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Development of Ridge Regression Model of Pollutant Load Using Runoff Weighted Value Based
on Distributed Curve-Number
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Abstract

The purpose of this study was to develop a ridge regression (RR) model to estimate BOD and TP load using runoff weighted value. The concept of runoff
weighted value, based on distributed curve-number (CN), was introduced to reflect the impact of land covers on runoff. The estimated runoff depths by
distributed CN were closer to the observed values than those by area weighted mean CN. The RR is a technique used when the data suffers from
multicollinearity. The RR model was developed for five flow duration intervals with the independent variables of daily runoff discharge of seven land
covers and dependent variables of daily pollutant load. The RR model was applied to Heuk river watershed, a subwatershed of the Han river watershed.
The variance inflation factors of the RR model decreased to the value less than 10. The RR model showed a good performance with Nash-Sutcliffe
efficiency (NSE) of 0.73 and 0.87, and Pearson correlation coefficient of 0.88 and 0.93 for BOD and TP, respectively. The results suggest that the
methods used in the study can be applied to estimate pollutant load of different land cover watersheds using limited data.
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%@‘%@ﬂﬂd%—’%ﬁ— A 9 422 EA o] 485k A=A
Shih and Gervin (1980)-2 t]=+ Okeechobee & 4=219] Landsat
ZAP| 53 3] AL 0] 8519t o8l 7] Venice Lagoon
57 ER)o] Qlo1x) BeEC] AR TKsAe] dhste]
583 HEA o] o] &% Q) (Bianchi et al., 2003). 7T}
Moisie 7+0] 2 |55t Hl 53 AR P v A
& o| 25| ¢lc} (Ahmadi-Nedushan et al., 2007). Wang and
Xu (2008)+= T HEAIA]S 0]-8-3}0] u|= Pontchartrain &
of rvishs djZaly] gl HReANLBS AUtk
IE3E Lima and Lall (2010)2 714 533 HLEH S o]&
3lo] Bald SEubd AR E A7) 93 9 1d-9-=F
A 5= BT S0l A Seong (1988)2 A4 2] T4
WIER A0 $HYTEE olgelo] SHITRBS 7
Hoteiek. A, MO R S B AR F L B
A EA0] A 85 AR WA ke Aol

E3} B uES naat aF A AR A Isik et al.
(2013)0] N} QIEAIAH-E ol 4510] B2 wlslo] u}
E Uy §Zak2 1 oJ519It) Moon et al. (2014)3} Deshmukh
etal. 2013)2 CNE EX| T2 HA 7o UL £
A0 T ONE 7)ol B RS APF T} 9]
t}. Shin et al. (2001)- 1=, & W Abx| o A A5 A5F L 4=
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o CN 7[Et EX|n=E RE7ISXIE 0188 ¥l SsH=Y 71

AT

AARE thsg] AR ol §Egsto] deteIE APg ko] Har 201.4 mojm, HF7Al= 27°0]ch A7 9] EX|o]§3
SHATh Leju oFA AEtt HEe2 Y tHiE ONS AFY BE HH AFH0] 75.9 %R 7 Ble= AFA|ehH, =83
glo] o] &5lA, Ut EA T thgt ASARE o835} %, & 6.9 %, =41 3.5 %, 50|t} (Table 1).
A7) 2ol = EA| =] thet ke myol A8 4
U= AE 20l Qi o]0 7t EX Y {5545 A 2, A=
Yo A 29 dago] ties 3l B ATl e Aris 4, 9 A EATEE
2 Ao A= Y CNS o] 86t0] EXuEE &5 ol ok =570 zp7o|th A7 227 7]7k-2007E 19 1Y
32 W 5 e RrET A A RS S AL o HE 20143 12931 27k 0]t}. 2007 A€ 2011 72 €]
£ ol8sto] LPFFS d5T & Sl TR ARF S SU7E ARl 0 9HslE nES urm g AL o,
ZNeaLa et 201295E] 2014W 744 ©] 3W7F A} R 13 0] o) & AT S
As skt &= 8l
g7l = iR 2RRVolA Algsle AARE 28519
[l. XHE 2 " th 2, G5 BT = 23 A EAAHE] (http:/water.nier.go.
| otmoo kr), EX| T E = 337 B AH|A (https://egis.me.go.kr),
serTma ZeA7E 714 (http://kma.go kr)ol| A Al Z-Ech ==}
AT SR A L AT A AlE fiRE e 78U A9 BOD W TP skeAlmo|th At U4t
A 5 A W =3 A (E 127° 311 55.39", N 37° 27 1 AbmolH, ZFeAtze AR - 9o Hﬂﬂ A=8
37.69") Dol olch S (A 29)& 871 %= B & 7N HE5AH Y] At X}EO]EP-
H A2 o]l 1213 A% (EL. 791 m)ojlA] E-elsto] F3t EXEE W EYLE] Fe E=30m x 30 m, 53
7 25l etk AR BEX9 S Wl A9 ¢l = 1:5,0009] raster (grid) ZHo|t}y. EA| T HEE= 770 5
o EAIS} EA] o2 AP A %] wEA ot} (Fig. 1). & 420] A U], 2], A, = W0 2 Tlo] 9131, ok
T 0] WAL 314.0 km®, BPHAS 42.9 km, BT L BEXA 55971 g2 23slal 9
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Fig. 1 Location of study area

Table 1 Land cover of study area

Land cover Water Urban Bare Pasture Forest Paddy Upland Total
Area (sz) 8.32 10.87 7.10 1.36 238,39 25,99 21,99 314,03
Percentage (%) 2.7 35 2.3 0.4 75.9 8.3 7.0 100.0
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71 CrElH=gn s¥6eHE Y

A S8R <2EA (flow duration curve, FDC)S 571 -
7ho & JLR5lo] - 7P BOD W TPe] ol 0 5k 4]
(Dt o] tha3] ARy o2 FASHTE

L =8, +[7)1 Q+BQ+B %+ +5,G

(Z = 172737 7p) (1)

71X Bi= BHAST, Le LBFE, Q= BEATE
H Ad/EE, pe EATESFY S vEide, 3%
ofl AH-5] RS Table 29} 2k
o174 SFIAG EA sl o] Bl o 0 ¢Ra}o
3-8 )27 who] 00] ol 202 FPgalsic. EA|mE
AR 2L BT Ruv} B3tslo] A2AR 70|
= 7] w]&o]| SCS (soil conservation service) ] CN2- 7|5t
=3

lo 2 o&

3 EX|u] B G713 (runoff weighted value) 7]
& EQJslo] APgaleich 0 Jake 87 BEe 4
FE ArcGIS 10.1 (ESRI, 2012)°f|4 A 2|7} (inverse
distance weight)-& £33 AP35}t

T3] A5 9] Al AHAG= A (Q)E ol8st=H, thes
AAJo] AT A9 3E X X= Eo]3) Y (singular matrix)
o] &7] ufj<zo Q%’%ﬂl"\“ ECHYR AE 23t v
FAAS TSk upH 0 2 2] (3)1) o] Zh =W o] B

AFBALZ) 4= (variance inflation factor, VIF)E- o|-&3}=1]| o]
ZFo B AL (residual variance) Q) 94~ 7F2- oJu|gich

nﬁ

rr rf

f=(X"X) "' X7y )
VIF =L 3)
Y1-R?
VA SO $4 R ol
U2 S¢HeEe §FH AA DL AAA o|ghch
k0.5 VIF > 10017 41218) chg-3-H410] EAfele 2

O 7 it olof thg3Al/d £ AIE sl 25t $1al Hoerl
and Kennard (1970)-2 53 325 2] 4] (4)& A otelSich

Table 2 Summery of variable names

olrf 2AAIT 4 (2)= A (5) 2 +H = Ak

L=qtqQ+ep+ea+..+q 0

(i=1,2,3, -.p) 4)
=(XTX+kD" Xy (k=>0) 5)
7| A, g= 5B IAAS, k= SFuiA S, 1=

o[tk 53| P2 tha3] AR ol v]ste] 2] (biased)
wo] Qlott BARS Fof oMY E I|HASE A= EAS %
=t 5322 S BAATAH(MSE) 7} oh2] ] 2 3
O] Bt ARF AT 2| H =S kg AEsh= Zlo] T4
St 2 Ao A 2] k= 4] (6) ) 22 Horel et al. (1975)0]
AAE “J‘%'J = °] &3tk

S
A
)

k== (6)

)
=

SI7VA, pi EATIRER) A ot wH O AL error

variance of model)©]] T gt BH37%F (unbiased estimator)

olc}.
T}53] 8L B ARR- & 73 Q] SPSS ver. 19 (IBM
Corp., 2010)& 0|83, 53] FEA2 FAZETH

¢l R (The R Foundation, 2016)-% o]-8-5}3]th

Lt RER|IESM0} Sopx|E=M

FEAETALE o Fige 26h= Eo A% e
L SEE R REP LTS
(percent of day flow exceeded)-2 2] (7)1} Zro] YeERATH
(Vogel and Fenessey, 1994).

- Or—g:co

A FE2HE (%) = I;;ﬁ 100 o
=27 AT

A7NA, FrEgetie —‘—LL—,—;— o ZHE| o] YARjLe0] &

915 UERiiT. 2 o) A 4L 57 P70 2
TEokel=dl, o OZZ%QO %, <40 %, <60 %, <90 %

Daily pollutant load Daily runoff discharge
Constituent
BOD TP Water Urban Bare Pasture Forest Paddy Upland
Variable name LBOD Lrp 07 02 03 04 05 06 07
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2 <100 %9] 77+ 22} high flow, moist condition, mid-
range flow, dry condition ¥ low flow2}al gt} (Cleland,
2002).

H35}R| 424 (load duration curve)-2 B3R =2 31} -G5FX]
453409) .02 e, vl © @S A
Sh= b FopR| &A1 o] 8-3ItH (US EPA, 2007). £-5}4]
S3498 0 dE70) o 8al5e L e, ool e
/\xlqu_g ,LE:]ﬁ- 2 OlJ:_ xL;Ho] 1;1r uxlﬂ O}aho] —ro}

A& AFBIBHE 49 5183518 Zakgicka shasic

%7 %xl xX‘l
4 N AR BEXHEE dRE7HEA
2 UG ETS ARG SCS 9] S 418 A1 (8)TH(9)

§==Fy 254 (®)
_ (P—028)?
1= "pro08s (P>025) ©)
qg=0 (P =0.29
o714 P= 795, S AR, ¢ = A=,
CNE& FE| G5 AATTF AP 8% (MLTM, 2012)0]| 4]

AIAIZECNZL

Forest Forest Forest Upland ‘Water

Forest , Upland / Upland Water Water

Land cover (i)

Water

Hydrologic soil
group

Distributed
CN value 86 85 82 /100 /100

.
e o
‘e 79 /719

-30m—

79 100

Fig. 2 Schematic for distributed CN value of grid associated with
land cover and hydrologic soil group
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AL A= ArcGIS 10.1 (ESRI, 2012)& o] 83l0] &
XM S 7R BEalal, EOFE S SREkA Bkl 47)(A,
B,C Y D)& B535}l 30 m x 30 m 18] = (grid) 9] BE£3
ONS APgaheleh. BEY ONO| EX|u|5 Gl 5ek s
A= ¢ A (8)TH(9)E 22 A (10) 2 (1) o]
Sgatol AP

"y 25400

S, =), — 254) 10
h;l C‘/v]lh, ( )

_ (B—029)° ( ) .
%“= "pross L 7025 an
7] A hiz X9 & o] g5z CNo| S 12| =9
N5 Hepdch (Fig. 2). A1 (10)o4 A A3 135 e
7 (antecedent soil moisture condition)©] TF= 7 2-0fl=CNy

= FAto] ARgEIT
EXYEE dG27A (W)= & dh=2l e &4
EXEE AdGE9 v=2 4 (12)9 2t

q+5
A (12)
E(QPLS?)
1=1
A (1) 2] EX| 9] &5 OE!%%%*(QI)%Q (13)3} 2ol &4
w58 2627k Ale foluTe] 4B (09 Bo
Aol
Q=W xQ (13)

2l 23 Hrt

& B7ksh7] flske] A (14)~(16)2F o] Nash and
Sutcliffe (1970)7} Aokt G- (Nash-Sutcliffe efficiency,
NSE), Pearson A}34#|4> (Pearson correlation coefficient, r)
9 RMSE (root mean square error)-2 ©]-8-5}ith

(¥ —y)?
NSE=1-———1 (14)
E(Yivbs Ymmm)
i=1
2(C=C)ly,—y)
y=—F—= - (15)
2}1(% y 1q__)2



(16)

o714, Y ) G A2 o) AR, Y B G Al
=35 v d gy = oSk

v, 2 dl|Zgro] WL ojnjgtt}. NSE9}r= 19| 77kess
=, RMSEL 2848 12317} ko] 717 Hlo] 2
9] e it Ao & wgith

LE+08 LE+06

—FDC (m¥day)
=LDC (kg/day) LE+05
{ BOD Load (kg/day)
LE+07
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4 LE+02
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=
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Flow duration interval (%)
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Fig. 3 Flow and load duration curves for study area

K] GRS RAL RoA% T4 D A% 0 QRIS Lhet
UW Fig. 33} 2e}, S A]4342.0.02~60.8 B2k m*/day 2]
4912 high flow 771014 asiabrl A Uehgt), ot
9ol Y#|5t 54 A 2] HFx2-2BOD7}10.8 mg/L, TP7}
0.025 mg/Lo|u, BN 5144241 0] Wol= BOD7} 159~
48,679.1 kg/day, TP7}-0.5~1,521.2 kg/day = LE}ITE

Bl 0gIRelep] sl g sle 2t Ao WL Table
33} 2ok B18ele Wi Bt 278 BOD7}52 %,
TP7150 %2 B35 Lhebgteh. Bk 2 frpA) 4ol A
9] Z o} 2382 BOD+ moist flowo]| 4] 65 %, TP+= high
flowol| Al 89 %= YEG O, 24 21-8-2BODL}TP &
= dry conditionof| A] 40 %2} 34 % 2 LElyiT) 0]9} Zo)
BODS}TP F-3hefe] 7hd Zvhgro] ALfaf -4kofl A 3L
A Aol A BA ehd A8 d-R-o] Bl @4
of &Jsto] ZA| FaFE W= 2 o] gt (NEDP, 2003; US
EPA, 2007).

2. 233 CN

AT

EXu 5, R EYHE AP BE P CNe 4
I}=Table 42} 2t} g E 5]
I, 2 B (HSG)S 470 &5, 5 A 287) a2
B AEsI o, AfeolA 42 Et D= 246
A oot F 2170 02 Uehth 2o B 5 AV
32.8%, B7}62.2 %, C7}5.0 %2 B7} 71 =2 v 8-S LE}
Wit 2170 325 5 AF O] =814 EQFEB7H49.5 %E 7t
A=A e AL, 2] 9] 4=25H B C7H0.1 % & 71
A Lebsth

2 AFA oA WA 7FEEa CN 2 2323 CNS o]
SHREae AE 2019 WAI=Fig. 491 ) dubd o=
FEAG7F0.65 o1l A B2 3 S w4
© 2 hsheh (Moriasi et al., 2007). 323 CN2}F H 2]
Bt CN9| §&744= (NSE)= 212} 0.803} 0.61 2, F32
CNof| oJgt g Zgko] Akl o] 7MA Hdshe 2o s
EpyiT}

o
[¢)

—

m

T

Table 3 Number and rate of data exceeding allowable load for flow duration interval

Target concentration Flow duration interval
Constituent Total
(mg/L). High flow | Moist condition | Mid—range flow | Dry condition Low flow
93 376 177 221 89 956
BOD 0.8 (5117 (64.9)° (53.0)° (40.38 (48.9)° (52.4)°
161 339 145 187 79 911
™ 0.025 (88.5)° (58.5)° (43,47 (34,1 (43 4y (49,9

*The values in parenthesis indicate percentage.
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Table 4 Distributed curve number and number of grids for land cover and hydrologic soil group

Land cover Water Urban Bare Pasture Forest Paddy Upland Percentage (%)
HSGaA CN° 100 89 77 30 56 79 63
(7.6-11.4° | Number of arigs| 3403 3,938 2,901 535 83,761 10,639 9,369 32.8
o 9 (1.0 . (0.8) (0.2° (24.0° (3.0 (277
P CN° 100 92 86 58 75 79 74
(3876 | Number of arids| 3%V 7.015 4176 792 172,777 15,326 12,962 62.2
o 9 R)x (2.0 (1.2 (02° | (95° | (4.4F (37
GG CN° 100 94 a1 71 86 79 82
(13-38° | Number of arids | 9% 1,127 807 186 8,339 2,913 2,107 5.0
o o (0.6) (0.3)° (0.2)° (0.1)° (2.4 (0.8) (0.6)
HSGeD CN° 100 95 94 78 a1 79 85
0 0 0 0 0 0 0 0.0
(0.0-1.3° i
Number of grids | o or | 00F | (0.0°F | (00F | (00F | (00F | (0.0F
. 9,247 12,080 7,884 1513 264,877 | 28,878 24,438
Total number of grids 27)c 3.5y (2.3 (0.4° (75.9)° (8.3)° (7.08° 100.0

®The values in parenthesis indicate range of infiltration rate
®Condition of CN is AMCII (P)0.2S)
“The values in parenthesis indicate percentage

® Obseryed
A Area weighted mean o]
O Distributed (this study)

150

Observed
100

g Distributed
. NSE=0.80

Depth of runoft (mm)

50

’J
O

Area weighted mean

NSE=0.61
0
0 50 100 150 200 250
Precipitation (mm)

Fig. 4 Comparison of area weighted mean CN and distributed CN
for depth of runoff

3. REXI&FZ EX|LI=0 OHE REISXKI

Table 5= -FgAIET Y EA| 0] Hof| wh2 F-&7 2] 9
gk} #9), S-A ) Zhofl that 9] (rank) 2 LERc. of
71N B EAE G A4 Sl det BxmlE &
SO B E YehH, S-AZEE A ) A At
ol 5 ozt

high flow 1719] 553 §:57157]2] e9l= A1, W,
= Al o %X, UA] &0 2 UERT O ™, moist condition
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o|ake] 47 ko] =9l =AM, W, =, 24, UK, B4, =Y
£0 7 I ZHA| UERdth E3E moist condition |32 4
ey 01]/\1% EXuEE f27FA] =971 S-A 2] =919t
BA ettt o]= o] E1tol| A o) fETFo] AT
EXuEE HA o] A FFF7| tjit o & A7tk

4, =S

270 A4 (normality) S B al7] 93] Ex|ulEd
U5 (0) W BODE} TP UHS1F (Lpop, Lip)& AR
71 (natural logarithm) Zto 2 W35ty on, o509 AAS
U532 g A= Table 63 2k ZF A&7
BOD Y TP H35}& of|&2 ¢t 3] AR F-2 high flow?}
moisture condition A= B E EYHLS ALESPHA T G
O (p<0.001)°] A= Ao, ThE A= 549 =

HHPE A AR Fof] H] 24 f-o)/do] A= 3ick

3, %Q:HNOHHJ A= AR = Table

73} ek tEE 10 o)Ake] ZHE Ho] AZk3t thEa A A o]
ZAsh= A0 = Lpehh.
olo] 4] (4)5 o183} FHBFIEAL AAJslGOH of

a

ofl 2J%t 5% 3] 7|23 2] A3h= Table 83} 2t} E3H 53 3]
FollA el d-EFe] EAPYAA| == Table 99F Lt &
100]3}9] gk Hof thg3Ad o] EA7E s slos
LRt

Table 89] §-24|47718 53 8752 0] 8510] 2012
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Table 5 Runoff weighted values for land cover and flow duration interval

Flow duration interval Water Urban Bare Pasture Forest Paddy Upland Total
Weighted 0.026 0.027 0.016 0.024 0.791 0.055 0.061
i (0.000 (0.000 (0.002 (0.002 (0.567 (0.005 (0.025 1.000
High flow | value ~0.136)° -0.102)° -0.043)° -0.043)° -0.879)° -0.118)° -0.071)°
Rank 5 4 7 6 1 3 2 -
Weighted 0.003 0.008 0.010 0.016 0.846 0.048 0.069
Moist value (0.000 (0.002 (0.003 (0.006 (0.572 (0.019 (0.033 1.000
condition -0.130)° -0.104) -0.041) -0.057)° -0.878)° -0.106) -0.071)°
Rank 7 6 5 4 1 3 2 -
Weighted 0.000 0.007 0.011 0.014 0.847 0.050 0.07
Mid range value (0.000 (0.005 (0.005 (0.013 (0.834 (0.019 (0.057 1.000
flow -0.018)° -0.015) -0.011)? -0.033)° -0.860)° -0.052)° -0.071)°
Rank 7 6 5 4 1 3 2 -
Weighted 0.000 0.008 0.011 0.013 0.846 0.051 0.07
Dry value (0.000 (0.005 (0.008 (0.013 (0.845 (0.036 (0.063 1,000
condition -0.007)° -0.009) -0.011)° -0.026)° -0.859)° -0.052)° -0.071)°
Rank 7 6 5 4 1 3 2 -
Weighted 0.000 0.008 0.011 0.013 0.846 0.051 0.07
Low value (0.000 (0.006 (0.009 (0.013 (0.839 (0.044 (0.068 1.000
flow -0.007)° -0.011)? -0.011)? -0.017)° -0.855)° -0.052)° -0.071)°
Rank 7 6 5 4 1 3 2 -
Value 0 296,838 413,045 482,047 31,689,563 | 1,949,813 2,671,866 | 37,503,172
S-AP Proportion 0.000 0.008 0.011 0.013 0.845 0.052 0.071 1.000
Rank 7 6 5 4 1 3 2
*The value in parenthesis indicates range of runoff weighted values
®This indicates the product of potential maximum soil moisture retention and land cover area
Table 6 Multiple regression analysis of pollutants for flow duration interval
Constituent Flow duration interval Removal of variables R? Rzad,- F—value P
High flow None 0.619 0.604 40.426 <0.001
Moist condition None 0.545 0.539 97.710 <0.001
BOD Mid—range flow Qs 0.143 0.128 9.123 0.001
Dry condition Qs G5 0.214 0.206 29.489 {0.001
Low flow Qs @5 G 0.156 0.137 8.156 <0.001
High flow None 0.621 0.606 40.750 0.001
Moist condition None 0.629 0.625 138,555 0.001
TP Mid-range flow Qs 0.132 0.116 8.317 {0.001
Dry condition @, Qs 0.185 0.177 24582 <0.001
Low flow Qs Qs Qs 0.149 0.130 7.763 {0.001
Table 7 Variance inflation factor for multiple regression
Flow duration Independent variable
interval aQ Q> Qs Qs Qs Qs Q;
High flow 3.1 60.4 352.8 75 202.8 190.0 208.2
Moist condition 1.2 98.2 13522 89.5 2154.8 10721 1775.3
Mid—range flow 1.1 305.3 5639.9 20.4 - 3419, 92.9
Dry condition 1.0 979 - 599.7 - 46412 6814.9
Low flow 1.0 32.3 - 28.3 - - 93.0
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Table 8 Ridge regression model for flow duration interval

Constituent Floxt::t::lon k Ridge regression model
. _ Lgop = —4.321140,0423Q~0.4203 Q41,0229 Q5+0.0434 Q40,4537 Qs
x 1
High flow 21210 —0,4361Q5+0.2964Q;
) . _ Lsop = 0.9619+0.0003Q~0.3780Q-1.2609 Q5+0.7575Q~0.5043 Qs
% 1
Moist condition 2.23X10 —0.666205+0.38920
) » Lgop = 0.,1107+0,0003 @—1.3807 Q48,3565 Q5+1.1760 Q+2.0450 Qs
_ <02 1
BOD Mid-range flow 4.36><10 4 2177 Q54,5900 0
. _ Lsop = —169,1931+0.004 0—6.3428 Q-+28.211105-12.8219C;
X -4
Dry condition 5.15x10 +69,1067 Q32,8236 QOr-44. 306207
Low flow 36251078 Lsop = —30562.0100+0.0022 Q+135.5532 Q~3165.9680 Q5~525.8086 Q«
) +10446.8800 Q5+5670.4460 Q5—12560.8500 Q7
High flow 0.61x10 L7p = —6.7924+0.0083@~0.0318 Q-+0.0650 Q5+0.1290 Q+0.2895 Qs
9 : +0,1762Q5+0.3041Q,
) . _ L7p = —10.5314+0,0015Q~0.2541 Q41,3444 Q5+0.4912 Q40,3625 Q5
X 1
Moist condition 3.14X10 —0.99080510.45820Q>
) _ L7p = —51,2054+0.0008 Q—3.1168 Q-+13.6091 Q7-0.4675Q+21.9718 Q5
_ %1072
TP Mid—range flow 1.07X10 _5.233405-25.24150>
Drv condition 116x107 L7 = 1.8560+0.0008 Q—12.6775Q-+66.9071 Q5—6.0629 Q+22.5659 Q5
y : —~65.9340Q5-3.77430;
Low flow 5 175107 L7 = —22000.0400+0.0015Qr+96.7476 Q—2267.0810 Q5—-380.5130 Q/
) +7522.6320 Q5+4062.5020 Q—9033.8320Q,

Table 9 Variance inflation factor for ridge regression

Flow duration

Independent variable

Constituent .

interval Q Q Qs Q Qs Qs Q,

High flow 3.0 5.0 2.7 6.6 1.6 14 1.6

Moist condition 1.2 8.3 1.1 75 1.7 85 1.3

BOD Mid—range flow 1.4 9.5 1.3 22 40 8.8 41
Dry condition 1.0 6.1 29 15 3.7 37 24

Low flow 1.0 1.2 7.0 1.0 58 44 1.3

High flow 3.1 56 2.8 6.8 1.7 1.5 1.7

Moist condition 1.2 8.7 1.1 79 1.8 9.1 1.4

TP Mid—range flow 1.0 1.3 2.0 22 52 1.3 55
Dry condition 1.0 58 2.5 1.4 3.3 3.2 2.2

Low flow 1.0 41 1.7 24 1.8 1.5 46
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Table 10 Results of ridge regression model

Annual mean load (kg/day)
Constituent NSE r RMSE (kg/day)
Observed Predicted
BOD 235,535.7 251,514.6 0.73 0.88 1.98
TP 18,2441 11,692.0 0.87 0.93 1.82
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Fig. 5 Comparison between observed and predicted values of
pollutant load
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SR NN 534S s = AL, T3] AE ol H]
5t RMSE= S NSEX 2Fo U} 7 2fo|= ke Ao & W
15 %Ith (Ahmadi-Nedushan et al., 2007). Wang and Xu
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AR E 0l = HEO] VIF7H12.6~24.0 0.2 v A4
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2 Yeldth (Lima and Lall, 2010).
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