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Abstract

This study clarified the transformation of intra-urban structure by the building use changes. Fig.
2 showed the study area, which is constituted 3090 districts. The data for analysis was the gross
floor area ratio (gross floor area of each building use [m?] / district area [m?]), and the data source
was the basic survey data for city planning of Sapporo City in 1980, 1986, and 1991. This study
creates the three-dimensional matrix (3090 districts X 15 building uses X 3 years), and applied the
quasi three-mode factor analysis (Fig. 3). The element of matrix was standardized as a formula (1),
however 7 was a unit district (:=1,2,...,1), ; was a building use (f=1,2,....m), £ was a year (k=1,...,n),
%:;» was a gross floor ratio in year £, district i and building use j, z;;, was a standardized ratio in
year k, district 7 and building use 7, 1 was a total number of districts (1=3,090), m was a total number
of building use items (m=15), n was a total number of years (n=3). The main results were as follows.

At the first analysis, this study calculated the common building use factors in three years (Table
1 and Fig. 7) and the building use factors in each year (Table 2 and Fig. 8). It is considered that the
building use factors in each year are the common zone factors in three years. Then, the core matrix
was calculated as the correlation matrix between the common building use factors and the common
zone factors in three years (Table 3). Consequently, it was clarified that the store combined with
residence, and the restaurant combined with residence, the store combined with residence and the
restaurant combined with residence were expanding the range from the urban core to the surround-
ing area along the main transportation networks, and that the residence and the apartment were
dispersing to the suburb area. So, it became clear that regional differentiation of urban functions
was progressing in Sapporo City (Figs. 9, 10).

At the second analysis, this study investigated the building use changes around the JR stations and
the subway stations, that had considerable influence upon the transformation of intra-urban
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structure in Sapporo City. The districts for this analysis were included in the buffer of the radius
7 (»=100m, 200, 300m, 400, 500m) centering on a station (Figs. 11, 12). This study calculated the
common building use (Figs. 13, 14) and the zone factors (Figs. 15, 16) in three years of the buffer
area. Then, it was calculated the core matrix of the buffer area. Consequently, it was clarified that
the building uses without the residence increased around the subway stations, and that the building
uses were rapidly accumulated near the subway station (Figs. 17-21).

In this study, the two mentioned results were united and considered. When the mechanism for the
transformation of intra-urban structure as the results is discussed, it can explain by uniting the
urban land use theory and the central place theory that the D.I.D. and the functional accumulation
area were expanded from the urban core to the surrounding area, and that the sub-centers formed
along the subway lines and main roads. On the simplified conditions, it is thought that it can

interpret by uniting both theories for the argument about a dynamic mechanism(Fig. 22).
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Fig. 2 The study area.
a: JR Sapporo station, b: Odori station, c: JR Kotoni
station, d: JR Shiroishi station, e: JR Shin-Kotoni sta-
tion, f: Asabu station, g: Makomanai station, h: Kotoni
station, i: Sakae station, j: Hosui-susukino station, k:
Hokkaido University.
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Fig. 3 The procedure of the quasi three-mode factor analysis.
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Fig. 4 The population density.
Source: The basic data for urban planning in Sapporo (1980, 1986, 1991).
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Table 1 The loadings of common building use
factors in three years.

Factor 1 (16.69%)

Shopping Facilities 0.746
Dwelling House combined with Shop 0.666
Dwelling House combined with Restaurant 0.740

Factor 2 (9.17%)

Exclusively Residential Dwelling 0.793
Apartment House 0.734

Factor 3 (7.94%)

Dwelling House combined with Workshop  0.567

Factor 4 (7.33%)

Official Facilities 0.697
Educational Facilities 0.694

Factor 5 (7.01%)

Amusement Facilities 0.739
Welfare Facilities 0.703
TNk ([ AF Gou: LR

AFE0.500LL L ) % 1B,
The value in a parenthesis is a proportion of
variance.
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Fig. 7 The factor scores of the common building use factors in three years.
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Table 2 The loadings of building use factors in each year.

Factor 1 (15.50%)

Factor 6 4.77%)

1980 Exclusively Residential Dwelling 0905 1980 Educational Facilities 0.910
Apartment House 0.741 1986 Educational Facilities 0.913
1986 Exclusively Residential Dwelling 0.883 1991 Educational Facilities 0.285
Apartment House 0.586
1991 Exclusively Residential Dwelling 0.886
Apartment House 0.754 Factor 7 (4.69%)
1980 Amusement Facilities 0.532
Factor 2 (8.07%) Industrial Facilities 0.597
Urban Facilities 0.604
1980 Shopping Facilities 0.556 1986 Industrial Facilities 0.736
Dwelling House combined with Shop 0.563 1991 Industrial Facilities 0.602
Dwelling House combined with Restaurant 0.529
1986 Shopping Facilities 0.735
Dwelling House combined with Shop 0.731 Factor 8 4.27%)
Dwelling House combined with Restaurant 0.687 1980 Amusement Facilities 0.453
1991 Shopping Facilities 0797 1986  Amusement Facilities 0.887
Dwelling House combined with Shop 0.789 1991 Amusement Facilities 0.865
Dwelling House combined with Restaurant 0.718
Factor 9 4.07%)
Factor 3 (6.08%)
] . . 1980 Facilities,not elsewhere classified 0.736
1980 Dwellfng House comb}ned wtth Workshop 0.759 1986 Facilities,not elsewhere classified 0.925
1986 Dwelling House combined with Workshop 0.879 1991 Facilities,not elsewhere classified 0.875
1991 Dwelling House combined with Workshop 0.738
Factor 10 (3.
Factor 4 (5.30%) 0 (3.88%)
1980  Commercial Facilities o701 1% x“'gm pactities 0.586
1986 Commercial Facilities 0.893 1991 We I fare FaC}lftfes 0.806
1991  Commercial Facilities 0.871 elfare Facilities 0.896
Factor 5§ (5.05%)
1980 Dwelling House combined with Office 0.904
1986 Dwelling House combined with Office 0.920
1991 Dwelling House combined with Office 0.857
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L DB,
The value in a parenthesis is a proportion of variance. It is considered that these factorsare the common
zone factors in three years.
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Fig. 8 The factor scores of the building use factors in each year.
It is considered that these factors are the common zone factors in three years.
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Table 3 The core matrix of the building use in
Sapporo City.

Building Use Factor

1980 1 2 3 4 5

0.017 0.828 0.071 0.046 0.057
0.864 0.129 | -0.038 | -0.072 | -0.106
-0.024 | 0.099 0.516 0.040 -0.063
0.269 -0.172 | 0353 0.188 -0.070
0.048 0.267 0.188 | -0.065 | -0.141
-0.042 | 0.043 -0.082 | 0.839 0.035
-0.039 | 0.005 0.525 | -0.095 | 0.592
0.191 -0.044 | -0.014 | 0.001 0.406
-0.055 | 0.204 | -0.068 | -0.130 | 0.048
-0.052 | 0.088 | -0.001 | 0.016 0.495

1986 1 2 3 4 5

0089 | 0746 | 0.013 | 0026 | -0.050
0904 | 0.077 | -0.089 | -0.041 | 0.012
-0.050 | 0.083 | 0647 | 0.055 | -0.057
0280 |-0249 | 0378 | 0185 | -0.036
0060 | 0230 | 0172 | -0061 | -0.109
-0.060 | 0332 | -0002 | 0.766 | 0.036
-0.024 | -0014 | 0510 | -0.128 | -0.025
0229 |-0.136 | 0.046 | -0.030 | 0.559
-0.065 | 0257 | -0.107 | -0.165 | 0.093
-0.094 | 0.098 | 0.035 | -0.013 | 0.493

1991 1 2 3 4 5

-

Quasi Zone Factor
O 0 N A N AW N

-
(=]

Quasi Zone Factor

O @0 N AT AW N =

-
(=}

‘5 1 0070 | 0.860 | 0.087 | 0.139 | 0.007

v 2 0831 | 0075 | 0.003 |-0.024 | 0.000
é 3 10058 | 0.099 | 0.514 | -0.006 | -0.049
D) 4 0171 |-0.231 | 0358 | 0324 | 0.003

5 5 0054 | 0227 | 0205 |-0.018 | -0.081

N 6 -0.006 | 0.013 | -0.005 | 0304 | 0.025
g 7 0010 |-0007 | 0449 |-0.072 | 0.010
=] 8 0300 |-0.164 | -0.061 | 0.059 | 0.565

< 10056 | 0.262 | -0.083 | -0.155 | 0.099
10 -0.100 | 0.128 | -0.084 | 0.059 | 0.545
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Zone U 1986 1991
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Factor1 - Factor2 @ O [ )

No Change | Factor2 - Factorl @ [ ) ([ ]
Factor3 - Factor3 QO O O

Factor6 - Factor4 @ O X

Decrease | Factor7 - Factor3 QO O X
Factor7 - Factor5 QO X X

Factor8 - Factor5 X O O

Increse

Factor 10 - Factor5 X X O

Core Matrix Score: @ 0.80-1.00 O 0.50-0.80 X -1.0-0.50

9 EYHERTFLHEUNHBRERFOFELHEA
aby
Fig. 9 Main combinations of building use factors
and zones factors.
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Fig. 10 The transformation of intra-urban struc-
ture in the core matrix.
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Fig. 12 The JR and subway stations in the study
area.
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a) Urban Core and Surround Area
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Fig. 13 The scores of common building use factors of all station.
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Fig. 14 The scores of common building use factors of station of each line.
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Fig. 15 The scores of common zone factors of all station.
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Fig. 16  The scores of common zone factors of station of each line.

IRBIUHTHELROBICHL THELL T, BEHEESSCEAESIERL TWE I R,
Ny 7 P RICBW T OB E A IRREHEEE, SRR, BEAOHRES, 1EXRTH
55, WENHAEFEIOMm DNy 77HTIER 1 AEZELARELCEREFEZ L DI L25b 5,
EBL, R8 R5 R3IFHKWTwWw3 (X16), = Ny 77DFEFEE500m F TRIFTWE, W
NDZ b, MHROBRBALICBIT28BWRHAKE L NOBY RIDEEHHEMT 5 5%, £ DEMOFRE



FHTSBEIRDOFH»EL v, 2, EHEES
REAFEENVEFEIL JR DBUTEN F 5 AL T
H, Wiz, FEALROBHE Tl IR %<5 4
Mgk hs, JR OBFHEIC T A E 2 E&% DT
WBZEERLTWES,
TSRO L TREL 2%y 77
A5, F£E100m D3y 7 7 NTik R85
KELEAE® ED, R5 R3, RIFFHICHE, =
DT EH 6, RERDOBREDIC BT 5B WAH% &
LT3, BRA%EMEk, IS8, HHirtemEs,
VEEFTBERESE, SRES, EA8EBI AR LI
KEMZ L DOZ Ehbh 5,75y 77 DEER500
m ¥ TEFTWL &, R1E R50EE& D AT 3
ZEhn, B LBENDIC L 72> THAESE,
B EE, EEFHERESOERTE BT 2
ZEDbhr b,
HTEHREROBUCK L TRREL 728y 77
A5 E, FE100m D3y 7 7 NTIE R D
KELEEE 4D, RIDEISIIBOTHIE v,
DZEHH, RERORELICE T 28R
LT3, BREMEER, IEMMEL K S L ER EE %
bh, FHESSCEAMEESRIZEASEELLW
ZEbr b, Ny 77 DFEFEE500m F THET
TWw( &, RIDEEIE LS ERAT B Z Eh 0,
Ry bBN 212 L7edi-> THEARSE, EA4EED
EREFEDEMT 52 & 2°bh b, HC, ZOK
BROBREN T, FREERLESEBORMS,
AR & D B2 L BEN 72 3BT TREZ - TV B,
FTRTCOMEHET 5 &, JR, B, H=rh
M, HERE V) BBRFERDEVIEET, Ny 77
NIZ & 2 FHEERLEAEENEEIKE L,
Wiz, FHEMEES, XHEMEHRIZEEINE W
Zehbhb, £/, JR TOMTEHEHTY, B
PHBENDICLIzh > THAFESRES EEH T
L, @#CIESRER, JESMOERES, KGR
FEERLEEMFHEEIRLT LI ELHLLT
b5,

3. BRAZMIENRYARICET 527175
INFETIE, 3EXRILBEBOEYWHERETF &KX
HFEicE-T, ENFNERB LB RENE
IBEBH LI, HBOER & BEERIC BT 5 B WA
HAOECEBBL 72, 22T, FUEIkicEE+

LMKERERAEL, RFMOBEY 22720, N4
FHXICET 5T — 2 121 Ca TATHIDO B 24T
Yo TOFTFNE, BIEETHES L 205 ek
By2aT75le sy 52812k, BRED
HIRIC BT 5 BWHRDOEALH I R LRI 5
I DWTCHERZIT) Z LD TE B,

AGHTIC B 2 3 T4T5E, Bk L7 (5) i
INEHIND, B, ZDTFNL100m 2 2500
m F TIO0m # A28 7 P 2EFE2BEL, Fh
ZTUTDOWTKDZ, Aotfick N EHENS 2
TATHNE, SEMAERTF X 10X EF X 3 £k
EV) 3TATHITH ), Zha5EHD/Ny 7 7
FEZLIBLNDG, ZALNFFIICBIL T E
BeMm 2 BT 272002, RIZEREL <, M5
HIRERICBI S 2 2 775 T, WEnhDERH
0.50d Lo s 2R L 28&HERF & X KT
DA ELREICERT 5 (X17),

Y, NRHIBEEKD 2 TITFICBWT, 34
RELBABEEZHRL T2 R0E 1 KT &
BYRENE 2HTFOMAE LY, HIXOE 2K
T ERBYHENE 1 HFnMas by, RN
SHFLEWAZRNEIRFOMHLEbEE A
5, WXDHE1HFLEWHROE 2 RFnli
Bb¥lE, WTNDERBLIU Ny 77 ERICB
WThH, NEHBLEKIZEIT 3 3 TITH0EE &
DEWEZRL T35, 2D, HIKIZET 3
F1IRTFE, FHEESCEAEELHTITIEY
H#ERF L OBENE K2, BREILS iz
BT 2BEYWHENHEICL L Z bbb, B
D2DODMABELEEADL L, /3y 7 7 £Z200m
2 5500m I T Tid, NRMELEKICBIT S 2
TATHNORE L N ITITEMEERLTW5E, 70
728, WXICET2E2HTREIRTFL, JELH
Wik, IEMOFRES, SHBE/%XLHHET R
YWRERF & OBE DR X3, BREIMIC 51
LEMAGEOMBIZL DI b b, B, JE
SRR, EEOFRES, KEEAESL SidoNy
7 7FZE100m D HIK T, 19804 A 5199141
P TREL LAV ALNDZ EH 5, BRICHE
L 72Tl s Pl & LB LB %D
HEAIZZ L bh 5,

RIZ, MNRHBEEKD 23 TTFNIZBWT, 34
RETHREMETH AL N2 HIXNE 6 KF & B

— 41 —



Factor ( Zone: 1, Building Use: 2)  Factor ( Zone: 2, Building Use: 1)

Factor ( Zone: 3, Building Use: 3)

1.004 1.00 1.00
075 4o 0.75 = _an _am_ 0.75
0.503 g = B 0.50- 0.50- = 1
0.25 0.25 0.25
0.00- 0.00 0.00-3
é 100 200 300 400 500 (m) 100 200 300 400 500 (m) 100 200 300 400 500 (m)
= Factor ( Zone: 6, Building Use: 4) Factor ( Zone: 7, Building Use: 3)  Factor ( Zone: 7, Building Use: 5)
> 1.00 1.00 1005
2 0.75%-[%: = 2 0.75 0.75 .y
S o.s0- 0.503 ey 050
nELS N 0.25
S 0253 Bt 4 0.253 —k E
2 3 : 0.00 —&-
©  0.00 0.00- -0.25-
8 100 200 300 400 500 (m) 100 200 300 400 500 (m) 100 200 300 400 500 (m)
U2 Factor ( Zone: 8, Building Use: 5)  Factor ( Zone: 10, Building Use: 5)
1.00 1.00+
0.753 3 —a— 1980
0504 DIFFFTeTe 0.7(5)5 \ o
0ol pETETEim g;§ ) §-a—== g —e— 1986
N “1d
0.003 0.00 —a— 1991
100 200 300 400 500 (m) 100 200 300 400 500 (m)
Radius of Buffer

®17 BREBIC BT 2 EEL 2 TTHI0/RE (&R

Fig. 17 The main scores of core matrix in the surrounding area of all stations.
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Fig. 18 The main scores of core matrix in the surrounding area of JR stations.
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Fig. 19 The main scores of core matrix in the surrounding area of subway stations (Nanboku line).
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Fig. 20 The main scores of core matrix in the surrounding area of subway stations (Tozai line).
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Fig. 21 The main scores of core matrix in the surrounding area of subway stations (Toho line).
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