change model.  Some scholars have studied the 
differences in the non-point source pollution load caused 
by spatial allocation and the proportion of the landscape 
considered “source-sink” areas[17,18].  It is believed that 
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spatial allocation and this proportion of landscape area 
have certain impacts on pollution load.  However, due to 
differences in land-use patterns and in the intensity of 
human activity, the non-point source pollution load that is 
produced and exported is very different in different types 
of landscapes[19].  Therefore, it is very difficult to 
simulate the space-time migration of non-point source 
pollution in complex landscapes.  Most studies have 
analysed the influence of landscape pattern on river water 
quality by establishing the statistical relationship between 
pollution loads and land-use or runoff.  Since the 
landscape pattern and ecological processes are related to 
different research scales and because they both change 
with scale[20], it is difficult to quantitatively describe the 
relationship between the landscape pattern and ecological 
processes in the present study.  In view of this situation, 
this paper proposed a method of geo-cognitive computing 
for identifying “source-sink” patterns in the non-point 
pollution landscape of a river basin, this is significant in 
that it will enhance our knowledge of landscape patterns 
and watershed ecological processes. 

Landscape characteristics have substantial effects on 
non-point source pollution[21].  The “source-sink” theory 
was derived from the fields of air pollution, biodiversity, 
etc.  The concept of “source-sink” landscape theory is 
mainly based on the ecological balance theory of ecology.  
Some landscape types are sources of pollutants and thus 
play a “source” role, and some landscape types have the 
ability to reduce non-point source pollution and thus 
represent the “sink” type.  The distance, relative height 
and slope of the landscape relative to the basin can 
influence the non-point source pollution in the basin[22].  
Therefore, it is of great significance to measure non-point 
source pollution in watersheds by studying the type, 
distribution and function of the “source” and “sink” 
landscapes.  Taking the basin as the study area, this 
paper analysed the spatial layout and function of different 
“source” and “sink” landscape types in order to quantify 
the contribution of various landscape types and ecological 
processes to the formation of non-point source pollution.  
Using the “source-sink” theory, this paper presented a 
method of geo-cognitive computing for identifying 
“source-sink” patterns of the non-point source pollution 

landscape from two levels.  1) Basin level: The spatial 
distribution and landscape combination of the entire basin 
were identified, and the crucial “source” and “sink” 
landscape types were obtained to measure differences in 
the non-point source pollutant transmission processes 
between “source” and “sink” landscapes in different 
watersheds.  2) Landscape level: The hydrological 
response unit (HRU), with only a single land use and soil 
type, was used as the minimum calculated cell.  Then, 
based on the hydrological response unit, the 
location-weighted landscape contrast index (HRULCI) 
was constructed.  In this process, the weight of the 
emission of a certain pollutant from a “source” landscape 
type or a “sink” landscape type was calculated based on 
multiple geographical factors.  Through the above steps, 
the landscape spatial pattern analysis was closely 
integrated with the ecological processes and thus 
quantitatively described the spatial distribution 
characteristics of the “source-sink” landscape types and 
their relationships with non-point source pollution.  This 
approach enabled the systematic construction of the 
method of geo-cognitive computing for identifying 
“source-sink” landscape patterns of non-point pollution in 
a river basin.  A case study was then carried out in the 
Yanshi River basin in Fujian Province. 

2  Materials and methods 

2.1  Research area and data sources 
The Yanshi River is located in Yanshi Town in 

Longyan City of Fujian Province (24°55′-25°21′N, 
116°49′-117°14′E) (Figure 1).  It is one of the main 
branches of the Jiulong River and has a drainage area of 
1459 km2.  The Yanshi River originates in the Longmen 
River, and the trunk of the stream has a length of 96.5 km.  
The average annual flow of the Yanshi River is 47.72 m3, 
and the average annual runoff is 1.505×109 m3.  The 
three main tributaries of the Yanshi River include 
Longmen Creek, Dongbang Creek and Feng Creek.  
With the rapid development of the economy, the problem 
of sewage discharge is prominent, and water quality 
deterioration has appeared in this area.  The Yanshi 
River is the main acceptor of industrial wastewater and 
domestic sewage from Longyan City.  According to the 
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Longyan environmental monitoring station results of 
high-, normal-, and low-flow years in recent years, it was 
shown that the water quality of the Yanshi River basin 
has been seriously affected by pollution.  Therefore, it is 
necessary to further clarify the spatial characteristics of 
watershed non-point source pollution in order to 
implement comprehensive prevention and control of the 
water environment in the river basin. 

 
Figure 1  Remote sensing image from the Gaofen-2 satellite of the 

Yanshi River basin in 2014 
 

Remote sensing technology expands the spatial 
capability of non-point source pollution research and 
compensates for the lack of ground monitoring 
technology[23,24].  Therefore, this paper applied remote 
sensing and GIS technology to study the non-point source 
pollution in the Yanshi River basin.  The data used to 
build the geo-cognitive computing model for 
“source-sink” landscape patterns of non-point pollution in 
the river basin include a GenFen-2 image from 2014, 
DEM (Digital Elevation Model) data of the Yanshi River 
basin with a 30-m spatial resolution, 1:1 million Chinese 
soil-type data, and precipitation data from the 2014 
statistical yearbook of Fujian Province.  Firstly, the 
GenFen-2 image was pre-processed (including geometric 
rectification, image registration and image fusion) to 
produce integrated satellite images of the Yanshi River 
basin.  Secondly, the land-use classification of the study 

area was obtained by visual interpretation using the Arc 
GIS 10.2 platform to produce a more accurate map of 
“source” and “sink” landscapes types.  Thirdly, the 
DEM data were used to obtain slope data and the surface 
distance from the Yanshi River and catchment area.  The 
soil types and available water content (AWC) of soil were 
obtained using the China 1:100 million soil database and 
the main soil types in the study area.  The annual 
precipitation data were produced by spatial interpolation. 
2.2  Landscape “source-sink” theory 
   According to the “source-sink” theory, some 
landscape types play a “source” role in the formation 
process of non-point source pollution, and some 
landscape types play the role of “sink”.  If the “source” 
and “sink” landscapes in the basin reach an equilibrium in 
their spatial distribution and form a reasonable spatial 
pattern, the basin will produce less non-point source 
pollutants.  Therefore, the spatial distribution of the 
“source-sink” pattern is significantly correlated with river 
water quality.  From the perspective of landscape 
ecology, the influence of “source-sink” landscape 
patterns on non-point source pollution is mainly reflected 
in the slope, distance, height of the landscape relative to 
the monitoring site, vegetation distribution, precipitation 
process and other factors.  In turn, these factors affect 
the spread of pollutants as well as interception, absorption 
and transformation.  It is generally believed that the 
closer the “source” landscape type is to the monitoring 
site, the greater the influence the “source” landscape has 
on the monitoring site; conversely, its influence on the 
monitoring site is smaller if it is farther away.  As for 
slope, the lower the slope of the “source” landscape 
distribution area is, the lower the risk of nutrient loss, and 
its contribution to the monitoring site is relatively small.  
Conversely, higher slopes will have a greater contribution.  
However, the effect of “sink” landscapes on non-point 
source pollution is opposite of the effect of “source” 
landscapes.  For instance, constructed woodland 
wetlands and some other “sink” landscape types can 
precipitate, degrade or absorb pollutants, which reduces 
non-point source pollution to some extent.  Therefore, 
this paper based on the “source-sink” theory proposed the 
method of geo-cognitive computing for identifying 
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“source-sink” landscape patterns of non-point pollution in 
the river basin and comprehensively considered the 
effects of landscape patches and ecological processes on 
non-point source pollution. 
2.3  Construction of the geo-cognitive computing 
model for the “source-sink” landscape patterns of 
non-point pollution in the river basin 

The study in the Yanshi River basin was carried out 
based on the preceding “source-sink” theory and 
multidisciplinary theory and practice.  Due to different 
catchment areas with special hydrologic properties, the 
catchment areas in the Yanshi River basin were divided, 
and the relationships between “source-sink” landscape 
patterns and non-point source pollution were evaluated in 
24 catchment areas.  The factors affecting the 
hydrological phenomena in the catchment area include 
geology, topography, meteorology (energy, precipitation, 
evaporation, evapotranspiration), soil, vegetation, and 
human activities.  Therefore, it was very important to 
choose the appropriate evaluation unit for the quantitative 
study of the relationship between landscape pattern and 
non-point source pollution.  A hydrological response 
unit (HRU) refers to a region in which the underlying 
surface is relatively uniform and homogeneous, and the 

grids in this region have similar hydrological 
characteristics[25].  The method of HRU division can 
fully reflect both heterogeneity and similarity in the basin 
space.  Theoretically, the hydrological response of 
landscape pattern based on a HRU scale is much higher 
than that based on the basin scale.  Therefore, this study 
used a HRU as a minimum computational unit to analyse 
non-point source pollution in the basin.  On this basis, 
this paper constructed the method of geo-cognitive 
computing for identifying “source-sink” patterns of the 
non-point source pollution landscape from two levels 
(Figure 2).  Through the analysis of watershed level and 
landscape level, the landscape spatial pattern analysis was 
closely integrated with the ecological processes and thus 
quantitatively described the spatial distribution 
characteristics of the “source-sink” landscape types and 
their relationships with non-point source pollution.  The 
index reflects the relative distribution of “source-sink” 
landscape types in space; the larger the index is, the 
greater the impact the basin (catchment area) has on the 
non-point source pollution process.  Based on the above 
steps, the spatial distribution characteristics of the 
“source-sink” landscape types and their relationships with 
non-point source pollution are quantitatively described. 

 
Figure 2  Research method flowchart 

 

2.3.1  Catchment area division 
The process of catchment area division was divided 

into five steps: DEM generation, flow direction setting, 
calculation of confluence accumulation, extraction of 
river network, and catchment area division.  The 
Hydrology Model in Arc GIS version 10.2 provides an 

extraction method for this process.  The size of the 
catchment area is determined by setting a certain 
threshold.  However, the selection of this threshold is 
more complicated and is related to the slope, soil 
properties and surface coverage in the watershed.  To 
this end, this paper used the moderate index method[26], 
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by calculating the length error between the observed 
value and the calculated value of the starting point of 
flow direction to set a reasonable threshold. 

1 1
( ( ) ( ) ) /

n n

i m j m L
m m

R S S S
= =

= +∑ ∑          (1) 

where, Si is the insufficient water flow length, m; Sj is the 
excessive water flow length, m; SL is the total length of the 
river (m), which refers to the reach with insufficient or 
excessive water flow length; n refers to the total number of 
reaches with insufficient or excessive water flow length; R 
is the moderate index.  The corresponding threshold is 
considered most reasonable when the value of R is small. 

According to the geomorphological features of the 
study area, different catchment area thresholds were 
selected to extract the river network.  Through the 
projection transformation and image registration, the 
processed images were superimposed on the remote 
sensing images of the same area.  The starting point of the 
river was determined by Arc GIS10.2 software, and the 
excessive and insufficient water flow length of each image 
was calculated separately using Equation (1) to calculate 
the value of R.  By performing function fitting for the 
value of R with the corresponding threshold, the threshold 
corresponding to the minimum R value was selected for 
subsequent processing.  With the support of GIS and 
spatial analysis software and by using the DEM data and 
terrain features, the study area was divided into 24 
catchment areas (Figure 3). 

 
Figure 3  Catchment area division in the Yanshi River basin 

2.3.2  Hydrological response unit division 
A hydrological response unit (HRU) refers to a region 

with the same land-use type and soil type, and the grids 
within this region have similar hydrological characteristics.  
The division of HRU can fully reflect the heterogeneity 
and similarity of the river basin.  The process of HRU 
division is as follows.  1) Obtain the spatial distribution 
map of “source-sink” landscape types in the study area.  
The Gaofen-2 image was used to extract watershed 
landscape information, and land-use types were divided 
into two categories by artificial visual interpretation: 
“source” landscape types and “sink” landscape types.  2) 
Obtain soil type map.  Soil information was obtained 
from the 1:100 million Chinese soil texture data.  
According to the actual situation of the study area, the 
main soil types were obtained and included red soil, 
paddy soil, purple soil, and yellow soil.  3) Determine 
hydrological response unit division.  The spatial overlay 
was made using the catchment area map, the 
“source-sink” landscape type spatial distribution map and 
the soil type map so that each HRU only has a single 
land-use type and soil type.  The result of the 
hydrological response unit division was obtained by the 
method described above (Figure 4). 

 
Figure 4  Hydrological response unit division in the Yanshi River 

basin 
 

2.3.3  Geographical factors and correction coefficient 
calculation 

Because the “source” and “sink” landscape types play  
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different roles in the process of non-point source pollution 
formation, the distance, relative height and slope of the 
landscape relative to the basin can influence the non-point 
source pollution in the basin.  In addition, the 
transmission and migration of non-point source pollutants 
are affected by factors such as rainfall, soil type, available 
water content of soil, vegetation distribution, and fertilizer 
application.  Considering the influence of geographical 
factors on non-point source pollution transmission in the 
basin, land-use and land-cover change (LUCC), slope, 
precipitation, effective distance, normalized difference 
vegetation index (NDVI), soil type, chemical fertilizer, 
and available water capacity (AWC) of soil were selected 
as influencing factors and used to quantitatively describe 
the contribution of different landscape types and 
geographical factors to non-point source pollution.  The 
factors have two functions: the relationships between 
“source-sink” landscape types and ecological processes 
and non-point source pollution are intuitively described, 
and the factors are used to obtain the emission weight of a 
certain pollutant from a “source” landscape type or a 
“sink” landscape type to quantitatively evaluate how 
different landscape composition and spatial structure 
affect the transmission process of non-point source 
pollutants in different regions.  With reference to the 
Chinese standard for the discharge coefficient of farmland 
runoff pollutants and the actual situation of the study area 
in 2014, we revised the influencing factors. 

1) LUCC correction: Land use is the most direct form 
of human activity.  Land cover change is closely related 
to the evolution of the natural environment and increasing 
human activities[27].  Inappropriate land-use activities 
and land management patterns lead to soil erosion and the 
loss of nutrients, resulting in large areas of non-point 
source pollution in the basin.  In fact, the contribution of 
different landscape types to soil erosion and nutrient loss 
is quite different.  Generally, cultivated land, orchard 
and urban construction land are the main areas of 
non-point source pollutants, while forest land, shrub land 
and grassland can intercept the nutrients or non-point 
source pollutants.  For non-point source pollution, the 
contribution of “source” landscapes to non-point source 
pollution is mainly related to the use of pesticides and 

fertilizers.  Therefore, cultivated land is used as the 
reference landscape type.  According to the consumption 
of pesticides, fertilizers and other sources of pollution, the 
weights of different “source” landscape types are 
determined.  For the “sink” landscape type, forest land is 
used as the reference landscape type.  The weights of 
different “sink” landscape types are determined based on 
their role in intercepting non-point source pollution.  
Therefore, the correction coefficient of cultivated land 
was approximately 1.7, the correction coefficient of 
orchards was 1.5, and the correction coefficient of 
industrial land and residential land was approximately 1.3.  
The correction coefficient of forest land and shrub land 
was approximately 0.7, the correction coefficient of 
wetland was 0.9, the correction coefficient of river and 
lake was approximately 0.5, and the correction coefficient 
of unused land was 0.3. 

2) Slope correction: When the slope of the land is 
below 25°, the nutrient loss coefficient is 1.0-1.2; when 
the slope is greater than 25°, the nutrient loss coefficient 
is 1.2-1.5. 

3) Precipitation correction: The correction coefficient 
of annual precipitation below 400 mL is 0.6-1.0, the 
correction coefficient of annual precipitation between  
400 mL and 800 mL is 1.0-1.2, and the correction 
coefficient of annual precipitation above 800 mL is 
1.2-1.5. 

4) Effective distance correction: The closer the 
“source” landscape type is to the monitoring site, the 
greater the influence the “source” landscape has on the 
monitoring site.  Conversely, its contribution to the 
monitoring site is smaller.  However, the effect of a 
“sink” landscape on non-point source pollution is 
opposite of the effect of a “source” landscape. 

5) NDVI correction: The normalized difference 
vegetation index (NDVI) can reflect vegetation coverage 
and biomass within a region and separate the vegetation 
from water and soil.  The value of NDVI is between –1 
and 1.  A negative value indicates that the ground is 
covered with clouds, water, or snow, which highly reflect 
visible light; a value of 0 indicates that the surface is 
covered with rock or bare soil; and a positive value 
indicates that the surface is covered with vegetation.  
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Thus, the greater the NDVI value is, the greater the 
vegetation coverage. 

       NIR RNDVI
NIR R

−
=

+   
           (2) 

where, NIR is the reflectance value near the infrared band 
and R is the reflectance value at the red band. 

6) Soil type correction: The soil of the study area is 
divided according to the soil composition into sandy soil, 
loam and clay.  The correction coefficient of loam is 1, 
the correction coefficient of sandy soil is 0.8-1.0, and the 
correction coefficient of clay is 0.6-0.8. 

7) Chemical fertilizer correction: The value of the 
chemical fertilizer correction coefficient is determined 
according to the amount of fertilizer applied.  If the 
amount of chemical fertilizer per mu is below 25 kg, the 
correction coefficient is 0.8-1.0; if the amount of 
chemical fertilizer per mu is between 25 kg and 35 kg, the 
correction coefficient is 1.0-1.2; and if the amount of 
chemical fertilizer per hectare is more than 2.3 kg, the 
correction coefficient is 1.2-1.5. 

8) Available water content (AWC) of soil correction: 
The available water content of soil directly affects 
vegetation growth, soil nutrient migration and 
transformation, soil erosion and hydrological 
processes[28,29].  The soil suction is related to the 
available soil water content, which can be used as a 
driving force for water movement in the soil profile[30].  
Smaller soil suction occurs in areas with higher soil water 
content, while soil water content decreases with sharply 
increasing soil suction. 
2.3.4  Construction of the HRULCI 

Different “source” and “sink” landscape types are 
different in the extent they discharge, absorb, or intercept 
non-point source pollution.  Considering the influence of 
geographical factors in the process of non-point source 
pollution transmission in the watershed, the HRULCI is 
constructed to quantitatively evaluate the different effects 
“source” and “sink” landscape types and ecological 
processes may have on non-point source pollution.  The 
HRULCI has a relatively comparative significance, the 
calculation result based on the HRULCI is larger, the 
contribution of the landscape spatial pattern and of the 
ecological processes on non-point source pollution in the 

watershed (catchment area) is greater, and the risk of 
nutrient loss is greater.  Conversely, the smaller the 
contribution.  By comparing the HRULCI values of 
different catchment areas, it is possible to estimate the risk 
of non-point source pollution in the basin. 

According to “source-sink” theory and catchment area 
division, the calculation equation of location-weighted 
landscape contrast index (HRULCI) is expressed as: 

HRULCIi = Wi × Ai             (3) 
where, i is a special HRUi; Ai is the area of HRUi; Wi is the 
emission weight of a certain pollutant from a “source” 
landscape type or a “sink” landscape type; Wi represents 
the influence of various geographical factors in the 
transmission of non-point source pollution in the 
watershed. 

The “source” and “sink” landscape types play 
different roles in the formation of non-point source 
pollution, and the influence of “source-sink” landscape 
pattern on non-point source pollution is mainly reflected 
by the slope, distance, height of the landscape relative to 
the monitoring site, vegetation distribution, precipitation 
process and other factors.  In turn, these factors affect 
the spread of pollutants as well as interception, absorption 
and transformation.  Therefore, this paper selected 
land-use and land-cover change (LUCC) correction, slope 
correction, precipitation correction, effective distance 
correction, normalized difference vegetation index 
(NDVI) correction, soil type correction, chemical 
fertilizer correction, and available water capacity (AWC) 
of soil correction as the non-point source pollutant 
correction weighting factors to calculate the value of 
weight Wi.  Wi is expressed as: 

       ( , , , , , , , )iW F L P R D N S F A=       (4) 

where, L is the LUCC correction; P is the slope 
correction; R is the precipitation correction; D is the 
effective distance correction; N is the NDVI correction;  
S is the soil type correction; F is the chemical fertilizer 
amendment correction; and A is the AWC of soil 
correction. 

To eliminate inconsistencies between properties and 
dimensions, the pollutant correction coefficients for 
different “source” and “sink” landscape types need to be 
standardized: 
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max

iW
W

W
=                 (5) 

where, Wi is a non-point source pollutant correction 
weighting factor for the watershed landscape pattern; 
Wmax is the maximum value of the non-point source 
pollutant correction coefficient in the watershed 
landscape pattern.   

During the formation of non-point source pollution, 
some landscape types play the role of “source” and can 
promote the transmission of non-point source pollution, 
while other landscape types play the role of “sink” and 
prevent and inhibit non-point source pollution.  
Therefore, according to the “source-sink” theory, the 
differences between the “source” and “sink” landscape 
types and ecological conditions in different catchment 
areas can be measured by the following equation: 

1 1

n n

x ix i jx j
i j

CALCI W A W A
= =

= × − ×∑ ∑        (6) 

where, CALCIx is the sum of HRULCIx in a catchment 
area, and it represents the contribution of catchment area 
to pollutant X; i is a special HRUi of a “source” landscape; 
j is a special HRUj of a “sink” landscape; Ai is the area of 
HRUi; Aj is the area of HRUj; Wix is the emission weight 
of pollutant X from a certain “source” landscape type; Wjx 
is the weight of pollutant X that a certain “sink” landscape 
type accepts.  Since the area of each catchment is 
different, in order to compare the calculation results of 
different catchment areas, any differences caused by the 
catchment areas are eliminated with the following 
equation: 

/x x CAR CALCI S=              (7) 

where, SCA is the area of each catchment. 
Considering the existence of various types of 

pollutants, CALCI can be expressed as: 

xy x yR R R= +                (8) 

where, x and y refer to different pollutants within the 
study. 

When comparing the Rxy between different catchment 
areas, the larger the value is, the greater contribution the 
landscape spatial pattern and ecological processes have 
on the non-point source pollution in the basin, and thus, 
the stronger the non-point source pollution effect. 

3  Results 

3.1  “Source” and “sink” classification 
The “source” and “sink” landscape types in the 

Gaofen-2 image were classified by visual interpretation 
using ENVI 5.2 (Figure 5).  The “source” landscape 
types included cultivated land, orchard, industrial land and 
residential land, and the “sink” landscape types included 
forest land, shrub land, lake, wetland, river and unused 
land.  With the help of the MATLAB R2014a platform, 
the proportion of each land-use type in each catchment 
area was calculated.  Then, the proportion histogram of 
“source” and “sink” landscape types in each catchment 
area was obtained.  Figure 6 shows the area composition 
of the “source-sink” landscape types for each catchment. 

 
Figure 5  The “source-sink” pattern in the Yanshi River basin 

 
Figure 6  Area composition of the “source-sink” landscape types 

for each catchment 
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By analysing the results shown in Figure 6, the No. 9, 
16, 1, 11, 6, and 15 catchment areas have a greater 
proportion of residential area.  The No. 23, 15, 22, 11, 5, 
and 16 catchment areas have a greater proportion of 
cultivated land area.  The No. 7, 6, 22, 8, 5, and 14 
catchment areas have a greater proportion of orchard area, 
and the No. 23, 15, 22, 11, 5, and 16 catchment areas have 
a greater proportion of industrial land area.  Due to the 
forest land of the Yanshi River basin accounting for more, 
forest and shrub lands are analysed as the main “sink” 
landscape types.  It can be concluded that the No. 12, 4, 
13, 20, 2, and 18 catchment areas have a greater 
proportion of forest area.  The proportion of shrub land 
area, in decreasing order, is as follows: catchment area 
No. 9, 1, 7, 17, 14, and 19. 
3.2  Realizing process of geographical correction 
factors 

The eight geographical correction factors listed 
above were processed separately.  The input data for 

slope correction was extracted from DEM data in the 
study area using Arc GIS 10.2 (Figure 7a).  The 
precipitation distribution in the study area was obtained 
using the Kriging interpolation method as was used as 
the input data for the precipitation correction.  For 
effective distance, Arc GIS 10.2 was used to calculate 
the distance from the water body (Figure 7b) and to 
define the 20-km maximum for local water source 
protection as the most effective surface distance.  The 
NDVI in the study area was calculated by ENVI 5.3 
(Figure 7c).  The soil type and available water content 
of soil were extracted from the China 1:100 million soil 
database.  For the chemical fertilizer correction, 
information from the statistical yearbook of Fujian 
Province indicated that in 2014, the amount of chemical 
fertilizer used on cultivated land and orchards was 
approximately 16 693 kg/hm2.  Therefore, the 
correction coefficient of cultivated land and orchard was 
1.4, and that of other surface types was 0.8. 

 
a. Slope b. Distance c. NDVI 

 

Figure 7  Slope, distance and NDVI in the Yanshi River basin 
 

3.3  Calculation results of the R value 
By analysing the quantitative results of the non-point 

source pollutant transmission process in different 
ecological conditions and “source-sink” landscape 
patterns within the catchment areas (Figure 8), it can be 
concluded that the calculated results of the R value within 
catchment areas 15, 5, 16, 11, 1, 23, and 9 were higher.  
Analysing the “source-sink” landscape patterns in these 
areas revealed that the area of cultivated land, residential 
and other “source” landscape types were relatively high.  
Compared with the natural landscape, artificial 

landscapes with high order and low stability must 
artificially input a large amount of negative entropy.  
Therefore, the residential land and industrial land will 
adversely affect the ecological environment and increase 
the non-point source pollution.  Cultivated land is the 
main source of agricultural non-point source pollution, 
and agricultural pollution caused by chemical fertilizers 
and pesticides has become the main factor affecting the 
water environment.  Nitrogen, phosphorus, pesticides 
and other organic or inorganic substances enter the water 
body through farmland surface runoff, farmland drainage 
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and underground leakage and result in water pollution.  
The R values in catchment areas 6, 22, 10, and 8 were 
calculated.  The “source” landscape types in these 
regions have large areas of orchards and residential land.  
Compared with cultivated land, the soil in orchard land is 
harder, and the soil and water conservation capacity is 
higher, leading to relatively low values of R.  In addition, 
the “sink” landscape types in these regions were more 
abundant, which greatly weakens the transmission 
process of non-point source pollutants.  The areas with 
low R values are mainly distributed in catchment areas 20, 
0, 12, 13, 18 and 4.  Additionally, the vegetation 
coverage in these areas is higher, and the forest, shrub, 
and wetland landscape types are widely distributed.  
Vegetation forms physical and biogeochemical barriers, 
increasing rainfall infiltration and reducing peak 
discharge, surface runoff velocity and sediment carrying 
capacity.  On one hand, vegetation can reduce the 
generation of non-point source pollutants, but on the 
other hand, the pollutants carried by the water flow are 
intercepted, absorbed and transformed into harmless 
substances during migration.  Thereby, the resilience of 
the ecosystem and the internal material circulation is 
enhanced, which greatly reduces harm caused by 
non-point source pollution. 

 
Figure 8  The R value of each catchment area in the Yanshi River 

basin 

From the perspective of spatial distribution, the R 
value of the central region of the Yanshi River basin is 
higher, likely because the area is very disturbed by human 
activities and other external factors, and the vegetation 
density in the area is relatively small.  However, the R 
value is lower on the peripheral part of the central region.   

The quantitative calculation results were graded by 
the natural breaks (Jenks) provided by Arc GIS: 
14.06≤R1<28.26, 28.26≤R2<45.17, and 45.17≤R3<67.30 

(Table 1).  The R value represents the influence of 
landscape spatial pattern and ecological processes on the 
non-point source pollution in the basin.  It can be 
concluded that the highest proportion was in the R2 range, 
accounting for 40.81% of the total basin area.  The R1 
range was second, accounting for 33.52%, and the R3 
range accounted for 25.67%.  The results showed that 
the current “source-sink” landscape pattern is good in the 
Yanshi River basin, and the negative effects of the 
ecological processes and geographical factors on the 
non-point source pollution process are not very 
significant; however, some areas with high R values still 
need to strengthen their management of non-point source 
pollution. 

 

Table 1  The proportion of R values in different grades 

R R1 R2 R3 

Proportion 33.52% 40.81% 25.67% 
 

4  Discussion 

The “source-sink” theory provides a new approach for 
studying non-point source pollution in the basin.  In this 
paper, by analysing the spatial distribution of different 
“source” and “sink” landscape types as well as the effects 
of ecological factors on the formation and transmission of 
non-point source pollution, the location-weighted 
landscape contrast index based on the minimum 
hydrological response unit (HRULCI) was constructed to 
quantitatively evaluate the contribution of different 
landscape types and geographical factors to non-point 
source pollution in different catchment areas.  The 
method has the following characteristics: 

1) This method is not limited by spatial scale and has 
a cross-scale function, which uses the entire basin as the 
study object, and the HRULCI is obtained based on the 
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hydrological response unit and used to evaluate the 
non-point source pollution process in different  
catchment areas.  In future studies, the method can be 
extended to larger research areas or applied to different 
small basins. 

2) The non-point source pollution is affected by many 
factors, and the mechanisms of pollutant formation, 
transformation and migration are complicated.  
Therefore, this paper considered the influence of multiple 
geographical factors on the transmission of non-point 
source pollutants, thus avoiding the incomplete 
evaluation of the process by a single factor.  In addition, 
the HRULCI reflects the relative spatial distributions of 
“source” and “sink” landscape types.  In general, this 
method has important reference value in future 
evaluations of non-point source pollution risk, and the 
results can be used for regional landscape ecological 
planning. 

3) The correlation between the spatial distribution of 
landscape patterns and the river water quality is very 
significant.  Therefore, the non-point source pollution 
process is also influenced by the combination of the 
“source-sink” landscape pattern and spatial structure.  
According to the characteristics of different developing 
areas (rural areas, urban areas, etc.), the spatial 
distribution pattern of “source” and “sink” landscape 
types can be regulated and planned in areas with serious 
non-point source pollution using the quantitative 
calculation method proposed in this paper.  For some 
heavily polluted areas, the reduction of “source” 
landscape types may control the movement of nutrients, 
increase the proportion of “sink” landscape types and 
improve the stability of fixed nutrients, ultimately 
promoting a more rational layout of “source” and “sink” 
landscapes. 

5  Conclusions 

The “source” and “sink” landscape is the 
transformation route for non-point source pollutants, and 
a change in the “source-sink” landscape pattern will 
affect the occurrence, migration and transformation of 
non-point source pollutants.  The aim of this study was 
to quantitatively evaluate the influence of landscape 

composition and spatial structure on the transmission of 
non-point source pollutants in different regions, and a 
method of geo-cognitive computing for identifying 
“source-sink” landscape patterns of river basin non-point 
source pollution was proposed in this paper.  This 
method used the hydrological response unit as a 
minimum research unit and combined it with multiple 
geographical factors to construct the location-weighted 
landscape contrast index (HRULCI) and quantitatively 
evaluate the contribution of different landscape types and 
geographical factors to non-point source pollution.  
Compared with the grid unit, the hydrological response 
unit ensures the region has similar hydrological 
characteristics, and the resulting calculations have more 
ecological significance.  The quantitative calculated 
result is larger, the impact of the landscape spatial pattern 
and ecological processes on the non-point source 
pollution in the watershed (catchment area) is greater, and 
the risk of nutrient loss is also greater.  Therefore, this 
method has important reference values in terms of risk 
assessment of non-point source pollution, and the results 
can be applied to regional landscape ecological planning.  
China has a large geographical area, and the main 
environmental problems are different in different regions.  
Due to the differences in natural geographical conditions, 
such as climate, hydrology and soil, the factors that affect 
the migration and transformation of pollutants are 
different.  Therefore, it is necessary to adopt a “proceed 
in the light of local conditions” strategy based on the 
characteristics of local social, economic, and natural 
conditions.  In future studies, the index can be used to 
regulate and optimize the landscape pattern of a basin.  
The effect of regulation can be evaluated by comparing 
the index value of the watershed landscape pattern before 
and after optimization.  According to the different areas 
of development (rural areas, urban areas, etc.), the 
appropriate “source-sink” landscape combination and 
spatial layout should be constructed to reflect the overall 
regulation and optimization plan of the landscape pattern.  
In addition, determining how to build a “source-sink” 
landscape identification model to quickly and accurately 
identify the key “source” and “sink” landscape types on 
the GIS platform should be studied further. 
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