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Development of Terrain Analysis Methods to Draw a Prediction
Map of Landside Waters Inundation by Using LiDAR Data
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Yusuke IsoBE’, Toru HIRAOKA®, Yuichi ONDA® and Tadashi SUETSUGI

Abstract

Terrain analysis methods to draw a prediction map of landside waters inundation
by using LIDAR DEMs are developed for a municipality to draw it up easily. Several
methods, such as an analysis of undulations of square-grid DEMs in settled ranges,
an analysis of differences between mean and spot elevations, an analysis by
extracting depressions, and an analysis by using topographic wetness index (TWD),
that is composed of catchment area and slope, are numerically studied in a target
area. And the method is presented to set a ratio of a predicted area to a target area
by using the combined method of extracting depressions and TWI that shows the
fair agreement with past inundated areas. And the usefulness of the method by
extracting lower height original LiDAR data is confirmed.
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1. AKRKBEXERODEYE, RURE

FAETE, HRTHEANOEE DL LM T 2R H OR-R L LE RO S ELIED &
&2, 7 I BEMEOMIMIE, OB REERLT 26 & S f27Ki & 540K
KDIED, BERASTRE, KEFICEDHERINZVWTRELAZD, MK E A
0 S ANANOHEKDHE RN LK ) BET HHKBKICE AHEENBERLTEBD,
WRIZ & B EELKRERELEOBYEZ HEOLETIEE TS (ELAEE, 2009,
p.6-7). ZDL) HNKICLZEKEEDBEFZ KA 720, HKRICE HIRAL BEEFH I
B4 21EHE, FRICOPDRTIRBELAD, FEEISOEROBREHOM L
57280, WAKIZE BIRKE, BKHEZ R TRKEERSRICBETTIERSE L FRL
72PN — By TOEEPE LR EE, WHFBEESEICLVEDONTHES.

WKIEKBEEFEE LCid, EMEHAT, ROWERTICL D RARBEERET S
Ia2al—YaVviZEBFEPERTH LY, FEOHMBNLEZRL 20, MlEE~EKAHE
R EOMPBIEREZIER L CRAKBELIT) FEPHAEDRAERE b LIZRAEELIT
IFEREPTERINTN S (EZEE, 2009, p.27-29).

LL%E2s, AN — Ry 7L, 2EOBB L% 500 FXIHTLETHS LS
NTW»52Y (ElL2EE, 2009), Rt 2343 B 28 BHTE 146 X ATH TR - AFK &
NTVRIZTELW (ALXRBENY—-Fy TR=FZ VA )., ZORERRD—D2IT,
WARNY — F=y TOEBREERTH 2T XA L, BHRERIRISTH S & & b ITKER
WY BEMDALT LI ThWizn, FWALEY I2L—Ya v I2X VBKEE
R ZERT 52 ERBSTRZL, £, v TREROZEICh b I EELREH
Thh, BKEEREFELZHELHEBZFEORBICOBEATN RV D TH S,

2. WHERFEDORREAH

FNOIREXIROFEM 2 RN Z LB T 5720, ML —F—HEI L 5SS —
¥ DD, BT EERFERBEICL ) BEEAOLES 2 S RICEENISEAT
By, BAE, FIFEHEIETLTWAE, F, HMERFEESEORERLRIC, B
B L) BFBEITON TS, MEL—F—lIBICLIVEESRZZ1~2miIc 1 &7
DOX ) VFNVERT -5, R, TIEMED T4 V5 ) v T RITo72%H, 5m Ty
ROFEMEET— % 2 LTEHBENTWAS.

PAKIREEIZ DWW TIE, FKIBE & 22 ) s S OBEKDWAIIEE R WD, T
IREFEOHEARMER OMBAEL BRITIE, BZHIBMOMBRLERIC L VIBENRETLEE2
bNB. L7dioT, BKOBRELIEET 570121, HFLIRKERE L OBREEE
BIALZENEETHS (MTEMIIBITLRAMNFRFTRES, 2002, p.2.7).

Z2T, BMEBLHEMRMEERIBONIMEL —F—-HlETF— 7 2 HWT, HEMH
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2 X D REOBERM ZHET 5 FEOMERELTo 72

3. WHBITFENEE

ZEL —F—RIEF— ¥ 2 HWT, Av T albE3NEET— & % BRI LIEKD
ERELHEETIRBOFELERLI.

(1) BHEEEFX

B DIFAET B, AL AR ISRV E S ATHBEEELLNLD
T, —FH#HEAD A v ¥ 2 BBEE O 2 BELRIC L Y IEFEMAF T 247, BAKERMEL
HET A, BAMICIE, SRHEEZEATEOA Y V2 ZKEL, FHENRA Y Y 2EHD
D—EDHEWNREBEHED A v ¥ 2 ITHBEOBWE» SIEAL 2441, HENRA Y20
N E % RO D, RIZEA Y ¥ 2 XDV TIRMBEO K E WL b —EDEA % iRKXE L
LTHET S (Fig 1). GTEBICBIT2RANEIRFTEES, 2002, p.2.8-2.9)
(2) HEEEHERE

BHEAECFETIE, LFBRoBBREZ EZOLSB AR & NI EEILE
L, BKERELHE LD, RFETIE, S IHEEORLEOFHES - DED
F/RREIZE D, RARERELHET 5. BENICE, 3, Blo—gfBomiss
FHLTHEERA Y VaBOPHMBRELRE L, Y ihlEE Loz LEREKEL
T5. RIZ, AV T 2IlDWTHEBEEPSKEWEP SIEM ZMH), JEZHO K E W
Frb—EDEEZBEKRIRE LTHET 5.

(3) EAMETE

HWIZHZHKED BN KIBUZ DWW TIL, F—RIICHKBRKOERERE CHIETH 5
EEZON, ZOX) RRKEEHN L CRKERKIBYRET 5. BAENICIE, R
AV VARKEL, #BEET-EHEVT, FA VTV OWTEEEAY V2 EDE

I

: 48 | 56 | 40|36 |29 |36 |47
comparing

61|75| 82|65|41|51 |56

range

U

75|88 |106 |98 | 77|88 |72
97|72 | 87|90 |86 | 75|61
48 152 | 55|64 |61 |54 |39
S 42148 | 56 |61 |53 |48 |37

grid size

Fig. 1. The method by analysing undulations of grid DEMs in settled ranges.
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BELBICL D FEARBEREL, ETCOBRBERL VBN Y V2, RUBKESLREO
AV alZEDL Ay va (BHNOBKEL LAWK 2EAE LCHBEL, BAX
WEEET B,

(4) R;RKIEE (TWI) &

WKBIKD X 1= X 8id, MRMFICET > TEERTHE L, 20RO MRAR
FILLVHEBENPKROBZEORBEICLI VIEENDL L EZ LN L. HBEKIEH
TWI (Topographic Wetness Index) &, HF/RFEHIZE A +HOBERREFEDLT72DIC
HEIN/2bDTHY (Wilson et al., 2000, p.5-11), fEsk, EHif! "iﬁiﬁ&flﬁﬂi%?ﬁ%
THOICHVONTE A GFRIZS, 2005; /MNEITZA, 2005), FiOLH 2, LKA
RAPREVIZE, T2, HBOHEHAISTRVIZEEBEE ST LIZLE2ED L’Clﬂé DT,
ZITIE, BRAREEZHEETHFEE LOER2RAL L L.

= In (As/tanp)

D MR KIEE (TWD), CHOKERE, B HBMERIA
KAy /10)%7J<E$ELOVN’C@%7JG§% RELTEEL, MlEFEIzoWTIE, Rl
BAYVabtORBAWETHRALL., A Y ¥ 2iZonT, TWIHEDK X WHD O IEM %
fHiy, —BOEE#FAKEE LTHETS (Fg 2).

catchment area: As

slope: B

Fig. 2. The method by using topographic wetness index (TWI).

4. WFRENFED LGl 5 2%

B WA FEOBAEO EBREHNCH 720 Tid, BEDORKERY L s L CH
WhHZ e L7z, RKERT KEROBESR, FEROHKAHNOBIED - OICEE
ZERTH Y, [WANF— N2y THEROFF & I2BWTY, HANF—Fvy 728
EORKEBZRBT S LE2HRFTT 5L &bz (EL3EE, 2009, p.67-68), HKE
BEEHA LTRSS VKK EERISRZ2ERL ) 2 L) BEshTws (EL%RE
&, 2009, p.27-29). TDXHIT, BERNS, BEII2L—T a3 v EBATRAKEREIL
WAKIRKIEHR % 5 2 5 EBRNRIERE L THEEMITON TV S,

WEHATIZ D720 TE, BAREBRDOLWKEBE R EXSBY AT HRWT, BEROEK
BEziT, 220, JVEORKEEREZBHILIELHNEETHS. MEOBALIS
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RAMBEXIBOFORKEEOE G (RAKEREE Fig. 30@/©@) 2#EL L, BEFO
HA»S, BRKERXBO) B, MEHEMCI VB EhsE8E BAERY N—F.
Fig. 30@/®) Z#iFL L THRET 5.

REHRALXED oM (B 8 km, Bk 6 km) 2B WT, FHEFikz AV CHIEEN
Dy —ARY T4 &ATHIT L L, BKFERT, REMICLYVRE SN, BIN49E0 06
Fr 204 F TOHMANT, SEHMITBAROEE L, 168 KENRE L7z (Table 1,
Fig. 4). IhonRKIE, EHEN, NREEROERLIZLINVEELZLDT, wiho
Kb, FABKTSHY, BHI, AHHNOLREICL 2RKE, HRESRTHVERW,

Study area®
==
[ Predicted inundati
HECUCTES TAUNAALION — Overlapped area@
area @ -

4

]

| Past inundation area®

.

Fig. 3. Comparison of predicted and past inundation areas.

Table 1. Past inundation records in the study area. “Maximum rainfall”
shows the maximum rainfall per 60 minutes after 1993 or maximum
hourly rainfall before 1983 of rain-gauge stations near the study area.

Occurrence date Cause of inundation Max1m1(1;1nmr)a1nfall
2005 Sep. 4th localized torrential rain 68
May 15th localized torrential rain 26
2000 Jul. 4th localized torrential rain 43
Sep. 11th localized torrential rain 69
Jul. 21st localized torrential rain 34
1999 Aug. 24th localized torrential rain 31
Aug. 29th localized torrential rain 52
Jun. 21st localized torrential rain 72
1993 Aug. 27th a typhoon 55
Nov. 13th localized torrential rain 31
1983 Jun. 10th localized torrential rain 17
Jun. 20th localized torrential rain =
1982 Sep. 12th a typhoon 21
Nov. 30th localized torrential rain 37
1981 Jul. 22nd localized torrential rain 45
Oct. 22nd a typhoon 37
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5. The topographical map of digital elevation in the study area.
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FENTOF SR HIEIE, LT S BERICES JR FUERILE A EIC L ¢, BibEi, w0, BHE
AR T 2EFE 2 WETE T, HEHIE, LOFORERMEL 2o TEY, HEICHEE
NN ORAFHNDHEN TS (Fig. 5).

ZFHEOREBEMIC®H 720 Tid, BAREEOBRICHIBA 2R ) A Z L I3FSEE
ThHZ e, BAMELYREFEOBNTMNREH 3T 2 RAKEEXBEROE S
(FfEEAR  Fig. 30Q@/Q) OEEZIZIIEA—IZLT, BT 5.

5. SEUMBITEEEBVAF— 22451

(1) EREETEFEIC K DHRT

hBoS#ERI, Tl & FERILRM OMEFEDOIE 2 ~ 3 km BELROTRAMEY
4 km & L, #it% BETEAEZEXBORNEAMD 100m UG THD DT, &RME,
lkm& L7 Xy ¥atAX100m, HBOTREFH 1000m, KU 2000 m THEMN % 1TV VE
HEEH 80 % LA EDXIg & RAKBERIG & LT L7z R% Fig. 6, Fig. 712”7, g
XHREF 1000 m T, XIS, BRI TH D, (HLOFOBMRET 2% Mg O —EF
ARAKBEERI L U THE SN T3S, 2000m T, 311, FBHEIED O 8004
5—7, WOFORKXBHAHB SN 2o TWD, B KRS 4000 m THETT
&, W, BHEINEZICE LT o TRAREBAMHE IS X )12k b, BHEEETE
(Z X ARAEERIB L BRAERY LT 5 &, BARERXIEON, #30 %~ 34 %A
ENTW5 (Table 2).

(2) RIS & 3884

BHEEEFHRLFAROBEHIZLY, FHMBEREEONREFHORAMES 4 km, &
IMEZ 1 km & L7z, Ay a4 X100m, FHMAEEEORNREH 2000 m THET %
T, BREREOBVWH» L/ 20 %ORXBERAKBERE LTHB LA, I
DFEOHRHM, RULOF L MEFEOBERIBVOBRFFEKEEXEE LB s
(Fig. 8). XI5R&EH 1000 m TN 247 LBEIALZ ORI &z <k b, 2t
SHEH 4000 m T, WOFORKREIHE I 2L < 25—, BEIEEOEF
ARAKEERI L LCIECHMMEND )10k 5, HBRBEEIC L 2B KIEERE LB
REFEILBT 5L, BAKERXBON, #16 %~ 24 %AHEB ENTW2S (Table 2).
(3) BAHMETEEIC & B 884

FAMPEICLY, 100m X vy 2 THEFLERZRT (Fig 9). WWoFHiw, Ko
BETE L S, EAaME L TRAEERESMHE ENTWE, BAMEIC X 2RAEERE
CERKREB BT 5 &, BATHREEIN T 2R KEEXEO HFEEK 11 % T, BK
ERXIFONK 17 %2SHE SN T 5 (Table 2).

(4) HFGRKIEE (TWI) EIC & 3884

TWHEIC LD, Xy v at A X100 m THTZEM L, TWHEDSKE W20 %0 X%
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Fig. 6. The analysis result of undulations of grid DEMs (grid size 100m, window
size 1000mx1000m, set extracting ratio 20%).

Fig. 7. The analysis result of undulations of grid DEMs (grid size 100m, window
size 2000mx2000m, set extracting ratio 20%).
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Fig. 8. The result of the study by analysing differences between mean and spot
elevations (grid size 100m, window size 2000 mx2000m, set extracting ratio 20%).
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Fig. 9. The result of the study by extracting depressions (grid size 100m).
Depressions less than 0.5m are shown in purple, from 0.5m to 2m in reddish

purple, and more than 2m in blue.
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Table 2. Predicted and past inundation areas, and their overlapped areas by terrain
analysis methods (grid size 100m).

Predicted Overlap of predicted and past
inundation area inundation areas
Ratio to | Ratio to
Methods Area Ratio to | Area predicted | past
®@ study area| @ inundation | inundation
(km?) @/0® (km?) area area
@/®@ @/®

undulations of grid DEMs
method (window size 1000m, 10.6 22.1% 3.9 36.8% 31.7%
extracting ratio; 20%)

undulations of grid DEMs
method (window size 2000m, 10.5 21.9% 4.2 40.0% 34.1%
extracting ratio; 20%)

undulations of grid DEMs
method (window size 4000 m, 9.5 19.8% 3.7 38.9% 30.1%
extracting ratio; 20%)

differences between mean and

spot elevations method ‘,
(window size 1000m, extracting 4 6% 20 ZL.3% 16a%

ratio; 20%)

differences between mean and
spot elevations method 11.8

(window size 2000m, extracting 24.6% 3.0 25.4% 24.4%
ratio; 20%)

differences between mean and

spot elevations method .

(window size 4000 m, extracting 100 20.8% 20 20.0% 16.520
ratio; 20%)

extracting depressions method 5.1 10.6% 2.1 41.2% 17.1%
TWI method p
(extracting ratio; 20%) 9.9 20.6% 4.0 40.4% 32.5%
Study area @ : 48 km® Past inundation area ®: 12.3 km?

RAKBEREE LTRL7: (Fig. 10). LoFoRf#e &b 12, MEIIELOEF AN
KREEXEE LTRSHB SN T VS, TWIEIC L 2RKEERI L BAKER L BT 5
&, BARERRBONK 33 %AHHE IR TWVS (Table 2).
(5) BFEDHLSFHE

BHBERETE, MBERBEE EAMEEE RUHBRKIER (TW) Eo&FiE
WX DX EIHIRIZ BT, ¥ —RARAY T4 24T o455 (Table 2), BAME, TWI
&, ROBEHEEEFRIC L 2R KEERIRNOBRKERERE (Table 2 0@/®) 340 %
BET, HBEMEETIE, 20%HLEL Ro7. BARERIN—RIZONTS, TWI
& ROBHEEEFETE, 30 %~ 34 BERETH 75, HBIEBRETIE, 20 %
B’THolz. W, BAMEIIOWTIE, BABRSEINCLY, B BAEERBLHBT
A, BAKBEXBOERI—HWICET ), HREERORELLRLIENTEL
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Somia 1 SR ok

BELEIRR SRR VW e )

Fig. 10. The result of the study by using topographic wetness index (grid size 100m,
set extracting ratio 20%).

WODT, RKEENN—ROHBREIITo Tz,

T, BUEEETFE RUHBEMREEIZOWTIE, HENREEOREM/EICL D E
KB X & L TRR SN D HIEAD, 22 ) EB)T 5.

(6) BIEEAH—TWI EIC & 3 8245

BAER T LB RIFICHIETE, F7:, HEEHERPREL TV L EAME, KU TWI
BeHWT, HRSAROELELEE, BULABESEEYRET 2R EORT#1T-
7

TWI 1%, SKER & HBAROLERICL WV BAEERBABRET 20 THLYS, &
AMIZOWTIE, HIPARAERINELS 75y Ml Th s DT, TWIEIERIZ A
S RBBRRI—AThbEEZOND, BAhlbEL TWHEIFENIIHEVD S b
DTH Y, WL ) PRBRAKEE RIS % RET 556101, BaMiEL TWIHESE
HEDETERTLIEDNLET L EHEZ 5N,

BAMEIZHNT, 100m A v ¥ 2 TEM 21T &, /NS RFREAISERE L TV T HEREY
BARLRP TR SIS, —7, 10m A v > aTld, BfiaEArszo:
FRESNTRARBAHBI LIS, F72, TWIERBWT, 100m A v ¥ o TR %
19 &, MHBORKICL BBKKBOBHEASRIELETLED. —F, I0m Ay aT
& MPWEHPRBEINTLEY, BEYZEBEMIEbSRIZ W, 22T, 7,
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0m A 2 TRHEZT> TRAEBRES B A A v 22 L, FiZ 100m Ay
EHRIZLT, TOHICET 2BRAKERESF N EHESNA10m A v ¥ 2 0EA7 k

NRKEEXIRZERETS.
ToARSTALLT, £, EAME, RUTWIEZRZRIZOWT, T EER%
209%~60 % LRRELCHEL, KiZ, MPEOKE % ERE bW THIEIC & 23K
BEXBXZEK L 7. EREDLERKBEEX RO MR &AL 34 2%~ 82. 7% &
2oTW5 (Table 3).

WIRATIC X 5 BRI L IR ERE BT 2 &, AME RO TWLEZ 2R
DENTHRHMENI S 2 BABERIRO GEROBEMEBAS L2 2122 ) BAE
WAN—HDPHAT 505 (Table 3D =D/@), —F, BAMERXBADIEKERETE
EBPLTNE (Table 30 a=@/@), HEMEMET LTV EZL 515, LiL,
WINROEREFEREIIB T, BABERBNOBKEEFED S, ERkias
RIENDRKFMEEEE (Table 30 (@-D)/(D-@)) 2 LEBEEbIZ, FESERHE
ERORKEEEE (12.3 km¥ 48km®x 100 = 25.6 %) % FE-TW5.

CIT, FEEGERREIC L D RAEER G ERR BB 50, ek
B, ROBKERO DN - HAMNIHRE T 25 axh # A LRSI 4 2. Table 3
K%?ﬁb,57—xwﬁﬁﬁ%%mﬁ?5k,ﬁ%ﬁﬁ%na%w#—z(mgu>@
axb BwARL Y, ZOBMHERERACT, RABERBREERT 2 - L1 EETH 5
ZEERRLTWVAS,

Table 3. Predicted and past inundation areas, and their overlapped areas by the
combined method of extracting depressions and TWI.

Set ratio  |Predicted inundation Overlap of predicted and past inundation areas |Ratio of
of predicted [area by combined past
inundation |method inundation
areas to a area
study areas without
(extracting overlapped
depression |Area Ratio to  |Area Ratio to  [Ratio to  |Combined |area to
method @) study area |@ predicted  |past index study area
/TWI (km?) @/ (km?) inundation |inundation |axb without
method) area area predicted
a=0/® b=@/3 inundation
area
@-@y
@®©-®
20% 16.4 34.2% 6.6 40.4% 53.9% 0.218 18.0%
30% 22.9 47.6% 8.4 36.6% 68.0% 0.249 15.5%
40% 28.9 60.2% 9.7 33.6% 78.8% 0.265 13.6%
50% 34.5 71.9% 10.7 31.0% 87.0% 0.270 11.9%
60% 39.7 82.7% 11.4 28.7% 92.7% 0.266 10.8%
Study area D: 48 km? Past inundation area @ : 12.3km?
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6. FVIFIRS L MF -2 ERAVAERKBERBOHTE

CNETORTIE, MEL——HEIZLEZ5mAY a7 )y FFE—y 3 HWTX
2h, TANET YT B HHIBEORER, BIIbhinwbotELLNS,

L72H>T, ST, #2807 BoRR2EERDLTWAELT ) VF RSV
M=% 2 W TRKEREOB WSO 23R4 5.

FNRXAFE (RPE 2 km, BIE1. 5km) I2BWT, VT F VRS ¥ b F—F DD HER
PENDPS 7% D7 — % 2 L Fig. 12 1R, FRICIE, BEOBKERE S RT. HiH
SNTLF VDT NVEA Y MF—510F, HEAIC 113,045 BREET 2728, #0OW, 53 %58
KEBRKIREELZ>TBY, BRAEBRBRBORBROTERILE 24 % L _ThENE L,
HERRKEEBFRIZRRENZ2VDOD, BEOF YV F AT —F 2T o2 81210
RKEREDOE VXS 2 R TFEOEMEI AT 5,

7. % E

REHEREADOr — AR5 74128, RABERBMBEEFEL LT, BAHME
TWLE, BHEREEFEEOMEL —F—JE T - 2 BV BT FEIES TH 2
CLERTELEHIT, BAMEL TWIEREAELELFEFHOT, SR ETLXEHD
ILBRABERKIEE L TERRTREEEOEE (A/EFER) PRETLRESREL
2. Ak EbIT, MOBBERRE LTHRIEZERS L L BT, BAERE RUBKAY
Jab—7avEREORBMIEEZADETITY, FEOM LML LENH L. T/,
AV FIWVEALA Y YT =5 X BB OFHAFEICOVT IR ED TV LENDH
HEEZTWE,

i i3

AEFZEIE, BT, ROWULSHEEANTIERE Y 5 —EEFCER L 0TH Y,
Rl —DHEPLLL DT RINA A% ni=72&F L7z 7, ELXREKSE - H
TRER T - BHEEHRR) TRERKBEEES, FASHE - B+R4EE @]
) FNNEERA MRESEE BT - AARERTNREECES), 43088 B i s
BT T REHRE, R, FAAEREEOF L2, TBED=— XRBFEDH M
DVRTHADITHEEZW2EE Lz, MELV—F—HIETF— %, BAEREOERIZD
VTR, Bl RS BT BRI R SRR, RO, BERERR) | s Et
POMERMAENZEET L CCIEBE OB ELE T

%8B, Fig 4~ Fig. 20ER, ERFVINVTy THRRAEISBMEYZT 2L 0T
5
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Fig. 11. The result of the study by the combined method of extracting depressions
and using topographic wetness index (grid size : first 10m, second 100m) are
shown in yellow. Past inundation areas are shown in enclosed red curves.

i 2 oy A < : e o b
7 - > i .
) B ik \\\ ) -
1 3 e U 7 i "_‘-._-‘,_ .. S - e ~

Fig..12. L'ower height original LiDAR data (7%, shown in red dots) and past
inundation areas (shown in enclosed blue curves) in the study area.
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