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© Nodes of the places of the refuge
O Nodes of the intersection point
® Vertex — Arc

Fig. 1 Example of the nodes. vertexes, and arcs in
the refuge network
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© : Nodes of Refuge Place
(O : Nodes of Intersection
@ : Position of Resident

Fig. 2 Relation between the refuge network and the
position of an evacuee
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Fig. 3 Walking speed of old people in case of single
walking and group one. The curves in this
figure are calculated by assuming the normal
distribution with the observed values of the
parameters, the mean walking speed, Ty and
variance, o2

510
X
~ With Children
Iy T =1.02 /s
5 02=0036 (ms)”
=
o
L 4
et
o] win
Baby Car
| Uy =1.07 nvs
52=0.056 (w/s)*
N r e
N
0 I ety
0 2

1
Walking Speed (m/sec)

Fig. 4 Walking speed of people with baby-car and
with children
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Fig. 5 Relation between the walking speed and the
density of the people
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Table 2 Number of households and the personnel or-

ganization in each district
District Tochio |Murakami|Kashiwade| Total
Number ofl 79 25 17 121
5 Adult 171 61 25 257
5 |child 49 22 6 77
% |ou 52 35 11 98
§ |Total | 272 118 42 432
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Fig. 7 Refuge network in Tochio district and its outskirts
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Fig. 8 An example of the calculated result of the state of evacuation

Table 3 Condition of calculation

CASE{ Condition of Evacuation District [Mean Time' | Max Time?|
No. (sec) (sec)
Walking Speed: [Tochio 378 839
Adult Murakami 282 426
1 ISelection of Refuge Place: |Kashiwade| 277 515
The Nearest Refuge Placs | Whole 346 839
Walking Speed: ITochio 548 1588
Aduit, Old People, Children [Murakami 473 805
2 I selection of Refuge Place: |Kashiwade| 434 767
Same in CASE 1 Whole 516 1588
Walking Speed: [Tochio 378 839
3 Samain GASE 1 Murakarmi 483 644
Selaction of Refuge Place: iKashiwade| 711 837
Tochio Elementary Schoo! [~ Whole 449 839
Walking Speed: ITochio 548 1588
4 | Samein CASE2 Murakami 795 1216
Selection of Refuge Place: [Kashiwade] 14113 1585
Same in CASE 3 Whole 678 1588
Walking Speed: (CASE 1) [Tochio 145 395
5 Selection of Refuge Place: |Murakami 292 426
Same in CASE 1 K 277 518
Add One More Refugs Place] Whole 193 515
Walking Speed: (CASE 2) [Tochio 209 747
6 Selection of Refuge Place: [Murakami 473 805
Sams in CASE 1 Kashiwade| 434 767
Add One Mors Refuge Place]” Whole 295 767

Mean Time' : Mean Time Required for Evacuation
Max Time2 . Maximum Time Required for Evacuation
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B : Refuge Place

300~ 600 EEE900~ 1200 HEN1500~ 1800 0 200 (m)

Fig. 9 Distrubution of the time required for evacuation (CASE 1)
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CASE 2
B : Refuge Place

Time Required for Evacuation (sec)
' 600~ 900 EEEI1200~ 1500
§300~ 600 EES00~ 1200 HEN1500~ 1800 0 200 (m)

Fig. 10 Distrubution of the time required for evacuation (CASE 2)
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CASE 3 Time Required for Evacuation (sec)
s 600~ 900 MM 1200~ 1500
: Refuge Place
Bl - Refug 4300~ 600 900~ 1200 M1500~ 1800 0 200 (m)

Fig. 11 Distrubution of the time required for evacuation (CASE 3)
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CASE 4 . Time Required for Evacuation (sec)

0~ 300 600~ 900 HE 1200~ 1500
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= & #5300~ 600 EE80o00~ 1200 1500~ 1800

Fig. 12 Distrubution of the time required for evacuation (CASE 4)
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CASE 5 . Time Required for Evacuation (sec)
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: Refuge Pl
B : Refuge Place 900~ 1200 EE1500~ 1800
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Fig. 14 Distrubution of the time required for evacuation (CASE 6)
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Simulation Method of Action of Evacuation by Means of GIS

— Application to Tochio District and Its Outskirts, Kamitakara village, Gifu Prefecture—
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Synopsis

Non-structural countermeasures, such as residents living in the hazard area taking refuge before the

onslaught of a debris flow, is effective for saving lives.

A simulation method for evacuation is presented

that is based on a refuge network, built using the GIS (Geographic Information Systems, ARC/INFO).
Visual display of the act of evacuation is very useful for both the administrators and residents of the

basin.
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