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A comparative study

on nitrogen-concentration
dynamics in surface water in a
heterogeneous landscape

Liding Chen - Bojie Fu - Shurong Zhang - Jun Qiu - Xudong Guo - Fulin Yang

Abstract With point-source pollution controlled
effectively, nonpoint-source pollution, especially
that resulting from agricultural land, has become the
main factor affecting surface water. Much attention
has been focused on the impact of fertilizer and
pesticide application, wastewater irrigation, and
land management on pollutant transport. However,
landscape pattern also plays an important role in
pollutant transport and detention. Landscape types
may be classified into two parts: “source” and
“sink” landscapes, based on their functions in pol-
lutant transport and detention. As a major contrib-
utor to eutrophication of waterbodies, nitrogen loss
with runoff has received particular attention when
studying nonpoint-source pollution. In this study,
four watersheds in the upper parts of the Yuqiao
Reservoir Basin, Zuihua, Hebei Province, China,
were chosen in order to study the relationship be-
tween landscape pattern and nitrogen-concentration
dynamics. The results indicate that (1) nitrogen
concentration in surface water within different sea-
sons in the rainfall-normal year is higher than that
in the rainfall-deficit year and (2) the variation of
nitrogen concentration within different seasons in
the rainfall-deficit year is smaller compared with
that in the rainfall-normal year in which two types of
seasonal variation on nitrogen concentration are
presented. The first variation occurs when nitrogen
concentration is lowest in the dry season, and rises
rapidly from the dry season to rainy season and then
declines quickly from the rainy season to mean-flow
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season. This mainly occurs in those areas where
most “source” landscapes are close to the monitored
waterbody. The second variation occurs when ni-
trogen concentration is low in the dry season, in-
creases rapidly in the rainy season but does not
reach its peak value until the mean flow season. The
second variation occurs in those areas where
“source” landscape types are spread over the whole
watershed. There is no clear relationship between
watershed shape, relative importance of landscape
types, and nitrogen concentration; however, the
spatial distribution of “source” and “sink” land-
scape types in the watershed has a strong impact on
the nitrogen concentration in surface water.

Keywords Nonpoint-source pollution - “Source”
and “sink” landscape - Nitrogen concentration -
Heterogeneous landscape - Landscape pattern

Introduction

Nonpoint-source pollution, in contrast to point-source
pollution, arises from sources that are normally associated
with agricultural, silvicultural, and human activities in a
watershed (Alm 1990; Line and others 1994, 1998; He and
others 1998; Chen and Fu 2000; Istvanovics and Somlyody
2001). Nonpoint-source pollutants, such as nutrients,
pesticides, heavy metals, and solid contaminants, are
transported from the land by atmospheric, surface-water,
and groundwater means. As its amount, sources, and
geographical boundaries are difficult to identify, the pro-
cess of nonpoint-source pollution is still unclear (Alm
1990; Troiano and others 1993; Line and others 1994, 1998;
He and others 1998; Zhang and Zhuang 1998; Chen and Fu
2000; Heathwaite and others 2000; Stow and others 2001).
With point-source pollution under control, nonpoint-
source pollution, especially agricultural nonpoint-source
pollution, has become one of the dominant environmental
issues. Nonpoint-source pollution comprises three aspects:
pollutant sources, sinks, and transport. With arable land
declining and population growing, the increasing demand
on food provision will lead to increases in fertilizer and
pesticide applications. This implies that controlling
nonpoint-source pollution from the sources will be very
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difficult. The retention of pollutants by soils and land-
scapes, such as riparian forests (Sliva and Williams 2001),
wetlands, canals, and sedimentation ponds, etc., to some
extent could reduce the risk of developing nonpoint-
source pollution (Knisel 1980; Peterjohn and Correll 1984;
Yin and others 1993; Pearce and others 1997; Ebbert and
Kim 1998; He and others 1998; Wang and others 1998; Fu
and others 1999; Li Junran and others 2000; Li Xiuzhen
and others 2001). If the effects of landscape on pollutant
transport and retention are considered, landscape types
may be classified into two groups: one is “source” and the
other is “sink”. The spatial distribution of these two kinds
of landscape may affect the formation of nonpoint-source
pollution (Ebbert and Kim 1998; Li Junran and others
2000; Chen and others 2001). It is of scientific significance
to control nonpoint-source pollution, nutrient loss, and
material transport, which may be achieved by studying the
effect of landscape patterns on the origination and de-
tention of nonpoint-source pollutants to seek a landscape
ecosystem suitable for pollutant retention.

Since the source and process of nonpoint-source pollution
are unclear (Nikolaidis and others 1998), geographic in-
formation system (GIS) and mathematical models have
proved to be useful tools to simulate the effect of landscape
pattern and land management on nonpoint-source pollu-
tion, or nutrient loss and transport (Gilliland 1987;
Leonard and others 1987; Young and others 1989; Heng
and others 1998; Mankin and others 1999; Yan and Ka-
hawita 2000; Leon and others 2001). In this study, water
sampling in the field with GIS is used to focus the objec-
tives on the seasonal characteristics of nonpoint-source
pollution (particularly the nitrogen concentration in sur-
face water) within heterogeneous landscapes at four typi-
cal watersheds, and the effects of watershed shape and
landscape pattern on nitrogen concentration in surface
water.

Study area and methodology

The study area
Yugqiao Reservoir Basin is located on the upper part of the
Jiyun River (39°56'-40°23'N and 117°26"-118°12’E) and
covers parts of Hebei Province and Tianjin Metropolitan
District with an area of 2,052 km?. This catchment is
characterized by a temperate territorial semi-humid cli-
mate. Annual average temperature is 10.4-11.5 °C, and
mean annual precipitation is 749 mm, of which most
occurs from July to August by rainstorm. The hilly regions
above 500 m in the catchment account for 24.5% of the
total area. Yuqiao Reservoir is an important regulation
pool for extracting water from the Luan River for Tianjin’s
industrial, agricultural, and daily use. Eutrophication of
Yugqiao Reservoir may induce some effects on human
health in Tianjin, as well as on the water quality of Jiyun
River and Bohai Sea (Wang and Guo 1999; Li Junran and
others 2000). Zuihua county, located on the upper part of
the Yuqiao Reservoir Basin, is a risk area for nonpoint-
source pollution, since a lot of the area is used for
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agricultural purposes. To avoid the effects of point-source
pollution due to industrial activities, four typical water-
sheds in the upper hilly regions of the Yuqiao Reservoir
Basin where agricultural activities are dominant and
industrial activity is limited were selected as case study
areas. In these watersheds, land-use/cover primarily con-
sists of woodland, shrubland, grassland, orchard, chestnut
land, and cropland. Cultivated crops are wheat, maize,
peanut, potato, etc. Field surveys show that land man-
agement, fertilizer and pesticide application, and irrigation
methods are almost the same for the same land-use type
throughout the study area. However, among different
land-use types (e.g., chestnut land, orchard and farmland)
many differences exist. The location of the study area is
shown in Fig. 1.

Landscape analysis method
Field mapping of land-use/cover was carried out in
August 2000 using a topo-map of scale 1:50,000, based
on a Landsat image (TM of 1997) interpretation, and
then a digital land-use/cover map was derived by GIS.
Primary attributes of four typical watersheds are dis-
played in Table 1. For further study of the relationship
between landscape pattern and nonpoint-source pollu-
tion, the landscape types were classified into two cate-
gories: the “source” landscape, which contributes
pollutants to nonpoint-source pollution, and includes
cropland, orchards, and chestnut land, etc, and the
“sink” landscape, which may retain pollutants, and
includes dense woodland, sparse woodland, and grass-
land, etc. With the surface-water sampling site taken as
the reference point, spatial distribution with regard to
distance, slope degree, and relative elevation of these two
landscape types were calculated, respectively. It is gen-
erally considered that the nearer the “source” landscape
is to the monitoring waterbody, the larger the slope
degree, and the smaller the relative elevation, the more it
contributes to surface-water pollution; it is opposite for a
“sink” landscape. The interrelationship between the
spatial pattern of “source” and “sink” landscape and
nonpoint-source pollution can be investigated. As small
soil spatial variation exists in such a small study area,
the effect of soil pattern on nonpoint-source pollution is
ignored. However, it is quite different for different
landscape types. Thus, standardization is necessary, and
Eq. (1) is used when calculating the area of “source” and
“sink” landscape types:

fisy =1 (1)
where f’(;; is the standardized area of ith landscape, f°; is
the actual area of ith landscape types within different sec-
tions with regard to distance (1~10 m, 10~20 m, 20~30 m,
... N-10~N m), slope degree (1~2, 2~3, 3~4, ... 89~90°)
and relative elevation(1~5 m, 5~10 m, 10~15 m, ...
N-5~N m), and o; is the weight of each landscape type
compared to the reference landscape. For “source” land-
scapes, the weight is assigned by comparing fertilizer
application with the reference landscape, “farmland”, while
the weight of the “sink™ landscape types is assigned based on

X (i)
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Location of the study area and
landscape types
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nutrient reduction of each landscape type compared with
the reference landscape, “dense woodland”.

Additionally, landscape-diversity index (H; O’Neill and
others 1988; Fu 1995) and landscape-isolation index (F;
Pearce 1992; Chen and others 2001) were calculated, which
are expressed by Eqs. (2) and (3), respectively:

H=- i Pc; « log(Pc;) (2)

i=1

jo. (A3/2)/[2A,- ¥ n;/z} (3)

where H is the landscape-diversity index in a watershed,
Pc; is the area percentage of landscape type i, and m is the
total number of landscape types. F; is the isolation index of
individual landscape type i, A is the total area of the
watershed, A; is the area of landscape type i, and n; is the
patch number of landscape type i.

Landscape-isolation index to some extent reflects the im-
portance of different landscape types in a watershed (Chen
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and others 2001). Its value is normally small and
changeable. For comparing the importance of different
landscape types, the relative-importance index (Z) was
introduced, which is derived from the reciprocal of the
landscape-isolation index, and can be expressed as follows:

Zi=F"')Y (F) (4)

where Z; and F; are the relative-importance index and the
landscape-isolation index, respectively. The greater the Z;
value, the more important in a watershed; otherwise, a
smaller Z; means the landscape type is less important.
To analyze the spatial distribution of landscape types
within different watersheds, the ratio of two kinds of
landscapes “source” and “sink” at the same level of area
percentage was compared. A landscape-spatial-contrast
index (SCI) was introduced as:

SCI(i) = S(i)/H(i) (5)

where S(i) and H(i) are the distribution range of landscape
“source” and “sink” at different area percentage levels
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Table 1
Landscape features of four typical watersheds
Watershed Numbers  Perimeter Area Percent Landscape- Relative- Landscape-
of patches (m) (hm?) (%) isolation importance diversity
index index findex
No. 1 Sink Sparse 5 40,342 881.2 30.7 0.164 0.245 -
woodland
Dense 2 21,175 729.4 25.4 0.285 0.141 -
woodland
High coverage 5 23,693 386.1 13.4 0.247765 0.162 -
shrubland
Moderate 4 22,081 379.5 13.2 0.279408 0.144 -
coverage shrubland
Source Chestnut 7 36,394 310.3 10.8 0.23358 0.172 -
land
Orchard 1 1,467 8.9 0.3 3.649052 0.011 -
Residential 1 878 1.9 0.1 7.897657 0.005 -
area
Waterbody 1 2,549 22.2 0.8 2.310461 0.017 -
Cropland 5 19,859 153 5.4 0.39359 0.102 -
Total - 31 168,437 2,872.5 100 - 1 0.74
No. 2 Sink Sparse 3 20,573 509.9 30.3 0.125 0.232 -
woodland
Dense 5 16,360 312.2 18.6 0.124 0.234 -
woodland
High coverage 2 16,532 312.4 18.6 0.195 0.148 -
shrubland
Moderate 2 21,628 297.8 17.7 0.200 0.145 -
coverage shrubland
Source Chestnut 1 759 2.6 0.15 3.028 0.010 -
land
Orchard 3 13,332 134.6 8.0 0.243 0.119 -
Residential 1 261 0.3 8.914 0.003 -
area
Cropland 3 9,182 113.3 6.7 0.265 0.109 -
Total - 20 98,626 1,683.0 100 - 1 0.73
No. 3 Sink Sparse 3 39,071 1,018.7 5.9 2.935 0.056 -
woodland
Dense 8 116,280 6,192.6 35.6 0.729 0.227 -
woodland
High coverage 12 146,902 3,352.2 19.3 0.809 0.205 -
shrubland
Moderate coverage 11 114,648 2,610.0 15.0 0.957 0.173 -
shrubland
Source Chestnut 16 146,927 1,852.5 10.7 0.942 0.176 -
land
Orchard 2 18,324 274.9 1.6 6.919 0.024 -
Residential area 1 1,979 13.0 0.1 44,996 0.004 -
Waterbody 1 2,136 8.2 0.1 56.655 0.003 -
Cropland 8 161,343 2,073.6 11.9 1.260 0.132 -
Total - 62 747,608 17,395.6 100 - 1 0.74
No.4 Sink Sparse woodland 8 38,080 631.6 4.8 1.487 0.178 -
Dense woodland 1 95,061 9,083.8 69.5 1.109 0.238 -
High coverage 1 2,275 24.9 0.2 21.176 0.012 -
shrubland
Moderate 5 20,687 238.4 1.8 3.061 0.086 -
coverage shrubland
Source Chestnut land 2 4,061 48.0 0.4 10.785 0.024 -
Orchard 7 18,030 224.7 1.7 2.664 0.099 -
Residential area 4 6,488 68.7 0.5 6.374 0.041 -
Cropland 6 107,590 2,750.8 21 0.823 0.321 -
Total - 34 292,271 13,070.9 100 - 1 0.41
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(10% ... 100%), such as distance, slope degree, and relative
elevation.

Field sampling and analysis
The water samples were collected at the artificial water-
body (small pond or reservoir) which is located in the
outlet of four typical watersheds in the dry season (June),
the rainy season (August), and the mean-flow season
(October, when the runoff is between the flood season and
dry season) from 1999 to 2000. The water samples were
taken using 1,000 mL poly-plastic containers and kept
airproof for immediate analysis. The estimated indexes for
pollutants include: pH, chemical oxygen demand
(CODpy), biological oxygen demand (BODs), ammonium
nitrogen (ammonium-N), nitric nitrogen (nitric-N),
phosphates, and suspended solid particle (SSP). The pH
was determined using a pH meter with a glass electrode
method; CODyy, was determined by titration with acidic
potassium permanganate; BODs was determined by titra-
tion, after treatment with a culture box using the dilution
and inoculation method; ammonium-N was determined
using Nessler’s reagent colorimetry; nitric-N was deter-
mined by phenol disulfonic acid photometry; and phos-
phates were determined by ammonium molybdate
spectrophotometer. The last three contaminants were all
determined by Spectrophotometer-721 (the lower limit
determined of phosphorus in the water samples is
0.025 mg/L). The SSP was determined by turbidimeter
with photometry. To emphasize the effect of landscape
pattern on the nonpoint-source pollution in surface water,
and considering the instability of different specific nitro-

Fig. 2
Comparison of the distribution of “source” landscape (I) and “sink”
landscape (II) with distance, slope degree, and relative elevation in the
four watersheds

WS Area vs Distance WEL Area vs Distanoe

gen in water, total dissolved nitrogen (ammonium-N and
nitric-N) was selected as the indicating index.

Results

Watershed characteristics and relative landscape

importance
Among the four watersheds, watersheds 1 and 2 are long
and narrow and their coverage is below 30 km?, while
watersheds 3 and 4 have a large size with an area of more
than 100 km®. Watershed 3 is a typical dendritic river
system, while watershed 4 is in between a strip-shaped and
a dendritic river system. Apart from a low landscape-
diversity index for watershed 4 (0.41), high landscape-
diversity indexes are found for the other three watersheds
(Table 1). Further analysis indicates that “sink” landscape
types play an important role in watersheds 1 and 2, and that
some source-landscape types, such as chestnut land (0.172)
and cropland (0.102) in watershed 1, and orchard (0.119)
and cropland (0.109) in watershed 2, also play an important
role. In watershed 3, besides “sink” landscape types playing
important roles, the relative-importance index of chestnut
land and cropland is 0.176 and 0.132, respectively, and
these also play an important role. In watershed 4, the
relative-importance index of cropland (0.321) is in the
first position and it plays a decisive role.

Spatial distribution of “source” and “sink”
landscape types
Figure 2 shows the cumulative area of “source” and “sink”
landscape change with the three factors (distance, slope
degree, and elevation) in watersheds 1 and 2. Both
watersheds 1 and 2 are strip-shaped river systems with
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small areas, but differences are observed between the
“source” and “sink” landscape types, concerning the
spatial distribution of distance, slope degree, and relative
elevation. In watershed 2, a big difference exists for spatial
distribution between “source” and “sink” landscape types.
The “source” landscapes are closer to the monitoring
waterbodies than “sink” landscapes and are mainly dis-
tributed in the valley bottoms. In watershed 1, these two
landscape types are located evenly throughout the whole
watershed (Fig. 1).

Although both watersheds 3 and 4 are of larger size,
obvious differences are observed in spatial distribution of
“source” and “sink” landscape. As a whole, “source”
landscape types are closer to the surface monitoring
waterbody than “sink” landscape in both watersheds.
However, it is more obvious in watershed 4 than in wa-
tershed 3 (Fig. 2). In watershed 4, “source” landscape is
mostly concentrated in the low and flat areas with small
relative elevation (Fig. 1).

Spatial distribution of landscape units

in different watersheds
Figure 3 indicates that although watersheds 1 and 2 are
both strip-shaped, the landscape SCIs, in regard to
distance, slope degree, and relative elevation, are
changeable with different area-percentage levels. As area
percentage increases, the landscape SCI, with regard to
distance, slope degree, and relative elevation, presents a
stable increase in watershed 1 whereas in watershed 2 a
decreasing trend is observed. Furthermore, at lower
percentage levels, the three kinds of landscape SCIs in
watershed 1 are lower than in watershed 2 but higher at
higher percentage levels. The difference of SCIs in the
two watersheds may explain to some extent the seasonal
change of nitrogen concentration. Figure 3 shows the
characteristics of three kinds of landscape SCIs in
watersheds 3 and 4. It can be observed that the three
kinds of landscape SCIs in watershed 3 are obviously
higher than those in watershed 4.

Dynamics of dissolved nitrogen concentration

in surface water during a rainfall-deficit year
It was found from Table 2 that 1999 was a rainfall-deficit
year (359 mm), while 2000 was nearly a rainfall-normal

Landscape SCI to distance Iandscape SCI 1o slope degree
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year (636.5 mm; a little lower than that in the rainfall-
normal year). Figure 4 suggests that in a rainfall-deficit
year the dynamic characteristics of nitrogen concentration
in surface water are relatively consistent; i.e., rainy sea-
son>normal rain season>dry season, and their variation is
small. As well, there is no clear difference in seasonal
change for nitrogen concentration between dendritic river
systems and strip-shaped river systems.

Dynamics of nitrogen concentration in surface
water during a rainfall-normal year
The seasonal changes for dissolved nitrogen in
surface water are different among the four different
watersheds (Fig. 4). These can be divided into two
categories.

1. Group 1: nitrogen concentration in the dry season is at
its lowest value, and rises rapidly from dry season to
rainy season, but not reaching the peak value until
the mean-flow season. Further analysis shows that
from dry to rainy season, nitrogen concentration
for a dendritic river system (watershed 3) rises with
a smaller range than for a strip-shaped river
system. Then from the rainy to mean-flow season,
the case is opposite. This group includes watersheds
1 and 3.

2. Group 2: the characteristic for this group is that
nitrogen concentration is at the lowest value in the dry
season, rises to its peak value in the rainy season, and
falls sharply from rainy season to mean-flow season.
Both from dry to rainy season and from rainy to mean-
flow season, nitrogen concentration changes greatly.
This phenomenon occurs in watersheds 2 and 4.

Discussion

Effect of rainfall on nitrogen loss in surface water
A comparison of nitrogen concentration during 1999 and
2000 shows us that nitrogen concentration in a rainfall-
normal year is higher than that in a rainfall-deficit
year. This is because irrigation is limited during the
rainfall-deficit year, except for watershed 2. It reflects the

Landscape SCI to relative elevation
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Table 2
Seasonal change of rainfall in Ziuhua regionl
Month Mean rainfall 1999 2000
Monthly Cumulative Monthly Cumulative Monthly Cumulative
rainfall (mm) rainfall (mm) rainfall (mm) rainfall (mm) rainfall (mm) rainfall (mm)
January 15.6 15.6 0.0 - 15.8 -
February 13.2 28.7 0.0 0.0 0.0 15.8
March 13.6 42.3 11.7 11.7 6.9 22.7
April 9.9 52.3 50.3 62.0 19.2 41.9
May 6.8 59.1 13.5 75.5 84.8 126.7
June 7.5 66.6 71.3 146.8 44.9 171.6
July 147.1 213.6 109.1 255.9 73.9 245.5
August 3224 536.0 14.6 270.5 278.0 523.5
September 124.4 660.4 60.6 331.1 60.6 584.1
October 374 697.8 0.8 331.9 47.6 631.7
November 28.0 725.8 27.0 358.9 2.0 633.7
December 22.2 748 0.3 359.2 2.80 636.5

characteristics of nitrogen concentration in surface water
under the influence of poor irrigation and low runoff.
Due to this, a slight nitrogen loss appears. In rainfall-
normal years, with abundant rainfall and increased irri-
gation, huge surface runoff and underground flow pro-
duce a strong effect on the surface-water quality.
Particularly in the rainy season, nitrogen concentration
rises remarkably compared with that in the dry season.
In 2000, water samples during the rainy season were
collected immediately after a heavy rainstorm. From
these results, it can be found that soil erosion and runoff
during rainstorm seasons has a strong effect on nutrient-
N transport and loss.

Seasonal change of nitrogen concentration

in surface water
Two situations are observed: one is in the rainfall-deficit
years when the seasonal change of nitrogen concentration
is small, and the other one is in the rainfall-normal years
when the seasonal change of nitrogen concentration is
large (shown in Fig. 3).

1. Regarding situation 1, since the “source” landscape is
spread over the whole watershed, the pollutant trans-
ported by surface runoff enters the monitored water-
body gradually. The dissolved nitrogen in surface water
monitored immediately after the rainstorm is mainly
from neighboring regions, which results in the nitrogen
concentration rising slowly. Until the mean-flow sea-
son, it reaches the peak value when a huge influx of
nonpoint-source pollutant from the whole watershed
reaches the monitored waterbody.

2. In the other situation, as the “source” landscapes are
located mainly nearby the monitoring point in water-
sheds 2 and 4, the pollutants induced by soil erosion
and runoff may reach the monitored waterbody within
a short period after rainstorms. Thus nitrogen con-
centration rises rapidly from the dry season to the rainy
season, and then decreases rapidly from the rainy
season to the mean-flow season when more clean runoff
from the “sink” landscape in the upper part of the
catchment enters the waterbody (Fig. 1).

Effect of landscape types on nitrogen loss
There is no obvious relationship between the relative land-
scape importance index in the watersheds and nitrogen
concentration. This implies that the formation of nonpoint-
source pollution not only depends on the number of land-
scape types but also on the landscape pattern. In some cases,
many “source” landscapes are in the watershed, but if most
of them are located in the upper part in the watershed, the
pollutant originating from these “source” landscapes may
be detained when passing through the “sink” landscape.
Accordingly, the pollutants finally arriving at the monitored
waterbody may be limited.

Effect of landscape pattern on nitrogen loss
Different landscape patterns in the watershed result in
clear differences in nitrogen concentration in the surface
water. A comparison of nitrogen concentration between
the rainfall-deficit year and the rainfall-normal years
indicates that the effect of watershed shape on the nitrogen
loss is not obvious. Nitrogen loss is closely related to the
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landscape pattern. Figures 3 and 4 suggest that there is a
strong correlation between the landscape SCI to distance
and nitrogen concentration in the rainy and mean-flow
season in rainfall-normal years, and a weak correlation in
the other seasons. Regarding the slope and the relative
elevation SCI, there is no obvious relationship. Therefore,
it implies that the distance of “source” and “sink” land-
scape from the waterbody plays an important role in the
nitrogen loss.

Conclusions

Nonpoint-source pollution not only has a close correlation
with fertilizer and pesticide application, irrigation, tillage,
and topographical characteristics, but also has a close
relationship with landscape patterns in a watershed. The
landscape types in a region can be grouped into two
categories: “source” and “sink” landscapes, based on their
functions in the formation of nonpoint-source pollution.
By contrasting four typical watersheds in terms of distinct
landscape characteristics, this paper analyzes the seasonal
change of nitrogen concentration in rainfall-deficit years
and rainfall-normal years, and the relationship between
nitrogen concentration, watershed shape, and landscape
pattern. The following conclusions can be made.

1. Nitrogen concentration in the rainfall-normal years is
higher than that in the rainfall-deficit years. This shows
that surface runoff and the underground flow during
the rainy season has a strong effect on nonpoint-source
pollutant loss and transport.

2. In the rainfall-deficit year, the seasonal and spatial
change of nitrogen concentration in surface water is
limited, while it is large in the rainfall-normal years. For
watersheds where “source” landscape types are located
near the surface waterbody, nitrogen concentration is
lowest during the dry season and rises remarkably in
the rainy season; then it decreases rapidly from the
rainy season to the mean-flow season. However, for
watersheds where “source” landscape types are spread
over the whole watershed, nitrogen concentration is
relatively low during the dry season and rises contin-
ually in the rainy season; but it does not reach a peak
value until the mean low season.

3. There is no clear relationship between the relative-im-
portance index of landscape types, the nitrogen
concentration in surface water, and watershed shape.
However, the spatial pattern of “source” and “sink”
landscapes plays an important role in nitrogen loss in a
heterogeneous landscape.
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