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Studies on Random Fractal and Multifractal Structures
in Korean Topography

Kyungsik Kim* and Young Sae Kong**

ABSTRACT :In Korean topography the behaviors of random fractals and multifractality are analytically and num-
erically studied on the mountain heights shown between 128~129°E and 37~38°N. The phase transitions on the fractal
structure are approximately found at the critical length N,=2000 m from the values of standard deviations that it varies
with both the longitudinal and latitudinal lengths. In the multifractal structure we assume that the mountain heights di-
vided by the intervals of 20 m are located on the horizontal plane in two dimensional square lattice, and estimate the
values of the generalized dimension and the scaling exponents by using the the box counting method for the three cases

of square area (1x 1 km’, 2X 2 km?, 4 X 4 km?).
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Fig. 1. The map of Korean topography shown between the
longitude 128~129" and the latitude 37~38".
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Fig. 2. Plot of the standard deviations of both x and z, as
a function of the longitudinal length N. The phase tran-
sition of z, is approximately given by N.=2000m. The
slopes of the standard deviations yield the random ex-
ponents with v,,=0.7758, v,=1.0 (N<N.), and v,,=0.3572,
v.=1.0 (N>N.).
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Fig. 3. Plot of the standard deviations of both y and z, as a
function of the longitudinal length N. The phase transition of z,
is approximately given by N.=2000 m. The slopes of the stan-
dard deviations yield the random exponents with 1,,=0.7289,
¥=1.0 (N<N)), and v,,=03164, v;,=1.0 N>N,)
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Fig. 4. Plot of the lattice points of the mountain heights
between 600 m and 620 m on xy plane divided by the in-
tervals of 100 m in two dimensional lattice.
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Table 1. The mountain height (H) vs a number of moun-
tain (M) on Korean topography between 128°~129°E and

A%

37°~38°N.
H M
601 m~620 m 33941
621 m~640 m 34475
641 m~660 m 34729
661 m~680 m 34912
681 m~700 m 38242
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Table 2. Value of @, f, and D, calculatded by using the
box counting method for the case of the square area shown
as 2X2 Km® in the mountain heights between 660 m and

680 m.

q O 1y D,
-0 1.9238271 1.0466054 1.9238270
13 1.9357279 1.2120536 1.8840368
12 1.9338937 1.2349516 1.8801290
-11 1.9316692 1.2604969 1.8757382
-10 1.9289361 1.2891456 1.8707734
9 1.9255283 1.3214552 1.8651210
-8 19212083 13580873 1.8511512
7 1.9156335 13997756 1.8511512
-6 1.9083097 1.4472087 1.8424381
5 1.8985324 1.5007436 1.8322342
4 1.8853297 1.5598219 1.8202281
3 1.8674429 1.6219761 1.8060762
2 1.8434065 1.6814918 17894349
-1 1.8117832 1.7282418 17700125
0 17715119 17476292 17476292
1 1.7222903 1.7222903 1.7222903
2 1.6653531 1.6363631 1.6943432
3 1.6051202 1.4857997 1.6647804
4 1.5494455 1.2916696 1.6353708
5 1.5052802 1.0940439 1.6080893
6 1.4743125 0.9247538 1.5842242
7 1.4540361 0.7936996 1.5640922
8 1.4409985 0.6963919 15473709
9 1.4324866 0.6243318 15335060
10 1.4267435 0.5699506 1.5219427
11 14227111 0.5277217 1.5122100
12 1.4197637 0.4938981 15039332
13 1.4175282 0.4660036 1.4968220
0 13798871 0.0000000 1.3798871
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Fig. 5. f, vs a, by using the box counting method for three
cases of the square area shown as (a) 1X1Km’, (b) 2x2
Km’, and (c) 4X 4 Km®.
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Fig. 6. Plots of @, vs q and f, vs g calculated by the mountain heights between 600 m and 700 m in Korean topography.
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