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Estimating Nutrients Delivery Ratios at the Subwatershed Scale
-A Case Study at the Bochung-A Watershed-
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ABSTRACT

The characteristics of delivered nutrient loads were analyzed and the regression equations to estimate delivery ratios of nutrients
(TN and TP) were developed using HSPF simulation results at six subwatersheds within the Bochung A unit watershed during
1998-2007. TN delivery ratio was higher than TP delivery ratio because significant amounts of TP was considered to be attached at
soil as PO4 during delivery process from discharged point of nutrient source to main stream. As a results of correlation analysis,
factors related to geomorphic characteristics had not statistical correlation with TN and TP delivery ratios. TN loading rate from
living and specific stream flow had statistical negative and positive correlation, respectively, with TN delivery ratio. TP loading rates
from all sources and from land cover and specific stream flow had statistical negative, negative and positive correlation, respectively.
The specific stream flow represents the most strong correlation with nutrient delivery ratios. The regression equations to estimate
delivery ratios for TN and TP were developed by including statistical correlated factors and showed high efficiency of 0.98 and
0.95 of coefficient of determination for TN and TP, respectively.
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Table 1 Land use at each subwatershed

Sub- . . Total area
¢
watershed| Urban | Paddy | Upland | Forest | Pasture | Barren | Water | ="\

A0l 4% | 15% | 10% | 70% | 0% | 0% | 2% 76.3
A2 3% | 17% | 9% | 68% | 1% | 1% | 1% 62.9
A0S 3% | 19% | 23% | 55% | 0% | 1% | 0% 13.7
A09 1% [13% | 6% | 5% | 0% | 2% | 1% 70.8
Al0 1% | 7% | 7% [ 8% | 0% | 1% | 0% 275
Ald 1% | 5% | 5% [ 8% | 0% | 0% | 0% 11.4

Table 2 Geomorphic characteristics by subwatersheds

Geomorphic factor AO1 AO2 AO5 AO09 A10 Al5
Area (km’) 769| 632 13.7] 7L0| 275 114
Basin length (km) 18.5 9.1 42| 106 8.9 4.7
Basin perimeter (km) 80.3| 68.0] 26.3| 76.6] 33.1| 204
Effective basin width (km) 4.1 6.9 3.3 6.7 3.1 2.4
Form factor 0.224| 0.756| 0.779] 0.629| 0.347| 0.521
Shape factor 1.874| 1.019| 1.004] 1.117| 1.503| 1.228
Unit shape factor 2.115| 1.150| 1.133| 1.260| 1.697| 1.386
Circularity ratio 0.150] 0.172| 0250 0.152| 0.315| 0.344
Elongation ratio 0.534] 0.982| 0996 0.895| 0.665| 0.814
Drainage density 0.0002| 0.0001| 0.0003| 0.0002| 0.0003| 0.0004
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H ROJANE of§sto] Folatailes AMdste] HlaEA Flow | A0l A02 A05 A9 A10 Al5

itk e84 (Delivery Ratio Duration Curve)2 duration) cms | mm | ems | mm | cms | mm | cms | mm | ems | mm | cms | mm

A7t Eoke] SepubElE] Hlosls 9The S TAlESH Q95 |1.75]1.97] 143] 196] 027 ] 1.70] 1.85 | 225] 0,59 1.85 | 0.25] L&Y
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Fig. 2 Flow duration curve by subwatersheds
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Table 4 Delivery nutrient loads for days flow exceeded
Load A01 A02 A0S A09 A10 Al15
0a
™ TP N TP N TP ™ TP ™N P ™N P
Q95 225.5 4.38 182.1 3.29 56.7 0.87 194.4 2.90 58.2 1.00 22.8 0.43
kgld Q185 106.5 1.80 85.4 1.29 21.7 0.41 87.9 1.14 27.0 0.42 10.8 0.20
Q275 49.1 0.96 385 0.67 10.9 0.24 42.2 0.58 13.7 0.26 5.5 0.11
Q355 21.3 0.45 16.5 0.30 4.3 0.11 19.8 0.28 6.6 0.13 2.7 0.05
Q95 2.95 0.057 2.89 0.052 4,14 0.064 2.74 0.041 2.12 0.036 2.00 0.038
kel Q185 1.40 0.024 1.36 0.020 2.02 0.030 1.24 0.016 0.98 0.015 0.95 0.018
g/d/km
Q275 0.64 0.013 0.61 0.011 0.80 0.018 0.60 0.008 0.50 0.009 0.48 0.010
Q355 0.28 0.006 0.26 0.005 0.31 0.008 0.28 0.004 0.24 0.005 0.24 0.004
Lt Rale fERM SOl SRS 22 Fig, 33} Table 49% 2t} 3
a7 TN, TPl tieh Felaely} fadgsd 3 ARslke] Heol= TN, TP &% BF A01A 7H &=
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Table 5 Delivery ratio duration for days flow exceeded

Flow
duration

A0l

AO2

A0S

A09

AlO

AlS

TN

TP

TN

TP

TN

TP

TN

TP

TN

TP

TN | TP

Q%

0.48

0.10

041

0.08

0.43

0.07

0.49

0.08
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0.11

0.57]0.15
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0.04
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0.04
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0.06

0.27]0.08
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0.17]0.05
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0.06

0.01

0.05

0.01

0.06

0.01

0.07

0.01

0.06

0.01

0.07]0.02

Table 6 Discharged nutrient loads from each subwatershed
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Table 7 Correlation analysis between factors of watershed

characteristics and delivery ratios

) TN TP
Geomorphic Factor
Q95 Q185 Q275 Q355 Q9% Q185 Q275 Q355
Area (km) -0.246 -0.484 -0.505 -0.223 -0.420 -0.315 -0.663 -0.543
Basin length (km) -0.058 -0.179 -0.200 -0.163 -0.138 0.003 -0.432 -0.440
Basin perimeter (km) -0.258 -0.481 -0.529 -0.214 -0.459 -0.350 -0.702 -0.549
Effective basin width (km) -0.459 -0.699 -0.711 -0.307 -0.616 -0.612 -0.676 -0.507
Form factor -0.404 -0.243 -0.434 -0.177 -0.494 -0.608 -0.308 -0.048
Shape factor 0.255 0.222 0.292 0.028 0.332 0.453 0.105 -0.091
Unit shape factor 0.255 0.222 0.292 0.027 0.333 0.453 0.105 -0.091
Circularity ratio 0.437 0.505 0.701 0.291 0.694 0.592 0.898+ 0.651
Elongation ratio -0.355 -0.236 -0.390 -0.126 -0.444 -0.560 -0.246 -0.001
Drainage density 0.577 0.759 0.820% 0.389 0.740 0.703 0.814* 0.694
*, Correlation is significant at the 0.05 level (2-tailed).
=, Correlation is significant at the 0.01 level (2-tailed).
Table 8 Correlation analysis between factors of pollutant loads and delivery ratios
™ TP
Source
Q95 Q185 Q275 Q355 Q95 Q185 Q275 Q355
All sources -0.392 -0.473 -0.590 -0.530 -0.496 -0.527 -0.744 -0.742
Living -0.446 -0.596 -0.644 -0.560 -0.587 -0.639 -0.769 -0.817x
Loads from
Livestock -0.471 -0.379 -0.627 -0.607 -0.551 -0.621 -0.784 -0.792
Land -0.327 -0.492 -0.534 -0.472 -0.425 -0.414 -0.666 -0.662
All sources -0.754 -0.288 -0.778 -0.582 -0.858+ -0.914+ -0.787 -0.812+
) Living -0.880+ -0.542 -0.879+ -0.671 -0.807 -0.882+ -0.339 -0.548
Loading rates from -
Livestock -0.677 -0.199 -0.727 -0.531 -0.856 -0.878 -0.630 -0.699
Land -0.802 -0.327 -0.718 -0.604 -0.935%+ -0.905+% -0.753 -0.893+

*, Correlation is significant at the 0.05 level (2-tailed).
=, Correlation is significant at the 0.01 level (2-tailed).
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Table 9 Correlation analysis between hydrological factors

and delivery ratios

Hydrological factor N TP
Stream flow (cms) 0.441% 0.594
Specific stream flow (mm) 0.879x 0971

#, Correlation is significant at the 0.05 level (2-tailed).
#*, Correlation is significant at the 0.01 level (2-tailed).
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Fig. 5 1:1 scatter plots of estimated delivery ratios (DR) between regression method and model simulation

& APgAoIA HlRe ZIAA SR Qo & dtollA
K S AN 4
o F QA BE ROSE 5 % Wl S vehfiglen,
Blpgol wolotE 1 % oulollM shlRRit &2 s

Ryl AT v
Yolle F5oke, EARSRE, Hlaol ARH .

DRyy=a « Fi « LD} ;.. * Q° (1)
DRpp=a » Fi - LD%yy ¢ LDgand * @ 2

o7|A, DRy, DRrei= ZH2F TN, TP §9€, Foe 459
Y%, LDrow, LDLand LDy 22 H6HE, EAIARS)
&, AgARSkE, Qe BlTES YvlskH, a, b, ¢, d

Zo|tt.

SAZE I SPSSE ]85}
AS 93t Al4= Table 103 Zom, 2 A-toflA] 7HE
3| A4S o gsto] ASH fEEt mEo o) 4t
Alto] 1:1 #4H=E Fig. 59F Zth 21 A 3] 4of &s)
A&E e wdo] o d5H e 4%
ojAke] Zhe YERfiglen, 1:1 gRelofl= wils| = Aoz

34

Table 10 Regression coefficients for estimating TN and TP
delivery ratios and coefficient of determination

Coefficient a b c d e R
TN 0.094 -0.849 - -0.247 | 0.366 0.98
TP 0.011 -0.615 | -0.462 | -0.513 | 0.460 0.95
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