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Table 1 The annual mean streamflow yields simulated and observed and simulation accuracy from 2003 to 2009 in the Lianshui River basin
(kg) (kg) DV(%) (kg) (kg) DV(%)
2003 2524449 327 804 70.1 42 803.0 56 534 67.9
2004 371033.7 410 150 89.5 79 044.9 87226 89.7
2005 1 626 844.0 1492 109 91.7 124 069.2 108 294 87.3
2006 710 286.4 759 216 93.1 53 434.1 59 428 88.8
2007 633 905.9 729 387 84.9 55551.9 63 742 85.3
2008 620 785.9 598 293 96.4 105 962.9 98 872 93.3
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Ens 85.8 84.2
2
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Table 2 The annual exports of total N and total P through streamflow and sediment during 2003 to 2009 in Lianshui
River basin based on observation
2003 189 395.6 63 049.3 252 444.9 15 664.1 27 138.9 42 803.0
2004 269 987.0 101 046.7 371 033.7 38 334.0 40719.9 79 044.9
2005 1390 662.7 236 181.0 1626 843.7 30 621.2 93 448.0 124 069.2
2006 630 516.8 79 769.6 710 286.4 18 831.7 34 602.9 53434.1
2007 517 094.2 116 811.8 633 905.9 32 66.5 52285.4 555519
2008 494 320.4 126 465.5 620 785.9 38 205.1 67 757.7 105 962.9
2009 228 975.6 25537.8 254 513.4 11 456.7 14 721.8 26 178.5
CV% 77.8 62.1 74.3 61.0 56.3 50.6
3000 300
pr‘ “E
=< 2000 r < 200
< ~
2 2
1] 1000 mg 100
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Fig. 1 Changes of the annual total losses of total N and total P during 2003 to 2009 in Lianshui River basin
(1984—2009 )
(1978—1982 ) 11822t 3786t (1971—1983 ) 7.7%
(1983—1992 ) 664.7t 87.6¢t 28.5% 2003—2009
(1993—2003 ) 4764t 63.7 t 16.8% 67.9%
43.8% 51.0% ( )
28.3% 27.2%
2003—2009
(2
( )
1978—2003
1975 43.8% 2005
76.0% (151 2]
2000 1 300 1
~ 16001 —~ 240 |
S g
~ 1200 | — 180
] L
:H< 800 iﬁ 120 F
= 4001 # 60r
pic| pis)
> 0 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 O 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1978 1981 1984 1987 1990 1993 1996 1999 2002 1978 1981 1984 1987 1990 1993 1996 1999 2002

& 2

R

A

SRR 1978—2003 F S BB HRE RRH ST
Fig. 2 Changes of the annual total exports of total N and total P during 1978 to 2003 in Lianshui River basin based on SWAT model inversion
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Fig. 3 Contributions of climate and human factors to the total losses of N(A) and P(B) in Lianshui River basin
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Fig. 4 Partial dependency plots of extracted predictors of total N and total P export from human factors
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Long-term Changes of Nitrogen and Phosphorus Exports and
Their Affecting Factors in a Basin in Subtropical China

REN Sheng-ming'*?, CAO Long-xi', SUN Bo'"

(1 Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China; 2 University of Chinese Academy of
Sciences, Beijing 100049, China; 3 Office of the Mountain-River-Lake Development Committee of Jiangxi Province,
Nanchang 330046, China)

Abstract: The long-term changes of nutrition exports from 1978 to 2009 were studied by monitoring and SWAT model
inversion in the Lianshui River basin (579 km®) in the red soil hilly region with middle subtropical climate. The relative
influences of different climate and human factors on the nutrition exports were quantified by aggregated boosted trees (ABT) and
partial canonical correspondence analysis (PCCA). The monitoring results showed that the amounts of annual average total
nitrogen and phosphorus loss were 1.10 t/(km*a) and 0.12 t/(km*-a) during 2003 to 2009. The SWAT model inversion showed a
marked reduction of nutrient export with the long-term practices (forest restoration) of water and soil conservation in the basin
since 1983. The mean annual total nitrogen and phosphorus export were reduced by 43.8% and 51.0% respectively during the first
remediation period (1983—1990) in comparison with the pre-remediation period (1978—1982), and were reduced by 28.3% and
27.2% respectively in the second remediation period (1993—2002) in comparison with the first one. As a whole, the human
factors showed higher influence on the basin nutrition export than the climate factors. Human factors explained 48.7% and 38.9%
of the variation of total nitrogen and phosphorus exports, respectively, whereas climate factors explained 23.2% and 22.8%
respectively. The ABT analysis showed that the main important factors include population, fertilization, sparse woodland area,
land use index and vegetation index. Therefore, it is important to reduce nutrition export by changing the structure of land use,
besides controlling the population density and scientific and reasonable fertilization.

Key words: Subtropical China, Basin, N and P export, Influence factors, Aggregated boosted trees, Partial canonical

correspondence analysis
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