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Abstract

In the recent years, debris flow disasters have been occurring frequently following
torrential rains, and erosion control plans are being studied with regard to all mountain streams
to reduce debris flow disasters. However, since several mountain streams that can become
targets of debris flow exist, the maintenance is difficult. Therefore, to conduct a considerably
effective erosion control plan, a method using numerical simulation of debris flow has been
proposed. Further, a method of developing hazard maps using simulation has been proposed and
even put to practice.

However, to conduct the debris flow simulation, since it is necessary to confirm the
on-site conditions and set one by one, the topographic shape, mountain stream width etc., it was
difficult to set the conditions for an extensive number of mountain streams mechanically.
Moreover, in the development of hazard maps using debris flow numerical simulation, when
using two-dimensional analysis, a representation method has been established where although
the analysis result can be directly used as the hazard map, input data creation and analysis takes
time. Further, when using one-dimensional analysis, although the input data creation is similar
to that of the two-dimensional analysis, analysis can be conducted much rapidly than the
two-dimensional analysis. However, since a planar two-dimensional representation method that
can be easily deciphered by people has not been established, the development of hazard map
itself becomes difficult.

Therefore, in this study, to optimize the use of the debris-flow simulation software and
make it possible to readily draft the erosion control plan, we developed a method to
automatically extract the “longitudinal and transverse shapes” and the “mountain stream width”
from the airborne laser measurements and developed a program. Further, in addition to
displaying the results of applying the developed program to the mountain streams in the
northern part of Kiyomizu-dera, we analyzed the effect of the extraction conditions of
“longitudinal and transverse shapes” and “mountain stream width” on the analysis results and

evaluated the scope and validity of the conditions for the development and usage of various data.



Moreover, to convert the one-dimensional analysis results that displayed only the longitudinal
profile graph of the riverbed into a hazard graph that can be readily deciphered, we developed a
“planar two-dimensional representation method that considers the river channel width (stream
width)” and “a method that accurately reflects the river channel topography using airborne laser
measurements and expresses the water surface range, sediment deposition, and erosion range in
a planar two-dimensional representation that can be displayed on a topographic map.” In
addition, we developed a program to output it as GIS data. As an example of applying the planar
two-dimensional representation method that considers the river channel width, we present the
application of the developed program with regard to the Shirakawa River in Kumamoto
Prefecture. As an example of applying the method of planar two-dimensional representation
using airborne laser measurements, we present the application of the developed program on the
mountain streams in the northern part of Kiyomizu-dera. In addition, by developing it into a
two-dimensional plane based on the displayed examples of maximum water depth and
maximum flow velocity, and the example of time series change of water depth. We have
demonstrated that the analysis results can be readily understood. Further, a combined example
of the planar two-dimensional analysis results and one-dimensional analysis results that are
often displayed separately is illustrated.
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8| —19500.8 | —111300.3
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10| —19503.6 [ —111305.7
11| -19505.3 [ —-111308.9
12| -19505.2 [ -111310.8
13| -19505.8 [ -111313.5
14| -19505.8 [ -111316.8
15| -19507.8 [ -111321.5
16/ -19508.8 [ —-111327.5
17| -19509.8 [ —-111329.3
18] -19509.8 | -111332.1
19] -19511.0 [ -111336.8
20| -19513.3 | —111340.0
21| -19513.8 | —111343.6
22| —19514.0 | —111345.6
23| —19516.7 | —111350.2
24| -19518.3 | —111354.0
25| -19518.8 | -111357.4
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i IRt | AR | KES |AEnE | LR FRE
(m) (m) (m) (m) =E | (m/s)
1 0| 146.1 146.7 3.0 0.30 1.27
2 5 1449 145.5 3.0 0.30 1.20
3 10| 143.8 144.2 3.4 0.31 1.15
4 15| 142.6 143.1 3.3 0.31 1.18
5 20| 1415 1421 2.8 0.30 1.22
6 25| 1405 141.1 3.0 0.30 1.21
7 30| 1395 140.0 2.9 0.30 1.16
8 35| 1384 139.0 3.4 0.30 1.11
9 40| 1374 138.0 3.4 0.30 1.14
10 45| 136.4 137.0 3.1 0.30 1.10
11 50| 135.3 136.0 3.8 0.30 1.09
12 55| 134.3 135.0 3.3 0.30 1.08
13 60| 1335 133.9 4.1 0.30 1.00
14 65| 132.3 132.5 49 0.30 1.02
15 70| 130.7 131.3 3.4 0.30 1.11
16 75| 129.7 130.3 3.3 0.30 1.11
17 80| 128.7 129.3 3.4 0.30 1.07
18 85| 127.7 128.2 3.8 0.30 1.03
19 90| 126.6 127.2 3.8 0.30 1.00
20 95| 125.8 126.2 4.2 0.30 1.09
21 100 124.6 125.1 3.1 0.30 1.20
22 105 123.7 124.1 2.8 0.30 1.13
23 110 122.7 123.1 3.8 0.30 1.08
24 115] 121.8 122.0 3.6 0.29 1.07
25 120 120.9 121.1 4.4 0.29 1.03
3
2.5
= 2
E 1.5
;
®
0.5
0
0 200 400 600 200 1000 1200 1400 1600 1800
B¥[E)(s)
B—5. 4 —RxBIWIZAW=/N\/ FRTS5D




HEE HIEIER G EE LI —KIC LK AR e R D il K oc (b FiEIC BT S 0H7E

&—5 3 BANSA-4%

) B & | B
FHE R 1800| s
FE R 0.01 s
BEOEE o 2650 kg/m®
KOEE o 1000] kg/m®
EHMEE 9.8| m/s?
KIEDER/ME 001 m
AIROBEEE 0.65
Y= Y DHEERE 0.03
BEEERHK 0.0007
HREERERK 0.05
HREEICHBIT2BENEZELFORE 0.9
FEHRIE 045 m
BWORNEEERA 35 °

5.3.3 70V S LDETHEETHRR
() £EEERORKERRYG

— R TTIRHTRE R DA FHE M AIZ I DI RRAL, e KITER 36 L OV OBz %t L,
AW LV L FEEZ A LR AN —5. 5187, £z, ERFIEE O
D=8, —IRITIENTHER % HIX| ETHRRTE % HyperKANAKO®IS L OV 4 HIR L7
FTRFEEHOTZF R R LK —5. 6 1I277T (K—5. 6(a) : TERIBWVIZ T EZ AT
E LT RBIFE, K—5.6(b) : fHREADIEIRIEZ BE L CEA LI-RBIFIE).

B—5. 513 B0, RFEICEHMERIL, ERTEIN—S. 6(a)F LT —S5. 6(b))
ERBRIZ, KBS ONERE RS HRET 2 Z ENAREE o TWD Z bbb, *
7o, B—=5.5@limd &0, RFEETIE, ERFEMA, P koo L TR
IR L CAEBHHZRBIT 5 2 E B3R & 720, BEMTR O FERFRIE 3 R L TR 0
PEi(7o & 2%, 140m HiSRC 160m HiA) T, HUZIEIR 2B 8 U 7 (B0 45 (ki 2 3%
BT 52 EmaaEL7eo7-. SBIZ, K—55bIImnT &L 9H1T, HEfEEE X OMR R
T OV R D ZE BRI & A I I BB S CERRT D Z ERAREL 72 0, KIBEHEED
HRER & LIRS Z LI X0 IRIEA AN D AN E < 72 5 #Lsi(72 & 213, 120m
~140m BZHB W CHERBIE AR & < 22 0, FlHPMKIRT 28 T2 RS IHET5 2 &
NTED.

ZDOEDIT, BifEEZBRE LT, KREARATR R A i ROt b5 Z iz ko
T, A K BB N8 AR T 2 (T - fiPH A FLR R TR S ITHE T 2 2 L N ATRE & e
5. F e THUTHEG, BROETRITIE & K& < TeBET 28 AHIPHHERE S i e e LT,
AR TE TRV O MRE DB, & 2 WME T IR TTHRAT 72 £ OFEMARHT O M2 HEIZ BT 2
FIEEA RS LTIEH T2 2 & b HIRFTE 2.

62



BEE WIPIEREZIE LI —KTe LA KPR R OVl Koo (b FiEI B9 S0

%ﬁ

v / N\\\\‘h\ggla (

f %B

e _.w»

..-'JII)
(b) HEREDRTH

£
: P Q \\l\. i v &
H (ls) 1
0 m ! i
01 I
2

5/

1 b Y (R Y |
[ 1 | [*{lujafuf:
cCo o0 o000 o
PR T R K

THN

(c) TR D FK I
B-—5 5 BRARELE-FEZHAWN:-—XTBTERORTH



HEE HIEIER G EE LI —KIC LK AR e R D il K oc (b FiEIC BT S 0H7E

TAINEC
%? Vs
QL

) gfﬁz

(@Kﬁ@iﬁﬁmﬁﬁﬁm1t7tw§T)

bl

K% (m)

o
o
oz
o3
B 04
05

I

T

(m*ﬁ@iTﬁM%4E®$$§mU#§T)
B—5 6 —MEIE—RuBTERORTH

Q) KREHBLEREDRRIIEL

—RICFRATRE R D 5 B 300 73, 600 531%, 900 7314, 1200 731400 4 /34— ZxE L
T, T2 LTKEOERRBZK —5. TR L, HEfEEEORRH %X —5. 8 1TR
T KIEERRIIICE RS D Z LIk - C, okifind B0 £ TR T4 201
e, B OEEROMEE Tl F T 2MMERS ICHYET 5 Z E N RETH 5. HERE
JEEDENZRRTHZ IR, TRORSRINEL B EGITHET 2 Z L FEETH
D FE T, FNTRE R A MO VEHRHR T AT L 2 LIk 0, BB OER L AR TH Y,
TEHRABCERSIMBELOFA R 72 & OBFITBW T, IR FANATRE L 725 2 L A3
FFCTE5.

64



BEE WIPIEREZIE LI —KTe LA KPR R OVl Koo (b FiEI B9 S0

I EIFNeFEHMOEN [ R

F44 0021 (P)

J .&f

F44 006 ()

—~
g N m T e~
~ O OO

BRI T

\%( qﬁ,m \

\\\ N@

C - NN T e~
-~ OO0 OO o oo
t000pmmEnn
LI

F44 00€ (8)

i

w.
¥0
]
20

10 |

o 1

E 885
S0000mmnn
v

I M@Mv

( L

<

i

% 3 O O 60 & O
DT T
I L1

—
=] - N DT W e -
~ OO

65



BEE WIPIEREZIE LI —KTe LA KPR R OVl Koo (b FiEI B9 S0

gL FeFHOEEEH 8 —F

# ﬁw 0021 (P)

At

\\m@
<

\J )

% @ 006 (9)

ﬁ% |

ﬂ\\&f . g//% ‘. ﬁ\\ f«@. S
Sl @

i N

A N (&

66



FHOE  MIPEIR T B LI —Kor LA K AR A R O FidT - Kor (b FIEIC BT S H7E

@) 7 )y FRERDEWIZ & SRR

GIS 7 —# B OEE T — 4 % 1m, 2m, 5Sm ® 3 ¥ —rx LT, T—XHL
Tl % K —5. 9 1R, =5 9@IZR"T Im 7'V v REFREOFRREEFR L X —S5. 9(b)R
T 2m 7Y v FHIBOERFERT, ZEFEEORR L 2> THY, HIiHE & AKROBR
ERETDHZENATREL 72 5.

—%, EB—=5. 9IZR-T 5sm D7 YU v RERORRFERIT, 7V v B XL S
o, BEHE & KIEOBBARAETH D, ZHUE, AEOxSORTTEIL 3~10m &
ThY, FRBLYRER7 ) v RERCTHAISNIZZ ENERTH L. #o>T, K7
—Z2TIEZ YU v Fid2m KON T20ERHLEEZOLND.

IEZe N E AR DA e
mchy - ymgﬁﬁgﬁw
cs J D1 /J‘)l / /H"ﬁ\?\-).h‘ﬁ\
12 / AN 7 IS
| e et = \\\\\\N
| e e / , r"r,j"lllrtlf{/j!@\\
J‘ | i }}} // v
gf ; O “\\;@7(
3 SRS
I '2§%ﬁ>
ST ]

(@ImJ 1)y K

'—7?.:) .\ \ \ 4} .;,L T @?\})\%\\K%(@
=AY XS (AN
Mos _ (//J/XI/I'/I“HI /\T‘ \{\\V
M | |:.{ mit (" il K\

) 20> NN

= =N

O o 3 (L ‘5\5\;} ‘ flﬁﬁi‘%} ,r\j_z
e S =S S
K| S )l

gy K
e AN RV
eI \\ 7

1009 |/ \BEY 1IN
o | Q) Jfrj ( f.’[\;/jf/\\\g\
— w%@ifﬁké
H =24 7 (@
(e
;ﬁ 4

B—-5 9 Ty FYAXEEICLIDIRAADEL

67



HEE HIEIER G EE LI —KIC LK AR e R D il K oc (b FiEIC BT S 0H7E

5. 4 F&EH

K TIX, MR O 7T 7 ICREALTORWEFEMES TR TLAES I
TCIRHTRE R A B A EUAL D L 52T D7 ®, TILFEBICI T 5 —RITfFTRE Rk L C,
PETRHE TR 2 IEfE IS SO L, K PR & OV b HERE - iR A dull 2 P X EIc£R T
& 2l ROLRELFIE] OB ATV, IEARSFALE ORIk L CE A L7z il &R L
7o, REIZBWORLIEHEEZ E L DUTIZHRAS.

< K, HERETEIE & E A Wil IR CRRTEDHZ &R LT,

- KUE L HERE 18R DR R FIEAL A i _IRGC TR A TED I & &R L

7V RREIEOEWICE 5l _RTTCERRTEXDHZ EERLE.

ZOFEEHND Z EIZL o T, KEBERE LONIKRES) (M- 128) Efo—k
TCIRHTHRE R 2 B G (B E D m Ol IR R METE Db D EEZX BND.

SEEH

1) QGIS 7u v =7 b : QGIS, http://qgis.orgl/jal/site/

2) ESRI : ArcGIS Desktop, https://www.esrij.com/products/arcgis-desktop/

3) Informatix : SIS, http://www.informatix.co.jp/sis/

4) HEINZE - BERGSC AKILEA  GUI 2925 L H Al —koey X = L— X Bi%E, W
Bhf42EE, Vol.61, No.2, pp.41-46, 2008

5) MRFTEIT, HRILNEE], BEACRDE, HPERAFSC : TEKSFEIDERIC 3T 2 A uiil i
M, MESHES RG9S, vol.10, p.59-66, 2016

6) SENEKCEA, IS, NG, BIEELSC KLEA LP S 2 AR L bR
My I=lb—varyA7 A [Hyper KANAKO| DBH% : WbhaEE, Vol.64,
No.6, p.25-31, 2012

68



HEF

6. 1 XHEXOHE

KEw3E, EFELTCODERERICE ST, FRFZEICEET L TaRExIg L L
T, I AR I a2 b= a rEFE L, ~NY— R~y TR EDIEREITA S &
INCT D720, BAEMHTICHLER AT T —2 D55 TR, TREE] 2L —
P—FHAME L VT2 FEERE L. £/, R LAETEZHAVT, I E TRE
SN TWRD ST HIEED AN )T — Z IMENTRERIC G- 2 DB a2 L7z, 612, Z
IE T RITIENTRER N DAY — N~ o TE2AERT 272012, Y —koelb 3 5 Bk
BHRE L7-.

IFIZ, BECHONIEERFREEE LD 5.

F1ETE, [—RITITICHWD AT — 2 ZREIHERT 5 Tk & T—RoTRAT
TR A BRI HIC & D RBLFVE OVER AT 5 WEMEICOW TR L 72, 2D T,
AWFFED HBIRFIEIZ DOV CRLR L7z,

F2ETIE, —RIEMHTICHWD AT —% 55 THWTIIR) 2 e L —3 —3Hll
] MO 2 FEEZR L. £, 707 I 0%H% L, EAFILHBORRITS L
THEME L7=filA 7R Uiz, 2 2Tl RiE 2 BRI W TR o7 sm —E & LT,
[EETTAR R LFIRE ) & THiZE L —3 —FHAED 77V v NHR] 22858 U723 gt
ATV, MROEFIZ L 0 TR RICE 2 2B AT M L. O, THtMRo
HHHEIREAY 10m LAF ], THiZE L—F =3O 7Y v FREIFE2S 5m LUF ) FRE O
THEBTIR Z T hER S chor 2 L a2 R L

B 3ETIE, —RICMHTICHWD AT —2 D55 [RiE] % [EHTIZ W 2 &
& Mpize b—F 3] ST o FiEER LIz, £, T s T AEEEL, 1E
KIFACE ORI R L CEM L 72Fl a2 R Lz, 22T, TRk oML, T
Z2 L —F—3HAED 7Y v FHbR), (i) 2288 LR 2170, fROEES
FOWMEDEFIC X VIRMTHEIRICE 2 D823 i L=, T ORIR, THEEZR ORI
ffR2S 10m BT, T2 L —Y—3HED 7Y » RERE2S bm LT, T IV S

69



HEF

B i) BREORME TR ZME T IR Y THL L aR L.

FATETIE, —REMITRERE NV — R~y 7R EICRIATE 2 Lo, MRk L
DU OACENE R, TRHEHLTIZI T DRIEE], T—RITTHrRE R O=>D7 —& H»
5, Vi CRTETERT D FEER L. £/, 7u/ 7 5205 L, BEAROA)I%
W E LT, I ARKEE R KIEHEOF RG], KGEETEORERFIE(LOFRF, 7V >
NIFEOE M L D RRf], ZIRTCITHER & DS LT ROR ™2 R L, ZhE
TO—RITINTHRER LV B IR R Al CE 52 L 2R LT

95T, B 43 TR LIZNER 2 IV C— R TiTis R2 Wil kTR 5 2
ETC, KOBHEIFICA oTmRBEITZ D L OIS, TR EOFEOMEN @), [
22 L— W —FHME ), T ROTHENT EERE R O =2 DT — 2 n, e IR IER R T D
FEE R LI, £, 7077 2% L, FETEKFGTORGE XSG E LT, K
R, TR & REORRH, KRS HELEEORSRINELORRE, 7V v FHE
BROENNZEDERBIZRL, ZNETO—RITHNTFER TH DKM 77 7 L0,
B IR CE 52 &R LT

6. 2 SEDFEHE

AFWmILTIE, BT () OFEEICEE L CORImMESEH CERERE) 1220
TIE, WRRBIC X DHF - REEITo72. 4%, L0 EWKEE TR A T & %
BT 27211, LP 7 —# % b L ICHKBE DB E R H CEEAE) & BB
L, PR ARET D FIEEHETOILERH L EEZOND. £, —IRITHAT
DANTFT—FD 5L, HFEHBEIZ OV TITHMFA R L2170, HECHIES R b
CITRET DMK TS, 5%, HERE LERIZ OV T HHZE L —F—FHIE &
HEET D FERBRRLEL Z2 505, 2D - OOMER LT 5 Z LR TEIL,
ffize L — =B S AT —Z DEEN TE, ~F— B~ v FVERE TR —EOH
NTEMTELLIITRDEZEZOLND.

EBIC, FMLOBREB LI LR S OBBE AT 5 FiE% GIS DT T /A Ui
PELTHBETAZENTENE, VARG ICEAHy I aL—a U MTAB Tk
D, HERKERBICIEHTEDL)IChDEEILND.

10



B

AFmSLOPEZED HIZHT-, BRUITERTIHE L TR A2 B0 £ LI i RT
BT R SCBAR I L K VI L, B BILH L RIFE Y. eI, BLEE
FHE LFREE SRR~ OM T 2BV CIEL & & bIg, HUEMITES LOERHFIEREED
EZATERRTHRELZTHE E L.

SEATEE R B TR IRIR = 0%, [P LR AR LRz 12, BT LR
WIZHE b bd, BIEZIEZITTCTHEELLEZ L%, EEHIWTZLET.

RS BT FE T R BRCA - U BREE R 0 [0 HE 2 R ITIE, s AR FREA T

HEFICH I L CIHE, O O LSS O—H% 5 2 THHW . BF5EE O M| =
ok, #5208 UM RF A2/ L CIEW -, #IEBRBET O H MK EICE, #)
SO EBRIC BT DS ATV, HIBBREE O 2 121X, EHEOAMIC
KR SCEOH S 2 5 2 TIAL S, Z|IAWZ. £, & 250 s HELKRIZIX
REFEEFITEE LT —~ oW Cilkima THS & & BIC, MSCHEICE L TH2< D
iz LCIEWZ, WO B REKICIE, WBHICBb D HESCE 2 &2 # 2 THEW

. HIEBREEER O BE M KICIE, 7R KO LS A RIS L, EBEMR O
AT,

SRR ERE TR 226 I 1Y, FEHARTIC DWW C Z8EREL L L b
ASCHEICEE L2 < Oz L CTIHW .

B AMZE RS AL DR B — RIIE, M2 L — 517 — & & TREE L &b
Iz, L= —FT = ZITOWT THIRTA N .

SRR L A 2 S e, BIER, MFEN RIS T — % O1ER A F
o TIHLS L& bIT, < DiEma L CHW.

O DEL EMNEHETAMILEE LD DHITEST-.

PLEDF IR L, Z ZICEHOEEZRT.

A



