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Fig. 2. Shiribeshi-Toshibetsu River basin
and stations of rainfall.
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Table 1. Area rainfall putted in order (Thiessen method)
Dura- Area (km?) Dura- Area (km?
tion {Rank tion Rank
0 |114.0|206.2|361.4 {495.1 |615.7 | 720.4 0 (114,0|206.2|361.4 [495.1 |615.7 | 720.4
(hr) (hr)
1 53.0| 41.4] 38.3] 33.7| 30.8| 29.7| 27.8 1 |128.5123.9/106.7, 97.1| 91.4| 87.2| 83.0
2 35.4| 35.4] 27.7| 20.0| 17.8| 16.7| 16.3 2 |113.5{105.8/ 102.6| 95.8 90.8] 86.2| 82.3
3 26.00 22.5| 19.8 18.3] 17.4] 16.6| 15.6 3 |105.4| 92.6] 81.4] 67.6| 62.0| 58.4| 56.0
4 25.7) 21.2| 19.2) 17.7| 16.5 15.5 14.9 4 92.6] 80.7, 74.7, 67.2| 61.4| 57.4) 54.9
5 23.5| 21.0| 19.1] 14.7) 12.6] 11.4| 10.8 5 83.2| 72.4 67.6, 62.5| 59.2| 57.1} 54.7
6 23.2| 20.4| 15.7] 13.2} 12.3] 11.2| 10.6 6 74.0, 69.8 66.1| 60.5| 58.1| 56.4| 54.5
7 18.2 15.6) 14.4| 11.4/ 11.1] 11.0| 10.6 7 71.0] 68.1j 60.2] 57.9| 56.9| 55.7| 54.2
! 8 17.0; 15.2| 12.8) 11.4] 11.0| 10.8/ 10.0 8 8 66.6] 64.1] 60.0] 54.0| 52.2| 48.8] 47.7
9 16.2| 13.2| 12.2| 11.3| 10.7| 10.37 9.3 9 65.7| 62.4] 57.2| 52.8] 49.7| 48.5 45.7
10 13.0 12.1] 11.7) 11.1] 10.5; 9.9 9.1 10 65.0| 60.2| 57.0y 52.2| 48.5| 45.9| 44.3
11 12,5 11,9/ 11.7; 11.0{ 10.2) 9.7| 9.1 11 62.1| 56.4] 52.0, 51.3| 48.5| 45.8/ 43.9
12 120 10.5| 8.8 7.4/ 6.7 62| 59 12 61.6| 52.8| 46.2) 43.2| 41.1| 38.5 36.7
13 10.8] 9.4 8.6 7.0 6.6/ 6.2 5.6 13 53.0| 46.1| 44.4) 37.8 35.6| 33.3 30.7
14 9.5 9.1 7.8 6.9 6.1 54| 4.7 14 37.0| 34.6| 32.7, 29.6] 28.3] 26.6| 25.3
1 70.0| 63.0} 60.5! 53.7, 49.8 46.8| 44.5 1 |162.5/158.8| 141.5| 127.4| 120.4) 116.6| 114.0
2 53.9| 53.9] 39.6/ 32.5| 31.0| 29.8| 28.9 2 1126.3]119.2{ 107.2} 99.7| 93.1| 88.3] 85.0
3 47.0| 40.21 36.0| 31.7| 28.6] 27.4] 26.7 3 [119.2/108.1| 105.3| 91.1| 84.3] 79.6] 76.2
4 37.6) 32.00 30.7, 29.1] 28.2] 27.0, 25.7 4 [115.01103.6] 95.3] 84.7 79.2) 76.1) 73.4
5 34.5] 30.2| 25.5| 23.4; 22.6) 22.0/ 21.3 5 89.6| 84.2| 73.9| 70.3] 67.2) 64.5 62.2
6 33.4; 30.2| 25.3] 22.6; 22.0| 21.6/ 21.1 6 86.7| 82.0| 73.3| 68.6| 65.4, 63.4 60.9
7 33.1] 27.1] 25.1] 21.6] 20.9{ 20.0/ 18.0 7 83.2| 79.6; 72.7) 67.6| 65.3] 63.1 60.3
2 8 31.5| 26.8] 23.9| 21.2] 20.3] 19.7| 18.0 12 8 80.2| 72.8/ 67.3} 65.7| 63.5| 61.6] 60.3
9 31.0| 26.0| 23.3] 20.2) 19.5| 18.6| 17.7 9 76.0| 70.3| 66.6] 64.1 60.2] 57.8| 56.2
10 28.3] 23.8] 22.7) 20.0/ 19.3 16.3' 15.0 10 74.5 66.8/ 66.3] 61.3] 58.8/ 57.4/ 55.9
11 26.5 23.0; 20.5| 19.5| 17.9] 15.8| 14.4 11 73.6| 64.6| 61.2| 58.9| 57.7| 56.7| 55.4
12 24.0| 20.5| 20.4] 16.4; 17.3| 13.5/ 12.7 12 68.0| 63.5/ 60.9| 58.2| 56.8| 54.8 53.0
13 18.5) 17.2| 16.7| 14.6| 12.2 11.1] 10.7 13 67.5| 63.2| 59.1| 57.4| 55.3| 52.7| 50.7
14 || 14.5| 13.3) 12.7) 11.9/ 11.6/ 10.9| 10.1 14 63.0| 61.2| 52.6| 47.1| 44.6| 42.1] 39.1
1 95.5| 87.7) 83.8 79.7| 74.9] 71.0| 68.5 1 |203.0198.8) 185.9] 172.4| 166.1] 162.4| 159.8
2 60.0| 56.4| 55.1] 52.4] 50.2| 47.8 46.1 2 |171.4{159.2| 143.3} 124.0| 116.4| 111.1; 107.5
3 60.0f 53.9| 49.0{ 45.5| 44.6| 43.5| 42.4 3 |159.21 145.3] 128.8| 114.9| 109.8| 107.0 105.0
4 59.9| 50.2| 48.8| 45.3] 43.2| 41.5 40.2 4 | 137.5/135.5]122.1| 113.5| 107.0| 102.8/ 98.5
5 54,0 48.5| 47.1 43.0| 39.8) 38.1 36.8 5 |137.4|131.7| 112.5 106.3 103.0, 99.3] 96.5
6 53.9 48.0f 44.5| 40.4| 38.6. 37.2| 35.6 6 |121.5/113.2/ 110.6{ 104.0| 97.4| 93.9| 89.9
7 53.0| 42.7| 39.0| 36.0| 34.9| 33.4| 31.8 7 1120.0| 112.5/ 109.6| 101.9| 96.7| 91.6| 88.8
4 8 51.1| 41.8] 37.3| 34.1} 33.2| 32.4| 31.8 “ 8 |108.5| 97.3| 93.5| 89.9| 87.6| 85.5| 83.3
9 470 40.6; 36.4| 33.5| 31.6| 29.6| 28.0 9 1104.0] 90.2| 83.4] 76.3| 73.5 72.5{ 715
10 44.1) 37.4) 35.2 32.6! 30.8 28.9 26.5 10 98.0| 82.0| 79.4 75.9| 72.1] 69.7| 66.6
11 38.0] 36.3| 31.7| 28.6| 26.6] 24.7| 23.2 11 91.2; 78.2| 76.8| 75.6| 71.2| 67.8] 655
12 33.5| 33.1] 30.0| 24.1; 23.3| 21.8 20.7 12 79.2 78.0| 72.7| 67.8] 64.4) 62.1| 58.8
13 32.6] 31.3] 28.8] 23.4 21.1] 19.7) 18.5 13 74.5| 70.3] 66.6| 61.3] 58.8 57.4] 55.9
14 30.6] 29.6] 26.2| 22.2| 20.5| 18.6| 17.1 14 67.5| 63.5/ 61.2| 58.9| 57.7| 56.8/ 55.4
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Fig. 3. Areal rainfall on probability paper by Thomas plot.
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Table 2. Area rainfall (P/F value)—
Thiessen method

Dura- Area (km?)
tion | Rank
(hr) 114.01206.2{361.4|495.1615.7 | 720.4
1 0.781} 0.723] 0.636/ 0.581] 0.560| 0.525
1 2 1.000| 0.782} 0.565; 0.503] 0.472] 0.460
3 0.865| 0.762| 0.704] 0.669| 0.638| 0.600
mean |0.882| 0.756| 0.635| 0.584} 0.557| 0.528
1 0.900| 0.864| 0.767| 0.711] 0.669| 0.636
9 2 1.000| 0.735/ 0.603] 0.575| 0.553| 0.536
3 0.855| 0.766] 0.674| 0.609| 0.583| 0.568
mean |0.918| 0.788] 0.681| 0.632| 0.602| 0.580
1 0.918| 0.877] 0.835| 0.784] 0.743| 0.717
4 2 0.940} 0.918| 0.873| 0.837| 0.797| 0.768
5 0.898; 0.817| 0.758] 0.743| 0.725| 0.707
mean | 0.919]0.871| 0.822| 0.774] 0.755| 0.731
1 0.964] 0.830| 0.756| 0.711] 0.679| 0.646
8 2 0.932; 0.904| 0.844] 0.800; 0.759| 0.725
3 0.879! 0.772| 0.641] 0.588) 0.554| 0.531
mean | 0.925) 0.826| 0.747} 0.700} 0.664| 0.636
1 0.977} 0.871| 0.784] 0.741] 0.718 0.702
12 2 0.944] 0.849| 0.789] 0.737; 0.699| 0.673
3 0.907| 0.883| 0.764] 0.707| 0.668| 0.639
mean |0.940| 0.868] 0.777| 0.728 0.695| 0.671
1 0.979} 0.916| 0.849| 0.818; 0.800, 0.787
94 2 0.929| 0.836] 0.723] 0.679| 0.648 0.627
3 0.913( 0.809] 0.722] 0.690| 0.672| 0.660
mean | 0.940| 0.854| 0.765| 0.729| 0.707| 0.691
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Table 3. Coefficients of DA formulas (Thiessen method)
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Fig. 5. An example of the estimated constants

by revised Horton formula.

H )
Method Ao Coefli- 1 Duration (hr) Error
i 1
(km?) cient 2 4 8 2 24 (%)
) « 00091 00077 00040 00051 00018 0.0048 1.78
. B 0653 0653 0665 0683 0831 0669 (1.17)
orton method
100 « 00392 00236 00317 00227 00158 0.0175
8 0435 0494 0344 0462 0498  0.480 0.89
. 0.0047 0.0042 00029 0.0031 00011 0.0031 162
Kadoya- r 0804 0791 0734 0796 0936 0.766 (1.05)
Nagai method 100 2 0034 0020 0030 0020 0014 0.016
7 0506 0558 0375 0511 0545 0524 0.94
. ¢ 00158 0.0120 00055 0.0077 0.0028 0.0064 2,01
Woolhiser— F 0522 0546 0594 0589 0731 0597 (1.38)
Schwalen method 100 ¢ 0044 0027 0033 0025 0017 0019
P 0372 043 0317 0416 0457 0442 1.08

(

) 12 114.0 km? o & % B <
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e DB E o TCoBEELZBRB, £ZTH TR L
WO DOWCTUIEEEXYE D, a, ABIW e ikt DOF
F & LTRD, KRR LT,

SEW Fig. 7~Fig. 9 TRDIEHFHE BT, A~
{6) X DA fhig4 < & Fig. 10~Fig. 12 & %D,
# DARIILUTORXER Y, HEF LML TRLIS,

Horton X

P/Py = exp{-—0.0310t"0-325A°-692} (8)

value by Woolhiser-Schwalen
method (Thiessen method).

F=650%, (F=679% 114.0km? D%
BB E)
AR - kK O
PPy = {1+o.0132:—0~264Ao.fm}_1 (9)
F=416%, (F=412% 114km? DfE%
BB A
Woolhiser-Schwalen =&,
PIPy = 1—0.0651¢-0.38340.597 (10)
F=1124%, (F=1244% 114km?Off%
BB E)

Horton EER;
FIFy = exp {—0.0992z—0-249(A_A0)0_452} 1)
F=398%

B - kst 0D
P/Fy = {1 +0.0809£-0.23¢ (A — A0)0,503}—1 12)
F=392%

Woolhiser-Schwalen 1B1F%;
PIPy = 1—0.1175¢-0.263 (A — Ag)0-407 (13)
F=568%

% DA Ko T BT EEH ORI GY, 727
v P LA s i L oEE F ik Ao=100km? 0FrVH
X<, —H@~L)KMDBEELOVWTAHB L, O,
@ XolEC/ PR L, QKIS h RELS RS TR,
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Ap=100km? TiL (11) B L (12) RXBEB LTS
{ F=4% R TH5H (13) RIPLKkEL T
3, TihbbF 4 —kviEC X B DA Rk, Ay =100
km? & L7z DA REH AP EEL/PEL, DA
BNDOBEENRV,

X5 Fig. 10~Fig. 12 # b+ 2 & Fig. 11 Tk
Hpgg e LEPEOSOMICI L FNEFRFHT LD
PPy DEOHIRDOEMLIRIVINE o TV B DKL,
Fig. 12 Cix PP DRI & & OB LIB2IK
E{le-TkY, EMEL vEMTh TRy, #EM
o bons v xDREVGHEHTH S, Fig. 10 TIL
ZhS 2 oORDOPRICLE T AR L fo o T B,

3-1-2 FHFMEBEREKICKD DA &

EWMERECE, UWEHOBRFERDS bT 4+ —2 Y
B X HFBTEERERSECLC, FI1~3 LT T
ADEMEINDIELEAT, T1—wrEELRED
Tuy sGEC LD, £7 0y s OFBREXRD, K

Table 4. Area rainfall putted in order
(isohyetal method)

Dura- Area (km?)

tion | Rank

( 0 |114.0|206.2) 361.4} 495.1| 615.7|720.4
hr)

1 53.0{ 30.0| 27.6| 25.7) 24.6] 23.7) 23.1
1 2 35.4( 29.1] 25.1} 21.3) 19.1 17.1] 16.3
26.0] 20.7| 19.1] 17.6| 16.6| 15.7| 15.7

1 70.0] 55.5| 48.0] 43.8} 41.3 39.0f 37.4
2 2 53.9] 47.4] 43.5] 36.9| 33.3| 32.7, 31.8
47.0| 39.5/ 36.8 34.1| 31.1] 28.1 27.0

95.5( 72.5| 71.0; 70.2| 69.3| 65.4] 62.1
4 2 60.0] 53.2| 52.6| 49.8; 48.3| 46.4| 45.1
60.0| 51.5/ 47.2| 43.9| 42.2 40.3| 38.8

128.5{122.3|111.2| 99.6] 95.1; 90.5| 85.6
8 2 |113.5] 93.3] 89.0| 86.4] 82.4] 78.2 75.5
105.4| 80.3| 73.8/ 66.1| 62.5 59.9| 57.6

1 |162.5/154.3|138.2/129.1/123.6{119.1{116.3
12 2 |126.3] 93.6| 90.7; 85.9| 83.5 79.0| 75.7
119.2| 80.3] 73.8/ 66.1| 62.5 59.9; 57.6

1 [203.0/191.0{181.8]169.9/164.9/162.1]1159.4
24 2 |171.4{144.7/134.8/122.9/117.0/113.9110.8
159.2|132.8/121.0{110.2|104.3/100.2| 96.5

NEEAERC & 0 £EOHIR FH R EY KD, Thi
Table 4 IR L7z, X HICkERHIZ &D PR Ok
LU 1~3 fLOFifl & REERE & OBIfR% Table 5
Kade 74— vk & it 5 R T T RS S#T
i Fotce PP Offié Ry 1) XehTidHs
&, Fig. 13 &5 b (2), 3) 3 b T RBRIBfR & 72 %,
% DA KOFH L% F 4 Table 6 wind, £#i
74— /U TERTE DN, Lickis
T PP OES N Tt oTnB, & IETEHEHE 1140
km? \Z 3 B P/Py OfEIVHEWOT, )~@) RDBEE
MR IV, CORBET 4 ~+ v ETRERRENHE
BESOBECER I DL, FHERE T,
Table 5. Area rainfall (P/F value)—
isohyetal method

Dura- Area (km?
tion | Rank

(he) 1140\2062‘36L4 495.1 |615.7 | 720.4
1 10.566] 0.521] 0.485| 0.464 0.447| 0.436
. 2 |0.822] 0709 0.602| 0.540 0.483| 0.460
3 |0.796| 0.735 0.677| 0.638| 0.604| 0.604
mean | 0.728] 0.655| 0.588| 0.547 0.521] 0.500
1 |0.793] 0.686] 0.626| 0.590 0.557| 0.534
, 2 |0.879] 0.807 0.685| 0.618 0.607| 0.590
3 10.840| 0.783) 0.726| 0.662] 0.598| 0.574
mean | 0.837] 0.759] 0.679| 0.623| 0.587| 0.566
1 |0.759] 0.743] 0.735| 0.726| 0.685| 0.650
) 2 |0.887! 0.877 0.830] 0.805) 0.773| 0.752
3 |0.8580.787, 0.732] 0.703 0.672| 0.647
mean | 0.835| 0.802 0.766| 0.745 0.710] 0.683
1 |0.952| 0.865| 0.775| 0.740! 0.704] 0.666
. 2 10.822 0.784) 0.761) 0.726] 0.689] 0.665
3 10.762| 0.700, 0.627] 0.593 0.568| 0.546
mean | 0.845| 0.783| 0.721] 0.686| 0.654 0.626
1 |0.950| 0.850 0.794| 0.761] 0.733] 0.716
b 2 |0.741] 0.718] 0.680| 0.661| 0.625/ 0.509
3 10.674] 0.619) 0.555| 0.524) 0.503| 0.483
mean | 0.788| 0.729] 0.676| 0.649] 0.620] 0.599
1 |0.941| 0.896] 0.837| 0.812 0.799| 0.785
o 2 10.844] 0.786 0.717] 0.683) 0.665| 0.646
3 10.834/0.760 0.692] 0.655) 0.629| 0.606
mean | 0.873 0.814| 0.749| 0.717} 0.698) 0.679
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Table 6. Coefficients of DA formulas (isohyetal method)
Duration (hr) E
. rror
Method Coefficient 1 9 3 4 5 6 %)
14 0.0442 0.0092 0.0278 0.0132 0.0356 0.0098 0.70
Horton method
8 0.420 0.632 0.389 0.542 0.405 0,565
Kadoya- 2 0.0307 0.0058 0.0235 0.0096 0.0278  0.0075 0.59
Nagai method 7 0530 0746 0443 0625 0482 0636
Woolhiser— = 0.0590 0.0137 0.0323 0.0175 0.0438 0.0125 0.93
Schwalen method b 0327 0531 0340 0467 0337  0.499
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Fig. 13. Relation between area and P/F, Fig. 14. Each relation of coefficients by DA
value by isohyetal method. formulas (isohyetal method).
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of Horton formula

coefficients of Kadoya-Nagai
formula (isohyetal method).
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Fig. 17. Relation between duration and
coefficients of Woolhiser-Schwa-
len formula (isohyetal method).
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Fig. 19. Relation between area and
P/P, value by Kadoya-Nagai
formula (isohyetal method).
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Fig. 18. Relation between area and
P/P, value by Horton method
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Fig. 20. Relation between area and P/F,
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formula (isohyetal method).
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Fig. 21. Maximum rainfall intensity.
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Summary

This paper is the report of a serial reserch on
specific discharge of flood in Hokkaido.
In this report, DAD analysis, though not tried

very often in Japan, was tried on the Toshibetsu
River basin as the first step, in order to estimate
the curve of specific discharge of flood by means
of DAD characteristics and concentration time of
flood. The following is the summary of the
research.

1. The calculation period of the average amount
of rainfall in the basin is as short as 14 years,
but the probability distribution on the probability
paper is found, although the figure of distribution
is not always clear.

2. By DAD analysis, average areal rainfall in
the basin in porportion to point rainfall decreases
exponential-functionally.

Applied this to Horton’s formula, Kadoya-
Nagai’s formula, Woolhiser-Schwalen’s formula
and revised formula of above each, it was found
that the error F is smaller by Thiessen’s method
applied to the revised formulas of above each and
better result was found by Kadoya-Nagai’s and
On the other hand,
by isohyetal method, no consideration is needed

revised Horton’s formula.

about the area Ay, in which the areal rainfall equal
to point rainfall is possible and Horton’s formula,
Kadoya-Nagai's formula and Woolhiser-Schwalen’s
formula are well available. In judging its adap-
tability by means of error F, similarity to Thies-
sen’s method is seen, although smaller error is
shown by Horton’s formula.

3. By Thiessen’s method, the area in which areal
rainfall is counted to be equal to point rainfall
is calculated as A4y=100km?2, but practically it is
thought too wide.

4. Out of coefficients of each DA formula a,
2 and ¢ can be function of time, but 8, 7 and &
can be considered almost fixed.

5. By DD analysis, Tanaka-Kadoya’s formula
shows more or less higher accuracy compared with
Sherman’s formula, though Sherman’s formula is
well available in view of simplicity.



