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                    Measures on Urbanization Process
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                  Planning, Graduate School of Environmental Science,

                         Hokkaide University, Sapporo, e60

                                   Abstract

   In general, the enhancement of land use is promoted by the projects for infrastructure in order

to increase the regional stability. Flood control is one of the historical ancl large-scale measures.

But it is diMcult to indicate the degree of lts contribution to the stabilization of the regional

environment. In this study, Regional Dynamic Model with the backward integration on System

Dynamics Modeling is proposed in order to evaluate the effect of the fiood control to the land

enhancement. The empirical results show that regional population depends on the flood control

by application of the long-term simulatioBs.

Key Words: Regional Dynamie Model with Backward Integration, System Dynamics, Land De-

velopment, Effectiveness of Flood Prevention, Scenario Analysis, Regional Stability.

1. {ntroduction

    In some cities land use has been advanced in the areas which have the worse

physical conditions, for instance, low lying area, weak-conditional land and fiood-

prone areas. In such citles it has become important to build regional planning model

which has interrelation between the cottntermeasures against the disaster and land

use policies. However it has become diMcu}t to evaluate the degree of contribution

forward the stability of regional living environment by the enhancement the in-

frastructure or, for instance, flood control measures and it is because of the following

vlewpolnts:
(1) It is diflicult to ideRtify the complicated structure relevant to several factors

not only of safety but also convenience, accessibility and amenities. The com-

preheBsive structure on regional activities must be considered as the first step to

build the model.

(2) Considering regional stabilization which ls defined as the satisfactory basic

condition of living environment. It is dithcult to extracs the identified factors as

only the attributes of safety, because there exists not only the direct countermeasures

but also the indirect infiuences like foundation problems, underground water, storage

capacity of park area ancl so on.i)

(3) It is hard to establish the standards and indices in order to indicate the effec-

tiveness of floocl control.
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(4) It is difllcult to decide the aRalytical method corresponding to the regional

dynamic activities.2)

    From these viewpoiRts, the objective of this study is to establish the analytical

method and procedure to be able to reproduce the long-term regional development,

iR particular, having interrelationship with flood control project and advanced land

use, in terms of the dynamic simulation model.

    In the analytical method, the backward integration technique of System Dy-

namics is introduced by combination of several support systems.

    The conditions of model building are as follows:

(1) The moye the regional stability, for instance, given by inhabitability, employment

opportunity and safety together is raised, the more the living space is advanced.

(2) The causal factors which have infiuences on the regional development and
under go change with respect to time in'terms of their structure basically but only

by their quantitative variation.

(3) The other factors except for the introduced factors of the model are con-

sidered to keep the relationship between each other and they remain potential,

even if they undergo selfchange.

<4) The model can reproduce the long-term regional activities and provide at least

the minimum data and informations necessary for analysis.

2. Method and Procedure
                                         I"robtem ldentificat'ion

(1) AnalyticalProcedure

    Theprocedureofana- Ol)s.ervatiot)ofSystemS,tructuretmd
lysisisshowninFigure1. IdentifieatioTtc)fl`aehSector
    The analysis is carried

outusingregionaldynamic Builcling{}fl3asicRegionali)>rnaunieM'odel

model in order to solve such

problemsasmentione(labove･ I)eveiopmentnfBackwardIntegration

    Theregionaldynamic TypeMode}
modei is composed ofs land Suppurt System of Control
use sector, fiood-hazarcl ancl

flood control sector and pop- Check for l3ackwarcl lntegration
                                                 Techniqueulation sector broadly in ,
order to identify the inter-

relationship between the
change of land use and
fiood control measures.3> The

basic regional dynamic model

is simulatecl based on the

data from 1960 to 1980
using the System DyRamics
the control sector of

L

iXssutnption of Unknoxvn data 1)y ITiterpolated ?vifethocl

ILtxainlnation of Effectiveness in Each

Term Segments by Multiregi'ession
.iiLna1ysis

      technique.

simulation.4･5) In

 Figure 1. Procedure of

The support system is

this analysis the KSIM

  Scenario Analysis

Analysis.

also considered

  is introduced
as

to
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decide interrela£ing multiplies given exogenously.6' The backward integration of
regional model is enforced based on those basic lnterrelated structure. In the case

of the backward integration of System Dynarnics, as the state variables of System

Dynamics inclucles in the feedback systems, the problem of error should be solved.7,8)

Finally, the effectiveness of fiood coRtrol stock is examined using several scenarios.9,!O'

    The effects on regional development is indicated by means of the multiregression

analysis using data which are assumed by SD simulation interpolatively.

(2) .l'roblem Ident'i.fication

    The urbanization is intexrelated to the developments reflected by socio-economic

activities at that time and, iR particular, lnterconnected with the increase of regional

population even if the time lag exists. In such municipalities it is important to

examine the long-term effect of Roocl control measures as typical living environmental

measures by model structuring of the urban functions and simulating the clynamlc

change of the urban system. .
    The necessity of the analysis in urbanized and inundated area is arranged as
follows :

(1) It is difficult to evaluate the contribution to the stability of regional living

eRvironment independently, because this exists among many other factors latently.

(2) It is important to consider the history of advanced land use in the developed

area, as the worse geological and geographical coRditions in developing arett must

be overcome.

               I'opulation Sector 1;lood l'Iazard Eincl
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Figure Z. CaHse-Itlifiect' Loop of Basic Regional, Dynamic Moclel.
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(3) It is easy to get the information and data following the dynamic change of

land use because of the recent advancing lancl use.

(3) The Bztilding of Basic Ragional Model

    The regional dynarnic model is composed of three subsectors as follows:

a) Population Sector... This sector gives the variables of population, population

change, number of household and demand of housing as the indices which ineicate

the regional activities.

b) Land Use Sector... In this sector, the agricultural area, the housing area, the

commercial area and the industrial area are given and the interrelationship between

those variables and iand use transfer are considered. The investment of land

development required for such infrastructure and the investment of fiood control

are also introduced.

c) Sector of F}ood Damage and Flood Contro}... The fiood projected area is
estimated as the land equipped fully with flood control investment assuming the

fiood prone areas from the regional hydrological informations.

    The basic system structure of the model is shown in Figure 2 by the cause-
effect loop.

(4) &{liport sSlystem for the th7ttrol

    It is necessary to give the parameters exegenously for verificatioR of the mul-

tipliers of the housing area. the commercial area. the industrial area and the agri-

cultural area. These parameters are the variables depending on time and are .criven

by table functions.

    Thy are treated by KSIM which is a kind of simulation techniques for policy-

making.

    The states of those parameters are defined as m(t):

        mi(t+At)=:mi(t)Pt`b), i--1,2,･･･,n, (1)
        p, (t) - l.rir---i l- -l gU.lll -gf,- ge.gS,l･e-Y-,-e--i･･i,･ .-i･i}--b-P-b4uC-f,-i---60--//･-/-.2--//1-si--･ (2)

Equation (2) is calculated by the interrelationship matrix which is obtained from

positive and negative impacts on the state variables. When t}ie negative impacts

are greater than the positive ones, P,t>1 and xi decreases; while if the negative

impacts are less than the positive ones. Pi<1 and nci increases. Finally, when the

negative and positive impacts are equal, 1li :1 and jc,i remains coRstant.

    Equations (1) and (2) describe the solution of the foilowing differential equatlon:

         LEc(l:'tV"'L -ww-tr.iaiJ･ ci Jcj ln :2ri･ (3)

(5) Model 7'ranofbr to the Backward bitagration 7I)ipe

     Systern Dynamics Technique is the model-building to aim the cause-effect rela-

 tionship of the system cornponents. Therefoye, excellent insight is required in the
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case of many events, because the model reliability is dependent on the ability to

observe system behavior by human subject. The method to confirm this reliability

is to verify the model adequacy comparing with the behavior of real system. In

particular,'the modeling type depended on the system structure has priority over

the information available for the determination of cause-effect from the data obtained

rather than the determination of parameters. That is, this model has lack of data

essentlally. It is necessary to verify system behavior of level variabies which reflect

the state of system in the past in order to iRcrease the model reliability.

    In this analysis, firstly, the effectiveRess of forward integration model is examined

with the existing data in the confirmable simulation term.

    This model is the basic regional dynamic model as mentioned above.

    Second, the backward integration having time returns inversely is ol)tained by

transferriRg the basic regional dynamic model inversely. This new inodel has the

simulation technique of the inverse-time integration without changing the system

structure of basic regional dynamic model. It has also a role to interpolate his-

torical clata.

    This analytical method is used in order to corroborate the System Dynainics

model and to examine the discussion of model adequacy. Moreover, it has the
advantages to make reappear the historical facts.

    The meaning of the backward integration is considered as follows:

    The general dynamic models may be defined as sets of first order differential

equakons:

         -ag./ss-)-- -f(x, (t) + t`,(t)),

          iui(to> =:= lrio･ (3)
where :vi represents system state variables of component i, zti is the exogenous

elements and xie is the initial conditions.

    In all cases of practical interest, system equatioR (3) has a unique solution

through initial conditions. If a dynamic system is observable, then its starting point

can be yecovered. A suMcient condition for observability is that all the elements

of the system state vector should be accessible. Since, for computer simulation

models, internal states are accessible, these models can be, in principle integrated

backwards. But the dynamic models of social systems are usually cornplex enough

so that closed-form analytic solutions do not exist or cannot be found. In this

case, numerical integration is used to recover approximate system trajectories.

Numerica} integrations are corrupted by two sources of error- round-off error due

to the finite capacity of digital computers, and truncation error arisiRg from the

particular integration scheme used. The importance of these error for solution

accuracy depends on the stability properties of the model being integrated. Stability

of dynamic moclels is very different in forward than in backward integration. These

models are not only dynamic but feedbacl< dynamic consisting of clusters of positive

and negative feedbacl< loops. By asymmetry of feedback loop structure iR backward

vs. forward iRtegration stability, these models have stable paths for forward evolu-
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tion despite persistent, small perturbations of the

scale of round-off and truncation errors, but

have unstable paths for backward motion.

    The element of structure that allows dy-

namic systems to tolerate small disturbances is

the negative feedback loop. Negative loops are

deviation cempensating. In forward integration

a negative loop is asymptotically stable because

of reduction of the discrepancy between a desired

and an actual value for a state variable. With

the direction of time inverted, however, stable negative

tive loops, loops that reinforce deviation.

    Simplified equations for the negative feedback

        dLd(t)ldt = Lg (t) - Lr(t) + .g' (t) .

        Ld(O) :LO÷rp,

        Lg(t) = cr exp (Bt>,

        Lr(t) :Ld(t)fr･

Here, e(t> and rp represent the errors introduced

numerical integration ancl in specification of initial

    Equatioil (5) have an analytic solution:

        Ld(t) =

            [Lg(s)+g(s)]ds.

The terms exp<-tlr) show that during numerical

ing the initial va}ue and the variable Lr(t)

forgotten. In order to accomplish a backward '

differentia] equations are inverted.

    For the equation (5), in backward motion '

and decreased by the variab'e Ld(t).

        dLd(t)!dtBaekwards == - Lg(t) + Lr(t) +g(t) .

The solution to the backwards svstem is

        Ld(t) = exp (th')[Ld(O) -Y rp] + exp (tlr)

            Siexp(-s!r)[Lg(s)+gfi(s)]cZs.

Equation (8) includes exp(-Ftlx) terms. Now

'fication and in the calculation of the rates of

For example, after ten years, the exponential

    This implies the main source of instability '

9, No. 2, 1986
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   o
Negative
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 Figure 3. Backwarcl Integration

         Including Feedback.

' loopsbecomeunstableposi-

loop in Figure 3 are

respectively by

values. cr, P, r

imperfections in

are constants.

exp(-t!r)[Ld(O)+rp]+exp(-tfr)S:exp(s/r)

                                                   (6)

                             integration small errrors corrupt-

                           and the variable Lg(t) are rapidly

                            integration, the sign of a model's

                            is increased by the variable Lr(t)

(7)

                          (8)

small eyrors in initial condition speci-

 fiow will be augmented over time.

term has a magnitude of e.

  m backward projection of dynamic
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                            (ll> Forward liitegration
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           Figure 4. Pos$ible Results from Retrospective Validation Te$ts.

models. That is, negative loops played backward act as positive loops aRd compouRd

integration error. The solutions of the state variables which have negative feedback

loops must be paid attention to reduction of error accompanied by time inverted.

    It is necessary to carry out backward integration considering both structural

stability and integration stability as stated above. The structural stability depends

on the reliability of the model of forward integration type, whereas the accuracy

must be raised by the following technique as for the integrating stability.

    Three cases of backward integration are consldered as shown in Figure 4.

a) Backwards integration... a 1)ackward integration frorn initial value xo indicates

an unreasonable trajectory for the pre-initial period. Path 1 may point to the

legitimate predecessoy state of the model, or it may be a spurious result.

b) Forward integration... Path 2 and 3 are possible outcomes of forwardl integra-

tion from the sought for pre-initial state aroo. Since forward integyation is stable,

a result like path 2 or 3 is nonspurious. A result like path 2 shows the model to

behave reasonably foir the pre-initial behavior. A result like path 3 shows unrea-

sonable pre-initial behavior. In this last case. the moclel fails a retrospective test.

    In this analysis the general case is based on the Path-1 which is uRknown

the unreasonable pre-initial value.

    The problem in the case of Path 1 is the instability of simulation mentioned

above. There is not an complete method to remove the instability but can be
represented the range of error by the interrelationship between time interval of

simulation and change of state. As a example, The DYNAMO level equations of
population in the regional dyRamic moclel with basic type and backward integra-

tion type are defined as follows:

    Basic regional dynamic model:

        PO.K=PO.J+(DT)(U)N.JK-DPN.JK+SMMK), (9)
where PO.K is the system state of population at time K; PO.,J is the system
state at the preceding time step, J; DT is the integration time step.

    RegioRal dynaiinic model with bacl<ward integration:

        PO.K=PO.J+(DT)(-(ll)NJK-DPN.,IK+SA(ff).,JK)), (10)
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wheR the Rate equations are

        IPN.KL = PO.Kfrl,

        DPN.KL := PO.KIT2, (11)
and SMP.KL=:PO.K!r3, (X2)
where Ti is the system time constant of the component i. Equation (9) and (10)

are transferred as

        PO.K :1])O.J+(DT)(±PO.J(lfTl-11T2+lk3)). (13)

The part of term in (13) is

        (11Tl-1/T2+1/T3) = 11T.

Equation (13) can be transferred as

        PO.K == I)OJ+(DT)(± PO.JIT). (14)
This equation is illustrated by the following continuous system:

        PO(t)=t1)O(t)/T; 1)O(t)=f)O,. ･ (15)
The plus sign applies for a positive feedback (exponential growth) system with the

minus sign indicates a negative feedback (exponential goal-seeking) system. The

analytic solutlon to (15) is given by:

        PO(t> :::PO,exp(±t/r). (16)
If the time t, is divided into n intervals of length DT, t=:n(DT>, the above exact

solution after n time steps become:

        1:'O,.=PO,exp(±n(DT)!T). (17)
    The consequences of solving (15) using a rectangular integration scheme can be

assessed by applying the definition of the derivative to (15) and rearranging:

        PO'n+i == (1±D77T) PO'n (18)
If the system is initializecl at PO, n stage of (18) yields:

        PO'n==(1±D[T7T)"LPO'o. (19)
A comparison of (17) with (19) reveals that for all D7VT<1, rectangular integration

unclerestimates the solution to both positive and negative first order systems. In

effect the numberical solution will appear to lengthen the time constant for positive

feedback systems and shorten it for negative feedback systems. This moclificatioR

of the effective time constaRt becomes more pronounced as D77T approaches unity.

    A quantitative grasp of the situation can be obtained if the equivalent time

constant T' , associated with the numerical solution as the time at which the solution

reaches a value of: PO'.=POoexp(±1), is defined. Using (19), it can be shown
that the equivalent time constant is related to the actual time constant through

therelationship: '
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        T'IT :::: !(D77T)llR (1±D77T). (20)
By means of (20), it is seen that the variation in the simulated system's time con-

stant can be kept below about 5% if D77T<1!10.
    As analysed above, the limitatlon ofintegration error through a suitable choice

of DT is a very simple mattey-one meyely reduces DT until there is no significant

effect in the computer simulation.

(6) Ez,aluation of Project Impact by tatltiragression Analysis

    The impact of the past projects are calculated by multiregression analysis using

the historical interpolated data obtained by the regional dynamic model.

    In this analysis, the interxelatlonship between yegional population and other

explanatory variables are verified in each age and divided by simulation term ap-

propriately.

(7) S27enario Analysis

    The transfiguration of regioRal stability are made to reappear using severa}

scenarios, while the investments of flood coRtrol are changed.

3. Results of Simulation

    Simulations are introduced by the technique mentioned above. The study

region is the Shiroishi-ku in Sapporo City. The basic regional dynamic mode} was

identified the data during the period from 1960 to 1980.

    Next, the simulations were run by transferring the established model into
regional dynamic modei for backward integration from 1980 to 1874 inversely.

    The informations used for identification of long-term backward integration were

limited to the data of regional popttIation and regional land use which were re-

presented once in every several years.

    The relationship between these two models is illustrated in Figure 5. Table 1

indicates the comparison of real values and estimatecl values of population and land

use areas.

    In Table 2 the historical fiooded areas were assumed froin the current fiood-

estimated area. This estimation can be considered as the effects of fiood controi.

    These results are summarizecl as follows:

                  ',Fime Stavt En(l
                       ;.:t,･t?;'f,,:iEi"'1'fl'li)iiiL.i ptl

                                           1960 l98e

                   l']n(i Start
                   < === ======i uama
                   l87･I lf}so
                       Regional Dynamic rN'Io(Iel xvith
                       Baekward Jntegrration

                     FigureS. SimulationsofTwoModels.
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    result of the backward integration.
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4. Impaet evaluation of fiood eoRtrel and scenario aRalysis

    As mentioned above, the results of simulation analysis clearly exehibits the

several infiuences on the conditions of living environment, in other words, the

regional stabllity.

    In this section the effectiveness of some of the historical projects are con-

sidered more distinctly using some time segments divided into simulation years.

The multiregression analysis is applied and the standard coellficients of regression

are indicated as the indexes of contribution. The data used for the analysis

are obtained fromthe simulation of the regional dynamic model with backward
integration. The regional population, that is, the objective variable is explained

with £he other variables in this system. This ls because the population change is
consideyed as one of the most appropriate variables reflecting the iregional activities.

    Table 3 shows in each index in every terin segment.

    Fina}ly the role of fiood control projects are examined using several scenarios.

The scenarios introduced in this model can be expressed as follows:

(Scenario-1)... In the case of no historical projects for flood control

(Scenario-2)... In the case of putting forward the start of fiood control projects

of the Taishou-era in the Meiji-era.

(Scenario-3)... In the case o'f raising the level of historical pyojects for fiood

control to dogble.

    The results in the simulation analysis are shown in Tal)le 4. The numerical

values of this table are given by the indices represented the real data as 100s.

    The results may be shown as follows:

1) In the first terma segment from 1874 to 1912 the population was infiuenced

              Table 3. Influences on Population 1)y t/he Other Variabies
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'Inclustrial Area

 tt tt .......... ..

ttttmmttt ..t.
         Term Segments

I

i
I
i

-･ O.892

 O.475

 O.252

'

-O.042

 tt . ..

1i'

    -- -ll
         I
        "i'

  tttt t tt.
of Multiregression

 tttt tt ttt.
 0.965

 O.998

 O.998

 O.999

 1.492

-e.gso

O.045
      L
'Coefficients

lrhe lst Term

The 2nd Term

The 3rcl Term

The 4th Term

(1874-1912)

(1913-1945)

<1946-1959)

(1960-1980)

1
j

i
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Table4. Resultsof

Hoklgaido

Simulation

Vol. 9,

due to

No. 2 1986
    '

Scenarios

    (Estimated Value in 1980)

Variables
t
r

i

Population

1

95,3

'stocil of'Fiooa"""'

 tttt tt ttt ttt ttttttttttttttttttttttttttt

Prevention
IIrea o,6

ttttttttt.t.t

   Number
   tittttttttttttttttttttttttttttttttttttttttttttttttttttttttt

   1

tttttt tttttt lttttttttttttttttttttttttttttttttttttttttttttttttttttttt

   l
   1
  ....lt ..... t.ttttttttttttt tt

   11

Qf S.c.el}. ario .ww..

2 I･
        1
io-2'I'7"''"[' "'

118.9 i

        l

3

113.0

E6716'"

Agriculttiral
Ar5a l

I

iiousing Are5'

B.u Flg.fE.fi..A.r.fa. ..

'Industrial Area

 t tttttttttt. ttt.t. ................

I

'9'

i.7

t.ttttttt

70.0

Folenlialiied
Area

              I-

              i
for' ur'bllH'use I･

              i

  71.4

 "6,.4'

-' -7,.6'

 ' Re'al value ifi igs6'I'loo '' ' ''"'' ''

by the agricultural area more strongly. This

ment contributed to the regional environmental

segment from 1913 to 1945 and the third term

by fiood-prevention area. And then in the last

it was influenced by housing area. These indicate

to rise the factors of urbanization. In other words,

rapidly on a continuous curve, but the factors

m every term segment.
    In such a situation the factors contributing

the background of regional development activities.

projects have contributed to the regional stability

2) The effect of the stock created by the fiood

subject area symultaneously. In particular, the

promote the projects have a greater influence.

5. Conclusion

    In this study the adequacy of the method

the loRg-term historical facts from the viewpoint

the backward integration of SD modeling was

regional stability. Especially, it is necessary to

the regional activities and to find out the influences

as the flood control measures having long-term

to do such evaluations.

    In future, the model must be improved more
the real system, because this model is built by
regional activities.

    The model simulations were calculatecl by

KHSPSS in Computer Center of Hokkaido University.

""'I-I-- lgiil ---l, llgg

      '-'"'i6i･'i'' il/` ..,.,,.,....ww,....i,.A.,.,.e,.:,g...,II.11Illlllll.r

   'l' Ho.7"'"l･" i47.s
    i''''"ioS'12'' '" i3o.2 "'rm

 .t.t.tttttttttttt.t.t..t.t.t.t.....................t....ttt.t.t.t.ttt.tt.t.tt.tttt.tttttttttttttttttttttttttttt..t..t..t.t..t.................-ttt

means that the agricultural develop-

     staL}ility. In the seconcl term

  from 1946 to 1959 it was effected

  term segment from 1960 to 1980
      that it has become imperative

      the urbanization has advanced

  having influences on are different

   for the regional stability depend

 ' Inparticular,thefioodcontrol
  in this subject area much strongly.

     control projects influenced the

  scale of projects and the speed to

was confirmed in order to reproduce

   of systems analysis. As a result,

 available to identify the complicated

examine the interrelatioRship among

       of the regional project such

effects. This analysis can be fruitful

      accurately in order to fit for

   the simple frame to explain the

  the application program SDS and



                    Flood Contrel Measures on Urbanization Process 175

                                   References

1) Kagaya, S. ancl Yamamura, E. (1984): Structure of l.;lood hazard and Residents' Awareness

      -Examples in Higashi-ku ancl Kita-lcu of Sapporo City-, Annttal Roport' of',1kepan Societb,

      of' an'ban Stucly, 17; 66-83. (in Japanese)

2) Kagaya, S. and Yamamura, E. (1984): Corroborative Studies on Establishment of Disaster

      Prevention in Small-scale DevelQping Area for E[ousing -I,n the cases of Minami-ku of

      Sapporo City-, .lb'oceeding of' bij)'astructure .FZIanning 6, ASCE, 319-326. (in Japanese)

3) Kagaya, S. and Yamamura, E. (1977): Assessment en Regional Floocl Damages ancl Flood

      Control, Ragionctl Stttdias 7, ,Jdpanese Societ.v. of' Ragtlonal Science ,' 77-94. (in Japanese)

4) Kagaya, S. (1984): Application of Multicriteria Analysis for Conflicts on Regional Water

      Resources Development, Jlt-oceedinsr o.f' Bi'aiich of' Hl)kkaido 40, ASCE; 482-487. (in

      Japanese)

5) Stover, J. C. (1980): Incltiding Future Eventsin System I)ynamies Models, System Dynamics,

      North-Molland;189-208.

6) Kane, J. et al. <1973): KSIM: A Methodology for I,nteractive Resotirce Policy Simulation,

   . IIlatei'Resoui'cesResetu'ch9-1,65--79.

7) Write, R. I). (1976): Bacl<warcl Integration Tests of Dynamic Models, SVoi'ld Adbdeling, IV?)i'th-

      Ifolland, 129-14e.

8) Briting, K. R. <1976): Backward l.ntegration of System Dynamics ]V{odels -A Useful Vali-

      dation Test, iVoi'ld A4odeling', N?)rth-ffolland, 141-149.

9) Bums, J. R. and Malone, P. W. (1974>: Optimization Techniclues Applied to the Forrester

       Model of the World, IEEII nnyans. on Eis,stems, A4an cmd Cb,bet'netics SA4CJ-4-2.

10) Hamilton, H. R. et al. (1969): System Simulation for Regional Analysis: An Application

       to River-Basin Planning, A4f7' Jb'ess.

                                                        (Receiwed ,E)'1 .g'lugitst ,1986)


