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After a large—scale disaster, many damaged buildings are demolished and treated as disaster waste. Though
the weight of disaster waste was estimated two months after the 2016 earthquake in Kumamoto, Japan, the
estimated weight was significantly different from the result when the disaster waste disposal was completed in
March 2018. The amount of disaster waste generated is able to be estimated by an equation by multiplying the
total number of severely damaged and partially damaged buildings by the coefficient of generated weight per
building. We suppose that the amount of disaster waste would be affected by the conditions of demolished
buildings, namely, the areas and typologies of building structures, but this has not yet been clarified. Therefore,
in this study, we aimed to use geographic information system (GIS) map data to create a time series GIS map
dataset with labels of demolished and remaining buildings in Mashiki town for the two—year period prior to the
completion of the disaster waste disposal. We used OpenStreetMap (OSM) data as the base data and time
series SPOT images observed in the two years following the Kumamoto earthquake to label all demolished and
remaining buildings in the GIS map dataset. To effectively label the approximately 16,000 buildings in Mashiki
town, we calculated an indicator that shows the possibility of the buildings to be classified as the remaining
and demolished buildings from a change of brightness in SPOT images. We classified 5701 demolished buildings
from 16,106 buildings, as of March 2018, by visual interpretation of the SPOT and Pleiades images with
reference to this indicator. We verified that the number of demolished buildings was almost the same as the
number reported by Mashiki municipality. Moreover, we assessed the accuracy of our proposed method: The
F-measure was higher than 0.9 using the training dataset, which was verified by a field survey and visual
interpretation, and included the labels of the 55 demolished and 55 remaining buildings. We also assessed the
accuracy of the proposed method by applying it to all the labels in the OSM dataset, but the F-measure was
0.579. Our proposed method performed better for the balanced classification but not for imbalanced
classification. We studied the examples of image characteristics of correct and incorrect estimation by

thresholding the indicator.
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Observation Date Satellite Name Resolution Usage
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20 March 2016 SPOT-7 1.5m -15.3 -10.4 Analysis
29 July 2016 SPOT-6 1.5m 14.4 -0.3 Analysis

11 August 2016 SPOT-7 1.5m -18.2 7.0 Interpolation

1 January 2017 SPOT-6 1.5m 2.8 0.8 Analysis

25 March 2018 SPOT-7 1.5m 20.5 -11.4 Analysis

1 January 2017 Pleiades-1B 0.5m 7.4 11.6  Interpretation

13 October 2018 Pleiades-1B 0.5m 13.5 6.5 Interpretation
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EMMZN,

13 $8REI IR SRR EY O B #HHHE, () 2016 45 3 A 20 HO SPOT Mifg, (b) 201741 H 1 HD
SPOT [Eif4, (c) 2017 4£ 1 H 1 H® Pleiades i, (d) B HIF LAY Ok )

3. Ak

2ENTR A FEIC Lo THER L TR A O 5 A 2 X 14 (R, ZHAUS KA 2 B g O BLRIR g o
AR OBEL N D7D, IR TIIMRA R FE IS X | 8 H ORI OB FLER S T D, AT
F8C A ARHIBE LI R R S R AR FZUE O H RO FRIRIT O W IS KD fRA R B2 4 (R
‘a—o

(a) (b)
14 3RFHADIRAREY) D534, (a) TRIRET A, (b) HEROSER



H L - kA BB HUEE T ORSINBTIC B U DA D GIS T — X hO1ER,

F 4 AWZEICTHBRIRE LT AR AR R LA RT D iy & 0D B

29 July 2016 1 January 2017 25 March 2018

Our proposed method 234 2837 5701
31 July 2016 31 December 2016 31 March 2018
Report of Mashiki administration 219 2395 5702

R WG O B EASIETOMWE D A KD 7T 2~5 H EHEAIUTAS, 2016 4E 12 H K OISYEET O
HED 2017 1 A 1 B OBEGHRROMRAREM DL\, WEIRATC, W OFFRIZ)1 D BT BB LZE 2
~3 BRIFLEED ) > TUVD, F72. 2017 45 1 A D 1 237 BNTHAS VBB K 800 #id0 . £ 2 [ Tl
IR RIS L\ ThoTe oMb, 2L OfRRIEF OBEMDMFERED L CRAILTZ /T REMEDR D,
RASALER N 52 T L72 2018 4F 3 H R s O FRAA ) A3 5,702 18 L7 5 i {5 CRlk | CE 7RI 5 A3 5,701
BRAAZIERUE CTHELZEND, REREFEYOREBOHHXERDDICHT-> T HORIH AThER T — X
T NAER T HIEMTEIEE 2D,

4. BER
AWFZE TIRE LT FIEDRERIN IR 2N RN E =) 7 TELLDINE DD BRI > THEE
SHVIZIRA - BAF M & B ARG S LD - BF M O RA 5 Z 8IS TREET D,

4.1 FIEOKSERGE
LUK EERRAE D 7= D il A2 <1,

F —measure = 2 (Recall X Precision)/(Recall + Precision) (7)
Precision = TP/(TP + FP) (8)
Recall = TP/(TP + FN) (same as TP rate) 9
Specificity = TN/(FP + TN) (10)
Accuracy = (TP + TN) /(TP + FP + FN + TN) (11)

3OO 2016 457 H 29 H. 2017451 H 1 H. 2018 4 3 H 25 H O EMIZ OV, BfE% 0.1 %)
I TEZ TCNST-IED FAlEA R 5 177, BIEAS 0.3 OFRZ F A 0.920~0.965 THY KN b i\,
ZZ T ASIATD OSM 7 —2 O WG FEEORfEZ 0.3 12U CTRRIREY) & BT @ 2 HE & LTI O IR [F]
1TH%3R 6~ 8 IR, £, iHlifiz R 9 12~ 7, FEZAHE, 0.220, 0.594, 0.579 &, HEVEVMET
1 E720, 2016 47 H 29 A @ﬁ@@ﬂﬂﬁ#é‘f‘%f X, precision 7% 0.125 SRVMETH S, B HHIFECLH80F
B H DL T FEEE WSS IR R EHEE L TLEW, FP OBENEL > TVDHIE Lt
9%, 201741 A 1 HE 2018 4F 3 H 25 H O OFEMRE B T, recall OEAMEL Y, B HRHIFHC
DI % | FEIEEZ WSS BT EHEE L . N OB 2 TWAZ LR T 5, Spemﬁmty
IFWTHIORETH 0.9 BLE, oD BUFEMITREEZ HOWEGE ThRWRE CIEfEL TWAHZEEZRL
TWD, BEIORE LT FIETERR LI EE Tl BUFEM AR EY Lo THEE 32815130 7003,
fi R 2l 2 FI 5 A3 D ey MBI D,
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#* 5 IREOBES FEOBISR Gl —2)

Threshold 29 July 2016 1 January 2017 29 July 2016

0.0 0.748 0.743 0.688
0.1 0.887 0.908 0.780
0.2 0.940 0.955 0.864
0.3 0.965 0.962 0.920
0.4 0.954 0.942 0.906
0.5 0.922 0.911 0.857
0.6 0.900 0.842 0.778
0.7 0.675 0.659 0.571
0.8 0.533 0.429 0.429
0.9 0.226 0.167 0.226

# 6 FIEOBEZ 0.3 (L7256 OIRFETTAI (2016 45 7 H 29 H : {&IHT 4230)

Estimation
Demolished Remaining
Interpretation Demolished 218 16 234
Remaining 1532 14,125 15,657
1750 14,141 15,8911

! Does not include 215 buildings that were not classified due to shade and unclear images.

# 7 FEEOEBMEE 0.3 ICL25EOIREIITHI2017 41 A 1 H  i85kET4m)

Estimation
Demolished Remaining
Interpretation Demolished 1476 1361 2837
Remaining 653 12,429 13,082
2129 13,790 15,9191

! Does not include 187 buildings that were not classified due to shade and unclear images.

#£ 8 FEEDEMEA 0.3 [ZL7=5E8 OIRFEITAHI(2018 4 3 H 25 H : iSHRIT 423)

Estimation

Demolished Remaining

Interoretation, Demolished 2682 3019 5701
erpre Remaining 882 9268 10,150
3564 12287 15,8511

! Does not include 255 buildings that were not classified due to shade and unclear images.

# 9 JRFEITTHI (38 6~8) 7Bk 7= BEAfh i

Date Precision Recall Specificity Accuracy F-measure
29 July 2016 0.125 0.932 0.902 0.903 0.220
1 January 2017 0.693 0.520 0.950 0.873 0.594
25 March 2018 0.753 0.470 0.913 0.754 0.579

2.2.7 IZBWTC, #HifiT —XIZH25% ROC I—7%1ERK L. AUC 78 0.9 LA ETHHZ 2R L., F N



B L - RA ] REAR HER 12 OIS IRATIC BT DRI D GIS T — X hOVERK,

0.9 UL B2 LafifgB L QD03 A IRIT 438 3 FH 95 & FE 2 i AR T U7z, il —41% 2016
7 AB 2018 4 3 HETOWT I ORH OE{§ THHASIL TOD I EDFERIITODLEY THY | Hi
etk 37 H CRARS NI L ZATH D, MR O HE 2300 CHEE ER L E L TDTed | ZO LRI04
WA —_R—=T 4T 4 T LTS A REM D B 5,

AR HIZE D NHEMEDOHL R TE 2 72355, 2018 4F 3 A 25 H OE[GALIR LB E T HRENBHE
TE LT AT LT £ D% B FLHERIC K DRT IEMRSE L7 BT AR 16,106 DO D 3,901 B THD,
DFED, BIEOEMIIKILTH 4 BUC | BROBE CRTIEL/ZZ 812705, BimslT —& L 2l s HE
L. #9100 BOHEET T — 22 VB LT ECTHRIEZ RO DI ENMIETHDHIN, K 16,000 BROEY 4= CTE—h»
B E MBS DL A_D LR L BT DT — 22y M SRR CED RIEE B 2D,

4.2 FEMETEEM OB LR

IELHEE LT 03 LOGERHEE L= FBIZ DWW T, IR Z LKL CER A B L35, 713, fHIEICdY
EULSRAREE ) 242 L CuNVD TP Ol %X 15 12, IELLSBIF@ME L THEE L T D TN OfiI% [ 16 12, 34
STRIKED LU THEE L TS FP OfIlZX 17, 18 (23T, HEEIZ WL, EB5E Ei{E OB i)
FZLLADL 2> TOBZEDEHEE DJRIN T D, M 17 120 TE, DO RIRICY —F— /SR V72 E D%
IR E SN TODHETHD, K 18 IZ OV TR D BEH CRIRN DR %22 35556 Thd, £
Hob | KGO NG LR O AL OBR THRAELI DL DT, B S E0 B o 2 mifg 2
WEDERRVEEITIIR AR E R TH D, v VT ATV O R THERZ L TILO DR
WA H72E | B HRDOMEENZ D,

@ (b)
15 ELLRAREY L CHEE X714, () 2016 4£ 3 H 20 H, (b) 2018 453 A 25 H

(@) (b)
16 IELSEFEEMEL CHEE TX7-4], (a) 2016 423 H 20 H, (b) 2018 4£3 H 25 H

RN CTHDHIZH DL, o THERYH L L THEE SN TOB RN &L TSR ERN O EE A/
SNZEIZE S TEE LD XUV AREMER S DB X LD, TOMMEHE 5725, OSM 7 —XDEY)
S O A L FRAE I LD HEE RS RO BIRE MG LT, Fert RO T —4 NZLbHl, 2013 FEOIRIKITOEEL
RO IER EFED A 118.64m* ThD, 2T, 2018 4 3 H 25 HD SPOT B Dk iz >\ T, S LE
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RIEFEDOKIH/y T2 60m? ZHfEEL T, OSM 7 —X O EEWRELO HFEAY 60m® LT ChHHEA OIRFEILT
B3 1012, 60m> LD KREWGADOIRFEIITHIZ TR 11129, 8 12123 R %7597, recall, accuracy,
F AEIZOWT, i 60m* LD REWEMIIHEERE 23 m0 0, ImAE2S 60m? UL ChoEAIZIL, recall 23
0.372 HEL, iR - BIFOHEE N EEL N Z AR L CVD, X 19 [IFEE R D K& SHVINEL iR I
FBADEEALE LS Z BN TIT BN AR5 Z 8> T DB &R,

(a) (b)
17 BIRDY —F— SR VED G KRES TR & THEE L CLE 7241, (a) 2016 4F 3 H 20
H, (b) 2018 43 H 25 H

@) (b)
18 WM DOEELBIR IO SFHT LVFE > TR E L THEE L CLE-7241, (a) 2016 4£ 3 A 20 H,
(b) 2018 -3 H 25 H

10 EWERESNOEFEDS 60m? LA T OEWIZ XL CTHRIEDORIEE 0.3 (2L
IRIFATH (2018 45 3 H 25 H : #edk T 24%)

Estimation
Demolished Remaining
. Demolished 566 957 1523
Interpretation .
Remaining 184 2067 2251
750 3024 3774

# 11 BWEREINORFED 60m* L KEWEMICKTL THREOBIMEZ 0.3 IZL=HAD
IRIFIATA (2018 4 3 H 25 H : &M 4236)

Estimation
Demolished Remaining
Interpretation Demolished 2064 2059 4123
Remaining 692 7152 7844
2756 9211 11,967
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B L - RA ] REAR HER 12 OIS IRATIC BT DRI D GIS T — X hOVERK,

R TR LN DRI R D SRR LB TR AW E T 5 FIEO R A B 35 A58 CTHE
RBUTFEET, BT A R ERROHEE T 2EIG 13D 720D | RIREEY & fh T~ D D12 7w M )
IZ&D, FP 7257 RO LU T, N DRERL R DU B SRS 722 o THRIIE DS R EVMIEIZ 225 288
Dorote, —JFFN Lol ERIL, BRSO mFED/ NSW e DIZA S b Z2 LD X HIVRNZ E D R
T&,

# 12 BRIFYTH (3 10, 12) DR 7~ 2EAm il

Precision Recall Specificity Accuracy F-measure
Area <60 m?2 0.755 0.372 0.918 0.698 0.498
Area >60 m?2 0.749 0.501 0.912 0.770 0.600

@) ()
19 EMlmERN O HFE DS/ NSW =D IZi > THAFEM E L CTHEE L TLE 724, (a) 2016 4£ 3 H 20 H,
(b) 2018 -3 H 25 H

5. F&o

KIS F D | W EF 2 T T O R R VIS 572012, KEFEIEM R L BaHEit
AHZEN TS, 2016 FEOREAHE CIE. 2IHTIZ IV TIA LT S5 EFEFEM I 4 B T I B Bl HE 3
LizbDEREIEN o7, KEFEIEW I E ROHER UL, RERY O S R OB R L
DT, B 1 BRSO A BA U CROHATHY, B O IER HECHEE R8BS, fig
(R O IE PR TR SRS 72 E ONFR A BRI 572012013 1 BEEAL ORI DSFk B ST — 2 D3 i
WCThD, Z2C, AR TIE, WIEATIZIB W TR EFEFEEW B 5E T 32 L TO 24/ T 2k 0
15,794 #DEMD Open Street Map (OSM) 7 —Z A H HNTBAFEDNE AT 595 FIEZRE L,
£, OSM 7 —X L HEERTE MIE 3 FEICBLIL7Z SPOT fir £ Mg DD SDO kS 2 i 2 VER
L. RS- ATREME D m WV 2 s TR A VER LT, IR A S B L7235, SPOT & Pleiades Of#7 52 {5
ZHALHIZEL T, OSM 7 —# D 16,106 B COEMIZT /AT LT, 5,701 FROMREE L 10,405 RO
B e U, FEREOHEENEE ORRGEIT F EE ROC I —7 %AW Gl 21T o7, Bl 125>
SEENT — 2R UL, F AT 0.9 LA ETHho7, UL, 48slT 280> 16,106 DML CIE F E
23 0.579 LreoT-, FREEIZKOHERE L7z /KA B I E 3 5I 5 1E, i 20 T 4 B 1 BTHY
# 16,000 4 Th— 0 B G T D2 LR LR IR L BT % h I AER CE D TR EE 2
HID, A CTIRELTIBIEIC LD L BIF M2 MR R LR HEE 35 I REMEIX D 72003 | iR (R
ORI N OS5, FANC T HRECERIE L AHL/e> T FP LHEESNIGE0. &Y
DRESD/NSWTEDIZHDEEA L ZELZAHAZENTEXTIT FN &P D MRS T,

PL b ARBFEICE 5T 2016 FFRREAHIEE CORIIT DAY D2 TEETRERS GIS 7 — &y Mk
R C& T, EFRIEW I A B OHEH ROUEERATHIZOIT, B OB ETRIE AR 0O FE IR A 2
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