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Development of Terrain Analysis Methods to Draw a Prediction
Map of Landside Waters Inundation by Using LiDAR Data

Kazuhiko MasHITA!, Hiroyuki YokoTa®, Kazuo OKavAMA®, Akira Maxr’,
Yusuke IsoBe’, Toru HiRAOKA®, Yuichi ONDA® and Tadashi SUETSUGT

Abstract

Terrain analysis methods to draw a prediction map of landside waters inundation
by using LiDAR DEMSs 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 (TWI),
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. AKEKEEXHEREOLEYE, RURE

WETIE, HHE~OBEOEPLHT ZMAAOERL SHHREOEELINEDL L
b1z, 7)) SEMEOEIIEE:, @) ORFFEERMII A S & SN 72KIC L B5KE
KOEA, BERATARE KEZSICIVEREINZWTRE LAY, @R E < KB
P LI OHRDPHEL NI EICL Y EETLIHKRBRICLAHEEIHRLTED
WIS L BHEFAIRERESEOBYZ HOL T TIIE-oTw A (E3ME, 2009
p.6-7). ZDLIBPAKIZELZERARBEOBRR TS0, PIKIZL BRKL BEHEIC
B3 2158 E, ERICOP DR TRMELAY, FEEI S OEROBKE#ROM L5S5%
M5 7z, PIKIC X 2IRKER, @K % b TR A E KB TS £ R L
2PN — Ry 7OERPELREE, MABEEEIZLIIEDLNTNE,

WAKRAEERELE LTI, BRERER, ROLERTICL VRKEEREZRET S >
3al—Ya v ilLAFENEARTH LD, FEOMFENM TN 20, HlEE~EKHE
B EOMBAFREER L CEKEELT) FEPAREORAKERE b L ICRAKBRELZIT
AFEREPRERENTV S (EL3GEE, 2009, p.27-29).

Lo L&ads, AN —Fwy 7, 2EOBBL 500 HKAMNTLETHSL L&
NTwa7A (ELzEE, 2009), FH 234 3 B 28 B HAE 146 HEATH# TR - AF S
NTVBIZTELY (ALRBENT—Fvy 7R—=F V¥4 b)), ZOERD—IF,
WA= F=w TOEREETH HHEIF L, BHREBREFIEHTHL L &b ITRBEH
W T AN HIELT L+ Thwzo, WKEEYIab—Ya il P RAKEE
RIBEEERT 2 PR TIER L, T2, vy TREROREIIH P D LIEELER
Thl), BAREERETHHL-E2FEORBICLEAIN WD THS.

2. WHERNFEDRESS

1 08 X0 36l 72 #h IR & BB B 720, filZ2l — %—ﬂahi%ﬂﬁmT—
7 OBAEDS, ELIGEEHFERBE LD BT ORE e ARICEEIE
Hh,ﬁﬁ.ﬁﬁﬁﬁﬁ%Twaé.it,%ﬁﬁ%£ENM®£&ﬁ%ﬁ%L,E
WHEEICL VEEI TLIL TS, MIEL—F—flElc LI/l ~2mic 1 87
DDF) VFNMERT—FiE, R TEPFO 7408 ) 7 2fTo/21%, 5m 7)Yy
FOFHHEST—7 L L TEMRINL TV

PKIBEIZ W T, %ﬂmfkﬁﬁbmﬂﬁ#%®£7m®mk#%t&wtb B
KEE O MREDMAES BT IE, SFHBMOBBHNLERICLIVIEESBETHEEL
HILE. LA -T, BADEREZIEET L0123, ME & BKGERE & OBELIE
BTAEABEETHL WMTLEMIIBITABIGTREBRIEES, 2002, p.2.7).

FIT, BERBLFHLZHAEERRFEONIMEL —F—ET— 5 THVT, HEH®
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3. MBI FEDESRE

ML —F -T2 HNT, Ay bENBET— 5 2 HIEHET LiZko
fafitEZEET2EBOFEEER L.

(1) EREEEFE

BRAEEET BT, BRAHE L DRI HEA R L ZATHLLEEZLNLD
T, —EHEHAO X v 2 2 BSOS L BELEIC L DIEFRFITEIT, RAKEREE
HET S, BEARMIZIE, MEMEEZEFEOA Yy Y2 ZKE L, SHESRA Y 2 Fil
D—EDHEGHFD A v ¥ 2 (CHBFOBEVW AP LIEME M, HENRA v 20
BB Z RO D, RIZEA v Y2 Z2WTERBEOREVHH 6 —E0EE #RKEE L
LTHETS (Fig. 1). (HTZEEICB T 2RI HBFHEES, 2002, p.2.8-2.9)
(2) HBYEHEE

BHEFEEFETIE, SHAS0MBE%Y, BHLo&t s & M mEkE
L, B@KERELHELL, RFEETIE, LSS0 loTiEiss oo
FURRENZ L Y, BokERETHET S BANIE 1. Aldo—s#BEotEs %
FHLTLHFHA Y v aMBEOTHMBESEEL, S SHES Lo LEREEL
T5, ORI, EAy Y200 TEBEERENKEVE»SIEM 2, EEBEOKEW
T —ENEEG T EAREEE LTHET 2

(3) EAMETE

WA AR E DG KIFIZ oW T, F—FUIIAKRKOEREESE VB TH 5
LEZON, ZOLS XiEEHE L TEKERESEEZREST S, BAINICIZ, R
FAvvaAlZEEL, #HBETF—7FHWT, A9 allonTEBEEAY 2205

T 1711
comparing

48 | 56 | 40|36 | 29 | 36 | 47
61|75 82|65 41|51 |56
72| 86| 91|86 |60|69 |55
7588|106 98| 77|88 |72
57172 | 87|90|86|75|61
48 | 52| 55|64 |61 |54 39
> 42148 | 56 |61 |53 |48 |37

range

3,
N
h 4

grid size

Fig. 1. The method by analysing undulations of grid DEMs in settled ranges.
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BEMBICLDEKBEZEREL, ETCOBREBLYVECNA Yy a2, BRUEKRFEED
Ay yallEB Ay va (BIOPEKEERLLVEE) 2EAME LTHEL, BKREK
WrHET 5.

(4) WwHZEKESH (TW) &

PIARBARD A= AL, HRITIZET > TELBRRREEL, ZOBEFOMBIE
HICLVHESNLEROEL SOBRBEIZL VAR EINL EEZONL. HEERKIER
TWI (Topographic Wetness Index) id, HIT7KHHIZ X 2 OB ERILEFbT DI
MEINZLOTHY (Wilson et al,, 2000, p.5-11), #E3%, EHIRYIZIEHE 2 g 2 HEE
TAHDIZHWONTERD GFFRIZH, 2005; /ANEIZA, 2005), TR L 9z, &KE
BAKEVIEE, F72, HBOEFFBVCEISEBEENEIAZEEEDLTVRADT,
TR, BAEBEH#ETASFRL LTERAZRAAS L L L

W =1In (As/tanfl)

W MBRKIEE (TWD), As: SOKHTE, £ @ fBEss
FA Y 2 DEKEMIIOWTREKBMERRELTHEEL, BRIGRICOVWTE, AT
@Ay abtDBRBARTHRHLZ, &A v allo2nT, TWIENFKEWELSIEM Z
13, —EOEGZRKEEE LTHET S (Fig. 2).

catchment area: As

slope: B

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

4. WREEATFEO LLBRHME A E

B IEN FEOBEEO BRI ST - Tld, BEOEREEZEMERL LTH
WHI e L BAKERES KEHORES, FEROBEEROMIEDHIIEE
ZIFIRTH Y, THKNTF— Fvy FEROFF & [I2BWTH, WANT—Fwy 758
FOBKREFRLLTH T E2MRETHE L0112 (AL3GEE, 2009, p. 67-63), EKE
WEERA LAFEICL DKBKEEREREZER L) 2L HESI TS (EL%E
#, 2009, p.27-29). TDEIIT, kRS, BB I 2 L= a3y LA TRAERZ,
PIZKIZKIEHRE 5 2 2 AN RERE LTRBMIT STV 5.

HWIERBITIZH 7o TiE, BRKEBEOLRVREEE 25 {HYATHNT, BERBK
HEERTV, 22, LV OBRKERTFHHRTLIILPEETH L. WEOHLELS
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BEABEERBOFORKEFEOE S (BAEEEE Fg 30@ /@) 2BELL, #EO
Bahs, BREEREOS &, BEBTICL OB INsEE (BKREFRS /—=F
Fig. 30®/®@) %##HEL LTHIT 5.

WAL AL DM (I 8 km, FEdL6 km) 2BV T, FETEZHV THEERT
Dy —AAY T4 EITH) L L, BAEREL RTEHBICLVFAEI N, BMOEH,S
R 204EF TOHBAT, YFRBIZERORE L, 163KEFHRE L7 (Table ],
Fig. 4). IhbooEKiE, £HEWN, LEEEOBEEIZINVBELALDT, wThoi
kb, PKEKRTH D, BBHIL, AHHIOREICL EKE, BEIRTHERV,

Study area®

Predicted 1 dati
redicted inundation Ousilapped arestD
area 2 P

—

| Past inundation area®)

T

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 Max1m;1r1:11m1;amfall
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
{681 Jul. 22nd localized torrential rain 45
Oct. 22nd a typhoon 37
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Fig. 4. Past inundation areas (1981~2005) in the study area.

Fig. 5. The topographical map of digital elevation in the study area.
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AT SR ML, LA SEEICES JR FERIbR I LT, B IkEE, W), BH
NS AR EE T, AESE. LOFOREHFE2-TEY, HEIIZEH
NENoa#FANAHELTWS (Fig. 5).

BFEORBEEIZH 7o Tid, BREBEOTEICHIRAY 2R ) 25 & 37025 E
TAHIEEL, EaMEERL SEFEOBNGREH 12T 2B KEEXEREOEE
(ERLHERE : Fig. 300/Q) OREZZZFA—IZLT, BT 5.

5. EEMEBRFEERHWVEST—XX 2T 1

(1) BEREEEFEICL 280

Mg e, Tl & SUERILRE OMFEFE OIEL 2 ~ 3 km BEL O THRAMET
4km & L, i EBRTRAEEREOS/NEMA100m U TH LD T, R/AMER,
1kmé& L7z, Avyat A X100m, HESHSRHE 1000 m, KU 2000 m THAT =17 ME
R 80 %A LD RIg # R AEERK & LTl LR % Fe. 6, Fig. 712RT. g
o RFF 1000 m TiE, XL, SO TH Y, LOFOBRHPET 2 i RS o —I
ARAEEREE LTl EN TV 555, 2000m Tid, 311, FEHEIEDOH A0+
B—7, WWOFOEKRIES B SHIZL o TS, B S#iF 4000 m TR
D&, I, BENEAZIZE L Fo TRAREAMMBENS X H 1225, BHEEEETFE
WX ZRABERE L BRKERT BT A L, BAEBREOWN, #30 %~ 34 %25
ETv % (Table 2).

(2) HBEMEIEIC & 2884

MR ETE L AFEOBBIZL D, FHHBRRETONREHORKMES 4 km, &
AMEZE L km & L7z Av T at A X100m, TR HEE ORI 2000 m THTF
TV, BIKEREDOE WA H# 20 % DX A EKEEREE LTHHLAZEZA, I
DFOHRHM, RPUOF EWFEFHFOERGOEFHARKEERE & L Tt L7z
(Fig. 8). *H#H 1000 m TR 179 LBEIELOEF A Szl <y, #t
REF 4000 m T, WWOFORAKEBARH SIIZL L 2 b—F, BEINELZOEFEH
PRAKEEREE LTECHMEEND L1025, HBHEHEEIC L 2RKEER &R
KEFEZ BT D L, BAERXEON, 16 %~ 24 %A HHE ENTWS (Table 2).
(3) EAHMEEEICL 58

BAMEIZLD, 100m £ v 22 THEFL2HERZRT (Fig. 9). ILLOFHIE, KO0
WP LS, Ehde L TRABEEREASMHE SN TV 5, BEAMPEIC L 22KEEXE
EERKERT BT 2 &, BATMREH I T 22KEERKEO 5HAEY 11 % T, B
FREXIEOPH 17 %L 2T w3 (Table 2).

(4) hzRKIEE (TWI) &I L BT

TWIEIZE D, Ay vat 4 X100m THEMEEBL, TWIHELSKE W20 %0 X%
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< POl DR : LUILRETY HESRERRT V1t

Fig. 6. The analysis result of undulations of grid DEMs (grid size 100m, window
size 1000 mx1000m, set extracting ratio 20%).

R R LA (1 00m A S R hrw)

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 2000mx2000m, set extracting ratio 20%).

Fig. 9. The result of the study by extracting depressions (grid size 100m).
Depressions less than 0.5m are shown in purple, from 05m 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?) @/@ (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 2000 m, 10.5 21.9% 4.2 40.0% 34.1%
extracting ratio; 20%)

undulations of grid DEMs
method (window size 4000m, 9.5 19.8% 3.7 38.9% 30.1%

extracting ratio; 20%)
differences between mean and

spot elevations method

(window size 1000m, extracting e 1a0% 20 215% Tos%
ratio; 20%)

differences between mean and

spok slevationg method 11.8 24.6% 3.0 25.4% | 24.4%

(window size 2000m, extracting
ratio; 20%)

differences between mean and

spot elevations method

(window size 4000m, extracting - 2 = el oo
ratio; 20%)

extracting depressions method 5.1 10.6% 2.1 41.2% 17.1%
TWI method

(extacting Faki; 20%) 9.9 20.6% 4.0 40.4% 32.5%
Study area @ : 48km’ Past inundation area @ : 12.3 km®

EREEREE LTRLAE (Fig 10). LoFoade &1, BEIELOEFEBLINE
KAERIE TR ER TS, TWIHEL £ 58K EERKE - BKEE® BT 2
&, BRERBXBOPRK 33 %AHE SN TS (Table 2).

(5) BFEO SR

EHEEEFE, HEEBNE, EatBEElk RUHBRAER (TWD) Eo&FE

WZE DA EAMIR I B NT, F¥—RAAY T 1 BiTo724%R (Table 2), @AMk, TWI
'Pf B OB R L 2R AEERIBENORKERERE (Table 2 D@/@) 7940 %
BET, IEEMEETE 20%EEE BT BREFEIA-FIZIDONWTEH, TWI
# RUEHEEEFETIE, 0%~ 34 %BETH-/270%, HEEMLETIE, 20 %
BTHo7 M, EAMEIZIOWTIE, BAREBTICLY, EE BKEEREEHL T
AE, BRAEERKMOBBEII—FNICET ), TREAEORETEILILNTER
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Fig. 10. The result of the study by using topographic wetness index (grid size 100m,
set extracting ratio 20%).

VDT, BIRERED N —FOWEREHITo Twhiwn,

T, EHMESEEFE RUBEMEEIZ oW, B REH O
HABEK I L L CTER SN DA, 24 DEEIT S
(6) BIEEAH—TWI EIC & 3824

EAERF RIS TR, F72, ERBEIEE L Tw2EAME, KU TWI
EEHVT, TRSAEOEF LSS, B2 HREATELRET 2 FEOMF£1T-
T2

TWI g, $KERE s AR OLEIZL Y RKEERBZRETLHLOTHLY, &
AEZDWTIE, WIEAERERIZANE 7Ty Ml TH A DT, TWIEFERIZK
EL B FREr—ATHELEEZLND. EAMEL TWIETFEMICHAVHI b
DTHY, WIEFHIC L) ARKBRKEEREZ ZET AHE121E, Ealiks TWIEZ#
HEDHTERTEIENET L EEZLND,

FAMFEIZBWT, 100m Ay > a2 TEHET) &, NS LREISHEE L T T B
B LR T WERSAHH S W, —F, 10m Ay a2 TE, MllhEASEOF
FERBESNTRAREASHA LI v, F/2, TWIEIZBWT, 100m 4 v ¥ 2 THEfz
719 b, MAHEORKIZLZEBKEBOBERIKITELTLES. —H, I0m Ay 22T
X, MirvwEHrREsATLEY, EENLZEFEAFARbENIZ( W, £2T, 7,

f

Tk

2Ehiz

R
it



292 HTHIE (Fh

10m A v ¥ 2 TEHEZ T TERERENREVA vy 2 2B L, B2, 100m Ay
EXMRIZLT, FOFIIBTLARAKEHEEITCEHESNZ I0m A v Y a0E&IC L
NRABERIHERET S.

F=AAY T4 ELT, I, BAME RUTWIESFLFIIOWT, WHEEEER
20%~60 % EERELTHEL, KRIZ, MFTEOCKEEELSHLETHREITICL ZEK
AR X3 [ % B RE L 7. E#ﬂ“#’)ﬁ‘f'_{xﬂi’@ X OE G AL 34.2%~82.7% &
% oTw5 (Table 3).

HIIRITIC & B IR AKAEE XIS & B % BT 5 &, EAME, RUTWIEZLER
DT REFE I 3 2 BAKEEXEO EHEDE Efﬁ%i“kéﬁé EiZkh, BKE
A N—FPEART LD (Table 3Db=B/B), —h, BKEERBNOBEKEREE
iR L CwvE (Table 3D a=0/®), ?E%**FﬁWET LTwleEzohd, LiL,
WTNOHRBSEERREICE VTS, BKEERKBANORKERBFEO D, FERKEE
KA DOEARERZE (Table 30 (B-@D)/(D-@)) % LA & &I, RAERNRES
”‘ﬁiﬁi‘i?k%'%%‘ﬁ‘ (12. 3 km?% 48km*x 100 = 25.6 %) # LRl->Tw 5,

ITC, SHMEARREIL2BKRKEEXBHEEHER L HEFMT 2720, HEH
fé‘E, T NBRERD N N —FR 2 WA R E T 5488 axb #EA LMETT 5. Table 3
IRTEY, S —ADWEREREIET 2L, EREEETL.I%Ds —A (Fig.11) T
axb DR AE LD, ZOBTERATHAVT, BREERERAERTLZ EVEETH S
TEERLTWES,

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=@/@ b=/ 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% 114 28.7% 92.7% 0.266 10.8%
Study area (D: 48 km? Past inundation area (3): 12.3km’
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6. FVIFILKRA 2 b TF—2EFHVERBKEEXEOHTE

INFTORITIE, MEL—F—llBIZIE25mAvy a2y )y FF—%2HnTE
Tell, TANFV Y TILEbHHBEOREL BIohZnboLEZ oA,

L3> TC, 22T, i E0 - BHOREZEERDLLTWAEFT ) VF VRS Y
M= EHWTRKEREDBWEEOMB 2 A 5.

WHIXAHE (B 2 km, B4l 5km) I2BWT, AU TFLES ¥ P F—5 DS bIEE
WM 2S 7%D7F— 2B L Fig. 1212787, FRICIE, BEORKERLRT. @l
SRhid ) VRS R F— 13, FENIC 113,045 BT 275, FON, 53 %A5E
KEBXIBEELR->TEY, BRERRKEONBAOERLE 24 % EEThr e E L,
HHRAEEERIIET SN2V 00, JBEoF ) VLT —2 23212k
BAKEREDE WK E R T FEOARMEIHETE S,

7. & i

REMIERKEEDr — AR5 741240, BABEERBHREFEL LT, EAME
TWI &, BHEREFESOMEL —F—HET— 5 2 A7 BT FESED TH 5
ZERARTELYIC, BAMEKE TWIEEZHEAEDEL-TEZHWT, HRETLXKEHD
I LRKBEEREE LTERRTNZEBEOHE (HRSFE) 2RETLHIFEZRTL
7. Btk SHIC, MOREEHRE L THRIEZERDL L EHIZ, BKER RUBRKY
Jab—varEREDOHEEMIE T GhETiT, FEOMLEZRLILENHL. 72,
FUVTFNVERA L P TF=F L BN EDHFAFHEIIDVTHREZED TV LEDSH
HLEZXZTWD,

il &F

AL, BT, RURLSHEEIENAIERY > & —FERICEBLZbOTHD
Wy —Dh4P6E{ DT FNRL AW EEaT L2 /2, BB KER - E
+fReR (R - HEEHR) TRKEDBRBEEEESE, FAKER - BXEERF (Frll
&) N BREERREN | R EAmE (A - HKRI MRS SmE), E2s8HE E LRl B
EWFERT T KEMRE, R, FAKEMEZEDOH 412, THEO=— X0 FREC
DNTEADTRET W25 F L MELV—F-JET—¥, BAEREOERIZD
WU, EZEE B AR R E R, RO, EREANER R R
PHERMEFVZET LA ICRECREoERELT T

%3, Fig 4~ Fig. 120#EMIZ, BERFV I L~y THRASHI»SRBEEZ S0 T
Kl
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| e e e fgﬂé gt Y
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 AR a2 : S s R A a7] -
A ; #"’ 2L .- TN e o P,

Fig. 12. Lower 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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Wilson, J. P and Gallant, J. C. (2000) Terrain Analysis, Principles and Applications: John Wiley &
Sons, Inc., 5-11

E LA E Y — Ky 7R =% )44 b URL: http://disapotal.gsi.go.jp/

E 2@ A H T - i R TOKE SR (2000) WA — Fvy ZPEROFF & (F), &HHE 6
7, 27-29, 67-68

NROEH - BEET - BEER - B i - HEET - KILHE= - FEARRET (2005)

REBERERARICB T2 EFEEHEB O OOREOREFTFM: 5> FAr—7HFE, 68, 643-
646




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


