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ABSTRACT

About the two-thirds of Taiwan idand area is mountain, the plan area is so litter. People
gradually move to live in mountains district, and then the economic activity been developed at there.
But Taiwan is located in the West Pacific Ocean, the probability of attacked by typhoon is highly. The
typhoon rainstorm always makes hazards of landslide, debris  flow, and flooding; it is a heavy
threat for people lives and their properties. In order to mitigate the hazards, the relation between
rainstorm and runoff is the key point of studying and attention. It will be a great help for hazards
mitigation, if we can estimate the future runoff from the rainstorm occurred.
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The runoff is from the rainfal, if the rainfall more and then the runoff more, the positive scale
relation existed between rainfall and runoff. The relation, influenced by the watershed factors of
hydrology and geometry, is nonlinear. This paper first study the relation between rainstorm and runoff
by regression method. Because the output of regression can not fit well the variable characters of
watershed, it is need studied more by some other methods, this paper taking the fuzzy logic in.

The fuzzy set is the other new concept relating to the tradition crisp set. The elements of crisp
set are 0 and 1, being extremely binary, and no transition zone existed between 0 and 1. But the
elements of the fuzzy set areinfinite, being multidimensional and closer to the real world.

This paper takes a case study of Wu River in centra Taiwan area, picking up a rainfall
observed station called Huei-Sun and ariver stage observed station called Nan-Bei-Tong Bridge.
(Keywords : watershed, rainstorm, runoff, regression, fuzzy, Wu River)
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Figure2. Type of membership function triangle trapezoidal Gaussian
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Figure 3. A figure exampl e of fuzzy reasoning.
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Figure 4. Defuzzification methods. MOM  COA
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Figure 5. Flowchart of study for the relationship between rainstorm and runoff.
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Figure 6. Location of Huei-Sun rainfall station and Nan-Bei-Tong Bridge water stage station within Wu River.
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Table 1. Correlation coefficient of regression analysis between rainstorm and runoff for 14 hydrology

events.
X, X, Xs
1991 y =0 +bXx, 0322 | 0322
1 06 | 0623 [ y=Db,+bXx +bX, 0745 | 0318 | 0.710
23-25 y=Db, +bx +bX, +bx, |0875 |0631 |0.783 | 0.731
1992 y=b +DbXx, 0247 | 0.349
2 08 y=Db, +bXx +bX, 0851 | -.358 | 0.879
30-31 y=Db, +bx +bX, +bx, |0932 |0095 |0817 |0.79
1993 y=b +DbXx, 0050 | 0.054
3 05 | 0526 [ y=Db, +bXx +bX, 0465 | 0169 | 0.437
26-28 y=Db, +bXx +bX, +bX, |0719 |0535 | 0654 |0.700
1993 y=b +DbXx, 0276 | 0.025
4 06 | 0601 [ y=Db, +bXx +bX, 0382 | -163 | 0.486
01-03 y=Db, +bx +bX, +bX, |0739 |-266 |0.350 |0.848
1994 y=b +DbXx, 0624 | -.308
5 05 | 0504 [ y=Db,+bXx +bX, 0510 | 0.186 | 0.695
04-05 y=Db, +bx +bX, +bx, |0618 |0979 | 0991 | 0984
1994 y=b +DbXx, 0456 | 0.458
6 08 y=Db, +bXx +bX, 0753 | -186 | 0.750
08-10 y=Db, +bx +bX, +bx, |0921 |-197 | 0671 | 0.89%
1995 y=b +DbXx, 0446 | 0.446
7 06 y=Db, +bXx +bX, 0728 | 0.600 | 0.665
08-10 y=Db, +bx +bX, +bXx, |0761 |0721 |0.707 | 0625
1996 y=b +DbXx, 0356 | 0.016
8 05 | 0507 [ y=Db,+bXx +bX, 0495 |-012 | 0374
07-09 y=Db, +bXx +bX, +bXx, |0945 |0350 | 0494 | 0932
1996 y=b +DbXx, 0530 | 0.462
9 07 y=b, +bXx +bX, 0700 | 0024 | 0541
31-01 y=Db, +bx +bX, +bX, |0755 |0.124 |0.168 | 0.625
1997 y=b +DbXx, 0538 | 0534
10 03 | 0321 [ y=Db +bXx +bX, 0816 | 0618 | 0.736
21-23 y=b +bx +bx, +bx, |0914 [0813 |0.762 | 0.787
1997 y=b +bXx, 0434 | 0.448
1 05 | 0517 [ y=Db, +bXx +bX, 0822 | 0414 | 0.757
17-19 y=Db, +bx +bX, +bx, |0883 |0713 | 0701 | 0.740
1997 y=b +DbXx, 0163 | 0.126
12 06 | 0609 [ y=Db,+bXx +bX, 0583 | 0.069 | 0.559
09-11 y=Db, +bx +bX, +bXx, |0741 |0348 | 0450 | 0523
2001 y=b +DbXx, 0727 | 0.254
13 09 y=Db, +bXx +bX, 0571 | 0548 | 0.298
16-18 y=Db, +bx +bX, +bXx, |0621 |0748 | 0587 | 0.566
2002 y=b +DbXx, 0661 | -072
14 07 y=Db, +bXx +bX, 0769 | -.065 |-.016
10-11 y=Db, +bx +bX, +bx, | 0704 |0620 | 0671 | 0.767
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y=bo+lel+b2X2+b3X3 F
Table 2. F- test for regression equation 'y = b, + b, X, + b, X, + b,X;.

X X, Xy

1991 0.875 0.631 0.783 0.731
1 06 0623 | F 30.536 16.426 39.211 28.407
23-25 F (T, ) 2.95 4.20 4.20 4.20
1992 0.932 0.095 0.817 0.794
2 08 F 41.950 0.035* 28.882 19.284
30-31 F.(f. 1) 313 4.38 4.38 4.38
1993 0.719 0.535 0.654 0.700
3 05 0526 | F 10.725 9.321 17.422 22.310
26-28 Fo(f, 1) 2.92 4.17 417 417
1993 0.739 -0.266 0.350 0.848
4 06 0601 |F 8.043 1.706* 3.059* 16.350
01-03 Foo(T, 1) 3.10 4.35 4.35 435
1994 0.618 0.979 0.991 0.984
5 05 0504 | F 1.442* 5.546* 11.124 28.777
04-05 Fe(f,f) 4.35 5.5 5.5 5.59
1994 0.921 -0.197 0.671 0.896
6 08 F 44,710 0.132* 10.956 46.266
08-10 Fo(f,T,) 301 4.26 4.26 4.26
1995 0.761 0.721 0.707 0.625
7 06 F 18.749 26.938 24.892 15.937
08-10 Fo(f, 1) 2.84 4.08 4.08 4.08
1996 0.945 0.350 0.494 0.932

8 05 0507 | F 58.971 4.534 11.347 148.866
07-09 Foo(T, 1) 3.07 4.32 4.32 4.32
1996 0.755 0.124 0.168 0.625
9 07 F 12.359 0.830* 0.556* 13411
3101 Fou(f 1) 295 4.20 420 420
1997 0.914 0.813 0.762 0.787
10 03 0321 | F 69.040 55.137 39.070 45,993
21-23 Fo(f, 1) 2.84 4.08 4.08 4.08
1997 0.883 0.713 0.701 0.740
11 05 0517 | F 39.057 22101 22.016 23.453
17-19 Foo(T, 1) 2.89 414 414 414
1997 0.741 0.348 0.450 0.523
12 06 0609 | F 14.655 6.547 9.488 15.503
09-11 Foo(T, 1)) 2.36 411 411 411
2001 0.621 0.748 0.587 0.566

13 09 F 4.815 39.215 2.342* 0.587*
16-18 (T, 1) 3.03 4.28 4.28 4.28
2002 0.704 0.620 0.671 0.767
14 o7 F 3.939 0.602* 1.886* 8.850

10-11 Foo(f, 1)) 3.49 475 475 475
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Figure 7. Membership function of per hour rainstorm and runoff coefficient.
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Table 3. Comparison for correlation coefficient from two kind of rainstorm (observed and fuzzed) and

runoff data.
y=b,+bx +b,X, +bx, X X, X,
1991 0.875 0.631 | 0.783 | 0.731
1 06 0623
23-25 0.790 0.531 | 0.730 | 0.660
1992 0.932 0.095 | 0.817 | 0.794
2 08
30-31 0.869 0.374 | 0.837 | 0.735
1993 0.719 0.535 | 0.654 | 0.700
3 05 0526
26-28 0.868 0.658 | 0.794 | 0.816
1993 0.739 -.266 0.350 | 0.848
4 06 0601
01-03 0.848 -.386 0.249 | 0.785
1994 0.618 0.979 | 0.991 | 0.984
5 05 0504
04-05 0.955 0.971 | 0.984 | 0.969
1994 0.921 -.197 0.671 | 0.896
6 08
08-10 0.964 -.061 0.737 | 0.939
1995 0.761 0.721 | 0.707 | 0.625
7 06
08-10 0.846 0.804 | 0.851 | 0.813
1996 0.945 0.350 | 0.494 | 0.932
8 05 0507
07-09 0.937 0.190 | 0.584 | 0.902
1996 0.755 0.124 | 0.168 | 0.625
9 07
31-01 0.790 0.130 | 0.309 | 0.747
1997 0.914 0.813 | 0.762 | 0.787
10 03 0321
21.23 0.939 0.780 | 0.837 | 0.793
1997 0.883 0.713 | 0.701 | 0.740
11 05 0517
17-19 0.960 0.857 | 0.876 | 0.894
1997 0.741 0.348 | 0450 | 0.523
12 06 0609
09-11 0.701 0.303 | 0.448 | 0.503
2001 0.621 0.748 | 0.587 | 0.566
13 09
16-18 0.589 0.551 | 0.330 | 0.317
2002 0.704 0.620 | 0.671 | 0.767
14 07
10-11 0.737 0.430 | 0.459 | 0.541
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