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Abgract — In the present gudy, the location
equilibrium model was built which has three
advantageous good points. They are 1) appreciation
of fuzzy reasoning for describing ambiguity and
complexity in the location choice behavior, 2) using
the GIS data for performing the detailed spatial
analysisin urban area and 3) make use of therules
of fuzzy reasoning for analyzing the change of

urban population structure accor ding to generation.

This mode evaluated the long-term effect on the
change of location distribution caused by the flood
risk perception of citizens. As a result of that, the
dgnificance of implementing the promotion
measure of flood risk perception was shown.
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. INTRODUCTION

Many flood control measures have been performed in
Japan. In consequence, the prevention level againg flood
disagter improved. Flood control measures make the
generating frequency of flood disaster small. However,
the housing and building land development progresses in
many hazardous areas, in order that residents are
optimigtic about a flood risk. Therefore, the damege is
serious on the contrary, if a catadrophic flood disaster
occurs (Burton et d. [1993]). Although the catastrophic
flood risk subsists in the present-day city, the flood risk is
hard to be perceived owing to its scarcity. In addition,
irrationa pattern of land useisformed. From the above, it
can be said that not only hard measures such as flood
control works and flood control facilities construction etc.
are necessary, but also soft measures are necessary. For
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example, leading the raional land use to badance with
flood disaster risks.

Flood disaster risk information through flood hazard
map is popular now-a-days. The firg purpose of such
measures is to mitigate the human damage by inducing a
prompt evacuation behavior at the time of flood disaster
generating. Furthermore, such measures lead the desirable
land use form on flood disagter risk management by
attracting removal of citizens. (Tatano [2005]).

In this paper, the perception structure for flood risk and
the others in the decison making of location choice is
described by using the fuzzy reasoning. Furthermore, the
effect caused by the promotion measure for the flood risk
perception is analyzed focusing on land use change.
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Tahel Thefuzzyreasoningrulesappliedtothededson behavior nodd of utility levd for location choice

Rule Input Output 0-19 | 20-34 | 3549 | 50-64 65+

1 Land price ERY LARGE SMALL *
2 Land price LARGE MEDIUM *
3 Land price LARGE SMALL * * * *
4 Land price MEDIUM MEDIUM * * * *
5 Land price MEDIUM VERY SMALL *
6 Health care service ERY LARGE VERY LARGE] * * *
7 Health care service LARGE LARGE * * * * *
8 Health care service MEDIUM MEDIUM * * * *

[n 9 Health care service SMALL VERY SMALL * * * * *
10 Health care service ERY LARGE |Convenience of public transport VERY LARGE[VERY LARGE * *
11 Health care service MEDIUM ]| Convenience of public transport LARGE MEDIUM *
12 Shopping ERY LARGE VERY LARGE] * * * *
13 [Shopping ERY LARGE LARGE *
14 [Shopping LARGE LARGE * * * * *
15 [Shopping MEDIUM MEDIUM * * * *
16 Shopping MEDIUM [ |Convenience of public transport LARGE LARGE *
17 Shopping SMALL Convenience of public transport LARGE MEDIUM * * * * *
1 Distanceto city center ERY LARGE VERY SMALL *
2 Distanceto city center LARGE SMALL * * * * *
3 Distanceto city center MEDIUM [ |Convenience of public transport LARGE MEDIUM * * * * *
4 Distanceto city center SMALL VERY LARGE] * * * *
5 Distanceto city center SMALL LARGE *

[ 6 Convenience for public transport LARGE LARGE * *
7 Convenience for public transport MEDIUM MEDIUM * *
8 Natural environments ERY LARGE SMALL * * * * *
9 Natural environments LARGE LARGE * * *
10 |Natural environments SMALL SMALL * * * * *
11 Natural environments LARGE Aging community LARGE SMALL * *

[ 1 Risk of flood disaster ERY LARGE SMALL * * * * *
2 Degree of mixture house and factolVERY LARGE SMALL * * * * *
1 Aging community SMALL | SMALL * *
2 /Aging community LARGE _[[Rateof living together LARGE LARGE * *
3 Neighborhood acquaintance ERY LARGE |Rate of living together SMALL SMALL *

[IV] 4 Neighborhood acquaintance LARGE Rate of living together SMALL SMALL *
5 Neighborhood acquaintance LARGE LARGE * * *
6 Neighborhood acquaintance SMALL VERY SMALL * *
7 Attachment to domicile SMALL Aging community LARGE MEDIUM *

I: Lifesarvice, 11: Convenience and amenity, |11: Relief and safety, and [VV: Community and living environment.
*: the rule gpplied to the decision behavior modd of utility leve for location choice

Il. FUzzZY LOCATION EQUILIBRIUM MODEL

A. Outline of fuzzy location equilibrium mode

Outline of fuzzy location equilibrium model is shown in
Figure 1. The society has only two subjects those are the
land supplier and the individud who demands the land
and choose the location. Since the location choices and
decison behaviors of each generation are different, the
mode is classfied into five generations of O to 19 years
old, 20 to 34 years old, 35 to 49 years old, 50 to 64 years
old, and 65 or more yearsold. First, The apped degree of
land is estimated by the decision behavior model of utility
level that is described by using fuzzy reasoning. Next, the
decison behavior model of location change that is
described by Binary Logit model determines whether the
individual changes location. Thirdly, the location choice
behavior modd that is described by Multinomina Logit
model determines which location zone the individua who
decided to change location chooses. On the other hand,
the behavior of land supplier who determines how many
land area develop and supply to the individua who
changes a location is dso described by using fuzzy
reasoning. The amount of land demand and supply
determined by the above processes is balanced by the
price adjustment mechanism in the land market in each

zone. Therefore, the amount of location change from a
certain term to the next term is estimated in each zone,
and finaly, the amount of location in the next term is
egtimated in each zone. Furthermore, the location changes
are estimated at many terms by repeating this process.

B. Decision behavior of utility level

Utility level u, is estimated by the fuzzy reasoning
rules and the membership functions according to the
environmenta factors those affect the behavior of
location choice. The fuzzy reasoning rules are determined
by which environmental factor has how many influences
on the appesal of land as shown in the equation (1).
Rulel: IF xisaOand yish ---, Then u, isc,
Rule2: IF x i_s aland yish, ---, Then u, isc, )
Rulen: IF xisa, and yish, ---, Then u, isc,
where x, y: environmental condition, u;: utility level,
a,.b;.c: linguidtic variables.

The form of membership function is represented to the
triangle fuzzy number usng the linguigtic variable as
small, medium, large, and very large. Table 1 shows the
fuzzy reasoning rules those applied to each generation.
The rules are categorized into "I: Life sarvice', "ll:
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Convenience and amenity”, "lll: Rdief and safety”, and
"IV: Community and living environment" according to
the environmental factors those congtitute the land appedl.

C. Decison behavior of location change

The probability of location change P* at each zoneis
etimated by substituting the utility level y, & each zone
and the average utility level g in the whole area for the
Binary Logit model shown as the equation (2). An
average Utility level @, is estimated by the equation (3).
Therefore, the number of location change N’ (t) & each
zone is determined by multiplying the probability of
locationchange P by the generation population N, (t)
as shown in the equation (4).

o_ eXp(Ui ) 2
7 ool) ol ?
7 :In{iexp(uj)}—ci (j #i) (©)
N(t) = PYIN, (t) 4

where ¢ : thefeeling of resistance to location change.

D. Location choice behavior

The probability of location choice P, to zone | is
edimated by substituting the utility level y, at each zone
for the Multinominal Logit model shown as the equation
(5). The population N,(t+1) & zone j is determined
by multiplying the probability of location choice R by
the number of location change N/(t) a each zone as
shown in the equation (6).

o =) ®
2 exply,

N,(E+D) = N, (O - N + Y B, N ©)

E. Land demand

The land demand per head q; is edimated by
defining the land demand function q; (Y which
describes the relation between the land price p, @ each
zone and the land demand per head q; as shown in the
equation (7). Therefore, the amount of land demand Q
a each zone is determined by the equation (8).

q; :qj(pj) @)

Q =q, tﬁz RN/ (®) - N}(t)} ®

Table2. Thefuzzy reasoning rules applied to
the behavior model of land supplier

Rule Input Output
1 |Ladprice LARGE LARGE
2 |Landprice MEDIUM MEDIUM
3 |Landprice SMALL SMALL
4 |Healthcaresavice LARGE VERY LARGE
5 |Heslth care sanvice MEDIUM [ MEDIUM |
6 |Heslth caresanice SMALL | | Convenience o publicransport ERY LARGE] MEDIUM |
U] 7 [Shopping LARGE VERY LARGE
8 | Shopping MEDIUM MEDIUM
9 |Shopping SMALL | |Convenience of public transport LARGE || MEDIUM
10 |Digancetocity canter LARGE SMALL
11 |Digancetocity caer MEDIUM | |Convenience of public transport LARGE || MEDIUM
12 |Naturd emironments MEDIUM MEDIUM
13 |Naturd emironments SVALL SMALL
1 [Riskof flood dsaste ERY LARGE [Ading community LARGE || SWALL
0] 2| Degree of mixture house and factorylVERY LARGE SMALL
3 |Aging community ERY LARGE |Rete of iving together LARGE || SMALL
1 |Urban disrict LARGE MEDIUM
2 |Urhendistict SMALL SMALL
i 3 |Timeof land acjustment LARGE SMALL
4 |Timedf land adjusimert MEDIUM MEDIUM

o

Time of land adjustment SMALL VERY LARGE

I: Obtainablity of profit, II: Risk subsisted inland, and I11:
Urban planning-factor.

F. Behavior of land supplier

The rate of development r j is estimated by the fuzzy
reasoning rules and the membership functions according
to the environmental factors those affect the behavior of
supplying land. The fuzzy reasoning rules are determined
by which environmental factor has how many influences
on devel opment as shown in the equation (9).

Rulel: IF xis AOand yis B, ---, Then r, is C,
Rule2: IF xis AOand yis B, ---, Then r, is C, 9)
Rulen: IF xis A, and yis B, ---, Then r, is C,

where x, y: environmental condition, I development
rate, A, B;,C,:languagevariable.

The form of membership function is represented to the
triangle fuzzy number using the linguigtic variable as
gamall, medium, large, and very large. The fuzzy reasoning
rules are shown in Table 2. The fuzzy reasoning rules are
categorized into "I: Obtainablity of profit*, "lI: Risk
subsigted inland”, and "I11: Urban planning-factor”.

The amount of land supply L, is determined by
multiplying the rate of development r J. by the available

area Wj at each zone as shown in the equation (10).

L, =r W, (10)

G. Equilibrium between land demand and supply
The amount of location at each zone is determined by

work of a market mechanism with which the amount of

land demand and supply balances a each zone The
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equilibrium condition of land demand @, and the land
supply L, isgiven asthefollowing equation.
Q =L, (11)
I1l. FLOOD CONTROL WORK AND
PROMOTION OF FLOOD RISK PERCEPTION
A. Outline of two kinds of measures for flood risk
management

We analyze two kinds of measures those are the flood
control work and the promotion of flood risk perception
for flood risk mitigation. It is assumed that the flood
control work decreases the flood risk equdly in the whole
area as shown in Figure 2. It is assumed that the
promotion of flood risk perception changes the level
(inundation depth) judged to be dangerous by disaster
education etc. The membership function of the flood risk
perception in the decison behavior modd of utility level
for location choice is specificaly shown in Figure 3. The
parameter of the level for dangerous are changed. For
example, the perception that is "it is dangerous if a flood
risk (inundation depth) is 7m" changes to the perception
that is "4m is dangerous' as shown in Figure 4 (Left
figure). It is assumed that the perception that is "it is a
little dangerous if a flood risk is 3m" changes to the
optimistic perception that is "6m is a little dangerous’ as
shown in Figure 4 (Right figure). The assumption of the
measure of each caseis shownin Table 3.

B. Analysisof location changes

The effects cased by the promotions of flood risk
perception and the flood control works are compared
focusing on the locaion change. Figure 5 shows the
digributions of location change caused by the flood
control work [CASE IlI] in the left figure and the
promotion of flood risk perception [CASE 1] and [CASE
4] inthe middle and right figure, respectively.

It is observed that the tendency for the flood control
works such as[CASE 111] increase the amount of location
change at the meshes with a high flood risk. On the
contrary, the promotion of flood risk perception such as
[CASE]] causes the tendency for the amount of location
change to decrease at the meshes with a high flood risk.
The tendency for the amount of location change to
increase a the meshes with a high flood risk is shown as
the right figure, if a flood risk perception becomes
optimistic such as [CASE4]. Therefore, a flood control
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Figured4. How to represent the change of flood risk
perception

Table3. The summary of measures

CASE Substances of measure

CASE | |3% decrease flood risk (inundation depth)

CASE Il |5% decrease flood risk (inundation depth)

CASE I11]10% decrease flood risk (inundation depth)

CASE 1V| 15% decrease flood risk (inundation depth)

CASE 1 |Membership function turnsinto 4m from 7m

CASE 2 | Membership function turnsinto 5m from 7m

CASE 3 | Membership function turnsinto 2m from 3m

Membership function turnsinto 6m from 3m
(Flood risk perception becomes optimistic)

CASE4
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Figure5. Digributions of location change (CASE |11, CASE 1 and CASE 4)

work may increase the damage potentid againgt a
catastrophic flood disaster. On the other hand, if residents
perceived a flood risk correctly by disaster information
dissemination and disaster education, etc., the behavior of
averting aflood risk is promoted, and residents may move
from dangerous areato safe area.

C. Analysisof expected values of flood risk

Figure 6 shows the expected vaues of flood risk in the
whole urban area at the time of performing each measure
by setting the present condition to 1.0. It is shown in the
results of [CASE [] to [1V] that the effect of flood risk
reduction becomes large as the level of flood control
work is raised. In the promotion of flood risk perception,
on the other hand, a little effects of flood risk reduction
are shown in the results of [CASE 1] to [3] and the
expected value of flood risk becomes a little high in the
result of [CASE 4]. To perceive aflood risk correctly is
important, because that the promotion of flood risk
perception may decrease the flood risk in the whole urban
area. It is necessary to implement the promotion measure
of flood risk perception such as the disaster education,
disagter information dissemination and so on.

D. Analysisof changesof land price

The changes of land price cased by flood control works
are shown in Figure 7 and the changes of land price
caused by the promotion of flood risk perception are
shown in Figure 8. To implement a flood control work
brings about the tendency for a land price to rise in the
areawhereflood risksthat isinundation depths are from 3
to 6m. If a flood risk perception was promoted, a land
price fals in the area where flood risks are from 3 to 6m
and a land price rises in the area where flood risks are
from 1 to 3m. Furthermore, if it becomes optimistic about
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a flood risk as shown in the result of [CASE 4], aland
price will rise in the area where flood risks are from 3 to
6m, and the same tendency as the case of flood control
work will be brought about.

E. Analysisof land properties

Figure 9 shows the tota amount of land property of
each case in the whole Gifu urban area. Although the
whole area becomes safe caused by flood control work,
the total amount of land property reduces as a flood risk
reduces. When the promotion measure of flood risk
perception implements, if a flood risk is correctly
perceived such as [CASE 1] to [3], the totd amount of
land property in the whole Gifu urban area will increase.
On the other hand, if it becomes optimistic about a flood
risk as[CASE 4], the tota amount of land property in the
whole Gifu urban areawill reduce.

If resdents take a risk averson behavior independently
according to perceiving a flood risk cased by disaster
education etc., the flood in the whole Gifu urban arearisk
may reduce and the total amount of land property may
increase. In addition, the cogt of flood risk management is
not considered. However, the cost of promotion measures
for a flood risk perception is quite chegper than a flood
control work. Therefore, the promotion measure of flood
risk perception is efficient, even if it sees from the cost
benefit anadyss point of view.

IV. CONCLUDING REMARKS
In this paper, we analyzed the influence on land use
change caused by perceiving the flood risk. Consequently,
the meaning of the promotion measure for flood risk
perception such as disager education and information
dissemination, etc., was presented. The main conclusions
of this paper are described below:

1) To implement the flood control work may increase
the amount of location in the areawhere aflood risk is
high, may rise land price, and may reduce the total
amount of land property in the whole urban area.

2) If aflood risk is perceived correctly, the amount of
location will decreasein the area where aflood risk is
high. In this case, dthough the land price fals the
total amount of land property in the whole urban area
may increase on the contrary.

3) The promotion measure of perceiving the flood risk
by flood information dissemination and disaster
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Figure9. Total amount of land properties
in thewhole Gifu urban area

education etc. may be equa or more effective and
efficient compared with the flood control works.

In addition, the results in this paper were not confirmed
by the rea phenomenon and are only some examples of
smulation. These need to be checked by anayzing from
various viewpoints. Moreove, it is necessary to analyze
and aso compare the measures, such as land use
regulation and promotion system for location change etc.
The coordinative research between flood disaster risk
management and urban planning is necessary to both
sides of practice and theory.
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