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Bivariate Statistical Model for Calculating Phosphorus Input Loads to the River

from Point and Nonpoint Sources
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Abstract: Based on the hydrological difference between the point source ( PS) and nonpoint source ( NPS) pollution processes and the
major influencing mechanism of in-stream retention processes a bivariate statistical model was developed for relating river phosphorus
load to river water flow rate and temperature. Using the calibrated and validated four model coefficients from in-stream monitoring data

monthly phosphorus input loads to the river from PS and NPS can be easily determined by the model. Compared to current hydrological
methods this model takes the in-stream retention process and the upstream inflow term into consideration; thus it improves the
knowledge on phosphorus pollution processes and can meet the requirements of both the district-based and watershed-based water
quality management patterns. Using this model total phosphorus ( TP) input load to the Changle River in Zhejiang Province was
calculated. Results indicated that annual total TP input load was (54. 6 +11.9) t*a”' in 20042009 with upstream water inflow PS
and NPS contributing to 5% +1% 12% +3% and 83% +3% respectively. The cumulative NPS TP input load during the high flow
periods (i. e.  June July August and September) in summer accounted for 50% +9% of the annual amount increasing the alga
blooming risk in downstream water bodies. Annual in-stream TP retention load was (4.5 +0.1) t*a”" and occupied 9% +2% of the
total input load. The cumulative in-stream TP retention load during the summer periods (i. e.  June-September) accounted for 55%
+2% of the annual amount indicating that in-stream retention function plays an important role in seasonal TP transport and
transformation processes. This bivariate statistical model only requires commonly available in-stream monitoring data (i. e.  river
phosphorus load water flow rate and temperature) with no requirement of special software knowledge; thus it offers researchers and
managers with a cost-effective tool for quantifying TP pollution processes in both district and watershed scales.

Key words: point source; nonpoint source; in-stream retention capacity; input load to river; bivariate statistical model; phosphorus

1 2012-06-19; 1 2012-07-31
: (41001120 ; * ” (2012BACI7B01) ;
(1979 ~) E-mail: chendj@ zju. edu. cn
E-mail: jlu@ zju. edu. cn



1~3
45
6~8
5
910
11 12 13
14 1
- ( 1

i (L,

kge ) (P kge 7).
(N kge 7). (U kgo )

(C; kge ])
15 16
8 L. 67
( ) L =(P,+N,+U -C)R, (1)
R, i ( )
) i kS SR |
S N B | lan
B G L |
: &ﬁ'#ﬁf\ ﬂgﬁf :a,mg;ﬁ:
b ‘[ t-ﬁﬁ I ] 1 T !
i LZLE N \
~ ~ 1 -
. Fig. 1 Conceptual diagram of nutrient input-output
14 balance in a river reach
N 1% ~
80% 6717

18 ~21

15 16

417 18



86 34
( 7
) (1)
prleEE L; = (A +BQ{ + U, - C) exp( - Dgit))  (4)
(4) 4 A.B.C.D
Pp= A Ni_BQiC (2) A
A.B. C ( ); 0, i B
(m’ss™") C
D
17 18 21 ~24 . 4
(4) 4 .
6 17
( ) U (4)
420~ (1) Microsoft Excel®
R, A. B. C. D
7
R, = exp( - Dq;t,) (3) (4) '
q; L (0)
( ) D ( )
n
0 0
S abs In(L) -In(A +BQ’ + U, - C) - Dqy,
Min( 0) = = (5)
n
2004-01 ~2009-12
2 4618
4 TP .
“ 7 ( GB 11893-89) .
418 TP TP
641 km’ 70. 5 km 40 ~70 m TP
11.8 m’es™' 2004 ~ ( R*=0.82"" n=72;
2009 °° ( N . . R*=0.86"" n =72)
18 21 25
. . R . )
43% £2% . T% +1% + 49% +3%
(25.7+1.1) ( ) 11 16
(1997 +124) tea™'. 200 x 10°
2.1 m’ea”’ TP <2.0t*a”".



1 87
2.2 TP
2004 ~ 2007 TP
TP . . (5) 182
A.B.C.D 2008 ~ (
2009 ) TP
1 TP 2 2
TP
R TP
>0.97""  Nash-Sutcliffe 7 >0.90 »
<10%. SWAT. AGNPS. HSPF . N
26
N Nash-Sutcliffe >0. 65
1 N TP TP
Table 1 Calibrated model coefficients annual TP input load to the river and in-stream TP retention load in the Changle River catchment
TP /tea”! TP
A B c D /tea™!
2004 29.1 1.7 4.7
2005 55.9 3.3 4.4
526.4 306. 1 1.01 0.67 2006 6.3 37.9 2.2 4.6
2007 53.0 3.1 4.5
2008 41.2 2.4 4.5
2009 56.4 3.4 4.4
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Fig. 2 Calibration and validation results of the bivariate statistical model for monthly river TP load in the Changle River catchment
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Fig. 4 Monthly average TP input loads from the point source nonpoint source and upstream inflow with

changing average river water flow rate in the Changle River catchment
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Fig. 5 Monthly average in-stream TP retention load with changing average river water temperature in the Changle River catchment
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