
 

Instructions for use

Title 洪水氾濫想定地域における土地利用管理分析手法に関する研究

Author(s) 加賀屋, 誠一

Citation 環境科学 : 北海道大学大学院環境科学研究科紀要, 6(1), 43-66

Issue Date 1983-12-20

Doc URL http://hdl.handle.net/2115/37149

Type bulletin (article)

File Information 6(1)_43-66.pdf

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP

https://eprints.lib.hokudai.ac.jp/dspace/about.en.jsp


43

Environ. Sci. Hol<kaido i 6 (1)

                  ./

43"-66 I June1983

       L

A Study on Analytical Methods for Land Use

      Control in Flood Estimated Areas

                  Seiichi Kagaya

 Department of Regional Planning, Division of Environmental
    Planning, Graduate School of Environmental Science,

           Hokkaido University, Sapporo, 060

    lli} zK N ik iEe! siE iptl igk tzc *s rr 6 ± jig *ti M ee mp

             fi MEiFL Z21 tz= ee -3- 6 ffi 3g

                  llLl es es tw -

        ktopaY<e}kti<diemeesceFk*stveF}jlEsiit--fN*ncma

1. introductioR

    In Japan, it is not uncommon for the people to suffer from natural disasters,

in particular, inundations due to conditions of geographical and meteorological

features. In addition approximate]y 50% of the population and 70% of properties

are known to have been concentrated in the fiood estimated areas, which comprise

10% of the whole country [1]. The fiood estimated area is considered as the range

of the flood periphery assumed in the maximum flooding based on historical data or

probabie fiooding estimated in the {uture. In spite of the great amount of endeaver

towards flood control, serious losses are suffered each year. This is especially so

in recent years when flood damages have inereased in urban areas with the advance

of urbanization and development of watersheds. Therefore, it has become a very

important task for not only government ageRcies but also the inhabitants in an

inundated area to defend their lives, to protect their porperties a"d to maintain

normal routine Iife. In a view of these points, the problem of iand use planning

in fiood estimated areas becomes one of £he most important issues for regional
planning.

    The recent trends in }and use have taken a greater interest in the efficient

enhancement of urban functions. This results in a rapid increase in demands for

resiclentlal or for industrial sites, and the flood-plains are utilized intensiveiy. CQn-

sequent]y, the reduction of fiood damages is not so remarkable, in fact, damage

has even increased in several potential areas, though river work has advanced

steadily. Thus the characteristics of river basins have increased in diversity.
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    The first purpose of this paper is to examine the structure and fuBction of

the land use activities in flood estimated areas, and this is interrelated to factors

of water resources, in particular, the characteristics of regioRal potential floods.

    The second purpose is to establish the procedure for investigating the dynamic

system of land use control re]ated to regional potential damages of flooding.

    In order to achieve these purposes, certain types of systems analysis have been

utilized in the investigation of interaction of land use and watershed management.

Systems analysis is an alternative method for optimizing the response to the regional

flood problem. Systems analysis also helps to overcome one of the main defects

of conventional cost-beRefit analyses, namely that the latter emphasises a static

view of the project, whereas in aR actual case objectives change both with the

passage of time aRd as more data are collected;in effect, there is often a dynamic

interaction between policy making and project design. The systems analysis ap-

proach can be applied to widely deffering levels of complexity [2].

2. Structural Characteristics of Land Use Management of FIood

   Estimated Areas

    Land use problems exist in a field where earth science with plaRning are inte-

grated and the control problem of land use can be regarded as one of the most

important issues in environmental problems. Generally, a Iand environment may

be said to be composed of natural environment and social environment. Fig. 2.1

shows the land use system from a viewpoint of structure of flood damage [3]. The

flood damage rnay be infiuenced by causes of Ratural environment and social environ-

ment. Name]y, in this case, the determinants of Iand use can be also established

as determinants of interactions between the natural environment and social eRviron-

ment I4].

    The fiood intensity is determined by meteorological factors, which include rain-

fall or rainstorm, snowmelt, etc., as well as the geographical and geological factors.
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Fig. 2.1. Structure of Flood Damage.
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These factors are taken as a subsystem of natural environment. The damage scale

is decided by regiona} residentlal or industrial activities. The spe¢ial features of

land use exert an infiuence on damage generation. It also acts as a feed back o£
influences from social environment to the natural environment. Therefore, the

subsystem of land use can be regarded as a system that combines both subsystems.

    Several measures for fiood control contribute to land use the run-off coefficient.

Thus, the structure of flood damage is composed of various factors in fixed and

sequential patterns so that !and use can be considered as a significant viewpoint.

    Further the subsystem composed of land use is broadly classified into five items:

@ agricultural use, @ residential use, @ river way, @ road lots and @ forest and

waste land.

    Fig. 2.2 shows the relation between spaces of flooded area and the fiood

damage category coyresponding to time.
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Ror deluged by rainwater. This area is closely re]ated to the submerged area in

that, for example, it is infiuenced by the trafllc and transportation conditions.

    The axes of damaged subjects ancl damage duration is indicated in correspond-

ence to the axis of space; To explain the concepts of these axes briefiy,

2) The axis of subjects･･･-･･The subjects are introduced as arrangement of the

sectors which are likely to suffer damage from inundation. These are arranged

in an order which takes on descending values of directness of influence. These

subjects in the order of directness of influence. These subjects in the order of

directness of fiood damages are:

    a) Damages to industry･････`These indicate the damages of products or con-

sumer goods stored in agriculture, facilities, industry and commerce, including the

equipment of the facilities,

    b) Damages to housing････-･These are the damages of residential utilities,

such as houses, furniture and cooperative utilities.

    c> Damages to traflic and transporatation･･････These are the damages of facili-

ties and functions of highway, railway, port and airport, including postal facilities.

    d) Damages to the other public facilities･･････These are the damages of public

buildings, such as city ocaces, community centers, schools and public facilities,

such as parks and recreational facilities, garbage dumps or sewage disposal and

facilities for energy or water supply.

     e) Indirect damages to society････-･These are the loss of beautiful Iandscape,

cultural inheritances, natural monuments and therefore, includes the social stress

involved.

3) The axis of time duration･･････The axis of duration is established from the time

of fiood forecasting till the time of recovery of function. These periods are divided

as follows:

    a) Periods of forecasting fioodings･･････These are the announced hours when

the occurrence of inundation is forecasted and reorganized for fiood prevention.

    b) Perlods of the first flooding duration･･････These are the duration when the

discharge continues to increase to the peak and the pexiod with the direct damages

lncrease.
     c) Periods of the secondary fiooding duration･･････These are the durations

when the direct 'fiood damages stop occurring and mainly functional or indirect

damages continue. ･･
     d) Periods under repairs･･････These are when fioods terminate and restoration

works of facilities and its functions are carried'out.

     e> Periods of functional recovery･･････These refer to the time until the repairs

are completed, and social and economic activities how returned to their respective

normal routine. Potential damage is indicated in this space. The characteristics

of the watershed decide the scale of axes, for example, in an urbaRized watershed,

the submerged area is small but the non-submerged and influenced areas are rela-

tively large.
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3. Methods and Procedures of ARalysis for Land Use Controi of

   Floed Estimated Areas

  (1) Procedures of Systems Analysis

    Systems analysis is defined as the systematic methods whlch are designed for

decision rnakers to support the selection of best alternatives by means of defining

the objectives of problematic aRd evaluating a}ternatives in a comparative manRer.

    The general procedure of systerns analysis is shown in Fig. 3.1. `problem

definition' is to recognize and to clayify the solved probiem. `Screening objectives'

is to decide on the objectlves of the system, te re}ate one to the other and to

establish tlte critescia for evaluation and presupposed conditions. `Systems observa-

tion' consists of collection reiated data, grasping the relations of causai factors and

enumerating the alternatives. `Systems analysis' is to comprehend the system
quantitatlvely and to aRalyse the system's alternatives in planning and design. `Inter-

pretation and evaluation' is to check the non-quantitative or abridged determinants,

to ascertain the uncertainties, to verify the system and to form a conc}usion. `Deci-

sloR making' is to select the optimal system of all the altematives by scientific

facts or subjective inferences.

    In the procedure o{ solving problems, the objective systems and the problems

Problemdefinition

Selectingobjectives

Systemobservation

Systemsanalysls

Problemdescription
orformulation

Analyticalmethods

Analyticalmethod
Analylicalmodel

Experimentalmethod
Sirnulationmodel

Provisional;sol,ution

Verificationgfploperty
formedelingofsolution

Fig. 3.1. General Procedure of Systems Analysis,
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'lrable 3.1. Procedure of Modeling Technique in [Vhis Study.
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to be solved are recognized accurately. `Model building' are comprised of descriptive

modelings, structttral modelings and quantitative modelings. The descriptive models

are mental models which are expressed by sentences or words. Structural models

are to investigate the composing factors, parameters, varlables and relationshlps

of large-scale systems. 9uantitative models are mathematical models, the system

of which is represented by the variables, parameters and relationships ma#hemati-

cally and logicaliy [5].

  (2) Dynamic Expected Potential Damage

    Potential damage has been used as a method for assuming regional damage.

It is defined as the darnage which may occur in the preseRt maximum fiooded

areas. Namely, it can mean the maximum clamage likely to occur due to inuRda-

tions in a river basin. The potential damage method accounts for an economic
lnvestigation of fiood control, an establishment of assumed area of inundation and

a decision of a priority of work for fiood control. This aiso iRcludes static darnage

occurred during a maximum flood [6].

    In this study, the dynamic expected potential damage is defined. That is, an

improvement is made on the potential damage in order to follow the dynamic
changes and to evaluate the potential damage for each scale of flooding.

    The dynamic expected potential damage is charac£erized as follows:
    1) To assess the relative petential damage of several flooded areas by con-
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sidering the occurrence of flooding iR each region.

    2) To indicate the reduced effects of damage resu]ting from the structural

achievement of flood control.

    3) To fo]low dynamic changes oHand use and reglonal economics.
    4) To investigate the scale of potentlal damage compaxed with the real damage

in case of regional floodin.cr data.

    5) To be widely fiexlble ln comprehending the indirect damage exerted on

other areas, for example, damages of trafflc aRd transportatlon, as well as non-

monetary damages. As controversial points, an examination must be made on the

occurrence probability of run-off and the geographical information on the flooded

areas, and the contours of submerged beds.

    The dynamic expected potential damage is formulated in a mathematical

method:

        D(t>-Zd,<t)+Zdj(t) <i:¥j)
              i j'
        d, (t) == A.(t)･a, (t)･R,(t)

        d,･(t) :=: F(Q(t)) (2. 1)
        A.(t) = A(2(t))

                 x,
        2(t) = Q(.L 7J Ar･ t)

where f; the coeflicieRt of run-off, r; the probable raiRfall (mmlhr), t; simulated

year, a; potentia] damage in a fiooded area (million yen), dd; indirect potential

damage in ugflooded areas (mlllion yen), AE; expected flooded area (m2), I?t; properey

ef item i per area (million yeRlm2), R･e; rate of damage and Q (t);probable discharge

(m3!sec) [7i.

  (3) Technique for Model Building

    The probabilities of adapting systems analysis exist in land use coRtrol of fiood

estimated areas as that mentioned above. In this paragraph, several model building

for }and use control of flood estimated areas are explained as concepts of meth-

odology and concrete models. These descriptions of technique for model building

are shown in Table 3.1. As for the techRique and procedure, three modelings

are introduced and they are applled to the problems of land use management
escalated]y. That ls, the informations and the factors related with these problems

cellected from broad and various fields. These are screened by the modeling

methods in succession. These procedures are based oR the idea of `the problem-

oriented'.

    a) Descriptive model

    As one of the descriptive moclels, the Nominal Group Technique (NGT) is
adopted in selecting the causal factors of the regional system for interrelation of

land use and watey resources. The NGT was developed by A. L. Delbecq and
Andrew H. Van de Ven in 1968 [8]. It was derived from social-psychologicai
studies of declsion confereRces, management science studied of aggregating group
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judgements and social-work studies of problems surrounding citizen participation iR

program planning. Since that time, the NGT has gained extensive recognition
and has been widely applied in hea]th, social service, education,industry and govern-

ment organizations. The process of decision making in the NGT is as follows:

    l) Silent generation of ideas in writing.

    2) Round-robin feedback from group menbers to record each ideal in a terse

phrase on a flip chart.

    3) Discussion of each recorded idea for clarification and evaluation.

    4) Individual voting on priority ideas with the group decision being mathe-

matically derived through rank-ordering or rating.

    This method can be considered as a combination of a kind of brain-storming

where as many opinions as possible are presented, and a kind of voting system,

the Delphi method. The procedure of this method is shown in Fig. 3.2.

    b) Structural model
    In studying complex problems of a social system, methods of structure of these

problems have recently been proposed. These are ISM, DEMATEL and so on.
Most of these methods are developed on the basis of the graph theory. It is
particularly popular as ISM is effective in obtaining the consenting structure of a

problem [9]. A matrix in this method representing a subordination matrix aRd

the elements are fi11ed with a binary relation. However, it will not be always

reasonable to use the binary relation among elements. DEMATEL me£hod
displays £he strength of connection among factors with several degrees and several

<l}Preparation

C2)Silentgenerationof
ideasinwriting

{3)Round-Robinrecordingof
ideasonaFlippad

(4)Serialdlscussionfor
clarification

(5}Preliminaryvoteonitenis
ofimportanee

<6)I)iscusslonoftl}eprelintinar>'
votes

(7)J?innlvote

Fig. 3. 2. Procedure of Nominal Group

        Technique.

Problemelarification

Gausalfactorslistedl)yBrain-stQrming

Screeningcausalfactors

I.)eeisionof
abinttryrelatlon'

])reparing
Fuzzys"borclinationinatrlx

Ca}culatinssreachabilitymatrixancldiagraph

Fig. 3.3. Procedure

        Structural
of Fuzzy

Method.
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points on a two dimesional plate. E. Tazaki and M. Amagasa proposed a method

for structuring hierarchy for several social problems on the basis of fuzzy sets

theory. The method is Fuzzy Structural Modeling <FSM>. A {uzzy reachability
matrix is the form by which the necessary data is acquired and organized into a

form by which a structural model can be developed [10]. In this study FSM were

adopted. These procedures are shown in Fig. 3.3 and described roughly.

    In the first step the problem is verified and causal factors are selected. The

brain-storming or NGT is used in the method of the selection of factors. The

resglts are arranged so that the binary relations can be grasped. In the second

step a questionnalre by means of a Pairwise Comparative Method is enforced to

some answers in order or difine the binary relations. For example, these questions

may ask "Which is lmportant, either A or B?". At the third step the results

which are acquired ln these investigations are aggregated and all of binary relations

are arranged with the matrix model. In FSM the binary relationships are
consideyed as the fuzzy binary relationships. The fuzzy matrix mode]s are composed

of and defined as fuzzy subordinatioR inatrix for a given object (a causal factor).

The structural modelings are formed into multilayer dlagrapla on the basis of these

fuzzy suborclinate matrices. The rules for structural modeiing and algorithm are

generalized as follows: Let a system object be S={Sl,&,･-･,S.}. A fuzzy subordi-

nation matyix A which represents a fuzzy subordination re]ation among the elements

of S on the basis of a certain contextual relation:

        A=[at,･], i,j'--1,2,･･-,n (2)
where A is a square nxn matrix and element ai,j of A is given by the fuzzy
binary relation f>e as follows:

        aij=,]C>i(S,･.Sli),O:iiaif<..,1, i,1'--1,2,-･･,7z (3)

This varlable set shows the grade in which the subject is subordinate to ,Sli. In

order to show the grade in which the subject is subordination is greater than

a given certain grade, a parameter is introduced as a threshold. The p can be

given on the semi-open interval [O<pSl].

    As for the properties of these binary ralations, the following are some defini-

 ions:

    l) When a,:d<p for V(sSlt, kSlf){iSxS; the relation is called a fuzzy irreflexlve.

    2) When either at,･<p or aij>p for VSi, kSli(ililS (i )ij), the relation is called

fuzzy asymmetric.

    3) Let M =max {min (aibatik)} ii-;p for V(kSle, sSlf), (sSl?･, Sk) eiESxS (i kFj:KFh), when

aw -> M for any <Si, Sk).

The relation is called a fuzzy semi-transitive relation. Besicles this, the level sets

of the factors of S whlch give the connective relation among the ]ayers are deter-

rnined as fo]lows:

    4) A top ]evel set Lt(S), an intermediate Ievel set Li(,Sl), a bottom ]evel set

 Lb(S) afid an isolation level set Lis<S> are respectively defined as follows:
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         Lt(S)=[sSlicl,¥},-.?5,{akj}<P<,l.ll,E.lli,[{atic}], (4)

         Li(S)=[sSle IP<,m.,a-.i, {atic}, P<,I.}},a.lj, {aicJ'}], (5)

         Lb(S) == [xSl: i,l.l,ain.: {aik} <P <,B.,a,,¥, {aleD], (6)

        Lis(S) m [kSl: i,{Il,a-.x. {aeic} <P, I{.l9.X.,{"ico'} <P]) (7)

Next, the procedure of structural modeling algorithm is given by the following steps.

S"rEp 1･･･Give a fuzzy subordination matrix A ;:[a,tj] and construct the fuzzy semi-

reachability matrix A' satisfying the fuzzy semi-reachability law form A. STEp 2'''

Identify the level sets Lt(S), Li(S), Lb(S) and Lis(S) on the basis of A'. Further,

determine the subordination relation sets B(Si) between Lt(S) and Lb(S) (sSlcl Lb(S))

and the blocl< sets {QD. STEp 3･･･Eliminate al] of the columns including elements

belonging to Lb(S) and the rows and columns including elements belonging to

Lis(S). The fuzzy subordlnation matrix conslsting of the remaining rows and

columns is reconstructed as A'. STEp 4･･･Frorn A' obtained in Step 3, construct

START

'I"hereexistS

TIiereexists
regvlarrew.

regularcolumn, NO
YES

Sp}itthelowesterder
rowintoregultrro"'s.

ReduceACi)by
eliminationofregular
column.

ReduceACi)by
c!iminatienofregular
row.

Addconnected
indextoforrning
graph,

Adclconnectedindex
toforminggrapli,

Thereexistrowand
columnsvhichaiEcoinponents
aresmallerthanf)

YES

NO

Reducexl{o')byeiiminationofrowandcoluEnn

AHrowsare
ttU,minas;,d ix'･o

                     YES

                   STOP

Fig. 3.4. Flowchart for Graphic Construction of System.
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the single hierarchy matrlx A(i) cerresponding to each block set Qj. STEp 5･･･Set

up a fuzzy structure parameteT and identify the graphic structure regarding each

single hierarchy matr}x AG' according to the fiowchart given by Fig. 3.4. Here,

assume that the regular rows correspoRding to SV are aik, k=1,2,･･･,m (m<n).

Such regular rows are eliminated by substltuting the following vaiues.

         [a.j"] =[a.j]A[a.i]A[a.i]･･･A[aik] (8)
provlded that

         [-a'I';･] :(1-[a.,])/(1+Z[a.i,]) (9)
The subordinate relation among the subjects corresponds to the node and branch

ef graph theory. The FSM method is adopted for synthetic evaiuation of watershed

management in the next paragraph.

     c) Quantitative model

    In quantitative modeling, the analytica} method and the simulation method is

proposed. Up to the present, the ana]ytical method has been used, for example,

severa} rnethods in OR. However when these methods are used, a great nurnber

of hypotheses must be established and the determinants must be screened for mathe-

matical modeling. Thus, the modeling for a large scaie system requires an opera-

tional technique when introduced and it causes a gap to occur between the model

and the actual-system. Therefore, several simualtion models have been developed

in order to express as the direct system in the complex real world. In this paragraph,

thxee modelings are proposed: One ls the multiobjective evaluated method, the

Min-Max modeling and the second is the optimal control modeling and the last is

the System Dynamics modeling. The foriner two modelings are analysed with
mathematical programmiRg and the latter by simulation modeling.

    I) Min-Max model for multiobjective pianning [11j

    For about twenty years, many multiobjective optimization theeries have been

developed in the realm of systems analysis.

    This is because the use of a uni-dimensional decls}on criterlon does not always

refiect adequately the individual and collective prefereRces. The multiobjective

optimization theory or vector optiraization theory has been an increasing]y important

elernent of modern decision making, plaRning and design. Usually, a unidimeRsioned

programming problem can in geReral terms be described as the maximization of

an objective functioR, subject to a set of constraints. The general formalization

of such a problem is

        max to (xi, ･･･, xf), (10)
subject to:

        gi(xi, ･･･, vD :{ cri

        gk( t,, ･･･, JcD f{g 0,,

where x"(i=1,･･･,l) represent a decision variable to be established in such way
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that the objective function tu reaches its maximum. This･maximization shou!d take

into account the side-conditions gic(k== 1,-･･,k) with regard to the decision variables.

In case of a multiobjective optimization approach, the following model may be

assumed:

        max ca1(xb ･.･, xl)

               :
        max toj･(xi, ･･･, xD (11)
subject to :

        gi(ari, ･･･, cD S 9"i

        i-        --        --        --        --        d,(`t,, ･･･, `tD {{! ak

in which wti(1'xx1,･･･,tJ) represeRts the j'th objective function.

    Various types of the muitiobjective optimization approach are proposed such

as utiiity maximization, penalty models, goal-programming models, constraint models,

hierarchical optimization models, Pareto op£imization models etc.. In this case, the
Min-Max model is introduced as the method of multiobjective optimization model.

The Min-)vfax models are based on the formal resemblance between optimization

confiects in the case of multiple objective functions and oligopolistic confiicts iR the

case of game-theoretic strategies. Therefore, the notlon of a pay-off matrix p]ays

and important role iR Min-Max multi-objective models [12].

    The first step of a Min-Max optimization procedure is a separate optimization

of ali lndividual objective functions:

        max tud(xi, ･･･, xD, Vl', (12)
Subject to:

        gk(xi, ･･･, xr) g g-k, Vk,

The optimal value of each ]'th objective function resulting from (IO will be deRoted

by wS･(Jcld,･･･,Jqij), where the decislon variables associated with each individual

optimum toO,･(xj) are denoted by xij, ･･･, xiO'. It is clear that a substitution of xJ, i･･,

x7 into a different objective function to3･(]'::=1,･･･,J; j'm-]') will lead to a value

toG･(xid,･･-,xl'> which is lower than the maximum value o3'(xL･･･,xA. On the
basis of such a set of mutual substitutions the pay-off matrix P for multiobjective

programming can be constructed:

(Ol tu2''''''tuJ

P ==

cl,....-......., jrl

X?,･･-･ ･･･--･, JC?

rf, ,of

(o?(inci) tu2( ci)

to,( t2) tuS<x2)

tuY (XJ> (13)



                   Analytical Methods in Flood Estimated Areas 55

    The characterls£ics of this method are explained as fol}ows:
    1) It is possible to calculate tlte vector opt!mization by means of scalarization

using the welghts if relative importance for each objective to balance the pay-off

functions.

    2) It is possib!e for the decision maker to make calcu!ations to permit changes

for the worse of the objective functions successively by meaRs of an interactive

procedure.

    3) The optimal solution by means of Min-Max model is the necessary to
assume the convexity of the objectlve functlons or the constraints.

    The successive steps of the interactive procedure for Min-Max models are:

    (D Calculate the pay-off matrix P auch as (12)

    @ Calculate the weights lj
    An equillbrium solution with respect to the pay-off matrix P can be caiculated

on the basis of the following set of relationships:

and c are calculated as follows:

        Z = P-ie(eT P-i e)-i

        C:= (ET I)mie)-i (15)
C is the equllibrium value in the case of balaRcing the priority of strategy.

    @ Calculate the solution of the related parametric model.

        max xj tuj(xi, ･･･, xD

        gk<irci,･･･,aD<g-kvk

        cajmin (xl, .･･, nD<tuj<(Djmax(cl, ･･･, xD, lvci (16)
                                                                     ttThe optlmal goal achievements tui(x),･･･, wi(x) are giveR by (15).

    @ Propose toi(x),･･･, wj(x) as a provisional solution to the decision maker.

    @ Let the decislon maker express his relative preference with regard to the

provisional solution by specifylng achievement staRdards toi, ･･･, cad according to the

        (b,･ :s{l dij(te), VJi, (17)
and:

        th,･=di,･(th), for at least one j`, (18)
    @ Calcuiate the following multiobjective programming model:

        max caj(x), Vll',

subject to:

        gk( ui, ･･･, xD "< g'"k, Vk,

        tuj( c) ;}li toj, ,vCi. (19)
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    @ Calculate the new pay-off matrix associated with (17).

    (8) Calcu}ate the adjusted weights 2j.

    @ Solve the correspoRding parametric program:

                 J        maxip =Z2jtuj(x>,
                j' --1

        gh(x,, ･･:, xi) gg-ic, vk,

        toj(x>;}irdiJ', j'･''' '

    @ Repeat steps @ and @.
    @ Terminate the interactive procedure when the difference between two
successive solutions is smal}er than apriori specified E-limit.

    Such methods are introduced in order to allocate investments and new water

supply iR certain regions.

    2) System Dynamics as simulation modeling [13]

    The social system belongs to the complex, nonlinear feedback system. The
eharacteristics o{ these systems are listed as follows:

    (!) These systems do not adapt themselves to human intuition.

    @ Most of the systems parameters change non-sensitively.

    @ The systems are strongly resistant to policy changes.

    @ The structure of systems possess loops of cause and effect relations.

    @ The component factors have complex interdependent relationships.

    @ The activitles of systems are noBlinear.

    CD The phenomenon of system is a single occurrence.

    (8) The effects are not lasting if the causes are not eliminated.

    @ Human intuitions or experiences accustomed to simplified systems.

    The method of System Dyamics is very effective in analysis dynamically such

a complex and intangible system as the present society. As mentioned above, the

interrelation between land use and fiood control can be considered as a complex

and dynamic system. It is necessary to select an analytical method; a problem-

oriented method in which is contained the interrelation between natural aRd social

environment. Namely, it is more clesirable to formulate a system that establishes

system barriers and extracts causal factors than to built a model by means of some

mathematical tools. The System Dynamics is favorable for such ideas: This
method is a!so effective in building models through group discussions and in improv-

ing on or in deve}oping the model efflciently.

4. 0bjeetives and Measures for Watershed Management

  (1) Descriptive Model for Watershed Management
    The causal factors for objectives and measures were selected by the method of

the NGT. In this section, these factors were arranged and oriented towards human

living environment. The descriptive relations of objective and measures for water-

shed managernent are shown in Fig. 4.1.1-4.1.2.
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  (2) Structural Model

    The objectives and measures of

as meRtloned above. In particular, it

sive measures in the near future. In

watershed management has been
has become important to institute

thls clause, the structural models

multivarious

comprehen-
of objectives

Table 4.1. The Objectives and Measures for

Resources Management
Water

1. Necessity

  1.1 Management of water demand and supply
      1.1.1 Saving water independently

      1.1.2 Saving water by administrative guidance
      1.1.3 Regional recycling system

      1.1.4 Independent recycling systern

      1.1.5 New water resources development
      1.1.6 Renewal of water resources development

      1.1.7 New law and policy for water management
      1.1.8 Policies of population and industry

  1.2 Management of hydroelectric power
      1.2.1 New hydroelectric power development
      1.2.2 Developing small and medium scale hydroelectric

2. Stability

  2.1 Floocl control
      2.1.1 Flood control by national or municipal projects

      2.1.2 Indirect fiood control by public agencies

      2.1.3 Independent fiood control

      2.1.4 Agricultural and forestry abatement

      2.1.5 Flood insurance'}

      2.1.6 Flood protection of housings and facilities

      2.1.7 Restriction of land use

  2･.2 Maintenance of minimum discharge
      2.2.1 Anadromous or migrating fish (ex. salmon)
      2.2.2 Fish, waterfowls and insects control

      2.2.3 Landscape maintenance
      2.2.4 Groundwater maintenance
      2.2.5 Navigation

3. Comfertability

  3.1 Water quality control

      3.1.1 Management of self-purification

       3.1.2 Independent wastewater preventiQn
      3.1.3 Administrative guidance for wastewater
       3.1.4 Diffusion of sewage and disposal facilities

       3.1.5 Restriction of urban area developments

4. Satisfaction

  4.1 Utility of floodway fringe

      4.1.1 Recreation on fioodway
      4.1.2 Nature and wildlife conservation
      4.1.3 Athletic facilities

       4.1.4 ?ark for walking

power
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and measures through comparison of mutual importance were buiit ln a watershed.

As for regional information, a questionnalre for a pairwise comparison was enforced

for 66 persons workiRg in the project sections, which weye the sections of water

resource, urbaR planning, economic, industrial, agricultural plannlng and synthetic

planning. This example refexs to the case of several municipalities in the Chitose

River Basin, Hokkaido.

    The FSM method was introduced iR this analysis as structural modeling. The

objectives and measures utilized in this analysis were arranged in Fig. 4. 1. 1-4. 1. 2.

referring to the above mentioned items. The items ig Table 4.1 were rearranged

£o correspond to the region. The results for the analysis of managemental objec-
tives are presented in Table 4.2 brlefiy. According to these results, while the

measure of water quality control was ranked at the upper level in R-1, R-3 and

R-5, the other regions dealt with at the medium level. While the utility of floodway

fringes were ranked at the medium level, regions in lower stream, in the upper or

midd}e stream at the lower level. General speaking, both objectives of management

of water demand and supply and flood control were ranked at the upper leve] in

all xeglons while £he objectives of mainteRance of minimum discharge and utility of
floodway fringes were ranked at the lower level. Fig. 4.2.1-4.2.6 shows the
ana}ysis of the whole watershed with directional graphs. According to the structure

of the objectives, three objectives namely the management of water demand and

supply, fiood control and water qua]ity control were most important and two objec-

tives, namely, the management of hydro-electric power and maintenance of minimum

discharge were at the medium level. Moreover, the objective of utility of floodway

fringe was ranked at the lower Ievel. From the viewpoint of the importance for

measure, in total, it was confirmed that the structural measure of pub}ic work,

which were the main measure from post purses higher dependency. However, it

appears to evaluate the rneasuye highly, the measures of admiRistrative guidance,

for example, utility expenses, flood insurance etc. are not ranked at too high a Ievel.

Thus, structural modeling is effective in clarifying the complex problem using the

task opinion for the specialist or planner in the study area.

                Table 4. 2. Results of Analysis of Strtictural Modeling.
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   interaction between land use and fiood

          is built to evaluate the stability of land

    areas quaRtitatively. This modelis composed

     use, socio-economic, fiood damage and flood

        The system of land use is composed of
   sites, agricultural farms and waste land. The

           by factors for population and industry.

     up of the factors of the damages to industrial
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  and residential properties. In addition, as iRdirect damages, the damages of traffic

  aRd transportation are incllcated. The flood control system is ciassified into the

  type of the flood path inundation and the type of the landside submergence. The

  former type is composed of the factors for the height of Ievees, the reduced dis-

  charge and the embankment volume. The latter is composed of factors for pumping

  facilities, the reduced volume of submergence ancl the maintenance and management.

    (2) System flow diagrams of the MILUF model

      i) The subsystem of land use･･････This system fiow can follow the change of

  agricultural zones or residential zones. IR this system, two alternatives are estab-

  lished: One is the method for forecasting the change of laRd use in the past and

  the forecasting in each reglon was iRvestigated. The other is the method for

  grasping the possibility for enhancement of the laRd use by flood coRtrol.

      ii) The $ocio-economic subsystem･･････The forecasting of regional population

  can be calculatecl for every generation. The population is divided into five generation.

      The industrial sector is classified into agriculture, manufacturing and commerce.

  Each industrial development in the future is followed according to the change of

  each land use. In other words, the alloeated rate of each industrial employee is

  decided by the future state of land use. Flood damages or flooded areas in each

  industrial zone are infiuenced by the land use in the future.

      According to agricultural products, for instance, rice and farm products, such

  as potatoes or beans, are introduced. The properties of rnanufacturing and com-

  merce are divided by the repayment and the stocl<.

      iii) The subsystem of fiood damages･･････In the subsystem of flood damages,

  a systerxx-fiew is composed of industrial damages, housing damages and traffic dam-

  ages. Industrial damages are considered as agricultural, manufacturai and commer-

  cial damages. Agricultural damages inc]udes damage of rice and farm products.

  Manufactural and commeycial damages are divided by repayment and stock. General

  housing damages aye classified with housing and artic}es of domestic use. Traflic

  damages include the reduced products by stopping of trathc and time cost by the

  delay of through traMc in the fiood estimated area.

      iv) The subsystem of flood control･･`-･･The subsystem of flood control of fiood-

  ways and landside water control generally. The method of fiood control for fiood-

  way is assumed to fill the embankment, while the method for landside water con-

  trol presupposed the building of pumping facilities. Moreover, in the subsystem of

  fiood control for fioodways, the maintenance of embanl<ments are also introduced

  in this model. These include three methods, which are the adjustmeRt of levee

  settlement, the sodding and its management and the displacement of soil for the

  stability of levee.

      Fig. 5. 1 shows the flowdiagram of the total system of the MILUF model. [14]

    (2) Regional characteristics of dynamic potential flood damages

      The System Dynamics Model-MILUF was appiiecl to observe each characteristic

  o'f the dyRamic potentlal 'flood damages of the Iower reached and rnldstream sec-
.

  tions of the watershed of the Ishikayi River, which is about 125km in length
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running from Fukagawa City to the estuary. The study areas were divided into
tefi reaches. Each municipality belongs to each reach as shown in Table. 5. 1. [15]

    a) Verification of the model

    The assumed va}ues of the simulation model was verified by comparing the

actual values which were indicated during the fiooding of August in 1975.

    Table 5.2 compares the assumed flood damages with the actual damages on

Reach-E The errors were less than 10%-30% approximately. The other reaches

were similar to this reach. The agricultural damages fitted the actual values

accurately, but the number of damaged othces and houses did not correspond so

well. This is because the boundary line of flooding was across the center of

residential and business zones and a slight difference of the line amplified these

errors.
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Table 5.2. The Verification of the Model by the
           Flooding of August in 1975.

63

Paddy

Field

'''"K'}'ea (Ha)

   Damagg.(.5. iei.l..en)

Farm

Number

  Area(Ha)

... P. .amage (× 108 Yen)

l v".Sf.".M(eXs) ,, v".Cf.Ugi(Ac) ,I 3/CbtlO!(icf)

              / t/             .t.ttttt.ltt...ttttttt.....t.tttttttttttt.t.vrt.tttttttt...t.t.tttttt... tt.ttt.t./..ttttttt ..t...t.tttttt.t.-tttttttLtttttttt.t..t.tttttt.. tt.ttt..t-

     6,2oo i 6,6o2 ll i.e6
              1i       28.8 i' 28.1 1.02              I
            ..---/.....---......--........-...-...--....- .-.......-...........--....---....nv              illl 800 l 1,O12 i, O.79
i s.3 I 4.7 I O.89              i' l              ..-, ,.um,-,, ,...                            tt t/

ofHouses t2,640 2,052                    l
?awwm.a-gy..Lx.i9.8..X.eww.)ma..."m.L.-...ny..912ww.r.....t.... .4･3

I

I
l-.

1.28

1.27

Table 5.3. Rate of Each Item of Potential Damage (%).
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    c211 gl? :g ll G2ll. i2 2g 2,: ll

         511 10 19 27I 5i411 16 l･ . .. ,,...,,,.,,.,,,l... ........--ml.ww,ww..L-..............i,....".........-...........l

   Reacii X/ ii Si 5,i 11/, ReachiIl lg 11S, ij2' ll'

    D 4i2s7I' iti 4li, 6io i4l
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  1; paddy field, 2;, farm, 3; housing, 4; comrnerce, 5;industry

    b) Simulation of regional characteristics of potential flood damages

    The simulations were administered with the MILUF model for teR separate
reaches. The estimated resu]ts in the case to follow the current trend are described

to evaluate the dynamic poteRtial flood damages corresponding to the regional

developments of these reaches in the future. Table 5.3 shows the rate of each

item of potential flood damage. Land use characteristics are better clarified. Name]y,
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in Reach-D, E, F and G the damage of rice crops is about 70% and the rate wlll

not change to a great extent in the future. But the rate of the agricultural damage

in Reach-A and Reach-C has decreased rapidly while damages of housing properties

have increased great]y. In particular, the pattern of Reach-C became similar to

that of Reach-B. Therefore, a comprehensive management of laRd development is

gradually becoming necessary.

6. Cenelllsion

    The results in this paper can be summarized as follows:

    1) The problems of land use controlin floocl estimated areas consist of, directly,

the attainment of stabili£y of regional land use and, indirectly, the adjustmeRt of
potential fiood damages. These damages are deeided by causes of natural environ-

ment and social environment.

    On basis of these concepts, the dynamic expected potential damage, which is

represented as the indirect variation of regional land use, is defined by combining

hydrologic factors, socioeconomic factors and fiood control measures.

    2) These proposed problems are geRera]ly complex systems called as the pro-

blematics. Therefore, in order to clarify the problems, various causal factors must

be devised by investigating the relation of causes and effects aBd those combinations.

The relative changes causal factors must be also examined and quantified. In this

method, it is possible to make clear the problems by introducing a stageous method

of three modelings, which are the descriptive, the structural and quantitative model-

ings.

    3) The objectives and measures of regional water resources interrelated with

land use control were ciarified by the former two modelings. In particular, these

objectives were selected and arranged by a view of attributes of human living

environment and these measures were classified into structural and nonstructural

measures.
    4) The reglonal dynamic potential fiood damages were estimated by using the

System Dynamics Model-MILUF model. It can be effective to clarify the regional

characteristics of potential fiood damages, for example, the trend of the potential,

tbe each item of damages and etc..

    It has become essential to assess to synthesize and systematize the interrela-

tion between land use and flood controi in the flood estimated areas, in particular,

in rapid urbanized areas. It can become furitfull for the intangible and complex

systems of land use control to utilize these techniques and concepts.

    The concrete applied examples of the real river basins will be described in

the next papers.
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                                    Summary

   II,'he first purpose of tliis paper is to examlne the structure and function of tlie land use

activities in floocl estimated areas and this is interrelated to fact/ors of water ,resources, in partic-

ular, the cahracteristics of regional potential fioods.

   The second purpose is to establish the procedure for investigating the dynamic system of

land use control relatecl to regional potential damages of fiooding. '
    In orcler to achieve these purposes, certain types of systems analysis liave been titilized in

the investigation of interaction of lancl u$e and watershed management. The results are summa-

rizecl as follows:

    1) In order to solve the prob]ems of land use contro! in flood estimated areas, the dynamic

potential flood damages were defined as the index of regional stability. Moi"eover, a stepxNrise
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modeling system composed of the descriptive, structural and quantitative modelings was proposed

to evaluate the activities and controls of land use in fiood estimated areas.

   2) The interrelation of land use and fiood control is a complex system. It is effective to

apply these modelings to clarifying of such a complex system.

   3) The objeetives and measures of regional water resources interrelated with land use con-

trol are c}arified by the descriptive, the structural models.

   4) The regiona} dynamic potential fiood damages are estirnated by using the System Dynamics

Model-MILUF model as continuous changes.


