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Classification and Geomorphometry of Japanese Mountains Based on Mountain Ordering™
Shuji YAMADA®

Abstract

00O This study classified Japanese mountains based on mountain ordering using 1:500000
topographic maps, and examined the relationships of relief, relative relief and perimeter fractal
dimension for the classified mountains. Mountain order was defined in terms of closed contour lines
on the topographic map. A set of closed, concentric contour lines defines a first-order mountain.
Higher-order mountains can be defined as a set of closed contour lines that contain lower-order
mountains and that have only one closed contour line for each elevation. Relief, relative relief and
fractal dimension were measured for ordered mountains using personal computer, and were defined
as follows: relief E = H/AY2, where H and A are the height and area of each ordered mountain,
respectively; relative relief R=% hi/H, where hi is the height of the enclosed, lower-order mountains,
and represents the degree of vertical roughness of the ordered mountain; fractal dimension was
measured for perimeter contour line by the pixel dilation method, and represents the degree of
horizontal roughness of the ordered mountain. Japanese mountains were classified into 74 third
order mountains and 11 fourth order mountains. The area of a third order mountain varies from 50
to 4712 km?, and that of a fourth order mountain is 2498 to 15563 km2 A significant relationship was
found among relief E, relative relief R and fractal dimension D for the ordered mountains[] r=0.91,
n=85[] and can be defined by the expression:

000 LogE= 0 abDO bLogRO ¢

This relationship shows that Japanese mountains have the following morphological characteristics: a
high relief mountain has low vertical and horizontal roughness, and a low relief mountain has high
vertical and horizontal roughness. These characteristics suggest that slope angle of Japanese
mountains converges within a certain range.

Key words[d Japanese mountains] geomorphometry] mountain ordering reliefd relative reliefl]
fractal dimension
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H: Height of 3rd order mountain

O 3rd order mountain

h;: Height of mountainsin
3rd order mountain

E=H/A"
R=Sh/H

Relief E:
Relative relief R:

Pixel dilation method
for perimeter contour line

Fractal dimension D:

goooooooooooooooo

Fig.[LOThe definition of mountain order and topographic parameters.
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Fig.L20 Distribution of third- and fourth-order mountains.
Number(] 1-7400 and character(] a—k[J in this figure correspond to those in
Table 1 and 2, respectively.
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Table[L[] Topographic parameters of third order mountains.CJ

00000 00000 OO0 oo OO0 O0OO0O0 00000
oo oo oono hx hn H A E R oo
oo Omo OmO  OmO OkmeO D
1 000 0000 1700 300 1400 917 0046 12.00 127
2 000 DOOOOOODOOO 2300 500 1800 4712 0026 35.56 1.36
3 000 ODOOoo 2100 500 1600 2324 0.033 31.88 142
4 000 O0O00O0O 1300 500 800 125 0.072 3.00 140
5 000 0000 1700 500 1200 454 0056 6.17 1.38
6 000 0OO0OO0OO 1500 100 1400 1208  0.040 957 1.39
7 000 0OOOO0DOO 1500 300 1200 1964 0027 19.00 129
8 OO0 DOOO 1300 300 1000 320 0056 7.10 1.34
9 000 O0OOODbODOoo 1300 300 1000 179 0.075 3.00 1.09
10 OO0 0000 1500 100 1400 783 0.050 729 1.36
11 000 0000 1100 300 800 421 0039 11.00 135
12 000 ODOOO 1100 300 800 253 0.050 8.00 140
13 od ooodo 900 100 800 524 0.035 8.00 132
14 00 0000 1700 300 1400 1038 0043 12.43 1.34
15 00 0000 1500 500 1000 542 0043 480 1.28
16 od ooo 1100 500 600 156 0.048 467 135
17 0O D0DOO 2100 500 1600 1289 0045 8.44 1.29
18 oo gooo 1100 500 600 228 0.040 8.00 139
19 00 000000000 1300 700 600 150  0.049 433 137
20 00 O0OO0OO0O0O00O0O0O0 1300 700 600 541 0026 5.67 135
21 oo god 1700 700 1000 255 0.063 480 132
22 od ooo 1500 700 800 101 0.080 275 137
23 00 O0OO0O 1300 700 600 105  0.056 467 1.38
24 oo god 2300 500 1800 301 0.104 1.67 131
25 00 0OO0O0 1900 500 1400 1422 0037 11.64 135
26 00 O0O0OO0O0OO 1900 500 1400 793 0050 9.14 1.29
27 oo gooo 2100 500 1600 2053 0.035 12.44 133
26 00 O0OOOO 1100 300 800 2282 0017 29.75 131
20 00 O0O0OO0O00O0O0 1900 900 1000 441 0048 6.00 1.34
30 oo gooo 1500 900 600 50 0.085 1.67 137
31 00 O0O0mOo0moo 2500 1300 1200 1256  0.034 15.83 1.26
32 00 0000000 2300 1300 1000 648 0039 9.40 121
33 oo god 2500 1300 1200 137 0.102 2.00 1.08
34 od goooooad 2500 900 1600 567 0.067 5.50 125
35 00 00O 2900 1300 1600 559  0.068 325 118
36 oo gooo 2500 1300 1200 771 0.043 12.00 1.30
37 00 00000000 3700 900 2800 572 0117 214 123
38 00 00O 1500 700 800 192 0.058 250 117
39 oo gooo 3100 900 2200 2756 0.042 15.45 127
40 od ooodo 2900 1300 1600 433 0.077 3.00 1.20
4 00 O0O0O0DMOMmMWOOO0O0O0 @ 3100 2100 1000 284 0059 10.00 1.30
42 00 0O00DMO0OMO0OO0O00 @ 2900 2100 800 102 0.079 475 123
43 od goooooa 1900 900 1000 806 0.035 13.80 1.30
4 0O OO 2700 900 1800 746 0066 6.67 1.29
45 oo god 1500 700 800 75 0.092 225 1.28
46 00 0ODOO 1700 700 1000 609  0.041 16.20 141
47 0O 0ODOO 1300 300 1000 469 0046 10.00 132
48 oo gooo 1900 300 1600 4562 0.024 51.00 138
49 od oooo 1100 100 1000 386 0.051 8.00 123
50 OO0 O0O0O00 900 300 600 173 0.046 7.67 1.26
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51 oo ooooooobooo 1100 300 800 1051 0.025 36.00 145
52 oo ooooooo 700 100 600 1129  0.018 52.67 132
53 oo gooooooo 900 100 800 493  0.036 1525 138
54 oo ooooooobooo 1100 300 800 225  0.053 6.00 129
55 oo ooooooooo 1100 500 600 177 0.045 8.00 1.30
56 oo ooomomooooo 1500 500 1000 821  0.035 13.00 133
57 oo goomoomooooo 1300 500 800 529  0.035 10.50 124
58 oo ooooobooooooo 1700 500 1200 485  0.055 8.67 126
59 oo ooomomooooo 1300 500 800 882  0.027 25.00 135
60 oo oooooooooooo 1300 300 1000 2209  0.021 29.80 130
61 oo oooooooooo 1100 300 800 493  0.036 9.25 127
62 oo gooao 1100 300 800 311 0.045 325 129
63 oo ooo 1900 500 1400 1770 0.033 1593 133
64 oo oooo 1900 500 1400 1715  0.034 15.29 1.30
65 oo oo 1500 500 1000 626  0.040 7.60 132
66 oo oooo 1100 100 1000 676  0.038 740 120
67 oo oono 1100 500 600 134 0.052 4.33 132
68 oo oooocooo 1300 500 800 222 0.054 4.50 130
69 oo ooo 1700 700 1000 260  0.062 3.80 119
70 oo oooooo 1700 900 800 104  0.078 3.00 121
71 oo oo 1700 900 800 89  0.085 250 125
72 oo ooooooo 1700 500 1200 2529  0.024 36.33 139
73 oo oooo 1100 100 1000 746 0.037 12.60 143
74 oo gooao 900 100 800 405  0.040 4.50 118

ooo 3700 2100 2800 4712 0117 52.67 145

ooo 700 100 600 50 0.017 167 1.08

ooo 1673 589 1084 812  0.050 1123 130

hxIMaximum elevation, halJMinimum elevation, HJHeight, AllBasal area, E[]Relief, REIRelative relief, DCJPerimeter

fractal dimension

oooooigsoooO0o0boOO0OO0OoOO00O0OO00O0O0000O00b0O000b00000000O0O000O0O00000
goooooooooioso00OooOoOOoOOoObOOOOOoOO

ooz dogoooooobOobml4iba200

gboboooooboobobobobooooon

g4000000wWS00000000O0O00O0DO

oboboboooooboobooboboboooog
oooodoooooooooomhdOoooono
obo0MjooooooobobooboOoDbOooo

o0o00oDoOO00D0O0kOO0O0OoOoooooa/sso
gbooooobobobooboboobo4000

gboboooooo

ivoooooooooo

g3goobo400000000000DOD 7O
ooooboobooooboobooooboog
goobooooooobobooooobooobo

goboooooobouoobooooboboon 3040
stoboobobooboboooboboobooobon
goooooboooboooobobobooboo
gobooboobobobooboooooboooboo
gooooobooboooobooboooboooo
gobooboobooboobobooboobooo
gogo
goooboobooboobooboobobooboo
goobooooboobobos3pogooooo
govo00 37o0mbd 0 O0 167300004
goobobOobO 1100 0 3100 2173 O O
400000000000 0OD0ODO 2000 00O
goobooobo3pbooobo40000D0O0ODO
gobooooboobooboboboboooboo

— [ —



020400000000

Table 200 Topographic parameters of fourth order mountains.

00000 00000 00 Qo 00 0000 00000
08 gp ooo hy hn H A E R 0o
oo 0mo OmO0  OmO OkmO D
a 000 0000000000 2300 100 2200 15563 0018  147.64 1.44
0000000000
DO0000000
b DOD 0O0O0OOOODOO 1300 100 1200 4735 0017  31.00 1.30
D000000000
¢ 000 0000000000 1100 100 1000 2733 0019  40.30 1.43
d 00 0000000000 2100 300 1800 9926 0018 4350 141
0000000000
0000000000
e 00 00000OODOO 2300 300 2000 2498 0040  14.20 1.38
D000000000
D000000000
f OO0 0OOODOOOO0O0 2500 900 1600 4949 0023 3625 137
DD000000000
sfafulslsfsls
¢ OO0 0000000000 290 900 2000 3333 0035 1940 135
0000000000
h 00 0O0O000O0OOOO 3100 900 2200 5952 0029 3355 134
i 00 0000000000 2700 900 1800 2724 0034 2456 139
j 00 Ooooooooood o 1900 100 1800 9547 0018 8644 142
k 00 0Oooo 1700 100 1600 14295 0013 16781 142
DD0D000000 3100 900 2200 15563 0040 16781 144
OD0D000000 1100 100 1000 2498 0013 1420 030
DoOo0oO00000O0 2173 427 1745 6932 0024 5860 138

hxJMaximum elevation, h.\ZJMinimum elevation, HZJHeight, AZlBasal area, ECJRelief, RCRelative relief, DLJPerimeter

fractal dimension

gooooinsooooooooopooopooopboopboboobooooooooOooooOooOoooooooo0oo
goooooogoooinseobooooooobooobooboobooboboobobo

gobomooom OO OO 3000000 60000
gboboobooobobo2o00boooboonog
gboboooogo

gbooooboboboboooboooooo
goboboooobooobosbooooobooo
01000 210000000 S8MO0O0O0O400
ooo0oDO0O0O0i1000 90mO42rm OO0 40

gbooooobgbobonb 200mOonoonog
gbooooboobobo30booooonoiooo
mOOO0000030040000000000
gboooooooobo

gboobobobooobobooobobooobo
oboooobobobOoos3sgooooobooon
600 0 28000000 1084 OO0 04000

— [ —



Minimum elevation A,

Maximum elevation 4,

Relief E
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Fig.[BO Distribution of topographic parameters of third order mountains.
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Fractal dimension D
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Fig.[40 Distribution of topographic parameters of fourth order mountains.

— [ —



Relative frequency

o.& o.8 a1

o 0.z o.4a

Hokkaido [&
Tohoku
Kanto
Chubu 7
Kinki
chugoku B
Shikoku [
Kyushu

Maximum
elevation 4,
C10-1000m
1000 - 2060 m
R 2000 -

Minimum

] Hokkaido

elevation 4,
J0-1000m

1000 -2000m

Kinki

R 2000 -

Chugoku

Shikoku

Kyushu

Hokkaido
Tohoku
Kanto
Chubu

Kinki

Height H

[30-1000m
E3 1000-2000m

Chugoku

Shikoku

Kyushu

N 2000 -

Hokkaido

Basal area A

Tohoku

Kanto

3 0-1000 km?

1000 - 2000 km?®

. 2300 -

Chubu
Kinki
Chugoku
Shikoku
Kyushu

Hokkaido
Tohoku
Kanto
Chubu
Kinki

Chugoku

Shikoku
Kyushu

Relative relief R

[0-5
E5-10
. 10-

Hokkaido
Tohoku
Kanto
Chubu
Kinki
Chugoku
Shikoku
Kyushu

Hokkaido
Tohoku
Kanto
Chubu

Kinki

Chugoku
Shikoku

Kyushu

Fractal dimension D

oO30o0ogooooooooooooo

Fig.[600 Frequency distribution of topographic parameters of third
order mountains according to geographic area.
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Fig.[60 Relationship among relief E, relative relief
R and fractal dimension D.
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Fig.[70 Diagrams showing the perspective landscapes of classified mountains.
Relief E and relative relief R of the diagrams become smaller and larger from top to bottom,
respectively, and fractal dimension D of the diagrams becomes larger from right to left. The diagrams
are different in scale, but the ratio of horizontal to vertical scale is the same for all diagrams 1:50
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Fig.[BO Changes in mountain landscapes due to
changes in relief.

Relief of a and b is one fifth and five times that of A and

B, respectively, but relative relief and fractal dimen-

sions are the same as each other.
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Fig.[B0 Schematic figure showing the relationship
among slope, relief, relative relief and fractal
dimension.
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