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Landscape Characteristics from the Viewpoint of River Systems in Watersheds:
A Case Study of the Nakagawa, Kasumigaura, Kinugawa, and
Kokaigawa Watersheds in the North Kanto Region, Japan

Kazuhisa OHBI*

Abstract

Over the last 100 years, regional landscapes in Japan have undergone major changes in land
cover and land use, and the relationships between human society and river have also changed
dramatically. The purpose of this study is to investigate the characteristics of landscape changes
over a 100-year period related to the river systems in four main watersheds—Nakagawa, Ka-
sumigaura, Kinugawa, and Kokaigawa watersheds—in the North Kanto Region. The four water-
sheds are divided into 801 subwatersheds. Landscape attributes such as recent land use, land-
form, geology, and soil are obtained from digital national land information provided by the
Ministry of Land, Infrastructure and Transport of Japan, and land use maps of the Meiji era
were retrieved from old edition topographic maps of the Geographic Survey Institute. Data are
aggregated at the subwatershed level, followed by GIS and multivariate analysis. First, the com-
posite properties of the physical environment are examined by a principal component analysis,
resulting in nine major components. The subwatersheds are classified into five groups by a clus-
ter analysis using the major component scores as variables. Each group shows its unique char-
acteristics of landform, geology, and soil. Next, the relationships between land use patterns and
physical environment in the Meiji era and the present in each classified group are illustrated
with the stream order proposed by Strahler. Finally, the steady tendency of landscape change in
relation to the stream order of river in the four watersheds is identified. The results suggest
that: (1) Each classified group in terms of physical environment has a unique land use pattern
and direction of change. (2) There is a strong relationship between stream order and landscape
characteristics. (3) In the Nakagawa watershed, development of the Nasunogahara area in the
Meiji era had a great impact on the distribution of paddy fields. (4) Major changes of land use
from forest to dry field on the tephra-covered terraces are observed in the Kasumigaura water-
shed. (5) Kinugawa and Kokaigawa watersheds are characterized by a paddy field landscape
molded along the river, which was inherited from the Meiji era. (6) Rapid urbanization of the
terraces and natural levees are observed in all watersheds.

Key words : watershed, landscape characteristic, land use, river system, stream order, multi-
variate analysis, geographic information systems
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Fig.1 Location of the study area: the Nakagawa, Kasumigaura, Kokaigawa, and
Kinugawa watersheds in the North Kanto Region, Japan.
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Table 1 List of data sets used in this study.
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Fig.2 801 subwatersheds that were used as
analysis units for land classification.

P BT 2 E B AOMBEZRLTW A
e, HIEOML 5D WIIEEKEERT K
GTHHEEZOND, H2ERHSTIE=AM
AR (0.726) %PE - YV b (0.740), 754
+ (0.518) D IEDFRWHBEIZ R L, WAV
RSN =AM Z RT D TH D, B3 FE
Borig e — st (0.588), ©m—24 (0.595), H
A7+ (0.497) LiRWIEDOHE, FARHEEICH
(-0.449) R EH 1 (-0.517) LiRWEOME
BHY, B KHIRE SEET AN THE LE
AbNb, T4 BRSIWEAEL (0.346),
AR (0.387), # - ) (0.474), KL
(0.479) & OMBIAHE L, MEMIZIE, RE)H
3B L OV HN B GRIs o w1 Hg % 7R 3%
BCTH Do 5 EWSITEEM (0.634) BIO
KILEY (0.768) 2SEWINT-AMTRERL,
86 FHIEERIER (-0.574) LiVWADOH
BamRL7ze 87 ER33s (0.560) B X

— 539 —



£ 2 BIEWDOEAH, F53%, RMTFSER, WA

Table 2 Eigenvalues, contributions, cumulative contributions, and factor loadings of principal components.

F 5 1 2 3 4 5 6 7 8 9
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K7 £ A

B - A
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EFVIL 0.459 0.210 0.341 0.456 0.138 —0.016 0.025 —0.047 0.004
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R - i —0.204  —0.021 0.110 0.070 —0.259 —0265 —0.088 0.098 0.467
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Fig. 3

Distribution of the physical environment types. The composite properties of the physical environment such as

altitude, landform, slope, geology and soil were examined by principal component analysis (PCA), resulting
in nine major components. Using all of the components as variables, watershed units were classified into five

clusters.
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Table 3 Characteristics of physical environment types defined by the nine major
component scores, mean altitude, mean slope, landform, geology, and soil.

HA ¥ B HAC HA D A E

S A 51 R
51 ES —2.671 —1.326 —2.404 1.175 3.733
82 R 3.240 —2.033 —0.337 —0.512 0.834
83 TR —1.207 —1.270 1.759 —0.893 1.266
84 F RS 0.455 1.825 —0.532 —1.013 0.994
555 T 0.323 —0.425 —0.370 0.248 0.108
86 TR —0.075 0.790 —0.253 —0.123 0.017
8T R —0.267 —0.015 0.099 0.003 0.058
58 EHLH —0.002 —0.210 0.039 0.049 0.015
859 B —0.197 0.059 0.177 —0.094 0.042

PIgER (m) 18.89 155.94 89.30 254.90 1140.78

SEHAE () 1.18 2.10 1.90 9.39 23.33

Wi (%)

11 2.27 5.11 2.84 55.54 98.45

T B 1.33 8.68 5.82 28.31 0.00
O— A H 26.58 29.21 75.92 5.62 0.37

WG H 0.28 20.75 0.91 0.12 0.00
IERIN R ER i) 1.66 30.48 2.67 9.71 1.18
=N A 44.81 0.07 10.97 0.48 0.00

EF 349 23.07 5.70 0.86 0.22 0.00
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Fig. 4 Classification of subwatersheds by stream order.
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Fig.5 Continuous 250 m buffers from rivers.
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Table 4 Physical environment type ratio and land-use ratio by stream order in each main watershed.
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Fig.6 Land-use type ratio in the (a) Meiji era (1903-1912) and (b) present (1997) in each physical
environment type of the Nakagawa watershed. The ratio was calculated from the amount of each land-use
type in continuous 250 m distance ranges created around the river, and summarized by stream order.
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Fig.7 Land-use type ratio in the (a) Meiji era (1903-1912) and (b) present (1997) in each physical
environment type of the Kasumigaura watershed. The ratio was calculated from the amount of each land-use
type in continuous 250 m distance ranges created around the river, and summarized by stream order.
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Fig.8 Land-use type ratio in the (a) Meiji era (1903-1912) and (b) present (1997) in each physical

environment type of the Kokaigawa watershed. The ratio was calculated from the amount of each land-use
type in continuous 250 m distance ranges created around the river, and summarized by stream order.
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Fig.9 Land-use type ratio in the (a) Meiji era (1903-1912) and (b) present (1997) in each physical

environment type of the Kinugawa watershed. The ratio was calculated from the amount of each land-use
type in continuous 250 m distance ranges created around the river, and summarized by stream order.
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