FEETICBIT DRI EHT D GIS &7 —F ~— X DIERk &
HA Ny ViRBEDSHT
Creation of the Time-series Building Database in GIS
and Analysis of Total Building Stock in Major Cities

2021 42 A

Al
Kenji ISHITHARA






1

FEH IR T 2RREAE A3 5 GIS @7 — & N—ZADERk &
B by 7 BEOSHT
Creation of the Time-series Building Database in GIS
and Analysis of Total Building Stock in Major Cities

2021 2 H

BREHRFRF G ALEE T AR seR
LRI BEEE~ XY A 2 MR

Al fwE
Kenji ISHITHARA






B A
= = T

&
(S I G IR

bl
w w w

w

">

B BB ceereeereeteeet oot e oottt et e ettt e et a e et tete ettt et ene et et eae et ene et et ene et et eae et entete et eneetenee 1
e = = OO OO 1
1-1-1 ZBEW TR EZ AT 58T —F X—ADLEME e, 1
1-1-2  FHEA Ny 7 ZBEIZEE T DR EDBERT oo, 2
1-1-3 BEFD GISICE DM T — H X2 e 2
1-1-4 FBELTOT —F RN ZDRET o, 4
2 ETERIFGE ottt ettt ettt ennenenn 6
1-2-1  BEAEBFZE D TR cooovoeeeeeeeeeeeeeeeeeeeeeee et 6
1-2-2 oM - BYFIHORERINEALDBFFEFB oo, 6
1-2-3  fEHBIDOED DR RINZEALDITFFEFB oo 7
=3 AFTED H B oottt 9
T4 HIFBEOIREII oottt 10
e T I A e S R K Y1t SO 12
151 ZERIZBIER oo 12
1-5-2 HHTDITRTTIVTEREEY T FU LT e 13
1-5-3  KFSUTEBIT DFEONT I oo 14
1-5-4 ARSI D FEEE oo 15
B IR vttt ettt ettt et a et ettt et n st ettt e ent et et en s et et ers et eneerennas 16
B ORMEZE AT D GIS BT — X _X— A DIERRTE oo, 21
-1 FHT2T = OBEEL BT — 2 ORI oo 21
-2 HERINT = F DAEFEDIIERIAMT oo 25
-3 GISICE D BB DT — Z DIAIIE oo 27
231 FEFEITE D 7 T oottt 27
2372 TR DG oo 28
2-3-3 TN —TACIZ L DEIFEITE cevoeeeeeeeeeeeeeeeeeeeeeeeeeee e 33
234 FEIID DR oottt 34
235 BEIEITE DFE R oo 36
T I ettt 37
FE TR ettt ettt ettt ettt ettt ettt ettt eeenens 38
B W T = Z OREEAETTE oo, 39
1 U RFEEDHETE oottt ettt 39
-2 R TUEREDD OMHFEBYEDHEG: oo, 40
3-2-1 HEFHTH WD T —Z OBEE (oo 40
3-2-2  FEEEIHAEDHERT oo 41
3-2-3  FEERTHFE DHERT oottt 42
-3 HXHAL OGRS L OBEFEBEOIE RO G e, 46
3-3-1  EHiFER L OEHER I L OBEFEER D JEEAL (i 46
3-3-2 EFEBIOEEEOR MO FIAEEHXT —F DFEAK oo 49
3-3-3 HXHENOEMEL L OEREEOHE RO G e, 50

1



S3=4 ST FIT = DA EFREE e et 53

34 1 T HDART Ui oottt 53
3472 T HDIRAE ittt 55
B T Y - OO 57
ZETE TR oottt ettt ettt ettt ettt et te et et ereeeens 58
AT BERANY T OB T DI DT o 59
e B N L OO 59
4-2 FHBIOBEER v ZEEOFEARFTES oo 60
42T TIHTD TE oottt 60
4-2-2 FHBIOEFEA Ny ZHRBEOHERS (oo 60
4-2-3 HAREDOEENRDEEHIIELEL (oo 67
4-3 BEER by ZREOHIRAYIAT DOHETL oo 70
S T B R = OO 70
4-3-2 HETTOEEA R 7 OHIBREI AN o 72
4-3-3  EEEE - BREROEDOHBEEIIIAN (oo, 102
4-4 BEBELDRRTETE D ZEA oottt 109
B4 T  TIHTDTE et 109
4-4-2  — U7 D HFEBIEDZEI oo 110
4-4-3 BV U VHHRE VEAREDZE o, 119
A5 I ettt eees 128
HHE OB T D T e 129
51 AREEDMEIEL oottt ere e 129
572 IIMTD TE ettt 130
5-3 W OHHAHE BT D 20T oo 134
5-3-1 FHBIOED D FHATE OBEEE oo 134
5-3-2 HBRACEH R Z — N K DB L BELD LA i 139
5-3-3 HBRACH R Z — 2 & FRZEAE DRI oo 149
5-4  BYOFBRICEH DO HIERATIIT0 oo 154
5-4-1 HBRACEHT O HIERAIII A oot 154
5-4-2 HBRAE /N2 — U BUDHERII I3 oo 156

D = D N ettt ettt ettt ettt ettt eeaenes 163
BE B BE A cveveeeeeeee ettt ettt ettt ettt ettt ettt ettt ettt et et et et eteeeaenens 164
B oottt ettt ettt ettt ereeteeteeaeereereereereereereereas 167
ARG ST DHFTTIZRE oottt ettt ettt 168

i









B1E

1-1 e

1-1-1 ZEFR ORI EZ B3 28W T — % X— 2D LEME

FIE T ZRRERDE, ADEMAE RIS, ZhE TRAZERIES N Thh T

7oo FRICHEL TR Tk LR O #-CEmE I L 0 | SRR ETH O S B E THEA
T 7z, I, BAROKRADIE 2007 L0 AARBADICEEL TND 2 &b, ZNETO
KO AN ZARIL L U7 @IS ENISE L T b o Ll S VD 23, T E DS
ANy 7 BT D B Lt Tk 0, 201841 H 1 HEF R OEER L OIEEE
G OIE R FE O BT 77148 8,535 Fm ThH Y 4 FHTH 1EmEML TW\D

1)

o

HEMLTWDORER Ny 7RETHLD, ORI EAD L, W - REdHh 50
B - B Wolo, WA T UASZERNE D MEELTWDZ ERbDd, Bl X I3
ECITEEZCHABIC LD FEIT e~ v a VOBV TV D, 2019 RS T
DHI 23 KNOEEHFHEFTENLDOA by 71X, EHHEEN—ATHK 4,235 Tm & 72>
TWAED, ITEOHBOFLHRAR Y 22— A i%‘lﬁlbjrﬁ@jt’*”@zr74 AN ERSTE
D . 2019~2022 E DA BT 45.6 i & 72D RIABTHH M, ZD H 5 63%0
HLE T 2 TARH X - X - BERIZE T LT 5 12 18)

Z W o AR O BRI I T, ﬁﬂﬁﬁ%ﬂ%bfkﬁ&m =L (A=Y - R
NEN, TIOVSEFHHEBIIBW I~ Y a URERESNEZEAS, 20 ) 7Tl A0
FRMNGEIRIZE D D Z & C. RPN « BRI EE bEs %ﬁ&%HEXM XA ET D FhE
NEUTWS, 2O, P TORBE~ Y a OBFROBH EZX > TWAEH S
FERAFAET Do

L, At ORERGEE L TE, TOB@ROKINEHRIN WD, MY Ik
% & AFHERE OF| A 2~ — A H S RE 2 R BT, i FE AL T4 ﬁ?é& Bfh
2,3 HRBETHVILTEWVWEIFFEZR, ELT, ZbHDfuax D% <1 1960~70
FRICERM SN T—FICE O Frim L, EFbblxTW\Wd, bz, MG ARED
WMEBEEIC L0, ML 2 X 722 COAMNER 2R, FHT 2 2 L IXREERIE & 72
S TWND, EFEFRA DTS % b BIMER AT 2 & TRl S5 2eh 15 #i5 B o
AR 2 ET 2 2 3LV, TART, EREEOMERT 222 —>0DH
BL7Zbon, [ARIERRAEHEGE] ORETHY, S%TORELE L TORERIE
e T Z EDNIF SN D, #2EEITFIZEML L TS bDTHLZ b, Tk
MEBEICAT > TV ZERRETH D,

Fo, BREOKZLHPNIEEFZTHA 9, BEFRIFHELLIEFEMORALEOKTE NS
BRI TR, FESOMAER., S OICIHBELEIZ X DA~ OEFE L o7 SN
RRRFEDOBENS BIEEIND DO TH D, Pk 30 FEE - LHIFEERAE 16 10k 2
&L BAEOEEZOBUIHEHMALAEEMO—&TH Y . 2018410 A 1 HEEAIC
WTIX 846 i & 72 o TV D, ZEBEFERENEOVHUBIIH TN L ->TEBY . AOED &
DA EEALOEIT NI T E T TIES DWW TWAZ ERFRIZH DL EEZX BN D,

2O XD RBURIT, SERENICI T 2 AR T ORI E - TG S L7z REDEE

FOHRITIX, EORITE U 2 tt e iiiE O I 9 BROBE(LITRHE T E Thgn

1



LON—EEGENTNDL I EE2RBLTWD, RABUEER & o> - ETIX, BT
ANy 7 OFNERANEECTHL Z EITHHTH D08, EOEECIIRRE & EME 2 R L 8
%@ﬁ%ﬁﬁﬂwb%#mmfwé HRLNH CJE P D FEEE A B A F 72 D3 O FE W A R BLAR
b3 2 Z &3, FFiC WCAMIERCTERWA RNy 7 2ELSED VR IBHDHEE
bbb,

INET, ANy IRV RA NI x2 DEMD T A T A T N~HY A MEHLIT
ﬁ%ﬁ&éﬂf%to%ﬁﬁﬁ%b\ﬁ%@@%xbyﬁﬁﬁﬁbfw5%%ﬂﬁwf
X, #WHH D VIEH AR L, - @A), RRRSIIICHIET 5 Z LW
HCTHD,

1-1-2 B by 7 58I B3 2 BEE Okt

BTSRRI 5 L1 - @RI OEEEZMA S & LIEGE ., 1EROANKE - ErCRfR
DHDH b, ELAZ@EEO &G0 THe 1D, NEN LM - @WEARHHAE] 19, B
A TMEE - LHFERE). BIRETEIHRL WD (EEEEREBER] 1950 ENETH
b, FTIE. b OME LIS 5,

F TREETHE 13, BEETROL-TmE2TOEMENSRETH LD, K
BTIEHL2HOD, 7a—|ZEH LR THY . B ORI/ T LTy
72, A by 7 ORI TE R0,

EN L - @A) SRBE TEE - THIRGEAE) 13X, RO E XI5 L
L7t TH D Z s, EEREFRSOMEEFREZIEALTH, [F—B% - #
W DORRINT — 2 DB LML TE oo, [[l—OfFERT - #iFICEH LT [ Lidh 50
&Y OFFIRL OB RN 2R T 5 Z LIXR#TH D, £/, 2 HITHEARA
ThdId, FFEHIRIZIRE L TH, Ll - B EREICIV AT T — X X— X &
BT D52 LIIRAHRETH D,

[EEGERMAEE] 1T, THEFRICOWTRESN TN Z &G, B OEFEHK
RBREOFERDN LN D, ELHEMRSTD LI TEBEZIZOVWTHLHET S Z &
MARBTZ L B R HALD D, ANHHER-CR iR 78 £, EEEEBOMRBL S O F R
SN TELT, UL BEMICITARD 2720,

1-1-3 BEFD GIS IC X 2T — H _N— 2
x%yﬁ%%%%ﬂ%ﬁ#ékwﬁﬁﬁtﬁwfﬁ\%@W%ﬁ&kbf\ﬁﬁﬁﬁm

Lo THHO—RERZ R TND, HBEMEHRY AT A (L)LﬁféGIS EVnH)

BT — 2 NMENTH D, BFED GISIZ XA/ T — 2 X— 212k, AT — &f%é
(ERTH LR A W . REGES gL VWD b0 L LT, t/)/ﬁ £ TH

MARA v b7 —%] OB MEEMXT —& | 110 NTT ZEEREIC

TGEOSPACE HiZ&#i[] | 11272 ERNFET 5,

CER T EH T AL R A ) 1, B FHmiEIC X 0 EBEF IR COEI ED b= #
SHEIEETA AR L TR SN E T o L L B0 GIS T — 4 Th v, b5 4ED
LICEITHMZEBEEIC LY F— 2 MER ST WA, ZAUTES AL L ONF ko Fal L & 7E
IR T 2720 OFETH Y . FAEMROT -2 0202 boftiE - EfblcE 8D

2



T HE EALFEOERSCEEEMESEE H S5 Y 0RO BREICB N T, K8l
B« EEAZFHE - o2 SIIER S Tn B,

A A S SCE, MCEN, ERIRBKAER S, GIS bIEfHShTnWb, £
DOFEHEBSCHNED BLIZOWTIE, B LAEE T & 20 i S o 5 268 1119|2
BOWTEDOLNTEY, EEBEERIEIAEOEMICSHZY ZhEzsBLldhZ LT
Do ToT2 LRI, EAMICH 2R (BH) (2B 28 moRNEZiek L7z b DT
HY | flilx OB EFEET DIEHRIT—HOET 2 BR & RIS B STV,

BV @R A s T —42) 1%, RSt Er ) Unikie 42 T E) 105
HLIEARA Y b —2ThHV, 61 HEZIR (FEFRR, BE - BELST) LT
Do BARMNZIE, FE. FEF. EERRO 3SOICHBRENELTRBY, FETHUL
FERET-~vrvay - 7/N= R e E7THE, FEFNTONIREIE - 742 - Fbile & 27
HE, ¥l ChIUIEELIL - 7 0 AR EE 4 THEOAF 38 HE ML
LTW5,

Yo Uy MEE#X] X, FRXESEP U URRGET AKX TH Y . BERA v T —
ZNERDIREL 2 BT — 2 T b, BYRA LV b F—F LRAZEDOERDBEHEN TS
N, FEHENIRY ST =X ThDH, BYRA 2 T — X IXEE, EEHXIIAER 1~
BEET L Lo TS,

[GEOSPACE #tiF#i[|] ¥ — %1%, NTT A > 7 7% v MERESHENIREL T 5,
N GEBRIE 2 AT B T0 5 EHION BN A i E S 5720 OMIX]) %27 —#
fEL., ER (LHOBERM) 27 LT —4& & LT L2 X IBHRIC i F I H 2 15
L7=bDTH D, MG, REpE (L) OFfrFEMNTHD %] Jlic B E
KRR EIET D2 N FREE 725, HHAHE L, N 28 XIEHE 1Bl Z OftiHilskix,
NTT (> 7 7%y MEOEFFHEIZL > TERS>TWVD,

BB T B RERFIHTIZEBW T, DT, KE< Y7 MEOZE{LE ~N— RiEd
AT TERLZENTED, ZT2C, V7 MaOE &I, L - @R RS
RABFEOEA, T - @YOITAEHEOELEEKR L, ~— REOZE L X, B x.
B, BB LICK HZEE M b, B OB HE2 BT 5,

BRI DOT — 2 _X—=ZA TR L #lTFHEEMEREE gL, B - &l 5B L <,
Y7 MEOZE FIRPRGL, HEEOZE L) . ~— NEOZE (B OFBREH) Dnvg
AUZHONWT S —EREEREATREN H 208, FAEHFEPBREL D WVITFEIZ LT HE
NHDHZ LMD, B Z 2 D TIERY, £, oI L X AL T
OFEZRAE, EHICE L THREN 2 AR5,

VU VEYRA Y b T —2E, ARio@Y . LHUCET S ERITR VT, &Y
FIFLIRBUC B L Ci3@ W o o FEFT A ORI AR A g T2 2 LN T2 %, fth
b, BEMOFHBAEICE L CoFRITS NV, Br U RN, EAMICIZEY
DGR & AT RN OTER AT SN D —FH T, EIEEEMGRE LTSI,
FEMEOHABRRDIIHELRECTCH D, F/o. —ODT — I RXR—RAI~—FrT 4T %
HiE LTEREN TV D Z & b @ ORI AR A TN SR S TV D —J7 T, HiEn
—RHIZFIH SN TV DEAICBWT, B 2 VIR EMIC O N TIE I T o R S
NTWRWEAERDH L, EWOFHAHITINTILE T TRV,

3



NTT Z=filfE# GEOSPACE HiEHiX1X, +HUIBE L CToTFT—4THo ., HHDFAR
HALE LCTIHERANERZ SN TWA, £, &MIcE L TL, BloEFHX ETRIRT —
X NFTEDH, LHISCEYOHESC, FBAHE OERIIF 5 ST,

1-1-4 L LTOF—Z X— 2Dkt

BREICR T 2 BEN CRERIN BT — X DEEE B2 - L&, BFOT —H% X—

AFENENDO BB W TER SN TWD Z &b, BRIZZEDOHMHIZEETH L DIX
WV, LWL G, ENENDOT —FX—RAIEZNZNICEHETHDLZ ENnD, ZH
DIERPFA SNT2T —F RXR—ZADFENHEBNTH 5,

BT — X X—2ADOME & AR ZCOEBAREZ R T 258128\ T, 2oL
DT —FN— A E, FRERGRITRT 2B NE, A B IO SN, TR B AR
ek, T L TCT =X AFOREGERIEROT — X IEHDILN Y O RFEM OB AN DL E XD
TEMFYBTHAS D, £, WTNOT —F _X—Z B OFHBRAHE OERIC OV TIEX
BRHLNALTRY, ThbbEDT—F_X—=22FHT 2HAICBNTYH, B
BEAEHZ DWW TIREER ZRITERDBIFE L TORWZ LD, BIOFRAZ AW T R DI
S [ OHUSICEET 2 BWE LN E—OBRY AR OIMETNHET 2L ERS D (2
DHIEZE TEMFEIE] L)), TOH, ZOBRIZEYIREDORILE T 5 F @R &7
LI EERBELIRD,

UbEZEEZDE, MEGTEZHNTHTEEOEM ZE A HLD &) BN
&L BMIREEICBW TUIETMERICOHE TEMOINERE REFHAT 2 2 & T, HEOKE
B LRI CTER LW BAENS, B GIS T — 2 NFDOEBICTHZENAEbL
WV, ZAUZEZYE T 5 b ol IR AR . [EEHX ), TGEOSPACE i
iy L7 %,

Wiz, Bk 3 S>DOEY GIS 7 — & N— LA E B I+ 2 E@EEOBE B, THE
MRS H ) HD 0 TEEHX) Ko b, [GEOSPACE HiFEHIX ) X1
HOEDFAMACISIH L 72T —F RXR—=ATH V| B OV TIEMIMEOERIZTH D L
OO, EYRECHES e EORARBIERM G- STV RV, THEEREZREE LTE
25HZEIIREETH D,

%5 2 50 GIS 7 —F X—ATh L, HiFHEEMRHARS ) (X I+ 2
T2 LRET LT, EEHK TEDO Y 7 NEOFFIZOWT Tl ERE A
LTHY ., ZORITEMMERH D, ARG T D8RI OV TIE, B TH 34
W EIIEMTE WD [FEEHXK] OFBETIEH L0, WTHNORES EBIC LE
LR ENTWD, T7hbb, 22007 —F X=X IO\ TiL, EMWICETLEHE LT

X, MEEHX) (22 OEMEREO b D —F T, TETFHE AR ® 2>\ Th
E%kbf@%%T FR—=Z2DHMIHATEY, ELLE2HEICLEGEAICENTYH
FEICHELAEETHD EEX DD,

Mz <. E+s5mE ik, BAE, Project “PLATEAU” & LT. £EHK 50 #Hio
3D #HETF LD ZITH TEH5< VD DX) OB EAH#HEEL T\ 5 114, =0 3D
FHET NV EX, BHEMICFET 2BYEHE L Wolc AT Ve 7 MIAROHG, &
AL W TR EME R A 5352 LT, BMEMZOLOEHHTLTT v N7+

4



—ALTHY, [£H5K VO DX] TIEINIZEY, FHFHEN RO EEASL, #iiEE)
DY Iab—var, oIEZTWETGE - £H55 0 B, & — e 2AIHED
FHEBAEL WD, ZOT Ty M7+ —LF3A =TT =2 ThY., TOBREOEYEN
FHHRIZ OV T B EFERA G RO R SRR & > T D, =77 =21k
T T 7T =2 OIERFIESCFIE N~ = 2 T A RS REH SN TS FETH D,

UbEaBExD L, BHORRLT EHIZET 2HERALTNDZ L, ZLTAFD
BH MR B O T RENE 2 B2 T [H iRt AN A ) 2B & L TR %
TENREFELYY,



1-2  BEfEdrgE

1-2-1 BEAEAFSE o i A i P

REFERFZE O FRAFLIR I DWW TiX, AFRICBEED H 5, #i oY GIS 7 — & & v
WD 5 B, WO LM - I T ZRERFISHTOHEF (1-2-2), BLOHEHIC
B EBN OB OB RINEICE B Lo EH (1-2-3) MHARMEOERE Pk
2T 5, B, BHEMRICOWTIX, 200 E S L bic, Sz GIS 7 —#
2N T H I TRT,

1-2-2 #mo L - EWFH O RERFIZAL O W T F45

7 ) THIBEREB L OEETCOMEEOB(LEEEA Ny 7 OBERED X 5 72
BIfRICH D, FEEA Ny 7 BT TOD00, HAICTEE L T D H-IENH D500, %
DREEBIZIEDOL IR bOEHLNCIT L2 L2 BNIC, R EEER Ry 75D
RSP — BB L, EEFHA D = A L a0 BEL LTV D, BRI, (E
£ - LHFEHRES— A TOEEHEOEIE, BV VEBYRA VT — % TOEEHRD
AL EARRE L, EREARBEOHIIICIHS LEbE b 2 & T, BRI, ZERIMIC, H
RIRZ L OFETHE EHOBRMEZ S LT D,

BRI EOREA S 116 (3 M ES I H 1 B ARARFI LR OV o Hgis o ez 2 B
I, FBEICIIT B HGER T LR 2 X5 IC L, BB OEBIC 81T D ARARF H oo 22
MBI AR, L0 LHFI R 2 B & 2. FrtEem s S & KRR Ao
T HF A D BER & F DL ST LTS, FHFE IRV T, 1985 45, 1995
. 2005 ED 3 KR DWT, K EALO FHIFI 7 — % _X— 2 2458 U, KAF)
OEEC LA HOEEZ R LTS, Fio, (KR A AL O ERIZE L CERF
IR EATUN, BEHES IS Z OO RFHMIC R, mREZ O ERIL, #BH A OES
RMEOELIZ LV FHAINDEEDN/NISNZ EEZHLNILTWD, 72, #&HHLHER
(BT DARRA M O UM B9 2 FREE AME R R i A O 28 b ic i b K& 7B %
B2 T ZEEZHALMNILTWD, AHIFEGH CIEEEM R 2 8 Uy MERFI o 7 —
ZIZOWTRMT =4 ThoHrEL Y VEEHMKT —Z ZHNTHoH LTV 5,

WK TILD 117 IHEA Y LBy 7 HORFEEOEN~ Y a v A by 7 OEINRG
7= BT - HIk~DOEBEH LT A 2B E L. ANBEREOZLNMEE D
EENCH 2 D BOEREZRA TS, BERHIZIZE ) U EBHXT — % 2 X— R (2H
B RECRICERENT-~A 70T — 25 IUE - B L, ~> v ar Ay 7 DE
FiAbSERE D L RE B - (AGHUE R OBEPE | N~ > v 3 O #idgkoo A 0 o FHBIRS
ROZH. B~ a  OBEMBMETHUIEIC b 72 b T REBEICET 20 R E21T-
T3, 1980 LIS DX EMHDOZELRICHOWT, FOER Z4E L, JTE O #Hiff T %
MANAZERIZEDEHGBRELL RoTNDHZ LEEZRLTND,

FH B S 118 (IR L HR BRI EE 5 X ZEERER TH L HARSCE L O
HHF AR, —EOBMEZFF > TEA LTV L ORHMO T, BRI EZ S A TS 1
FHEBET ML > T, LTHFIHERICHEL 52 2 BZRICB T 2BEEZ o252
EERBEME LT, HA23 KIZEBWT, 1984 4£~1989 =D HuffidE) A, @S, BLH]
HENI v LV TOEHFIFICG 2 5B ONWTRrR Y AT 4 v V7 EIFET VT L D5

6



Wzt ZOHMNERGEEL TS, BRI OV TR, B EHE B ER L Tz
MBHAETERD 10m A v 2T —FZHANTWDHN, ZOM R A, 2Sm@sit.,
EHREOT =2 LD~y F 7 H2ATHEIC, 1km A v ¥ =2 THEF L TV 5D,

ZoXolz, #ilio Lt - EFIHORSRINE L OBEEAZEIL. Higd 2 WIFEE O
ARG TEY | #HREIZBT 52 DEDIZHONTE > TWVDHDIF RS- 674
A%

1-2-3 AR OEY DI RFIZEAL DRFFE A

Bl LS 119 13, mEETHEHICBT 2HRARORELZHLNCTLZ L 2HM
(2, BN O A e X A kP52, B U AEEHINT — % MiZETE, BLOE
HIFAASIZ 0 1985 427225 2005 A0 20 T 2 EXROER % 52 L1285 L,
EOELA ) H B OB 2 L BN OfE 2 OB ORI AL DOER & 58 L, S
L ORBRREBLEL TS,

Tl B 5 120 (IEEEOHINA AT 22 BUREDLENIC BV T, 2000 FELARRICERTH
NIRRT VOS2 LT 252 B E LT, #Fiizicig SnizsT ricon
T, B U AR E AW CHRERTH®SZ BT 5 2 S l2 k0, EReE - M o
THELELRLTWD, £72, BIOHZE 12V ik, ITFEICBWTRDMEIICSH 53T ¥
I RABHE DI T, BOCHYESCH WA D O K OB 72 887 IH O JE &S PRAF L Hiudsk
ERDEEHINC B D Hi1E T — T VEICER L, YeZHiilc 351 2 6 o> 55T KRS & il
OIFYUE LTIERT 5 Z &2 BIC, #ifE 2 — L7 U HO TR W TR E O
DIRIEE VO FIZEBR L, ZOEHFOKMEEZIEA TS, ZOFEL L THEI—LT
FZ Lo TRITEN TV D)ESI~ v 72 FH LRSRIILEIC K- TR 2itE L, &
FnbozJEHICH L TCe T Y U IREETV, ERERICBW TR EMTRbENET
AL ZORARFEZOEZH LN LTS,

R D 122 [ IEEHFMCEEL KT TEYEMEOMAZ B, 2005 205 2013
FETOM., WRETHER I TWDALRTTO 5 B4 OB T FH R AT — # ([TEFR
MotrzwM L, WHlN— RET K DEEHEMOER G EIT> T D, 728, L
MR OF T R A T — Z 2OV TUE x 0% LT ID 3 X OEFE O+
BEENTWBZ ENSLAIFIENTTREE 2> TWAHN, %< OFHIC L CREED F1ED R
IREETH 5,

£ 15 128 13 2000 FARLLEO KRES TS 31T D RBUE 22 BR v LR T X 2 8T
EOEALIER L, BREAVOZEIZ Lo THRAE S O 2B HIX. O T HFH O 2 b % e
%z AT, BRI T — 2 2 O CRLIRT . &R, & R A e 412 1990
AR D 2000 ARSI T DM AR T & OFER AL O EIZ DWW THIX BN THERE LR
LM Ol EZIT> TV D,

2O XDl 2 ORI OZSESCHBRAHICE B Lo 02 <%, —HoHK
Mgz gl LTBY, -0 iEbLHMFEESCEEHMXZ 0045 2 & TITo T
%o ZD XD T, HHTREKROEY Z BRI T E AR AT — 2 2R Lifl & L
T, B - BOF 120 OBFERET ONDS, JhUE, BEH (B A RLS) 2o
1991~2002 F2H511 5 3 R D GIS 7 — X #EHiaG b, @MRIEEITH Z LIk

7



0, Al DEIICONTEILOA WAL, ZbO b o 2R L, A - 220
H) 72L& DB % AL LT b D T 5.

EW - BT ORFIRIT AT O SATHR &\ 2 B3, FESLHUE AR ESh T\ b = b
M EHEORER RIS T THET 2 LERBH S,



1-3  WHEDOE™W

FREO LHCEY e EORBEOHANEMZMY . AARRFOEERZH ESHE5S
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L7 ) BEfFOFETERNE, T7 e —ckt3+2 b 0], [RRFIERD 50208, FAAET4
DRESNTNDHD|, [ZA Ry 7 R2EEZGE L TWDHR, FFRIIFRIZTDN G20
D] OWTNNTHHT=OIC, TOEE TIHENEO L &Y ORI E 2 K
IR T 5 Z S IETE R,

BEFERFZEDN S, 2 E CTOHH O L1 - B ORESRIISHT O FFIL, Hlk, %A
W, T—=HOREONTANREIRENTWD Z ERNbnD, AWFGEIE, #HOREH 7
OB MBI T 2FEZHAE LTWAZ NS, 3 2DHFIDOWT /)
L7 2 THHY RTHBMER S D L2 5, Fo, @WREICET 2858 FEFIC DN T
E. WPFNLOEHICIRE L THRAEL TWD Z &b, [IBROERTHICK L TOAE#E{be
ENTWDEFEERH Y . 2EHISEH T 5 720 OEREL S - BRI OV CEBLERET
THULENRD D,

IHNET TEHEEEMTFAEE R Lo TEONERIL. ITBURRA v 2 AT
THEH - ARESNTWDEID, HROEMOEBLZHET D Z ST ARARETH -T2, L
L7223 6 B M OFAAERE R OREM T 2475 Z & T, [[—#mIzB T 2@ ORROZE
{COFEZMD ZLNTE, BTEARMEOHENATREL 2D, ZhoZxEMTHI L
T, BAIEH D HOOHETICE T 2B OEEIRIE D Z LN TE 5,

TERTHAHE AR A ) 2 FH T 28R T, 8O EOEET 7ob b HBRH
DFTRTEHRETDHZ LT TERVD, ZORBUREEZERETL ZLITTE5EE X
SID, BRI DB BEEEIICH D Z & O TE 5 ERNIFE L2 W BLIR T,
AFFED T IEIIARO IR EDOFE N R ETFETHLI EEX D, £, BHROT—X %
WHZ LT, AHROAR Ny 7 OEENAIRRICR D Z EITUROZ L, A by 7 OEED
720 LTOFMRBOERE LML OB L~V THLNITLHZENTED,

ARy IR EAN LT~ HFTEDLLT R by 7 M8 Lt TW A ERHICEB W T
. A by 7 ZRAEBIHBHAHHC L > TRELEH DN EEZHIEL Wb b0 LB DR
%o Flo, RKEUERSEZHULOMEIIE TN OB G EEIH D &b E X b b,

Z ZCARMIE TR, BAEO EEE ISV TR I EE7e GIS @7 — % _X— A
ERL L, TNEHWD Z LKLV EHTTORA Ny 7 OEBERSLA by 7 OEEDOESTH
HHBAHOERBICOVWTHLNITHZ L 2HNE T 5,
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AMFFETIL, AR GIS 7 — % T DT s B AR A Wikt L CIRR S #2177
5 LT, BRINDHHEY GIS 7 — 2 _X—2ADIEKRE1T 5, £12. fERLI=TF—&~
— 2% b LIZHHICBIT LA Ny 7 OEREE TONRE L TOFHBAGH D FEREIZONT
EEMICTRT,

T2 _X—=ZDIERIZ S T2 5 TiX, AARREORERSIO B %8 GIS 7 — % Ok %
RAEZ . NN ZEEIEA E L EbliRic, THEHS 23 X)) TR TRl T4
dEm ) AL TR O 6 Bl E 5 L LT OEBFAEEORIEBITI O &
T5, UEZEEFEzLE, FROHEBIILLTO®Y L7725,

o BERINDOH L8 GIS 7 — X X—ADIER DO M B AT L LR L7 b T —H X
—ADBREEITH (1)

o HAEEMOGIS T4 2 ERADEICL 2BYEELITH 2 & T, FilfE A9
DY) GIS 77— X2 X—ADEREITH, £io. ZHUCEEL T, FER &35 %4
IZOWTOREED 9 2 TET D (2 )

o  HEH TOMEHERT — X OFEFRIZOWTIEH U, #8H R ORI 3Rl 5 7=
DOEELOFIEERE L, T—F OfFELEITS (3%F)

o MEELEINTRRINOB DEY GIS T—F _X—2 &2 HNW T, FHHOA Ny 7D
BBCHBRAGH O L2 ERMITRT (4EB L5 F)

o WIROWEEZITY (6%F)

REV T BLEDOWFIEIE B SR IST 5 Ahm L 2R 2 B/ O AR NA 27T

51 HETIHBEES D BEEOMEHI OV T, AR 2B E M, B B RO
PE, FRAE B OMFENE, FERINDO S 57 —F ~DEMOKEE, LW BENPbZALO
P BH LT, BROT = R—Z 2B 2ICHIV B2 7 — 4 N— A2 #E
T2, FBET DB ENIIE AR U CARBFZEO LM & B2 B 2,

52 ETIEIRHED GIS 7 —# N—RIZRRINIER LA 53 D7D, TR EH B AL A
fE# DETLEMONEERE AT, REEROT —2FAtazERGHOEL I L TR
WIRE % FiS 5, BERIEICE L CIERE RO GIS 7 — # M DO RHRRZ I E T D 4
BN D T sh, HIE D Fhit v RE 7R B AL BE & [RIE W] & HIE S D R PRERICIE L TV
<o FTATMZBEBANCFMECE 27 — 2 X=X LT 57202, BT —ZITOWTHB
MR TORE S & 28 U TATAEL & L THBPEFTERICOW TR 2 BT 5,

75 3 B TIER RIME MBI B ST GIS 7 — X X—RAIZH>W\WT, T —42 &
T oD OELZT D, BARRICITERBEROERE M D Z & THHZHE & R
D RS IR AFEOHER 2 T2 ET VOMEL, TOET VLY T —F =2 |
DY OEREMEOMIE &L FHITEOREREILZAT O, MERPRAZ U —= 7 2 THE
Bt & DB ATV, BRMEBITHR BN T —F DZEPEITHON T HIREET D,

FBARTIIRONILT —Z &b LT, BAH OB, HEREEORFIHER O i 2
179, EAHT L BITEWITHEM UKL L TWD Z &N, ZDOHBROAFLHIELR)
IR DR S O TIT 5 2 & THHIZ T 2 MR L ORI 27~ 9,
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FHETIIHAECHER LIEREA by 7 ORIEMENIZONT, ZDOHESELTO
CETBRAGEH) (2 B L. 2O 0@ OB L0 DEA ) 208 Tiai)
B AR THEAY ) (2 L. BBRARES & 5 Wo 7o - B TIERITAET
TWDDONFEITLITHHr L, #liH Tl EZ1T 9,

6 ETIIMIEDHIEL, SHOBEL LT [FHBEICE T DA SNTHERIIO H
2 IR OMLENE ] 12O TR, 2 LTHEME & L TORFRIZTIEIC OV TH
FEREHET 5,

e 7 v —% Fig.1-4 |ZRT

Chapterl: Organize the background and objectives of the study and
select an existing building database as the basis for the study.

Chapter2: Conversion to time-series building GIS data with building
identification.

Chapter3: Estimation of building area and total floor area from polygon
area and building floors, data screening and validation.

Chapter4: Observe Chapter5: Focusing on metabolism, which
changes in the city over is the differencein the transition of

time from both building stock, we classify metabolism as
quantitative and "new", "changeable", "integrated"”,
geographical "divided", "complex", and

perspectives from the "decommissioned", and analyze what kind
generated time-series of places and uses are actively occurring
building GIS data. and compare them between cities.

Chapter6: Overseeing research and organizing prospects.

Fig.1-4 Flow of study
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1-5  WFRICBIT A BMER
1-5-1 ZEMSHR

Zefiiz % (Coordinate Reference System) & (%, JEMZIZ L - T, GIS OHF O I
7o CIRTEDRHER O EBEOLFTE EHRBBRST LN TV I ERESITHVAT A THD,
ARFRICBNTE, ME (KU 22) T—200DOHEBEHSCR R DEER O GIS 7—
ZOEREDEEIT)I Z D, FEHICBIT D 2EMBRRITTRTH— L TB L LER
bb, EHSHERITHBEIER L ZNENOT L EEEERCLVRESIND,

HOBERE R &1, HIER A [Aliskg R (HERFSAR) & RZp L, Zo&Rm Rk T 5 KF
PEZE R TIRIEE L BENEL2RTEHE L OMAEDETCERINDI O TH D, B
RITH D R (MR R) | MEHLFE PR, A4 N CEXER) O =R THRE
Do T Z CHRICEHE R OPENUE A L W O HIBRZ A FHRIZIEI L7 ET L Th D, HERL
FE P ARIZ RIS FE O m Bl X 0 MEARE LA SN TE Y BETIEHHARIZ GRSS0
EWV O HIBRFEFARH WS LTV D,

HEREICBIT L2 MEOEETHEECL > TEDLNTEY, TOHBEERL LT,
JFUS % B AKUERUS, MERUE iR 2 GRS80, T A A N % B ntiE \E¥iEm & L 7= it S
32 (JGD201D) Z £ L T 5 125

FOPERRR & 1T, PR CTED STz 3ot LOALE 2 2 ROt Vi LICERT 2 b D
THY., ZHUC XV, mRE, TRERSL ZERKS LD, Fim, HIEEHSPRN
G lIT 0 IEMICR T Z N TE D720, HBPEOALRA RISV TEREENITHW S
TW5, TOEREFEITFREMEERLE VDRI AT A « 7 ) 2—F VOSBRI L
L2H0THD, FHEMAEERIHREREEZ/ NI T D0, BAZ 19 OEERIZIK
L TND 126

ARAFFEIC BT B ZEMBRIE, T EICB W TEERICH R ST 5 RURIHR 0 Wi
EABEREZEAT 52 & L Lis, 7ol BATO M RIHR TR B ARKRE K 2 22 LA
Sh7= JGD2011 THH A, AR TITRE LAIOAF LT — 2 D% OHEHEL 75T
V7= JGD2000 - LT\ 5, 7ok, JDG2011 & JGD2000 (XA R[EETH 5,

Table1-5-1 IZ KR THIZEHB W CTHRIH L= RS % & EPSG 22— R 127 O —EZ/RT,
EPSG &% European Petroleum Survey Group & 9 244 Z O A & VERL L 7= K
DR TH 5, Z0a— RFFEMBRIZOVWTHENO ID ZE VIRV | EHE L TN5D
HLDOTHY, FEEOFMEL LTEZLDGISIZTIANFHAIN TV,

Tablel-5-1 List of spatial reference systems used in this study

City Coordinate Reference System EPSG code
Sapporo Japan Plane Rectangular CS XII 2454
Tokyo Japan Plane Rectangular CS IX 2451
Yokohama Japan Plane Rectangular CS IX 2451
Nagoya Japan Plane Rectangular CS XII 2454
Osaka Japan Plane Rectangular CS VI 2448
Fukuoka Japan Plane Rectangular CS II 2444
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1-5-2 {14567 w I /EHEEY 7 No=T

KED GIS F—# (Zxt L CliflZs & OFMBIEOEFTC, KEEH %ODEFk’“Hj
MEFRE b LT85 GIS 7 — X Ofkh (A 72 L. AR OEE % 5T
1o kted, TN H0 GIS T —XITHEESHMTEZBENTE Y | T OMBEITHY
BELENATHI D LD, ZOZEnD, —HOERIIOWTET R 7 I 712855
BULE W 2 R, EAULIC K> T EORBENMEOND LT D ENEE L
VY,

ZFIZ T, THAOML, H£it, SR b NCEOREUEE WO RO L L DT rE A
WZBWT R I IV EEZB U CEELZIT O, AT 2 OIEHEHRITICR L L7
R(version 4.0.3)128 T&H 2%, R TiL, v r—v L LiEnsB8%7 4%y b U7
FULUVARZaT VR ENRODEELEDICSINTET SV r—ay B3I A 77V B FE
LTEY, KFEICBNTHEL DRy r—V 2B L Tz iToTW\W5D, FFICEETH
B X =T OV T Tablel-5-2 (27”7,

i & U CREREH DT 2HAICB VWL, GIS V7 @ ArcGIS Pro29 #F|H4 2
L TW?

Tablel-6-2 List of R’s packages useing in this study

Package Description

ggtern’30 Calculation of Weighted Kernel Density Distribution in 2D Space
gt13v Build display tables from tabular data.

MASS1-32 Functions and datasets to support Venables and Ripley,

“Modern Applied Statistics with S" (4th edition, 2002).

raster’33 Reading, writing, manipulating, analyzing and modeling of spatial data, as
raster format.

sf1-34) GIS for "R", represents GIS's features as records in a “data.frame” or “tibble”
with a geometry list-column.
tidyverse1'35) Processing, aggregating, analyzing and outputting graphs or tables of tabular

data, called "data.frame" or "tibble".
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1-5-3 AfIZB T 250X

FHPICII R Mk % 2B ANRIEL TRV, HEORY bIEFICRENWZ &b, 20
Oy A B IEMEICERAR T 25 72121, BUSTEME O B 7e & g fifi 72 & o DU A E-0 0 43 4
GO THETHIUNEND L, 7 — X OO ERREIRTHE 7 7 712, eA NS T
DRSS D R LTV A28, ARG SCCIEHEER (QO : fH/ME, Q1 : % 1 Uy
fr, Q2 : FYfE, Q3 : % 3 WUNNL, Q4 : e Kfl) ZEHEMICHE LB OTRE E
R 2, 72, EERENOIENOEBEL I TREBET 52D E T 5, HOTKORE
R DA A — VIR % Fig.1-5 1277,

B, B/MESRKMEIZOW IR AN R E < 72 W R RBED KNI /2 2555
bbb, UTOXRTRINIBAXMEHAT L 0L LT, ZOXKBZBXHT — X%
UL L CHREDORIGN LT 5,

[Q1-1.5 % IQR, Q5- 1.5 * IQR] (IQR = Q5 — Q1)

6 Maximum (or max value in data, Q; + 1.5*IQR)
4
75t percentile (Q,)
> /
1246 | Mean
2 > Interquartile range (IQR)
Median (Q, )
1.19 ’
‘ «—=— 25" percentile (Q,)
0 Minimum (or minimum value in data, Q, - 1.5*IQR)
Sample

X
Fig.1-5 Structure of boxplot diagram
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Table2-1-1 Years of basic urban planning survey for each city.

City Years

Sapporo 2006, 2007, 2008, 2010, 2011, 2013, 2014, 2015, 2016
Tokyo 1993, 1996, 2001, 2006, 2011, 2016

Yokohama 1993, 1998, 2003, 2008, 2013
Nagoya 1993, 1998, 2001, 2006, 2011, 2016
Osaka 2000, 2005, 2007, 2013

Fukuoka 1992, 1997, 2001, 2007, 2012, 2017
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Fig.2-1 Image of data reference with GIS.
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Table2-1-2 Reclassification of building uses.

Building use Sapporo Tokyo Yokohama Nagoya Osaka Fukuoka
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Table2-1-2 Reclassification of building uses. (continued)

Building use Sapporo Tokyo Yokohama Nagoya Osaka Fukuoka
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Table2-1-2 Reclassification of building uses. (continued)

Building use Sapporo Tokyo Yokohama Nagoya Osaka Fukuoka
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Fig.2-2-1 Polygons broken up by map boundaries (ex. Tokyo: 1996).

(a) Osaka: 2005 (b) Osaka: 2007
Fig.2-2-2 Discontinuity of data.
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Table2-2 Years of basic urban planning survey for each city.

City Years (The number of polygon data)
Sapporo 2006(379,400), 2011(388,750), 2016(400,837)
Tokyo 2006(1,765,211), 2011(1,722,340), 2016(1,804,086)
Yokohama 2003(822,980), 2008(855,467), 2013(900,908)
Nagoya 2006(584,084), 2011(611,841), 2016(641,481)
Osaka 2007(631,040), 2013(634,707)
Fukuoka 2007(336,765), 2017(355,622)
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Building databases at each pointinterm
[ Firstterm ] [ Nextterm ]

‘ Remove duplicate polygons ‘

v

‘ Spatial matching ‘

Identifiable

Identification judgement

Unidentifiable

‘ Grouping polygons ‘

v

‘ Spatial matching ‘

Identifiable

Identification judgement

Unidentifiable

Assigncommon ID
for buildings
between different
years

Creatinga list of building IDs
unified between differentyears

v

[ Time-series building database }

Fig.2-3-1 Flow of building identification judgement.

27



2-3-2 [RIEDSEM
IO EBICEDFRIEONEEZIT Y, I, BEY A& O AR AE TEMEAIC X

LT =2 D~y F T eFEmT L, £L T, vy FLEMAGDEICONT, AU =
Y DR FS OEEN OB D LEE (—BR) 2N ETEH L, RO
R —EBERPHEAIZ 90%LL EEFREOHBIEE Lz, HHIOERGOENLEYFREICE

% E TOMT % Fig.2-3-2 ({277,

(a) Tokyo: 2011 (b) Tokyo:2016

(c) Image of overlaying

(d) Buildings determined to be identifiable (e) Buildings determined to be unidentifiable

Fig.2-3-2 Image of building identification judgement (ex. Part of Suginami ward in
Tokyo).
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W

(a) Tokyo:2011 (b) Tokyo:2016 (c) Unidentifiable:
overlapping portion of the
area is less than 90%

Fig.2-3-3 Example of identification but judged unidentifiable.
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Circumference matching ratio(%)

Fig.2-3-4 Distribution of circumference matching ratio between buildings that overlap
one-to-one but judged unidentifiable.
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Overlap area matching ratio(%)

Fig.2-3-5 Distribution of overlap area matching ratio between buildings that overlap

one-to-one and has a circumference matching ratio of 99% or more.
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1] —\

\

\

(a) Judgment based only on the ratio of overlapping

(b) circumference matching ratio is also added to

area the judgment

Year 2011 2016

Fig.2-3-6 Differences in buildings judged to be unidentifiable by judgment conditions
(ex. Toky02011&20186).
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(b) Fukuoka: 2012 (c) Fukuoka: 2017

(a) Fukuoka: 2007

Fig.2-3-7 Building polygons differences between years.
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Fig.2-3-8 Building identification by grouping splinted polygons.
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ID_Age200X-5 | ID_Age200X
A 001 B_002
A 002 B_004
A 003 B 005
A 004 -
A 005 -
- B_001
- B 003

(a)ID correspondence table in
age200X-5&200X

ID_Age200X | ID Age200X+5
B_001 c_ 001
B_002 C_002
B 003 C 003
B 004 -
B_005 C_004

- C_005

(b) ID correspondence table in
age200X&200X+5

ID_Age200X-5 ID_Age200X | ID_Age200X+5
A 001 B_002 C_002
A 002 B_004 -
A 003 B 005 C 004
A 004 - .
A_005 - -
- B_001 € 001
- B 003 C 003
- - C_005

(C) ID correspondence table in all period

Assign the ID of the most recent

survey year as the ID for integration.

Integrated ID ID_Age200X-5 ID_Age200X ID_Age200X+5
C_002 A_001 B_002 C_002
B_004 A 002 B_004 -

C 004 A 003 B 005 C 004
A_004 A_004 - -
A_005 A_005 - -
C_001 - B_001 C_001
C_003 - B_003 C_003
C 005 - - C 005

(d) Integrated ID listin all period

i on

indicates does not exist.

Fig.2-3-9 Flow of integrating building IDs.
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Table2-3-1 Change in the number of buildings by building identification judgement.

City Year Before After
Sapporo 2006 379,400 379,185
2011 388,750 388,728
Tokyo 2011 1,722,340 1,792,289
2006 1,782,186 1,782,186
Yokohama 2008 855,647 855,374
2003 822,980 823,336
Nagoya 2011 611,841 611,857
2006 584,084 584,100
Osaka 2007 631,040 631,039
Fukuoka 2007 336,765 336,931
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DOHIGEE LT, ZD LI REBHFHC OO CUIHEOIIEZ IR 2 TR @M e L2952 T
HEAMFEZITO LWV IBMOAELMZ -, ZLOREHEZ®E L T, FEMICH
WL ID 2595 2 & T, ®IGHIE I 2 @M OFHER DL HIBIC X 2R
L7,

PLE. ekERAEM CEEDH D GIS BT — Z 1Ioxt LT, BMFEIE DR E %\ L4
oo, HEEhZ AT 58 GIS 7 — % X—2ADERREIT > T,
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W3E AT — & ofEEL Tk

3-1  AREOMHE

AT E ¢, [RefilEh 2 59 284 GIS 7—% (E{brn) | OEREIT-7-, 7272
L. INZFEBEICHROELBIZOWTHEZITIZODOT =X LT 5IThizo>TE, D
FHEMEICONWTELEWLS OPERH 5, BEMICIE, TARY SUmE»r b/ S b
FAECIE R RS 72 & OB MO KFHT ) & TR AEEEMORER]. £ L
T [BENTHLIND 2T, W7 EPEYTWT —H DOF(E] LWV oo minzET o
%

I LIZEIT DT RO IEROKRERFRK TH S, ZNDIZONTE, BEEERR
RBEE THFOEER S, BFET 20T —2 2 W52 E TIELWEZMS Z & 4]
BTHY, £, ARTHONITHESINDIRET X THHLELWVZD, LLERENRG,
HELLTINGLDT—X LOKAITHEATESL T, YERUDBKEL LD T b2
U,

Z T, RETIE THEEE A AT 8 GIS 7 —4% (iEbaT) | & BAERER - #ri
THWRICRHMENIT A 2 b D LT 57012, BT — 2 DRSS T -2 DA Y —=
T EOREECEAT 9, F T BKINTE DI TR RN AN TR G & 72 0 155 IOk
AEEAIT O Z & THEELD TIEOFHME 21T 9 o

AL L CHEIT Rt OB B2 DWW T, £ O BRI FECRG Tk, g ko Fik
ERGERERIZOW T, REILIBEOEFHICB W TENZNIEEZ B> TiER LTV, Zhz
WUT, BRI CER L7z THEMEhZ2 A3 28 GIS 7—% (fEiE(bal) ) b L, &k
B2t o GIS @7 —# iz A3 28W GIS 7T —4% ] #5560 ThH D,

PIFIC, REIZBT D200WHT — % OfEL OEE & 2k 5 iz R~7,

o AU IEE»LEH SIS EEEIEOEREHEIZ ST S MIE (3-2)

*  REETHLEMBLAFREFROMT (3-3)
o MR LR LEYT — 2 ORI & ZOMEE (3-4)
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3-2 AU I mEEN D OmEEEMEOHERT
3-2-1 HEFHZHW DT — X O

AEITIEX, AU FUmfED O F M S5 A EME O KRG ~DO XIS Z21T 5, Z DR
B, BRI G EE D D ER SN DT —Z 2o\ Tk, BMAEEI 2 T
B2, ENEREICEA SN CAEEREE KR S D 5A0. RHRELH % o2
DM TERNZ LXK > CTHEREED BRI SN TWA RO Z & Th b, 2
B THIRM SN TNWD L ZATH Y, Ikl - F)I 3DKY 3212 L 0 HEGHHEN
FREES AL TV D, B « FHNE, B OFH T EEY IOV CHEEE EREBL A IR O
R %, KEE. il OEEREEYIC O CEEEH HEEE o IR mE 2 AV ¢
FTNENHEFET VEEHR LTS, LLnSE, Wb HRBREIN TS0
WA RICITEA TE R, £ 2 CAMZE T, BREEFHmAEE A fid L 72 Bk o 15 2 H
WCTERRICEA L 5 2H#ET VOEREIT) 2L &35,

ZOERIZONTIE, BOERT —Z 07 38 TEH 25T 12 #FENIRICB T 5
PRI 2 54 L 2009 4ELIME, WEB ¥ RZ2@E U CABLTEBY ., AX Iz ifse
MICINE L b D TH D, A ST DR RO —E 2 R ORISR T,

Address of Architect N S < RE ]
Address of Building owner :  @FLE{EAT
Address of Constructor C MBI
Architect D OEBREHE
Building area D AEEAE
Building foundation o LA
Building main use D REHR
Building owner D BEEE
Building structure S
Completion date : SERKH
Construction site address — :  AaxHh
Construction type o LR
Constructor C M
Date of application : JmiA
Gross floor area D EREAR
Project name N

Site area D Bt AR
Start date of construction ;. ALH
Story D PR (M k)
Story basemen o P ()

IAE U 7= S LG 2L O A FBAGT R D > HHEFHE T /L OAERRICHE L7z L 22— N & JEE
TANENRH D, FDIEODAT Y —=2 T D 4 HO5MEERITTRT,
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s OXDORMT—XIIKERHDLLaA— RORE
Mk, TR, SRR, Mg (M k), @SEmAE, ERERE. 5Bk
H
o TERFENI THTEE) DAL (HEEE, HEZEERLY) ThoLra— RFokE
e HBOBENBETE VWL a— RORE
A B E R D R & ARFZEIC 31T B A & IEMEZ BT 1T 5 o1
WEtCH o720, 22Tl TF&FEE]. [EEET) [Z2of) o3 212481
72 HIDMCEY TRV ESB Z DD AR @EENESEELROHBI DD
DIV DOIEBRWE, B, [FREE)] 0> bl EREEA 4L Eoboix T2
O] IZHE LTS, iz, BHOEEENPTHENTWDLI 0D,
BIOEMZOWTREE L T D AREERH 5 b DIV TV S,
o HEEmMEMNELI/IASWVLa—F (20 mAdm) ORE

R L LT 71,920 kD L oi— RD 37476 &2 BE LT, LI, ZF—4 % (4§
REFHT —H | 9,

3-2-2 EEmAEDOHERT
VLT, BEEHET — X oFEfT BEER) & [BEEh2 A4 2 GIS 7 —% (FidEb
B | ONEEERIS . LT 4 SO Clig OBWIEE 21T- 7.

o HX L THEFRN—
o RELEIET — X OSEMUFLIEIC TR A AT 5 GIS 7—4 (FEi&E(kl) | M FTE
o d—% (343 oM BN —EZEUN
Wi RAE ST & GIS 7 — X 2B 1) 5 i ERSEOTIES R 720 & 058 £ Tl KEHE
SNTWAIHEERH D, £ C, BEFWET — X THH LS 5 LA T O
MOV TITEE D B2 —E, 6 UL Lo@MIc o>\ T, TMEha A7 25
GIS 7—% (M bAD) | MO OBEEFHET — X EOEN 2MLUNTH D Z L%
e Lz,
o BEmMEANY AVEBENSLELNHD
A XIZIT B O &M 22 TEBROBMMNFAET DA REENH W | B
W7 — 4% L DORIERGE S IR VALK EEETCDLZ END D, BERME A
WAV TUmFE Ap L0 b/hEL< wdEmEch D EaBE L, R@-DEWMET
HTEEFEME L, 2B, RN FUEMITELmHRELY bEKIZIER>T0nD
HOD, BHRE LTI T VA RELHREIND I END, TOEITIIRY
NhdHEEZBND, TIZ T, ZHICHOVWTIHERERITHAZLEELT, 2D E
PRSI TG E T — % OBEEEMZ EHRICE 2, K0 0OFMINZ 1m 324k
ELEBAEOmEEE Lz, 1880~ v F o ZHAHNIFE LA, B
&R TUEEN—FLE L WHAGDEE L TND
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A, <4y < (A, +2) 3-1)
Ab : BT (n)
Ap : RV T (D)

(v
(v

PLEzE 0 BT Oz T — &%, FEEEN 12,127 4. £EE5EED 2,894
A, Zo/s 290 HTHoTm, TNHEHWT, Ak EICEFEmEE L AR Y I mENN
SHEFFT A ET NV EER LT, HERHRES: % Table3-2-1 (2”7,

Table3-2-1 Summary of building area estimation by liner regression model.

Detachd house  Apartment house Other
(Intercept) -0.230 -11.398*** -15.421%**
(0.171) (0.431) (1.786)
Polygon_area 0.794%** 0.959%** 0.974%**
(0.003) (0.0071) (0.002)
Num.Obs. 12127 2894 290
R2 0.875 0.995 0.999
R2 Adj. 0.875 0.995 0.999

*p < 0.1,* p <005 **p<001

WTNDET /T ONT HIRERE R2 36 X ORI E AR ERE R2 & HICEVWEZ R
LTEY, MWEETHIIT TETWNDIEEALNLZENLINERAT LD ET 5,
I T, RY FIUEM A D, FREEEORERM Ao, BEETOREMRM da. TD

MR DOEEEFE Ao ZHEH T 2T L E2HATELEZLORZNEFN (3-2)025(3-4) &
05,

Ag = 0.7944, — 0.230 (3-2)
Aq = 09594, —11.398 (3-3)
A, = 09744, —15.421 (3-4)

T, Ad : FREEE OB FE(nd)
Aa: EEETEOESERE (D)
Ao : = O EEY) O BEEE HE FE ()
Ap : B Y = iHEHE(nd)

3-2-3 MEIRmEFEDOHERT

foeu N THEELEH I T — & 2 IV TSR RS & M RS E0) O SEPR I FE O HERTH & 7 L DA %
179, MEPRMHIFEZ BEEmEAE & M ERSECCRIAT 2B T T V2 RA L LT, BEEmE L M
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EREEE OBIRMERS AR O o AT, RAEAHEEZ ST MM e LizET
NI 8 4 E — DT EENENDO B L TIT>7-, Table3-2-2 1ZFExI#IC L %
HEFFOFE R TH 0, Table3-2-3 N2 L 2 #HEFHOFEREZ R LI D TH S,

Table3-2-2 Summary of gross floor area estimation by liner regression model.

Detached house

Apartment house Other
no Interaction with interaction no Interaction with interaction no Interaction with interaction
(Intercept) S71.277%** 9.747%** -1291.344*** -362.591*** -2949.433*** -969.527*
(1.195) (2.042) (14.279) (11.805) (96.273) (75.088)
Building_area 1.925%* 0.582%** 5.066*** 1.682*** 3.623*** 1.575%*
(0.006) (0.029) (0.016) (0.026) (0.016) (0.031)
Story 33.680*** 4.018*** 213.657*** 95.434*** 545.261*** 194.125%**
(0.383) (0.722) (1.957) (1.585) (17.089) (13.327)
B””disnti;;rea h 0.506*** 0.372+ 0.404%++
(0.011) (0.003) (0.0086)
Num.Obs. 12440 12440 19346 19346 5690 5690
R2 0.907 0.921 0.876 0.940 0.898 0.946
R2 Adj. 0.907 0.921 0.876 0.940 0.897 0.946

*p<01,*p <005 ***p <001

Table3-2-3 Summary of gross floor area estimation by liner regression model (log-log
model).

Detached house

Apartment house Other
no Interaction with interaction no Interaction with interaction no Interaction with interaction
(Intercept) 0.670%** 0.496*** 0.438*** -0.090*** 0.233*** 0.020
(0.011) (0.054) (0.006) (0.020) (0.012) (0.033)
log(Building_area) 0.877*** 0.920%** 0.912%** 1.013%** 0.946*** 0.980%**
(0.002) (0.013) (0.001) (0.004) (0.002) (0.005)
log(Story) 0.683** 0.855*** 0.897*** 1.207%** 0.929*** 1.079**
(0.005) (0.052) (0.002) (0.011) (0.004) (0.022)
log(Building_area) _0.043%+ _0.057*** -0.024+**
x log(Story)
(0.013) (0.002) (0.003)
Num.Obs. 12440 12440 19346 19346 5690 5690
R2 0.928 0.928 0.986 0.986 0.984 0.984
R2 Adj. 0.928 0.928 0.986 0.986 0.984 0.984

*p<01,*p <005 ***p <001
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RATORE RS, BRI L RO BEREEZ GO GAC, mixtike Lz hFn
EFETNOHTNEIEV NN ERGhole, £ T, HEHET MITEEEmAE & ERE
BLOZENOOZAEREEMRHAEE L LIl OBEET VO T2 L
770

ZHUCOWTIE, SHEEDNERGTEL TN Z D, ETVORTERE R2 DR
HF, BMELLET ML LHEHME (vih) & EBEOLEKmME (x ) OISV TH
MR Z1TH Z & & Uiz, ZOFEREN Fig.3-2-1 OHAR IR, Wb iiHRaE i e %
BR2IZ09 22 THY, Mt TE TV OB bh s,

Detached_house Apartment_house Other
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Actual GFA. unit: sq.m.

Fig.3-2-1 Scatterplot of estimates and actual values by building use

PLEDS | IEREFEOHEFHE T /TS mAR & H LR, B L OEN L DR HEHE
tAZEE L LiMis oM erveds 2L Lz, FEMEE, EEEE, T
MOENZEI, EIKREEEY Ga, Gp, Go. BEEMHAE % Ag, Ap, Aoy H EREEE S, Sp, So & L
xR, ETNAEKEXTELEZLON G566 1NTHD,

log(G;) = 0.920log(A4,) + 0.855log(S;) — 0.043log(4, - S;) + 0.496 (3-5)
log(G,) = 1.013log(A4,) + 1.201log(S,) — 0.057log(4, - S,) + 0.090 (3-6)
log(G,) = 0.980log(4,) + 1.079log(S,) — 0.024log(4, - S,) + 0.020 (3-7)

I T, Gd : 7R O FE R i fE (nd)
Ad : FREEEEO S mFE(nd)
Sd : FRAEE O R
Ga : EAFEEOEKHFE (D)
Aa £ FEEOESEEAE ()
Sa : £EEEOM EREE
Go : & O O FE K i FE ()
Ao : = Ot O HE FE (1)
So : DB O Hh L

WY A EFEN D BRI AW T2 BT V& BEEERE & M R D IR R A HE
AT 2T VvEENERFIHT L LI T, ANY T HEEE M BRI G, EEEE
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CIEREAE OHERT 21T 5, AV T U mEME DR ZHET 57 IR N5 4) T
bV, ZOHEF L@ mAE & B E G50 B @ DITHRAT D Z LI L o TER
HFEDOHEFHEAHD Z LN TE D,

BRI, HERHEAT S Te RIS OWTHERE A 1T 5, Fig.3-2-2 [T 1E AT O ¥l % i IE 14 D
B TR LME, T78bb, fEORZRICB T A2 ERONMEZRLIZA TR TH D,
BEEMIX 0.7~0.9 REDO S iz & LIEMIERTH Y | ERERE TS SITHE )
WD EMBHIERDOSAADOH N 0.6~0.8 FREL>TNDHI ENbND,

Z LT, Fig.3-2-3 I3 ERTH OLER HEORR A £THAMN TH D, MIERTOER
FEE N R E < 722 LHE PRSI TEY . REREMOIT O N L0 IR HEFEHH
ERDPNoTNDEZ ERbID,

Detached_house Apartment_house Other
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Fig.3-2-2 Distribution of correction rates by building use.
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Fig.3-2-3 Scatterplot before and after correction of the total floor area.
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3-3 HXHEMOERCER L OEEEOEFROM S
3-3-1 AfitRIB L UEHER R L OR RO FUENL

KETIZ, VAT —Z OB D [REFR T 5 BFCRCAR RGO
B SRS D, BHEFELEET A IC OV TIE, B oREDIE), THoRHICET S
FEGFRBFICERSNLTBY ., FEKRITIGISTFT—# LTS, HH#id GIS F—#
1L, LD 2R TG RICH LT, DO CEFERBIF 5 SN LDOTH
5, Thbb, Bt E8Y, ThEho GIS ¥ — & #BhEfT 5 2 L A TEITHEREIC
ITWERERSRER R CORMMATE, HMFIAICET 2 X 0 IEfME/RIRAER S AT HE & 7
%

Z ZCARMFIETIE 2V E TITER L 72 KR FIE At & ) GIS 7 — Z 12k LT i
GIS 77— Z#t31F 5 Z LI L » T, EEMZREME - FEREZ KD, ZnbHdiodk
MAEHRT H—oODEL T35,

THIGIS T —X LY GIS T — X LW\ ) —oDF —X EflAGbEt b0, 93T
17— & OMEEL & ARG 2R L, iV C LT — & L R B ST & @4 GIS 7
— & L OMITEEEDN 2 WP E R T 5, o, LHIOABIZOWTIFEMOEN LY H 28
fbsbignEBEz s b, LHOEBIZEDOLE DXLV L @EMOE(L % BHAIZHE 2 5k
E05. AT EMOFT — I IEFEEORER RO LT 5,

P e

—_ T

———

(a) Land data (b) Building data
Fig.3-3-1 Land data and building data in GIS (near nishi-waseda campus, Waseda
university, Tokyo:2016).

Fig.3-3-1 1 It GIS T— ¥ BLOEW GIS T —4 % GIS T 7'V r— a3 v L THH
L7HITHD, WIS BRERFEERERES v o S22 2 TEY, Fv /32 H
RIZTRETH S TN D, ek d & LT — 3% v o A2 E — RN 2 72—
DR T E72oTND T, BT — X I3BEME A IHER SN TND Z ERbhd,
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BHHOLHAY T D7 —4kE, BLOZOI>LEMA Y IUNGFELTVWLRY I
¥ % Table3-3-1 (2”7,
Table3-3-1 The nr of land polygons.

Sapporo Tokyo Yokohama | Nagoya Osaka Fukuoka
Year 2016 2013 2013 2017 2013 2017
The num. of land
453,138 839,017 392,158 386,924 574,112 134,294
polygons
The num. of land
polygons where the
) 442,915 621,705 200,944 252,750 570,659 85,179
building polygon
exists.

BHHE BT, B GIS T— X ITx LT GIS T — X OEnbipnZ Lni,
Fig.3-3-1 OHIROFRIZ, — DD HHNK L TEEOBEDNIFEL TWDH I ENEZLLN
%o ZTOWE, TNENOT —HXIZBWVWTERIN TS HBROBEESHORE 2R L T
BLYERDD, £22T, =20 LT —XIZELANE I8 E fidk D L IcEqH
L. TOLHOREEBEMOREN—ET 5 ONRKRIZ EORENTN, —HR L ER

T5, B, £

—BeROEEHER & Tabele3-2-2 1Z7R 7,

Table3-3-2 Consistency of land and building use.

FHCERL Tid, B fk 2 @M HRICHE L THOB L T D, RO

Consistency Sapporo Tokyo Yokohama Nagoya Osaka Fukuoka
rate
Over90% 381,519 621,543 195,464 220,985 490,773 69,634
10~90% 15 0 90 1,797 1,138 2,354
Under10% 586 1 5,370 29,595 77,141 13,191
None 60,795 161 20 373 1,607 0

EO'HT S —BEED 90% LV REVWLDBRREL LR >TNDEDOD, —EFHEMMEND
DL —FEHHY, ML TEZILORTHOERNHDLZ LD,
T, THORIET — X IIMEEER En D BRIC THREER E 2 B8R & A 7e U CTER S
TSI, AROEMITKR LTRSS 280, FraHER EOR-S < Xl & 1387 L
H—E L, LT, Figd-3-1D Lo ic—oDt#iF—Z Tk LTEYT — & N
HL WD T —Z bR Sz, REGRII T E @R 2 ICEHFINTWD Z e,
ZORE L, T EEYOEAEEZER L T RN ENEXLND,
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Fig.3-3-2 Building polygons that extend beyond the boundaries of land polygons.

PLEORIA S | fE 2 DEIZHONT, BEROARR L WIS 5 2 L HR#ETH D &
HIBT L, £ — 2 D OHX T — 4 2 E Ll LT, BT — ¥ LOEREGDEEITV,
WKL ORME, EcREREMT 52 8L Uin, 22 THK LT, SERCAR,
L ORMNHT A0 E R BR O 2, BT B S TRE AR O E Y &5, BEEL T
B EHIR Y T —ROEE Y O A Fig.3-2-3 1077, AVIRTHER TS LR
SREPEICBEE L TWD LD Th S,

Fig.3-2-3 Image of adjacent land polygons (surrounded by bold lines are adjacent to
each other).
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3-3-2 &Rl LOAEROFHOFIA L HXT —Z OERK
XA O RS L OAMBORHOFIAZ Fig.3-3-4 1277, BANLT ot
DUWTEIARE L WIHEIZB W CRET 5,

Classify land use by construction feasibility ( this section)

i

Extract only buildable land polygons and joining adjacent
ones to create a city block polygon( refer to 3-3-3)

i

Overlay building data and city block data to associate
buildings and land ( refer to 3-3-3)

i

Assign building coverage ratio, floor-arearatio, and other
attributes to each city block ( refer to 3-3-3)

Fig.3-3-4 Flow of assign building coverage ratio, floor area ratio to each city block.

KR&pfinne Lk, HEOMGE LD MR Y 0@ E - i L, B2 i
RY I EFEELTHEHREARY T L, 2 e TRRhE AT 584 GIS 7 —% (HiE
{ERD) ) ZZEMMICREE SND Z LI k- TEY EHRX OB T 2170, HF X HAL THE
V)OSR S 2 395 2 &I & 0 BRSO AREREROMN 5217 9,

T, SO LHARSEICOW @YD E-S T E | BT LT,
BYNESTHORY TURET, BELTWDI L0 —HXEL, AUKRY T02F
EWiz, ZTIT, BYndEo bl 3B TR, BXOEIMOREE S SRR
IS TWD TR TH Y . —F, B, $hE. B, 2R, W0 8E. Emk
ElZoWTIHE MR- e AR E LT L, — ISR © X 7o oI AR
K —EAOMEGEEZSR L, BFORMZ BHIC L - THB Lz, S8 oExIcE
Digmo = EHABRO & EROBENITRT,
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Sapporo o BRAMEENGE . R R, BEE R, XEE R, R
R BLBUBIAR, FRHLOR I RFIHRE, FEATEHE R B
A, RER, FEEEK., REEK. £ OMuEk, Fll - WE,
AR ET B E A, MEER TR BV E A, ARF R E A

Tokyo c ARE, EBNGE, B, $0E - %, B, M, BEM, SR
Mo, K - I - KB, JREF BRAK, Eof, R, REA

Yokohama : M, LK, PEHHL - (AR, I - KBS, WIVE, R, VERSE 15
M. HHEREE, WHAR., SV 78, ZOMmA—7 0 A~
A, HEVEHEAER, B, BiAY, BT oM, gk

Nagoya Do HLCKEL AR, R, KB ER N, T LIS ARSE, #
NG, EE, I - K\, BB, fEmE, diEsh

Osaka DB, BLERG AR - Rk, B km, SEOERE, 1R 2o
ftlL

Fukuoka  : M., M, AR, /K, Z O E AR, BRI, Sk i,

INFLZEH Dt ZE

3-3-3 HXHEMOEHTFL L OEEROF RO 5

THRIC OV TEBR AT OB DL Z L ICHW T, FHRICE DRV
— 2 ZHIRL, HRICED D LT —20Rt Lz, HRICEDL LT 2055, B
g o LT — 2RI OWTERI—OHEX & LT, Bty —# 26 LERT — % %215
7o FEB ORI % Fig.3-2-4 ([T d, BRSO OR Y UMY BRLT, Jak
AIREZR LM — 2 O HNER Y | OBEET D LHIE LS S D 2 ST L o THIKHEAL
DEMT — % Lo TWBEETF DD,

(a) Before (b) After
Fig.3-2-4 Image of joining adjacent land polygons to city block polygons while
removing unbuildable land polygons.

Flo, THT —FAEXBEMICE O LICL DT — X EBOHERE A Tabled-3-3 IR
R
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Table3-3-3 The number of district polygons.

Sapporo Tokyo Yokohama Nagoya Osaka Fukuoka
Year 2016 2013 2013 2017 2013 2017
The num. of land

453,138 839,017 392,158 386,924 574,112 134,294

polygons

The num. of district

38,129 110,704 65,614 44,807 34,326 65,614

polygons

FEWNT, AER LR T — 2ok LT, TRl Z2 A9 589 GIS 7 — % (HidEb
A7) | ZZEMMICEREDLETH 2L T, Hx OBYT — X 1% L CTHEKT — % O R A
FEER LT, HXT =6 L TEMT — X DEREHLEEITo TS EET % Fig.3-2-
51057,

A
=R

Fig.3-2-5 Image of Building data overlaying city block data.

BERAbEe TR 2 A3 28 GIS 7—4% (& (bal) | OBREmAE, TR mRE &
HEX T — X OmEN D, HXEMNOBEME L FEREFHE Lz, HRPICEZR> TS5
¥ GIS 7 — & OBEEmELCIER I LADbE T, #HXOmBETHRLTER LT,

%, HHWEXDOEMR BOCREB L ORER FAR ZH T2 X%, B % Ba, EKHE
fi% Bb, HiXOWEM%E C L LT, ThZznA(3-8). B-PITrRT,

B
BCR(%) = an x 100 (3-8)
B
FAR(%) = % x 100 (3-9)
ZZ T, Ba : B HFE ()

Bg : JERHIFE ()
C : HXmEE ()
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3-4  SNTHAT—Z Ot & KEE

3-4-1 T—H4DAIT ) —=7

INFETOMEEIZL ST, BT — & PERE LI N2 59 28 GIS 77— X
EERRT 22 N TE R, &EZIC, a4 %ofcEA LT ichizn, HEHEA O
KERL, BHETHVEDTRWVWEEZEZONDT—XIZHOWT, UTFOFRHTAI ) —=
T wiTo7,

o HRZRXKENH U GHBAAEERT — & DRSS
. BEEAARHBHVE 0 D D

. REZBOEYMBPIFESNLTNDHD
. FEFPRERTERNHED

o [ENEFELIIAELEZONDT —X DRSS

. e EREBDERTTNICBAA T D RmEER LY REVWH D

. R CHER EAE DY 3,000 m LA Lo b D

. HEHEETH EREN 1OLO

. R TR 20 ARG D B D
WIT — 280, FERIIERM GHOT — 2 BB LR U —= 2 Jiafe TOHIEEL &
BRI T R 55— & ¥ 85 % Table3-4-1 7> 5 Table3-4-6 |2/ T, DL EZE-THON
o7 —4 % (W2 A+ 588 GIS 7 —% (S bE») | &,

Table3-4-1 Sapporo: list of data screening result by year.

2006 2011 2016
Raw data 379,400 388,750 400,837
Panel data conversion 379,185 388,728 400,837
First screening -5,631 -6,140 -6,389
Second screening -2,025 -1,431 -1,290
Data for analysis 371,529 381,157 393,158
Table3-4-2 Tokyo: list of data screening result by year.
2006 2011 2016
Raw data 1,764,211 1,722,340 1,804,086
Panel data conversion 1,782,186 1,792,289 1,804,086
First screening -52,658 -44,586 -57,388
Second screening -112,980 -110,937 -81,285
Data for analysis 1,616,548 1,636,766 1,665,413
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Table3-4-3 Yokohama: list of data screening result by year.

2003 2008 2013
Raw data 822,980 855,467 900,909
Panel data conversion 823,336 855,374 900,909
First screening -2,988 -2,563 -675
Second screening -94,421 -82,390 -97,164
Data for analysis 725,927 770,421 803,070
Table3-4-4 Nagoya: list of data screening result by year.
2006 2011 2016
Raw data 584,084 611,841 641,481
Panel data conversion 584,100 611,857 641,481
First screening -19,885 -7,177 -7,236
Second screening -16,578 -20,277 -22,198
Data for analysis 547,637 584,403 612,047
Table3-4-5 Osaka: list of data screening result by year.
2007 2013
Raw data 631,040 634,643
Panel data conversion 631,039 634,643
First screening -1,701 -1,548
Second screening -30,625 -30,286
Data for analysis 598,713 602,809
Table3-4-6 Fukuoka: list of data screening result by year.
2007 2017
Raw data 336,765 335,622
Panel data conversion 336,931 335,622
First screening -389 -47
Second screening -54,596 -51,787
Data for analysis 281,946 283,788
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3-4-2 7—XDIRGE

—EHOIEETH LN Rl 2 H 9 589 GIS 77— & (FEE(LEHA) | 1220 T, &
BLBETOMEITHICH-0, EEREZBHIT L LOICHIE LWT —Z Lo TN D%
UHEZRRGET D701, MER XU mEREOHEEFOZ LML VD 2 DOB S0 6 BEF
ORFTH D THEEERE] & [MEE - BHHFHFEE L olkEE2179,

FTIEHREL L TCOZRUMEZRHIET H7-DICEEEERIE S OMED LI 21T,
EEREBIE L DHBUCH T > TiE, BEE TAR L TWD  T[EEEE O S R i =
35 (LIKE, BEIEEEMBMEREZES VD)) 28T 5, 2, EEEE (L K
B - EHEPE) OSSR 2SR Th Y, #FREICE ST, 2FEEHERIC
EOER SN TERY, Lo B BIHIFE-CR EME - BRPUEMER, FREOAKE - FEARER
IRTEFESOV TEAMIME . (EENE PE DR EAMNAS - ARBURMERE e ©E OEFHEN AR SN TV D,

ZOHRT, FEHIOWT, SEIER L7 RIS HRAT & B GIS ¥ —Z ICB ) 5
B OIEREFE G FE & [FEOEE G EMEAE I E ISR T 2 ZROIEREMR G & 2t
W5, 72k, EEEEMSEETEIGERE R T T IERBERIC OV T HEER
ERFEFESNTNDEZ EnD, HIRICHTZ> TUEZR O OEREEFAT 5,

R ORER %A Fig.3-4-1 1R, MR [Rpfih2 A9 2 8% GIS 7 — % (FiE{bik
F) 1 ATET DEHFEOIEREFEG R CTH V0 . il A3 R4 O B EE FEM A S I BT
DFEBOERTBAFT TH D, BAXTOEMRIEE 1 OHIRTHE, Zhithrd
&L BTOERT TIRIFMBIBIT LUVMEIZZR > TWD Z ERbhs,

- 500 M

£ 400 M-

300 M+

200 M~

Fixed asset ledger. unit: sq.m.

100 M

100 M 200 M 300 M 400 M 500 M
Structured data for analysis. unit; sg.m.

- @ Sapporo:2016 M Yokohama:2013 [ Osaka:2013
ity |
y A Tokyo:2016 —}— Nagoya:2016 -~ Fukuoka:2017

Fig.3-4-1 Comparison of the total gross floor area in the two data sets.
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BT, (EE - LHFEHAR 30 10X D —(EE Y- 0 R EME & kT D 2 & CHERHE
D4 EBRFET 5,

FE - THFHFAEITEEL T A HFICET 2 EEAA LT HZ EEHMIZS
FIZLETONULTWORETH D, REOFHERMXAN S LoEE L MEEUSNT
ADBEET DU I 2N SIS ELTWAHH (9370 5F) 2xt%RE L7 47
— M HFROFAE L o> TWD, 2EOMTEEIE L 5300 717 Th DXL 370 17
DHETH D720 EKROK) 8% DR L e d, FEEMOBEH FIEITEELR %2 M LT
W5,

MR 2 A 289 GIS 77— (& LiEA) | MO O—FEEH - VIEREMEIT, &
FOREEICB T HEERORABROIEREHEOGFHELZ . ik 30 40 1M - HFHFHEICE
FHOMFETHRT Z L CRIELTWD, MROMBIIFEEE, £EEE. AETL
L. PEREZICOW T 1 B Y OmEEE BAERLS E 2722 L TELIWTW D,

FOFER % Tabl3-4-7T (2”3, AD 3FIN—FEY-Y OEKREMETHY ., L GIE
2. BT — X ORY U mERE & BT X 2 FEHRE R, HEEMR OB IRE R, AW - -
M REOR R TH D,

FEE « BHHEFFAEOMIC R, HEEFRTO LT — 2 1354 3 BIRRERE < o T
DM, HEFHZOBETIEZ 0T T 1HIBREDORZEL 20 KIBICEEINLTWD Z &
Doy ind, RBHEHEHEFEEEILT LS —EHET, EEE - THFEEHEEICBT K
WA ITEAR T OHLOTETHH Z L E2BET 5 &, BEFERFTE R b B EEOER T
FEZ ERECRET 5 2 IR TH 5,

Table3-4-7 List of Living area per household Calculated from panel data.

The Living area per household( i)
City Year number of Before After Housing and
households structuring structuring land survey
Sapporo 2016 927,700 115.72 83.38 80.30
Tokyo 2016 4,932,200 93.18 66.53 62.45
Yokohama 2013 1,660,600 110.06 79.24 75.83
Nagoya 2016 1,074,800 123.37 90.98 77.98
Osaka 2013 1,383,100 96.27 70.39 62.05
Fukuoka 2017 795,300 101.20 71.74 66.41

Pl 20o08ED D, WEAT o TR, AEER L7z T2 A+ 5 59 GIS
F—k (W LER) | IBHERR L BRRASORKR L 2o TWD ZEnb, KF—F %
W5 Z & THITICET 2B O KB 7R ZL ORI SN\ THET 2 2 LI ATRES L &
ZBA D, BUMNRHER LN LD, TR, AF—2 % [ OEY GIS 7
—4] &I,
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The number of bildings
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Fig.4-2-1 Transition of building stock based on number of buildings.
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Total building area. unit: sq.m
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Fig.4-2-2 Transition of building stock based on building area.




Total building gross floor area. unit: sq.m.
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Fig.4-2-3 Transition of building stock based on building gross floor area.
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Actual Buiding coverage ratio. unit: %
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Fig.4-2-4 Changes in distribution of building coverage ratio.
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Actual floor area ratio. unit: %
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Fig.4-2-5 Changes in distribution of floor area ratio.
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Fig.4-2-6 Changes in indices: number of buildings, building area,
floor area.
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(b) 2016
Fig.4-3-1 Sapporo: Geographic distribution of building stock based on number of

buildings by year.
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Fig.4-3-2 Sapporo: Geographic distribution of building stock based on number of
buildings by year & use.
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(b) 2016
Fig.4-3-3 Sapporo: Geographic distribution of building stock based on building gross

floor area by year.
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Fig.4-3-4 Sapporo: Geographic distribution of building stock based on building gross
floor area by year & use.
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(b) 2016
Fig.4-3-5 Tokyo: Geographic distribution of building stock based on number of

buildings by year.
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(c) 2006, Office (f) 2016, Office

Fig.4-3-6 Tokyo: Geographic distribution of building stock based on number of
buildings by year & use.

79



0
.56000

I I
0 25 5 10
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Fig.4-3-7 Tokyo: Geographic distribution of building stock based on building gross

floor area by year.
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Fig.4-3-8 Tokyo: Geographic distribution of building stock based on building gross
floor area by year & use.
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(b) 2013
Fig.4-3-9 Yokohama: Geographic distribution of building stock based on number of
buildings by year.
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Fig.4-3-10 Yokohama: Geographic distribution of building stock based on number of
buildings by year & use.
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(b) 2013
Fig.4-3-11 Yokohama: Geographic distribution of building stock based on building

gross floor area by year.
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Fig.4-3-12 Yokohama: Geographic distribution of building stock based on building
gross floor area by year & use.
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(a) 2006

(b) 2016
Fig.4-3-13 Nagoya: Geographic distribution of building stock based on number of

buildings by year.
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Fig.4-3-14 Nagoya: Geographic distribution of building stock based on number of
buildings by year & use.
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(b) 2016
Fig.4-3-15 Nagoya: Geographic distribution of building stock based on building gross

floor area by year.
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Fig.4-3-16 Nagoya: Geographic distribution of building stock based on building gross
floor area by year & use.
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(a) 2007

(b) 2013
Fig.4-3-17 Osaka: Geographic distribution of building stock based on number of

buildings by year.
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mber

Fig.4-3-18 Osaka: Geographic distribution of building stock based on nu

buildings by year & use.
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Fig.4-3-20 Osaka: Geographic distribution of building stock based on building gross

by year & use.

floor area
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(b) 2017
Fig.4-3-21 Fukuoka: Geographic distribution of building stock based on number of

buildings by year.
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Fig.4-3-22 Fukuoka: Geographic distribution of building stock based on number of
buildings by year & use.
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Fig.4-3-23 Fukuoka: Geographic distribution of building stock based on building gross

floor area by year.
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Fig.4-3-24 Fukuoka: Geographic distribution of building stock based on building gross
floor area by year & use.
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(c) 20716, Deviation from legal B%R{?zlj (f) 2016, Deviation from legal ngté}s
Fig.4-3-25 Sapporo: Changes in BCR and FAR, and deviation from legal limits.
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Fig.4-3-26 Tokyo: Changes in BCR and FAR, and deviation from legal limits.
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Fig.4-3-27 Yokohama: Changes in BCR and FAR, and deviation from legal limits.
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Fig.4-3-28 Nagoya: Changes in BCR and FAR, and deviation from legal limits.
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Fig.4-3-29 Osaka: Changes in BCR and FAR, and deviation from legal limits.
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Fig.4-3-30 Fukuoka: Changes in BCR and FAR, and deviation from legal limits.
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Fig.4-6-1 Image of calculating the Gini coefficient,
source: https://en.wikipedia.org/wiki/Gini_coefficient/(accessed 2020-11-29)
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Fig.4-5-1 Distribution of building area
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Fig.4-5-2 Distribution of building area of detached houses
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Fig.4-5-3 Distribution of building area of apartment houses
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Fig.4-5-5 Distribution of building gross floor area
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Fig.4-5-7 Distribution of building gross floor area of apartment houses
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Fig.4-6-2 Uneven distribution of building area, Use: All
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Fig.4-6-7 Uneven distribution of building Gross floor area, Use: Detached house
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Fig.4-6-8 Uneven distribution of building Gross floor area, Use: Apartment house
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Fig.5-2-1 Flow of classify building metabolic pattern.
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Fig.5-3-1 The amount of metabolism in building stock based on number of buildings.
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Fig.5-3-2 The amount of metabolism in building stock based on number of buildings,

focus on what has changed.
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Fig.5-3-3 The amount of metabolism in building stock based on building gross floor

area.
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Fig.5-3-4 The amount of metabolism in building stock based on building gross floor

area, focus on what has changed
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Buildng gross floor area. unit: s
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Fig.5-3-5 Distribution of building gross floor area before and after the change,

metabolic pattern: “Single”.
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Buildng gross floor area. unit:
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Fig.5-3-6 Distribution of building gross floor area before and after the change,

metabolic pattern: “Division”.
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Fig.5-3-7 Distribution of building gross floor area before and after the change,

metabolic pattern: “Integration”.
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Buildng gross floor area. unit: s.q
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Fig.5-3-8 Distribution of building gross floor area before and after the change,

metabolic pattern: “Complex”.
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Fig.5-3-9 Distribution of building gross floor area before and after the change,

Year

metabolic pattern: “Demolition”.
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Fig.5-3-10 Distribution of building gross floor area before and after the change,
metabolic pattern: “New”.
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Table5-3-1 Sapporo: Summary of building gross floor area before and after the change

by metabolic pattern.

Single

Division

Integration

Complex

Demolition

New

' Statistics presented: n(GFA. unit: s.q.m)

Period

Before

After

Before

After

Before

After

Before

After

Before

After

n_all
32707
32707
2241
5301
4141
1898
2857
3075
10005

30599

mean’
1.00 (482.32)
1.00 (426.76)
1.00 (472.08)
2.37 (477.71)
2.18 (1101.45)
1.00 (1584.77)
2.34 (871.92)
2.51 (1003.00)
1.00 (526.09)

1.00 (231.31)

min’
1(4.06)
1 (4.48)
1(26.04)
2 (27.20)
2 (23.69)
1(18.69)
2(32.53)
2(71.28)
1(3.51)

1 (2.84)

Q17
1(106.62)
1 (108.00)
1(138.64)
2 (197.76)
2(202.72)
1(200.11)
2 (250.96)
2(253.71)
1 (84.45)

1(100.37)

Q2'
1(133.99)
1(133.59)
1(188.82)
2 (231.74)
2 (31532)
1(479.39)
2 (367.31)
2 (398.85)
1(129.45)

1(113.45)

Q37
1(196.76)
1(210.27)
1(332.98)
2 (343.58)
2 (711.09)
1(1206.25)
2 (681.89)
3(834.02)
1(247.93)

1(137.95)

max’
1(109724.18)
1(105380.51)
1(39471.43)
21 (45207.88)
10 (36997.12)
1(153206.37)
9 (48801.96)
27 (67469.49)
1(83335.75)

1 (68564.97)

Table 5-3-2 Tokyo: Summary of building gross floor area before and after the change

by metabolic pattern.

Single

Division

Integration

Complex

Demolition

New

' Statistics presented: n(GFA. unit: s.q.m)

Period

Before

After

Before

After

Before

After

Before

After

Before

After

n_all

218200
218200
29865
71856
47511
19967
65222
69664
49720

79696

mean’
1,00 (248.34)
1.00 (282.97)
1.00 (392.71)
241 (428.66)
2.38 (691.56)
1,00 (1357.89)
2.49 (526.59)
2.66 (686.62)
1,00 (209.32)

1.00 (383.19)

min’
1 (2.80)
1(2.79)
1(3.24)
2 (8.47)
2 (8.57)
1 (3.40)
2 (7.44)
2(9.22)
1279

1(2.79)
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Q1’
1 (76.00)
1(79.67)
1(119.95)
2 (160.86)
2(136.93)
1(143.17)
2(163.78)
2(172.47)
1 (47.00)

1(77.77)

Q2!
1 (106.10)
1(109.51)
1(164.19)
2 (205.62)
2 (207.19)
1(279.95)
2 (227.01)
2 (246.95)
1(81.31)

1(94.40)

Q3’
1(161.86)
1(171.53)
1(245.92)
2(295.33)
2(397.12)
1(864.25)
3 (347.69)
3(396.83)
1(140.14)

1(135.47)

max’

1 (140359.09)
1(168742.84)
1 (95240.45)
18 (77025.59)

66 (106062.34)
1(507787.83)

63 (134701.11)

34 (144858.86)
1 (107535.40)

1(171142.72)



Table 5-3-3 Yokohama: Summary of building gross floor area before and after the

change by metabolic pattern.

Single

Division

Integration

Complex

Demolition

New

! Statistics presented: n(GFA. unit: s.q.m)

City
Yokohama
Yokohama
Yokohama
Yokohama
Yokohama

Yokohama

Yokohama

Yokohama

Yokohama

Yokohama

Period

Before

After

Before

After

Before

After

Before

After

Before

After

n_all
85799
85799
19507
48798
14706

6493

13245

16056

28287

81541

mean’
1.00 (171.65)
1.00 (197.32)
1.00 (882.80)
2.50 (765.46)
2.26 (454.74)

1.00 (903.33)

2.45 (1089.78)

2.96 (1328.99)

1.00 (165.74)

1.00 (196.35)

min’

1(2.81)
1(2.81)
1(2.87)
2(9.51)
2(8.18)

1 (5.10)

2 (12.76)

2 (12.95)

1(2.79)

1(2.79)

Q1’
1(77.81)
1(88.59)

1(128.94)
2 (169.48)
2(126.48)

1(131.21)

2 (168.03)

2(193.80)

1(29.38)

1(74.72)

Q2’
1(109.78)
1(116.61)
1(179.26)
2(210.14)
2(179.25)

1(201.79)

2 (243.34)

2(277.32)

1(65.70)

1(92.31)

Q3’
1(145.08)
1(152.79)
1(354.92)
3 (341.69)
2 (302.89)

1 (474.38)

2(390.84)

3 (464.47)

1(122.32)

1(112.50)

max’

1 (56222.05)
1 (71020.78)
1(107316.33)
38 (50808.79)
35 (53834.16)
1 (109348.09)

51
(193610.16)

38
(211878.42)

1 (78942.18)

1(107643.72)

Table 5-3-4 Nagoya: Summary of building gross floor area before and after the change

by metabolic pattern.

Single

Division

Integration

Complex

Demolition

New

' Statistics presented: n(GFA. unit: s.q.m)

Period

Before

After

Before

After

Before

After

Before

After

Before

After

n_all
67488
67488
15308
34502
20200

9129
45131
47633
26661

80446

mean’
1.00 (188.26)
1.00 (220.39)
1.00 (308.75)
2.25(338.10)
2.21 (398.36)
1.00 (593.03)
2.67 (505.58)
2.82 (588.71)
1.00 (136.79)

1.00 (161.63)

min’

1(2.78)
1(2.81)
1(2.86)
2 (8.65)
2 (8.59)
1(3.95)
2 (10.95)
2(11.21)
1(2.78)

1(2.79)

Qi’
1 (76.43)
1 (90.03)
1(122.03)
2 (156.54)
2(129.27)
1(125.27)
2(193.45)
2 (209.59)
1 (29.75)

1 (25.42)

Q2’
1(115.55)
1(126.15)
1(173.48)
2 (206.34)
2 (187.95)
1(183.91)
2 (272.89)
2 (290.20)
1 (66.29)

1 (94.46)

Q37
1(166.73)
1(176.82)
1 (255.86)
2 (282.01)
2(291.19)
1(349.08)
3 (407.64)
3 (430.38)
1(125.63)

1 (124.46)

max’

1 (77682.41)
1(94333.88)
1 (35166.64)
20 (35517.51)
13 (52779.60)
1(124843.51)
25 (139810.58)
28 (123586.12)
1(22825.33)

1(258027.73)
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Table 5-3-5 Osaka: Summary of building gross floor area before and after the change
by metabolic pattern.

Period n_all mean’ min’ Q17 Q27 Q37 max’
Single Before 253 1.00 (2105.78) 1(2.97) 1(119.77) 1(524.11) 1(1495.72) 1(101696.14)

After 253 1.00 (3681.68) 1(12.59) 1(99.53) 1(868.64) 1(3412.46) 1(119478.67)
Division Before 271 1.00 (1138.96) 1(5.35) 1(166.55) 1(397.72) 1(1038.22) 1(43194.92)

After 1258 4.64 (1079.28) 2(81.28) 2 (191.47) 3 (302.08) 6 (605.54) 25 (31894.63)
Integration = Before 875  3.39(2434.16) 2 (27.81) 2 (627.22) 3(1363.05)  4(2669.07) 25 (64770.33)

After 258 1.00 (5701.74) 1(40.45) 1(1494.01) 1(3073.30) 1(5331.47)  1(130359.55)

Complex Before 965 373 (1649.88) 2 (9.64) 2 (367.85) 3 (776.82) 4(1737.70) 68 (23241.66)
After 1593 6.15(3536.13)  2(95.09) 2(359.15) 4 (623.45) 8(1752.74) 34 (143007.54)

Demolition = Before 637  1.00(572.01) 1(2.89) 1(32.97) 1(81.05) 1(25449)  1(58166.82)

New After 3735 1.00(1081.78)  1(10.07) 1 (66.27) 1(80.26) 1(101.35) 1 (261439.94)

' Statistics presented: n(GFA. unit: s.q.m)

Table 5-3-6 Fukuoka: Summary of building gross floor area before and after the
change by metabolic pattern.

Period n_all mean’ min’ Q1! Q2' Q37 max’
Single Before 12229  1.00 (189.40) 1 (2.80) 1 (79.03) 1(115.48) 1(16447)  1(83567.84)
After 12229 1.00 (272.00) 1(2.79) 1(80.14) 1(117.77) 1(175.62) 1(73538.84)
Division Before 2252 1.00 (308.79) 1(4.89) 1(127.94) 1(175.35) 1(249.39) 1(23323.03)
After 4982 2.21(412.34) 2(13.76) 2 (164.72) 2 (211.70) 2 (300.43) 9 (22749.67)
Integration =~ Before 3614 2.35 (463.66) 2 (10.46) 2 (162.57) 2 (236.77) 2 (403.50) 14 (18076.90)
After 1537 1.00 (1137.22) 1(4.26) 1(139.23) 1(256.42) 1(980.03) 1(104755.37)
Complex Before 3966  2.65 (693.68) 2(17.88) 2(211.53) 2 (290.12) 3(45267) 15 (45360.20)
After 3831 2.56 (1231.60) 2 (42.07) 2 (217.95) 2(310.62) 3 (562.37) 10 (214014.69)
Demolition | Before 18952  1.00 (189.71) 1(2.79) 1 (45.53) 1(87.51) 1(147.71)  1(27654.26)
New After 20276 1.00 (299.30) 1(2.80) 1(55.17) 1(100.45) 1(159.22) 1(70502.36)

' Statistics presented: n(GFA. unit: s.q.m)
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Tableb-3-7 Transition matrix of building uses. Metabolic pattern: “Single”

Rows: Before,

columns: After All2 Detached_house’? Apartment_house’? Office’< Other’<
Sapporo

Detached_house 2 ; 1316(5.86%)

Apartment_house g 3841(74.80%) 18(0.35%) 143(2.78%)

Office 968(100%) 91(9.40%) 622(64.26%)

Other 4159(100%) 461(11.08%) 81(1.95%) 3010(72.37%)
Tokyo

Detached_house 137389(100%) 128619(93.62%) 7222(5.26%)

Apartment_house 33083(100%) 3457(10.45%)

Office 6229(100%) 255(4.09%) 734(11.78%) 391(6.28%)

Other 41499(100%) 4835(11.65%) 3957(9.54%) 32196(77.58%)
Yokohama

Detached_house 66273(100%) 62023(93.59%) 2312(3.49%) 1758(2.65%)

Apartment_house 7626(100%) 5893(77.28%) 263(3.45%)

Office 1784(100%) 225(12.61%) 864(48.43%)

Other 10116(100%) 1037(10.25%) 421(4.16%) 6954(68.74%)
Nagoya

Detached_house 47823(100%) 46012(96.21%) 900(1.88%) 120(0.25%) 791(1.65%)

Apartment_house 4794(100%) 393(8.20%) 32(0.67%) 179(3.73%)

Office 2177(100%) 173(7.95%) 153(7.03%) 1569(72.07%)

Other 12694(100%) 697(5.49%) 291(2.29%) 9872(77.77%)
Osaka

Detached_house 32(100%) 25(78.12%)

Apartment_house 28(100%) 18(64.29%)

Office 38(100%) 11(28.95%) _
Other 155(100%) 6(3.87%) 96(61.94%)
Fukuoka

Detached_house 8217(100%) 539(6.56%) 143(1.

Apartment_house 1255(100%) 867(69.08%) 34(2.71%)

Office 638(100%) 306(47.96%)

Other (100% 198(9.34%) 174(8.21%) 1364(64.37%)
" Color indicates height of percentage. ol oo

2 Statistics presented: n(%)
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Tableb-3-8 Transition matrix of building uses. Metabolic pattern: “Division”.

Rows: Before,
columns: After All2 Detached_house’? Apartment_house’? Office’< Other’<

Sapporo
Detached_house 1113(93.37%) 75(6.29%)

Apartment_house 563(100%)

Office 48(53.93%) 26(29.21%) 9(10.11%) 6(6.74%)
Other 240(60.45%)

Tokyo

Detached_house 16137(100%) 15203(94.21%) 787(4.88%) 2(0.07%) 135(0.84%)

Apartment_house 5728(100%) 3935(68.70%) 1714(29.92%) (0.21% 67(1.17%)
Office 809(100%) 350(43.26%) 46(5.69%) 359(44.38%) 4(6.67%)

Other 7191(100%) 3624(50.40%) 439(6.10%) 67(0.93%) 3061(42.57%)
Yokohama
Detached_house 10703(100%) 10154(94.87%) .06%) 15(0.14%) 207(1.93%)
Apartment_house 3123(100%) 2054(65.77%) 960(30.74%) 90(2.88%)
Office 848(100%) 237(27.95%) 39(4.60%) 375(44.22%) _
Other 4833(100%) 208(4.30%) 182(3.77%) 3269(67.64%)
Nagoya
Detached_house 10270(100%) 9898(96.38%) 1. 20(0.19%)
Apartment_house 1145(100%) 639(55.81%) 435(37.99%) (0.79% 2(5.41%
Office 588(100%) 181(30.78%) 30(5.10%) 299(50.85%)
Other 3305(100%) 1115(33.74%) 110(3.33%) 72(2.18%) 2008(60.76%)
Osaka
Detached_house 47(100%) 47(100.00%) .00%) .00% 0(0.00%)
Apartment_house 42(100%) 5(11.90%) (0.00% 0(0.00%)
Office 22(100%) 4.55% .55% 0(0.00%)
Other 160(100%) 128(80.00%)
Fukuoka
Detached_house 1491(100%) 162(10.87%)
Apartment_house 310(100%, 156(50.32%) 145(46.77%) 6(1.94%)
Office 105(100%) 41(39.05%)
Other 6(100%) 106(30.64%) 41(11.85%) 144(41.62%)
" Color indicates height of percentage. ofiE oo

2 Statistics presented: n(%)
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Tableb-3-9 Transition matrix of building uses. Metabolic pattern: “Integration”.

Rows: Before,

columns: After All2 Detached_house’? Apartment_house’? Office’< Other’<
Sapporo
Detached_house 707(100%) 385(54.46%) 272(38.47%) (1.13%) 42(5.94%)
Apartment_house 614(100%) 48(7.82%) 3( 51(8.31%)
Office 107(100%) (2.80% 29(27.10%) 49(45.79%) _
Other 470(100%) %) 7 320(68.09%)
Tokyo
Detached_house 8985(100%) 5034(56.03%) 3201(35.63%) 102(1.14%) 648(7.21%)
Apartment_house 3533(100%) 399(11.29%) 2814(79.65%) 48(1.36%) 272(7.70%)
Office 1309(100%) 22(1.68%) 481(36.75%) 575(43.93%) _
Other 6140(100%) 659(10.73%) 2312(37.65%) 320(5.21%) 2849(46.40%)
Yokohama
Detached_house 3515(100%) 2255(64.15%) 982(27.94%) 02% 242(6.88%)
Apartment_house 1011(100%) 109(10.78%) 10(0.99%) 62(6.13%)
Office 321(100%) 20(6.23%) 105(32.71%) 92(28.66%) 104(32.40%)
Other 1646(100%) 155(9.42%) 509(30.92%) 77(4.68%) 905(54.98%)
Nagoya
Detached_house 5407(100%) 4296(79.45%) 700(12.95%) 56(1.04%) 355(6.57%)
Apartment_house 637(100%) 15(11.77%) 476(74.73%) 77(12.09%)
Office 500(100%) 44(8.80%) 235(47.00%) _
Other 2585(100%) 96(3.71%) 1672(64.68%)
Osaka
Detached_house 25(100%) 12(48.00%) 8(32.00%) 0(0.00%)
Apartment_house 0(0.00%) 0(0.00%) 4(12.90%)
Office 35(100%) 0(0.00%) 12(34.29%) 11(31.43%) 12(34.29%)
Other 167(100%) 45(26.95%) 111(66.47%)
Fukuoka
Detached_house 777(100%) 459(59.07%) 221(28.44%) 23(2.96%) 74(9.52%)
Apartment_house 207(100%) 23(11.11%) 155(74.88%) 13(6.28%) 16(7.73%)
Office 178(100%) 9(5.06%) 58(32.58%) 55(30.90%) 56(31.46%)
Other 375(100%) 33(8.80%) 45(12.00%) 217(57.87%)
"Color indicates height of percentage. il oo

2 Statistics presented: n(%)
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Table5-3-10 Transition matrix of building uses. Metabolic pattern: “Complex”.

Rows: Before,

columns: After All2 Detached_house’? Apartment_house’? Office’< Other’<
Sapporo

Detached_house 448(100%)

Apartment_house 423(100%) 309(73.05%)

Office 83(100%) 10(12.05%) 50(60.24%)

Other 269(100%) 162(60.22%)
Tokyo

Detached_house 16334(100%) . (0. . ]
Apartment_house 1179(35.24%) 2033(60.76%) 20(0.60% 114(3.41%)
Office 905(100%) 87(9.61%) 122(13.48%) 4 82(9.06%)
Other 5613(100%) 769(13.70%) > 3248(57.87%)
Yokohama

Detached_house 3185(100%) 260(8.16%) 5(0.47%) 111(3.49%)
Apartment_house 708(100%) 402(56.78%) 263(37.15%) 9(1.27%)

Office 238(100%) 93(39.08%)

Other 1286(100%) 378(29.39%) 37(2.88%) 693(53.89%)
Nagoya

Detached_house 11558(100%) 416(3.60%) 52(0.45%) 440(3.81%)
Apartment_house 968(100%) 303(31.30%) 587(60.64%) . .

Office 610(100%) 49(8.03%) 333(54.59%) _
Other 3771(100%) 1112(29.49%) 230(6.10%) 96(2.55%) 2333(61.87%)
Osaka

Detached_house 61(100%) .92% 0(0.00%)

Apartment_house 26(100%) ,69% 0(0.00%) 3(11.54%)
Office 18(100%) 10(55.56%)

Other 154(100%) 99(64.29%) (7.79% (oX 42(27.27%)
Fukuoka

Detached_house 889(100%) 118(13.27%) 25(2.81%) 45(5.06%)

Apartment_house 149(67.42%) 13(5.88%)

Other 287(100%) 25(8.71%) 140(48.78%)

" Color indicates height of percentage. il o

2 Statistics presented: n(%)
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Fig.5-4-1 Geographic distribution of building metabolism based on building.
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Fig.5-4-2 Sapporo: Geographic distribution of building metabolism based on building

gross floor area by metabolic pattern.

157






Unit: m2/ m?

"o
02
202
06
06
— — — —
) 0 25 § 10 0 25 § 10
(a) Single (b) Integration
Unit: m2/ m? Unit: m2/ m?
| BT B
S-0.08221 i<-005
2D03499! 2005
016283 015
“DB787Y 0.15
— — — —
o 0 25 5 10 0 25 § 10
{c) Division (d) Complex

Unit: m2/ m2
0.4
-03
<02
=01
=0

[ L N
0 25 5 10 ) 0 25 5 0
(e} New (f) Demolition

Fig.5-4-4 Yokohama: Kernel density estimation of metabolism weighted by building

floor area, by metabolic pattern.
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Fig.5-4-5 Nagoya: Kernel density estimation of metabolism weighted by building floor

area, by metabolic pattern.
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Fig.5-4-6 Osaka: Kernel density estimation of metabolism weighted by building floor

area, by metabolic pattern.
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Fig.5-4-7 Fukuoka: Kernel density estimation of metabolism weighted by building
floor area, by metabolic pattern in.
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