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Research Background

* focusing on making interaction
- interactions are important for evacuation and evacuees

start earlier by interactions
cf. Baker(1979), Pamela and Wolshon (2013), Urata and Hato(2012)

* focusing on making interaction in a group
- A interaction between two people are influenced not only
by two but also by others in group.




Review

Classification of Interaction model

Existence of Decision Influence of
Interaction Making Interaction
' i Weight
Collective model Given Household e.1g
Chiappori(1988) In household Utility
Global Interaction Model i P il
Given Individual robability

Brock and Durlauf(2000) Whole to one whole to one)

Ve

Local Interaction Model Given y Probability
Individual
Brock and Durlauf(2000) one to one (one to one)
Network Formation Not given No Number
_ (formate)
Barabasi and Albert(1999) ( group) of interaction
one to one

One to one relationship



What is group influence?

* Personal decision-making model is too complex

- This is many-bodied problem

- Utilities are constructed by the relationships
and differences of the two

* Introduce group decision-making model
- Comparing with whole interactions of the group and choosing one

- A choice probability of a interaction is influenced by
the relationships of the two and others’ relationships.




Capturing correlations of interactions?

e Discrete choice model for interaction choice

- The errors of these utilities have correlations between some interactions

- The correlations arise from similarities of the states of interactions
What is similarities of interactions?
- Focus on “spatial risk”

- The difference of the risks of two nodes is
bigger, interactions are easier to be formed
because of altruistic preferences

- The similarity of the difference is caused
by spatial risk.

High risk Low risk

e - The correlation of observation errors of
the difference is also caused by spatial risk.




Capturing correlations of interactions?

e Discrete choice model for interaction choice

- The errors of these utilities have correlations between some interactions

- The correlations arise from similarities of the nodes of interactions

What is similarities of interactions?

Kf\ - Travel costs for interactions are important factors

- The costs are spatial factor and the error term is

{ /\ correlated by space.

v

Give each interactions the spatial correlations




Introduction of spatial division

1. All nodes are divided by spatial characteristics

2. The interactions are distinguished by their
divisions which two nodes belonged to.

- Intra interaction set  (A-A, B-B)
- Inter interaction set  (A-B)

3. The interactions which belong to the same set
have a correlation.

interaction set s

interaction 1
i legend ] interaction
|:| intra interaction set i

1
(O interinteraction set .




Discrete choice model for interaction choice

make or not: m

interaction set: s A-A

/N

Choice probability P(m, S, |) = P(l | S) P(S | m) P(m) (1)

Interaction: 1 é,

Conditional probability of 1 P(I | S) = ZeXZ)((\;I)(\I:jI/L ) (2)
I0s ! !

I __ explv,/u)
Conditional probability of s P(Sl m) = S S (3)
P > nexnlv. /)
Logsum variables of s Vs = /JI In ZIDS eXp(V| / ,Ul ) (4) Specific Utility VI ’Vm
exp((vm +Vm)//um) (5) Scale parameter L4 < U< M =1

Marginal probability of m P ( m) =

>, bl +v,) ) ) |
rror terms are given as
Logsum variables of m Vm = /,IS I n Zg]m eXp((VS + VS )/ILIS) (6) the i.i.d extreme value (TypeI)



The 2004 mudslide disasters in Niihama

Two disasters were caused by typhoons on August 18 and September 29 in 2004

The August typhoon The September typhoon
ea maximum rainfall of SSmm per hour «281mm of rainfall
eMudslides left 3 people dead eMudslides left S people dead
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» \ Legend

O Damage of houses
m Complete collapse
* Rescued
Rescued and Death
[ ] Halfcollapse
O Inundation above floor
W Inundation under floor
B No Damage
! No Damage and not living
‘ O Analyzable household
(1 Not analyzable household
71 Not living

- +— to safty places
‘ \ == Road

== River

\ == Railway
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The Survey in Niihama

Survey(2004.9-10)

«Surveyed residents’ behaviors during these disasters by interviews
(Oral communication)

«Interviewed them about their awareness of the danger, risk
management behaviors, and collective behaviors

«Collective behaviors include rescuing others, evacuating with others,

accommodating evacuees, meeting and exchanging information.

~g

[llustration of Collective Behaviors

«Nodes show households
« Links show collective behaviors between the households

1
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Setting utility

Making

Interaction V|:ij t - ﬂdisdij + :Bhou hj + ﬁroad rij + (1_ U) Aj t - Zij Aj t (7)

Utility

. _ ki
Mmistic A ={B, D, =D, |+ By W =W |+ B meny = man;| + 3, Jone; —one [Jo™
Utility @)
(inequality)

. I,]: Household
Making Vm=make,t - O ©) dij . Path distance jj
Utility Vm=n0,t o IBrain exp(_ rt ) - Zij Aj | (10) h; .1 Density of house on the path ij

Main road proportion of the path ij

ij
Di;* Risk ofhousehold i
Dataset: Each group choice every 15 minutes .

W . Number of children and elderly
Whole pairs Man, : Dummy: one man in household i
one : : i
001000 ... .. . 0 € . Dummy: Number of household is one
;Gg) 001001 ... . 0 tj : Number of making interaction jj
GE) I Hourly amount of rainfall
- 0. Parameter of unequal breaking
B Estimation parameter
v




N to shelters

zl 1) —

Spatial division

Near Pond Group

— - railway

has 15 interaction sets .
- T1VEer

—— having pair

@® household
tank pond 15



Estimation Result

N-GEV NL
HEEE & HEE(E tiE
Path Distance Bg; -0.00173 -2.512%%* -0.00159 -2.560%*
Density of house B, 3.782 1.941% 3.780 2.127%*
Main road B, -0.111 -1.230 -0.111 -1.296
Dif of risk (intra) By 0.131 2.644%* 0.130 2.673%*
Dif of risk (inter) By, 4 0.117 2.214%* 0.120 2.347%*
Dif of weak (intra) B,cu -0.0425 -0.543 -0.0420 -0.546
Dif of weak (inter) B, .4 0.0213 0.255 0.0210 0.259
Dif of one man (intra) B, -0.0946 -1.206 -0.0940 -1.223
Dif of one man (inter) B, 4 0.0211 0.266 0.0210 0.278
Dif of one person (intra) B, 0.00376 0.045 0.00370 0.047
Dif of one person (inter) B, 4 0.228 1.616 0.230 1.718%
Rainfall B, 1.710 3.530%* 1.710 3.583%*
Altruistic o 0.200 — 0.200 —
Scale parameter (interaction) 0.141 2.822%%* 0.140 3.183%*
Scale parameter (set) 0.153 3.140** — —
Number of choices 102 102
Log likelihood(0) -587.39 -587.39
Log likelihood(conv) -284.69 -284.71 Note: --- = not applicable
Likelihood ratio p? 0.515 0.515 ** = significant at .05
Adjusted likelihood ratio p? 0.491 0.493 " = significant at .10




Conclusion and future works

* Modeling one to one interactions in group.

* The correlations of interactions are given by spatial characters and
this method can give the correlations relatively easily.

* Applicate areal data and estimate the parameters

* Evaluate evacuation rate with interaction using this making interaction
model and evacuation timing model.

Making interaction model

made interactions

A 4

Evacuation timing model

1

1 .

' evacuation rate
1

v

Route choice and

necessaz time for evacuation
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