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Fig.1 Location diagram of Cao’e river system
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Table 1 Status of land use area, livestock and agricultural population in Cao’e river basin in 2005-2010
Ak TR HEIH AR
Efy Agricultural land/10*hm? Livestock and poultry/10* REAE
Year b [7e] by b Kk b ES K& Agricultural population/10*
Cultivated land Garden plot Forest land Big livestock Pig Sheep Poultry

2005 10.26 4.41 6.66 2.08 197.20 28.13 3040.13 231.24
2006 10.26 4.53 5.53 2.02 189.68 30.17 2680.49 227.23
2007 10.28 4.51 5.93 2.07 152.25 30.46 1509.39 229.39
2008 9.43 4.48 5.38 2.01 192.65 27.31 2123.11 219.15
2009 7.87 4.43 6.86 1.69 207.86 23.21 2252.93 221.17
2010 9.33 4.61 8.72 1.61 226.89 24.04 2289.71 222.37

F2 BEHIIRBRIVIERFERBAEAE LR

Table 2 Export coefficients of agricultural non-point sources nitrogen and phosphorus loads in Cao’e river basin

i H Hi [re] H 7SN KEE b4 * X8 Vi NUNE!
Ii\ Cultivated land/ Garden glot/ Forest land/ Big livestock/ Pig/ Sheep/ Poultry/ Agricultural population/
e (kghm™a™) (kghm®ah)  (kghm®ah)  (kgtl'a')  (kgfl'ah)  (kgHlah)  (kgtl'al) (kg A2
TN 21.96 12.34 6.55 13.00 0.96 0.49 0.06 1.95
TP 3.58 0.98 0.18 1.55 0.26 0.07 0.02 0.22
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Table 3  Pollutant producing coefficients of nitrogen and phosphorus in Cao’e river basin in 2005-2010
e MK TN Wi L A7 S NEE S f Y sh WG R

i - ?a 1.1, iyn teisny/ Conc?ntraﬁon of TN  Load value at thﬁ exit of basin/ Total amount of pollutant M/ Pollutant p.roducing

Year (mm-a) in ralnfalll/ (ta’) (ta’) coefficient
(mg'L™") TN N TP N TP

2005 1312.99 2.37 7 547.29 547.02 27952.96 2103.92 0.27 0.26

2006 1080.35 2.48 5564.68 400.71 25294.09 2003.26 0.22 0.20

2007 1375.60 3.38 11362.17 592.53 34 494.54 1 678.69 0.33 0.35

2008 1255.90 3.00 7563.78 447.85 30243.14 1 849.10 0.25 0.24

2009 1469.01 2.61 11939.24 731.52 30 536.25 1857.55 0.39 0.39

2010 1475.43 2.36 11 602.50 789.75 29 402.72 1973.74 0.39 0.40

VE: WK TNREE: BRIV TP S5 SR, MARRRGET K TP IRIE: F5 3B M: 4 2005—2010 SFE4XTTGETHES I AR 1 5,

I n Q) IR R S R M.

Note: Concentration of TN in rainfall: The concentration of TP in rainfall is low, so this table has not the statistics; Total amount of pollutant (M): Data in table 1 is
obtained by Shaoxing Statistic Year Book in 2005—2010, and the total amount of pollutant in Cao'e river basin (M) is calculated by the formula (3).
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Fig.2 Relationship between TN, TP pollutant producing coefficient and annual rainfall intensity
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Table 4 Status of land use area, livestock and agricultural population in Cao'e river basin in 2011-2012

AR H TR GE R L
N i VIR . 4 RAAH
A Agricultural land/10" hm Livestock and poultry/10™ - Acri .
~ — gricultural population
Year Pk EO Tt BN W E2 & o
Cultivated land Garden plot Forest land Big livestock Pig Sheep Poultry
2011 9.36 4.45 9.30 1.73 236.82 24.36 222522 219.77
2012 9.19 4.47 21.28 1.35 238.48 23.71 2150.20 220.02
F5 HEEUSE SR
Table 5 Model accuracy analysis

M 7K TN e ™ TP

iy  Wmm KNI _ M _ _ TP
Rainfall intensity/ OIIC.CI'1 rg on o SE A FEAUE FHX R 22 SIME FEAE HE 22
Year (mm-a™) TN in ralﬁfa“/ Measured value/ simulated Relative Measured value/ simulated Relative error%
(mg'L™) (t~a'1) value/(t'a‘l) error% (t~a'l) value/(t'a‘l) °

2011 1236.37 2.25 7 848.67 7 152.61 -8.87 456.46 523.66 14.72
2012 1 884.00 1.35 16 111.70 19 723.11 22.41 1387.10 1791.73 29.17

e AR TP S BA%, AR KRG MK TP IKE.
Note: The concentration of TP in rainfall is low, so this table has not the statistics.
3 FukHH AREARE YR A

AR SC A S 1) st At R BB B 2005 —2010
TEHIRIT IR CNEE R ) ARl G iR A
BRI AR E U L ey i, RS R 6

A T 7o RIBERT TP R ERLR, ASCA BB IR it
TP it A iy s RS o
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Table6 Estimated export loads for agricultural pollution sources TN in Cao’e river basin in 2005-2010

ta
Al i Agricultural land 7 B Livestock and poultry .
7N = o A ST S5
f'(zeTaﬂr Cuﬁﬁf‘ted Gggn ijit ) j('%ﬁ jﬁ * E Rurafjesi(;fms anﬂfjall "Flotjl—l
land plot land Big livestock Pig Sheep Poultry
2005 705.24 170.34 136.54 84.64 592.56 43.14 570.95 1411.42 5034.70 8 749.55
2006 486.05 120.59 78.14 56.65 392.82 31.89 346.95 955.88 2987.62 5456.60
2007 781.07 192.56 134.39 93.11 505.70 51.64 313.34 1 547.65 831532 11934.77
2008 591.60 157.94 100.67 74.65 528.36 38.23 363.92 1 220.85 5563.79 8 640.01
2009 694.35 219.63 180.52 88.27 801.70 45.69 543.09 1732.74 7 962.39 12 268.38
2010 831.66 23091 231.84 84.96 884.14 47.81 557.65 1760.12 7305.83 11934.93
7 EHITIRE 2005—2010 FE R FHIFE TP fHith S b HIE
Table 7 Estimated export loads for agricultural pollution sources TP in Cao’e river basin in 2005-2010
ta’
_— Al L Agricultural land B JRIH Livestock and poultry KRR y
Year B bel st it PN L F e Rural residents Total
Cultivated land Garden plot Forest land Big livestock Pig Sheep Poultry

2005 112.16 13.20 3.66 9.85 156.57 6.01 185.67 155.35 642.47
2006 72.09 8.71 1.95 6.15 96.80 4.15 105.22 98.12 393.19
2007 126.58 15.20 3.67 11.04 136.15 7.33 103.83 173.57 577.38
2008 92.49 12.03 2.65 8.54 137.23 5.24 116.34 132.09 506.61
2009 115.72 17.83 5.07 10.76 221.98 6.67 185.07 199.86 762.97
2010 138.88 18.78 6.53 10.38 245.28 7.00 190.40 203.41 820.65

T ARRAAG L1 TP it G

Note: Export load for rainfall TP is not estimated in this table.

XFLEE 6 Fg 7 s v LU, 2005—2010 4
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Fig.3 Contribution rates to TN, TP from various agricultural pollution sources in Cao’e river basin in 2005 — 2010
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Abstract: In order to study the output loads of TN (total nitrogen) and TP (total phosphorus) from agricultural non-point
sources in Cao'e River basin in Shaoxing, an improved export coefficient model for TN and TP was firstly established.
According to the theory of black box, the TN and TP from rainfall and agricultural pollution sources were respectively
integrated to the total amount of pollutant in this model, and the output intensity of TN and TP in the transportation process
was taken into account for the pollutant producing coefficient for the basin, which reflected the effects on the output of TN and
TP due to the various losses during the process of rainfall runoff and pollutant transport. After that, the total output loads of TN
and TP from agricultural non-point sources during 2005-2010 were estimated using this improved export coefficient model, in
which the basic data were obtained from Shaoxing Statistical Yearbook. When the values predicated by the model were
compared with those measured by the experiments, the authors found that the total output loads of TN and TP from agricultural
non-point sources during 2005-2010 were greatly influenced by rainfall. The total output loads of TN and TP had a positive
exponential relationship with the annual rainfall intensity, and therefore a new improved export coefficient model for TN and
TP based on rainfall intensity was also established. Finally, this new model was applied to estimate the output loads of TN and
TP from various agricultural pollution sources in Cao'e River basin. The estimation results showed that the total output loads of
TN were annually far greater than that of TP from agricultural non-point sources during 2005-2010, and the maximum was up
to 20.67 times, but with the influence of annual rainfall intensity, they presented uneven temporal distribution during
2005-2010, and the annual total output loads of TN ranged from 5456.60 to 12268.38 t and those of TP ranged from 393.19 to
820.65 t. In those years, when the rainfall intensity was small, the total output loads of TN and TP were both relatively low,
and the contributions of rainfall to output loads of TN were up to 54.75%-69.67%, indicating that rainfall had become a key
pollution source for TN output in Cao'e River basin. In addition, the results also showed that the order for the contributions of
various agricultural pollution sources to output loads of TN from high to low was as follows: rural residents, livestock and
poultry, and agricultural land. As a result of shortage of environmental infrastructure in rural area, deficiency of life sewage
collection pipe, discharging the polluted water into river directly, and letting off waste randomly, rural life became primary
agricultural pollution source to the output of TN in Cao'e River basin. However, the contributions of various agricultural
pollution sources to output loads of TP decreased in the order of livestock and poultry, rural residents and agricultural land,
and the contributions to output loads of TP from livestock and poultry (44.75%-55.74%) were significantly greater than that
from rural residents in Cao'e River basin, showing that the problem of fecal pollution should be paid enough attention with the
rapid development of livestock and poultry breeding industry. In comparison, the contributions to output loads of TN and TP
from agricultural land were smaller, but the output loads of TN and TP from cultivated land were annually greater than that
from garden plot and forest land. Therefore, it was necessary to further control the excessive fertilization in agricultural land to
reduce the loss of nitrogen and phosphorus. The improved export coefficient model for TN and TP in this paper had certain
applicability in Zhejiang area, however, in order to further improve the accuracy of the model, it was still necessary to
strengthen the monitoring of regional rainfall runoff and the study on the uncertainty of model parameters in the future.

Key words: models; nitrogen; phosphorus; export coefficient model; annual rainfall intensity; Cao’e river basin; pollutant
producing coefficient
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