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Abstract

Regression models for the % and » values of the L=kQ"™type pollutant runoff model (L :
specific load, @ : specific discharge, 2 and 7 : constants) were developed. In the models, the
independent variables are several watershed characteristics etc.

The relation between the % value and several watershed characteristics was analyzed using
the data on 14 rivers with 17 stations as well as the » value. According to multi-regression
analyses for the % and 7 values, it was found that (1) for the % value a correlation coefficient of
a regression model was large even if discharged load was an only independent variable and (2)
for the # value a correlation coefficient of a regression model was large when the % value or
discharged load which had a strong correlation with the £ value was included as an independent
variable.

Regression models for estimating the 2 and # values were selected from the results and
verified by observed data. According to the verification, the estimated %2 and % values ranged
from half of the observed values to twice of those at most of the stations as well as the estimated
load which was calculated by the estimated % and 7 values.

Key words: eutrophication, pollutant runoff model, constant, watershed characteristics,
regression model
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Table 1 Survey period, frequency of survey and number of data with 2 and » values

River name g fod Frequency of  Number ™ TP TCODc r
(Station name) urvey perio survey (d"!') of data k n R k n R k n R

Gejo(A) 1980. 8. 1~1981. 7.31 1/2 180 0.00807 0.936 0.916 0.000631 0.832 0.859  0.111 0.942 0.913
Gejo(B) 1980. 6.18~1980. 9. 2 1/2 39 0.00981 0.937 0.929 0.000603 1.05 0.948 0.0845 1.05 0.844
Gejo(C) 1980. 8. 1~1981. 7.31 1/2 180 0.0127 0.962 0.917 0.00148 0.831 0.874 0.0871 1.12 0.914
Kaji (K1) 1986. 10. 286~1987. 10. 27 /7 53 0.0208 0.836 0.810 0.000370 1.22 0.716  0.0759 1.21 0.899
Kaji(K2) 1986. 10. 28~1987. 10. 27 1/7 53 0.0289 0.715 0.691 0.00122 0.844 0.644 0.0891 1.09 0.831
Tbo 1979. 8. 6~1980. 9.30 1/1 422 0.0367 0.504 0.71 0.00107 0.851 0.81 0.172 0.680 0.80
Kako 1979. 8.27~1980. 9.30 1/1 401 0.0147  0.959 0.97 0.00133 1.019 0.88 0.105 1.029 0.95
Koto 1979. 6 ~1981. 6 1/1 675 0.00571 1.07 0.93 0.000225 1.24 0.93 0.0576 1.08 0.97
Sakai 1981. 6. 3~1982. 5.26 1/7 52 0.0399 0.929 0.911 0.00614 0.896 0.821  0.239 0.883 0.670
Sakura 1981. 6. 3~1982. 5.26 1/7 52 0.0280 1.12 0.911 0.00109 1.15 0.899  0.0992 0.951 0.906
Bizen 1981. 6. 3~1982. 5.26 1/7 52 0.0529 1.03 0.806 0.0121  0.794 0.821 0.404 0.881 0.735
Hanamuro 1981. 6. 3~1982. 5.26 1/7 52 0.0722 0.567 0.627 0.0033 0.765 0.69%  0.108 1.28 0.855
Seimei 1981. 6. 3~1982. 5.26 1/7 52 0.0322 1.12 0.8%9 0.00312 0.890 0.814 0.167 1.05 0.768
Ono 1981. 6. 3~1982. 5.26 1/7 52 0.0318 1.52 0.833 0.00108 0.870 0.660  0.109 0.934 0.731
Mano 1978. 8. 1~1979. 7.31 1/1 365 0.00434 1.29 0.976 0.000563 1.08 0.936 - - -
Sanda 1978. 8. 1~1979. T7.31 1/1 365 0.0212 1.08 0.937 0.00490 0.836 0.857 - - -
Yasu 1978. 8. 1~1979. 7.31 11 365 0.0120 1.03 0.983 0.00111 1.03 0.966 - - -

R: correlation coefficient.
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Table 2 Topographical and hydrological characteris-
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River name  Watershed  Mean of Mean of THy, I T O EBY TH o A FHOICK
(Station name)  area river slope specific discharge DEREZERLCEILEDOTSE 3#A, $#BI5)2H
(km?) (%) (10-2m3 -5~ -km2) o 0 o
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Kaji (K1 A . § N . N .
K:j:(KZ) 12040 189 6 24 D . @m612)~14)01 :l: 5%%&5%@.3 \{lﬁ‘””o Eﬁ“ls =
Tbo 809 17.6 4.92 | il
Kako 1639 10.8 3.38 I, EFUH . .
Koto 324 16.1 5.125 k, nfEQERICH 2> TE, 1.3THRNZE DI,
Sakai 17.6 3.12 1.36 Sy . L
Sakura 3300 10.5 0.973 QDEMOL VY HITHEL/eo T, L OHfildg-
Bizen 55 5.8 131 st ekm2k Ute, B BHEAT L 2 ABEE 3RE%
anamuro . . .
Seimei 2.5 2.56 1.47 TN, #Y > TP, # COD¢ TCOD,, TH Y, CODc, D
oo me ey e F—3 B HEET)IK, BAOREERERD S
Sanda 332. gg g%g ;1 2(1’ COD¢,=2.45XCODyp & LTHREL 72, T2 T, BF
Y. . . . 41° . N NN
= Cr,Mn 3 ZNEh2 7 uaieh ) 7 A, < F Vi
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Table 3 Social characteristics
River name Population Area ratio of land-use type (%) Discharged load
(Station name)  density Forest Agricultural Urban area (kg-d"! -km2)
(capita-km~2) area and the others TN TP TCODc -
Gejo (A) 7.9 66.8 17.9 15.3 3.42  0.100 20.9
Gejo(B) 430. 6 57.4 21.3 2.3 5.11  0.268 28.0
Gejo(C) 632.2 51.4 23.9 24.7 6.29 0.491 45.6
Kaji (K1) 207.1 32.6 42.8 24.6 7.53 0.228 33.0
Kaji (K2) 263.7 28.5 47.2 24.3 7.93  0.265 36.7
Ibo 143.1 88 8 4 9.60 0.511 62.9
Kako 247.3 71 16 13 5. 61 0. 649 37.5
Koto 59.3 79 13 8 2,96 0.175 17.6
Sakai 902 21 46 33 17.2 1.03 85.4
Sakura 281 37 48 15 10.7 0.339 42.9
Bizen 1939 20 31 49 17.9 1.65 144
Hanamuro 1068 20 41 39 18.9 1.14 82.6
Seimei 541 29 54 17 13.1 0. 447 49.9
Ono 554 29 52 19 14.6 0.556 59.6
Mano 141.8 79.8 17.9 2.3 3.45  0.343 16.0
Sanda 1242.3 78.3 6.1 15.6 8.77 1.25 66.5
Yasu 250. 2 62.4 28.2 9.5 6.01 0. 438 45.7
Table 4 Correlation coefficient
kre 0.594
kre 0.535° 0.951"
nrN -0. 383
nre -0. 490 0. 245
nte -0.504° -0.084* 0.216° #: Number of data = 14
AREA | -0.140 -0.221 -0.121° -0.161 0.184 -0.265° Others: Number of data = 17
SLP -0.402 -0.086 -0.466* 0.213 0.121 0.058° -0.141
Qs =0.615 -0.453 -0.446° -0.218 0.063 0.202° -0.096 0.137
PPLD 0.645 0.925 0.816" 0.017 -0.565 -0.029° -0.318 -0.024 -0.389
FRS —0.665 -0.445 -0.367° 0.002 0.273 -0.322° 0.430 0.572 0.441 -0.475
AGR 0.464 0.112 0.081" 0.161 -0.063 0.270° -0.355 -0.526 -0.462 0.117 -0.892
OTH 0.703 0.734 0.608" -0.216 -0.458 0.270° -0.383 -0.439 -0.263 0.787 -0.802 0.446
LOADN | 0.929 -0. 093 -0.226 -0.415 -0.705 0.722 -0.759 0.588 0.727
LOADP 0. 895 -0.555 -0.073 0.044 -0.488 0.940 -0.334 0.001 0.661 0.729
LOADC 0. 898" -0.290* -0.165° -0.618 -0.540* 0.930° -0.541° 0.221* 0.762" 0.843° 0.911"
krn krp Kre nTN nrp nrc AREA SLP Qs PPLD FRS AGR OTH LOADN  LOADP
38— KB 5 e
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Fig. 3 Determination of 2 and # values by regression
analysis
(a) Pollution intensity in a watershed is small
(b) Pollution intensity in a watershed is large
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Table 5 Results of the multiple regression analysis for & value

Dependent Standard partial regression coefficient Level of . Number
Case No.  voriable ARBA SIP 5 FRS AR LODK T ' gignificance X of data
KINL krn - -0.020 -— - 0.920 43.978 0. 000 0.918 17
KIN2 krn - - 0.080 — 0. 985 45.070 0. 000 0.920 17
KIN3 krn - - - 0. 095 1.001 45.315 0. 000 0.920 17
KTN4 krn - - - = -0.125 1.002 47.959 0. 000 0.924 17
KT\ krn - -0.005 0.078 — 0. 982 27. 905 0. 000 0.914 17
KIN6 krn - -0.061 — 0.132 1.004 28. 662 0. 000 0.916 17
KIN? krn - =0.073 — -  -0.157 0.99% 30.725 0. 000 0.921 17
KTN8 krn - - 0.102 0.118 1.090 29.308 0. 000 0.917 17
KTN9 krn - - 0.069 — -0.120 1.048 30. 327 0. 000 0.920 17
KIN10 krn - - - -0.130 -0.214 0.956 30. 236 0. 000 0.920 17
LKINLCL kw0 0929 93.984 0.000 0924 17
L KIPALY ke ......0.8%  60.249 _ __0.000 _____0.887 __ 17
KTC11"! kre 0.898 50. 031 0. 000 0.889 14
—: not used in the analysis. *1: stepwise backward regression (stopping level, 5% and 10%).
Table 6 Results of the multiple regression analysis for » value
Case o Dependent Standard partial regression coefficient F-value Level of Number
* variable k AREA  SLP Qs FRS AGR LOADX significance of data
NTN1 nTN -0.354 — 0.070 — - - - 1.241 0.319 0.171 17
NIN2 nTN -0.830 — - -0.728 — - - 6. 366 0.011 0.634 17
NIN3 nTN -0.683 — - - ~0.453 - - 2.469 0.121 0.3%4 17
NIN4 nTN -0.583 — - - - 0.431 - 2.891 0. 089 0.437 17
NING nTN -2.150 — - - - - 1903  12.711 0.001 0.771 17
NTN6 nTN -0.84 —  -0.026 -0.733 — - - 3.949 0.033 0.597 17
NIN7 nTN -0.672 — 0.294 — -0.613 — - 2.026 0. 160 0.402 17
NINS nTN -0.523 — 0.297 — - 0.559 - 2. 366 0.118 0.452 17
NTN9 nTN -2.130 - 0.168 — - - 1.954 8.729 0. 002 0.769 17
NIN10 nTy -1.091 — - -0.707 -0.411 — - 5.753 0.010 0. 686 17
NIN11 nTN -0.913 — - -0.647 — 0. 286 - 5.011 0.016 0. 655 17
NIN12 nTN -2.033 - - -0.402 -— - 1.511 11379 0. 001 0.813 17
NTN13 nTN -0.585 — - —  -0.008 0.426 - 1.790 0.199 0.359 17
NIN14 nTN -2.162 — - - 0.042 — 1.947 7.894 0. 003 0.751 17
NIN15 nTN -2.111 - - - - 0.065 1.829 7.957 0. 003 0.752 17
NTN16*! TN -2.150 1903 12.711 0.001 0.771 17
| _NINL7-2 e 72,033 00.402 . L5W 11379 __  _0.001 _ _ 0.813 17
| _NTPL6®® _ _ mwe_ o oo.__...T0.5P5 __6.682 0,021 0512 17 ____
NIC16°° nre -1. 062 -1.789 -1.221 11.943 0. 001 0.846 14

#]: stepwise backward regression (stopping level, 5%).

#3: stepwise backward regression (stopping level, 5% and 10%).

DOEURETFNVE L TR b HHARE 1 280
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22 1TEE L-X > c nfliL EEIEEL TR 2
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YEBIRE L L BB AL EBIEEE T,
(1) & f& & [FIBE O R CHIBER IFHBEE D & Rt
TBLEBIT, HHEEKOBIZ 27133, @n
EEHHHEEDOD 2 kERLTHEERCED S Z
ball el D £

Table 6 \Z f#Hf#E R %R T, Case NTN16, 1713255
BEERIC L B nen BT 2 BIRERTH Y, 15410
BIENZNETNFHHDEBELBDBETH 5,
5% DBEIBEIERE U T by & HEH AT B HIEN

40—

#2: stepwise backward regression (stopping level, 10%).

—: not used in the analysis.
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BREENTW3 Case TR*>0.75 BWEIC -
T3, by DIRERRBE DTS I THOETH Y,
PnISKE L BN npyBS/N& 8B Z L BRLTE
D, tHEEISHT DBE £ —H L T\ b, np B8 3 EE
ROM TR R* OB O REVOIEEIREE T L 25
4 (Case NTP16) TH %43, R*=0.512- %> UTH
Bb2 L2 EBETH D, mclclT 2 ERERES
HCRERISEEIZX %3 Case DD b ke & HHNEE
LR EZ2HAEH E L TE Case TR*BZEL ko T
W5, ke DIRENRRBOFSIZEATH Y, bnDBE L
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BRI TIEEED BTk EEAEORVEEH A

IKE T EHT TR
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Table 7 Adopted regression models for 4 and # values with applicable ranges

nite

Dependent variable Regression equation (R*) Applicable range
krn = —0.004666+0. 003218 LOADN (0.924)  2.12=L0ADN=46.3
kre = —0.001238+0. 006218-LOADP (0.887) 0.217<LOADP=4.09
kre = (.005958+0. 002444 -1L0ADC (0.889) 9. 35<L0ADC=328
nrn = (.8829—28.81:krn+0. 08836 -LOADN (0.771) LOADN=119
nre = 1.066—0. 1947 - LOADP (0.512) LOADP=2.91

2.151—1.771-krc —0. 01148-FRS—0. 01151-AGR  (0.846)

(LOADC=200) **

Unit: LOADN, kg-d~!-km2; LOADP, kg-d'-km2; LOADC, kg-d-'-km 2; FRS, %; AGR, %.
%1 Decided from the results for the 108 rivers in the Lake Biwa watershed.
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RIVER Ex (%)
(STATION)

GEJO(A)
GEJO(B)
GEJO(C)
KAJI (K1)
KAJI (K2)
IBO
KAKO
KOTO
SAKAI
SAKURA
BIZEN
HANAMURO
SEIMET
ONO
MANO
SANDA

YASU

 ——————
~~ TCODcy

Fig. 4 Relative error of estimated % and » values
E,=Relative error of estimated %
E,=Relative error of estimated #»

T5IEIT 5,

—7, nfETIEIHEEEHEREDO.8~1. 45 DEEH
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/IN&W> (Table 7) BREBD RV b %, Ih
& EECEANT n EOEBES/NS Wiz R E o
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RIVER E (%) M (%)
(STATION) |[-50 0 50 0 50
— |
GEJO(A) 2000000 200000
GEJO(B)

GEJO(C)
KAJI (K1)

KAJI(K2)

T T T T

—=TN
72— TP

Cr

Fig. 5 Error of load calculated by the L=kQ"type
model with estimated % and # values
E =Relative error of total load, M =Mean of
daily load error
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FRS (%)  AGR (%) LOADC(kg-d™km=2)
02 1000 100 0 200 400

20
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40
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Fig. 6 Estimation of nrc for the lake Biwa watershed
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