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Abstract

An approach by applying the fractal concept to
estimate hydrologic response is proposed in this study
by matching suitable self-similar networks (SSNs) to a
specific watershed and modeling the runoff with a
width-function based geomorphologic instantaneous
unit hydrograph (WF-GIUH). In order to work out the
identification between a specific basin and SSNs that
are generated by generators, a generalized width
function is derived. Subsequently, cumulative width
functions (CWF) on the basis of the derived function,
as well as the informational entropies are used as
criteria to decide the best pattern of the generator for
the specific watershed. The WF-GIUH modé is then
applied to calculate the runoff of the project watershed
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as an outcome of the estimation. To assess the
adaptability of the estimation model, severa
watersheds of northern and middle Taiwan are
selected as study areas. The analytical results of the
outflow estimation indicate that the fractal algorithm
can be implemented successfully for the calculation of
hydrol ogic responses.

Keywords: Fractal generator, Width function,
Informational entropy.
1976 Kirby
Fiorentino  Claps 1992

(informational  entropy)

1993 Fiorentino

(magnitude of river
network)

()



1.
@ r=1

W, (/) =W,Q>W,, () =1, (),
j=12,L,D, .

@ r=23L,D0

W, I(r- DD, + 1= W (r)W,.())

@

2
j=12L.D,, @
2. 1
D,tL,
2
DL,
90
o r=1
W, (/) =W.QXW,,.()) =W, (), 3
j=12L.L,,
@ r=2,3L,D,
W.I(r- DL, + J1=W ()W, ()) @
+W(r-Dw, (L, +))
3.
j=L2L,L _, if r=23L,0-1
j=12,,D,, if r=D
()
SSN 4.
SSN
(cumulative width function, CWF)
(maximum difference of cumulative width
function, DCWF,_, )
DCWF,_,
()
159 2726
140
1235
1



(1]

(2]

(3]

(4]

(5]

(6]

DEM
DEM
Horton-Strahler
Horton
Strahler
87 9
89 12
46 4 89 12

Claps P, M. Fiorentino and G. Oliveto,
“Informational  Entropy of Fracta River
Networks,” J. Hydro. 187, 145-156 (1996).
Rodriguez-Iturbe, I. and A. Rinaldo, Fractal
River Basin (Cambridge University, United
Kingdom, 1996), pp.468-508.

Wang, Ru-yih and Peng-jui Wang, “Evaluation of
the Fractal Dimensions of River Networks Using
two Types of Width Function,” Proceeding of the
12" Congress of APD-1AHR (2000).

m=1 m=2 m=3
M, =3 M, =9 M,=27
D,=L,=2 D,=L,=4 D,=L,=8
wW@o=1 w1 =1 Wm=1 W(=2
W@=2 W(2)=2 W(2)=2 Ww(6)=4
W3 =2 Q=2 Ww(7)=4
W(4)=4 W4 =4 W@® =8
1(3)
m=1 m=2
M, =5 M,=25
L,=2, D,=3 L,=4, D, =7
W@ =1 w@=1 W,(5)=6
W(2)=2 W,(2)=2 W, (6)=4
W) =2 W,(3)=4 W, (7)=4
W, (4) =4
1(b)
2
3




(€3]

Ranfall
(mmvhr)

Discharge (cms)

Rainfal
(mnvhr)

Discharge (cms)

10 4
20 4
30 -

600 —

Dot (1990/09/07)
——— Observed

30 -

600 -

500

400

@

<1

3
1

200

100 —

0
10 4
20 4

Time (hrs)

Lynn (1987/10/23)
— Observed

Discharge (cms)

Discharge (cms)
8

100 o

o—_W"—
£ w0
£

Ora(1978/10/12)
Observed

i,

;

Time (hrs)

Abby (1986/09/14)
——— Observed

Time (hrs)
7
CE EQP(%) ETP(hrs) VER(%)
(Gladys)| 0.83 -9.61 1 -9.61
(Dot) 0.87 -8.11 1 3.237
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CE EQP(%) ETP(hrs) VER(%)
(Irving) 0.94 3.05 -14 11.98
(Abby) 0.92 19.77 2 -8.73
0.94 -4.07 2 -6.51
(Thelma)
(Lynn) 0.96 -1.35 -9 -6.82
(Polly) 0.95 -24.17 -1 -7.29
3
CE EQP(%) ETP(hrs) VER(%)
(Ora) 0.98 1.39 -1 -13.31
(Lynn) 0.96 -23.95 1 -12.15
(Polly) 0.85 -26.43 0 -13.75
4
CE EQP(%) ETP(hrs) VER(%)
(Judy) 0.96 14.03 -3 -6.75
(Abby) 0.96 7.36 -1 -7.03
(Ofdia) | 0.94 -13.41 6 -6.18
(Yancy) 0.96 21.83 1 -6.77
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