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Effect of land use/cover changes on nitrogen and phosphorus losses via non—point source pathway in Xiangxi
River Basin

CUI Chao', LIU Shen', ZHAI Li-mei", ZHANG Fu-lin?, LIU Hong-bin', LEI Qiu-liang', WU Shu—xia', HUA Ling-ling', ZHOU Ji-wen®
(1.Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences, Key Laboratory of Nonpoint Source
Pollution Control, Ministry of Agriculture, Beijing 100081, China; 2.Institute of Plant Protection, Soil and Fertilizer Sciences, Hubei Academy
of Agricultural Sciences, Wuhan 430064, China;3.Xingshan Soil and Fertilizer Station of Hubei Province, Yichang 443000, China )

Abstract: Land use changes greatly influence non—point source nitrogen and phosphorus outputs. Here, the effect of land use/cover changes
on non—point source outputs of nitrogen and phosphorus was studied based on remote sensing images ( Landsat TM/ETM ) in 1990, 2000
and 2010 using the methods of characteristics of landscape analysis, export coefficient model, and ArcGIS in the Xiangxi River basin (3150
km?). Land use/cover changes were relatively moderate from 1990 to 2000, but was severe from 2000 to 2010. The area that land uses had
changed from one into another between 2000 to 2010 accounted for 4.3% of the total area, which was three times that from 1990 to 2000.
During 1990 to 2000 and 2000 to 2010, the greatest land use/cover type changes were from forest land to dry land or from dry land to forest
land. The annual change rates of land use/cover was drastic for dryland from 1990 to 2000 while residential land from 2000 to 2010. The
biggest dynamic change area of land use/cover changes was dryland for both 1990 to 2000 and 2000 to 2010. During 1990 to 2000, the land
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use/cover changes had little effect on total nitrogen(TN ) and total phosphorus(TP) loads from non—point source. During 2000 to 2010, how—

ever, land use/cover changes significantly reduced the loads of TN and TP, which was 78.5 and 6.1 t-a”

! respectively. The contribution of

different land use/cover changes to TN and TP loads varied. The reduction of TN load mainly happened when dry land changed to forestland.

The conversion from paddy field to forestland decreased TP load, whereas turning dryland to paddy field increased TP load. In the establish—

ment of the quantitative relationship between export coefficients and different land use/cover type area, the land use/cover changes calculat—

ed by static area could not reflect its impact on the TN and TP loads, while the land use/cover changes calculated by process area was a

good indicator of TN and TP loads.

Keywords: Xiangxi River basin; land use/cover change; non—point source; export coefficient; state and process value
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Figure 1 Process and state of land use/cover changes
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Table 1 Export coefficients of various land use/cover types

firHh A K k=2

A
N ™
K 2.625 1.820
= 1.921 0.079
e 0.655 0.018
i 1135 0.038
il 1234 Rk
Ji R 0.636 0.036
Kk 0 0
100 O ERE B =
98 L 0 ki
_%6f m
g o4f g
B o
g 92t 0 i
E 90t )
% 88F B it
+ 86r
g4l
82|
80
1990 2000 2010

4 1990 £ 2000 £ 71 2010 £ & T ithFI AZA HLEIER
Figure 4 Percentages of various land use/cover types in
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Table 2 Transfer matrix of land use/cover in Xiangxi River basin from 1990 to 2000(km?)

A M 2SR 7K H B PN Fefel B, K3k S R 1990 44531
K H 53.12 0.73 2.60 0.01 0.049 0.07 0.014 56.59
2 0.62 164.07 11.72 0.14 0.64 0.11 0.006 177.31
buN:i) 2.59 13.28 2 712.87 0.26 3.83 0.31 0.065 2733.20
el 0.025 0.14 0.25 10.32 0.029 0.11 0.00 10.87
i 0.061 0.34 4.13 0.014 156.01 0.035 0.00 160.59
K g 0.086 0.083 0.41 0.092 0.029 7.72 0.003 8.42

JiE b 0.008 0.014 0.06 0.00 0.00 0.008 1.40 1.49
2000 4E53 56.51 178.66 2732.03 10.84 160.59 8.36 1.49
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Table 3 Transfer matrix of land use/cover in Xiangxi River basin from 2000 to 2010(km?)

iR T JKH i Mt bl HHh K3, JiE e, 2000 51
JKH 42.71 3.37 7.92 0.67 0.245 0.86 0.72 56.51
R 7.92 100.52 63.09 1.86 3.00 0.79 1.48 178.66
Al 4.08 15.52 2 695.89 321 5.26 6.67 1.40 2732.03
| 0.01 0.039 1.71 8.98 0.017 0.091 0.00 10.84
il 0.17 0.22 4.20 0.33 155.16 0.43 0.088 160.59
Tk, 0.048 0.26 0.59 0.096 0.02 7.04 0.30 8.36

JE R 0.001 0.011 0.10 0.00 0.00 0.14 1.23 1.49
2010 4E4511 54.94 119.95 2 773.50 15.15 163.7 16.02 5.22
3R 4 1990—2000 £ & £ | SR + i h S E 554
Table 4 Land dynamic analysis of various land use/cover types from 1990 to 2000
pwAgpn 19000 2000 4 2000 4: AR 7] - LHUFU
WA A km? B A e e AT S3 lem? km? A% AN SIS %
K H 56.59 347 3.39 -0.08 -0.014 —-0.000 3
LS 177.31 13.24 14.59 1.35 0.076 0.004 3
A 27332 20.33 19.16 -1.17 -0.004 -0.003 7
S 10.87 0.55 0.52 -0.03 -0.028 -0.001 0
Ol 160.59 4.58 4.582 0.002 0.000 0.000 0
K3, 8.42 0.7 0.64 -0.06 -0.071 —-0.000 2
S F 1.49 0.09 0.09 0.00 0.000 0.000 0
£ 5 20002010 £+ ) FAH + HhAS S5 47
Table 5 Land dynamic analysis of various land use/cover types from 2000 to 2010
LA 2000 2010 2010 I R
IR T km? B R em? e ANFR 3 ke km? AL A% AAXT B2 /%
JKH 56.51 13.8 12.23 -1.57 -0.278 -0.005 0
b 178.66 78.14 19.43 -58.71 -3.286 -0.186 0
FhHb 2 732.03 36.14 77.61 41.47 0.152 0.132 0
P 10.84 1.87 6.17 4.3 3.967 0.014 0
i 160.59 543 8.54 3.11 0.194 0.010 0
piei 8.36 1.32 8.98 7.66 9.162 0.024 0
S R 1.49 0.25 3.99 3.74 25.10 0.012 0
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Table 6 State output loads of various land use/cover types in
1990,2000 and 2010(t-a™)
1990 2000 2010
TN TP TN TP TN TP
2 476.1 173.4 2 477.7 173.3 2 399.0 167.2

iR TN Fi TP ffi A 20 42 80 4R 5] 2000
A AR FEAR AR AS TN BE G, TP W3 , 15+ 22 4331
7 1.57.-0.073 t-a™, M 2000 4] 2010 4F TN TP 11
fp AR R 2 (BN ) i 5 1 -T78.5 =61 t-a”',
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Table 7 Amount of nitrogen and phosphorous status from various land use/cover transformation(t-a™)

E4y 15YeH) " jj&fﬁjﬁﬁiﬂ - it
K H it it el i i K3 S [
1990—2000 TN -0.224 2.599 -0.770 -0.037 0.002 0.000 -0.001 1.567
TP -0.155 0.107 -0.022 -0.003 0.000 0.000 0.000 -0.073
2000—2010 TN -4.120 —-112.788 27.165 5.309 3.528 0.000 2.374 -78.584
TP -2.857 -4.638 0.747 0.421 0.119 0.000 0.134 -6.074
R BLMAARTERBIEELER(a")
Table 8 Amount of nitrogen and phosphorous from various land use/cover transformation by process(t-a™)
4y 15YeH) LR it
K H i Mt bl Hiih K S I
1990—2000 TN -5.936 -15.228 23.707 -0.148 -1.657 0.799 0.031 1.567
TP -6.211 0.324 5.571 0.008 0.040 0.180 0.014 -0.073
2000—2010 TN -22.976 -81.345 27.672 -1.063 -2.151 1.350 -0.069 -78.584
TP -24.598 9.732 8.563 -0.130 0.224 0.139 -0.004 -6.074
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Figure 5 Structure chart for land use/cover change effects on TN and TP net losses by process
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Continue figure 5 Structure chart for land use/cover change effects on TN and TP net losses by process
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