




SYSTEMS RESEARCH INSTITUTE 

POLISH ACADEMY OF SCIENCES 

STRATEGIC REGIONAL POLICY 

Paradigms,Methods, Issues and Case Studies 

A. Straszak and J.W. OWsiński 

editors 

Documentation of the workshop on "Strategie 

Regional Policy" , December 1 O - 14 , 1984, 

Warsaw, organized by the Systems Research 

Institute, Polish Academy of Sciences and 

the International Institute for Applied 

Systems Analysis 

PART II 

WARSAW 1985 





V I • METHODS : 

MONITORING., ~lODELLING, CONTROL 



- 533 -

STIµT.ELIC RFXi-IONAL DEVELOfllENT POLICY 1-IAKING UST.KG 

A FUZZY MODEL 

Janusz Kacprzyk and Andrzej Straszak 

System Researcb Institute 

Pol.isb Academy of Scienoes 

. ul.. Ne-wel.ska 6 

01-447 Varsaw, Pol.and 

_Abstract. Determination of regional. devel.opment strategies 

is considered. The regional. system is viewed as a mul.tiproduct 

company operating in a competitive environment. A best 

devel.opment strategy is sougbt to yiel.d a best effe~tiveness and 

stabi1.ity1 and a iiexibl.e response to cbanges in environment. 

To account for an inherent "softness" of' the probl.em, a f'uzzy 

model. is _devel.oped. The model. is simpl.e and computationcul.y 

tractabl.e. 
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1. Introduction 

Strategie regional. devel.opment · is one of' most rel.evant 

yet _ dif'f'icul.t issues to cope witb b:y regional. authorities. 

Tbe . di:ff'icul.ty stems mainl.y f'rom: · growing structural changes 

in technol.ogical., socioeconomic, environmental, etc. f'actors, 

increasing dynam:ics and instabil.ity (un~veness) of' economic 

growtb of' ~if':ferent ,brancbes, co1:1siderable uncertainty ~nd 

risk as to all critical f'actors and aspects, unrel.iability 

of' f'orecast'.5, etc• In :fact, al.l tbese dif'f'icul. ties are 

a result of' a competitive (economically and politically) 

environment whicb is rapid~y changing. To these changes the 

regional. system should be capable to respond in a f'l.exible 

and well.-timed way. 

The above dif'f'icu1ties ol._early suggest tbat a 

(co~uterized) 'support, ~ased on some ·f'ormal. model.s, would 

grea tl:y help regional au tbori ties make stra tegic decisions .• 

Modeling of' regional s tra tegies sbould evidentl.y proceed 

· aue to an integrated approacb (see, e.g., Straszak and Wagle, 

. 1977; Ko<?h;tkov, 1984) to jointly acc~nt for the main 

components, sucb a~· marketing, inv~stment, production, 

technolog~cal, social, ecoiogical,. and organizational 

( sub •-t _ra.tegies, all in . an integratecl sectoral-spatial 

_dimension. The integrated approacb · implies some issues to be 

solved. First, certain cbaracteristio proportions between 

the mentioned strategie components sbould be maintained to 

acbieve a stab.le rate ot: devel.opment. Secc!.nd, a balance 

bet-ween the -long /medium/ · short „ term dimensions sboul.d be 

obtained. In practioe, _ it· means tbat f'or short-term 
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development some market mecbanism, and :for long-term 

development some planned mecbanisms sbould be included. 

Tbird, since there are many different strategie aspects and 

variables, some quantitative trade-offs sbould ,be developed. 

Evidently, by necessity, they should not pretend to be precise 

for long-term cases, but sboul.d ratber be viewed as some 

guidelines. Tbere are also many otber important issues and 

implications of an integrated approacb to strategie regional 

development wbich are, bowever, beyond the scope o:f tbis 

paper; detail.s may be found, e.g., in Kochetkov ( 1984 ). 

In the paper ~e propose a model for anal.yzing and 

designing strategie regional development policies. From the 

previous brief summary of basie issues and di:f:ficulties to be 

accounted for, we can clearly see tbat most, if not all, of 

the mentioned elements to be re:flected in a model are in­

berently ill-de:fined·, buman-peroeption-rela ted, imprecise, 

vague, etc. - in anotber word~, "softft. 

Fuzz-y sets tbeory may provide _e:ff'ective :formal tools 

for dealing witb "soft" probl.ems. -We will propose bere a 

fuzzy model. The . model is a derivation and extension of a 

famil.y of fuzzy decision model.s :for regional development 

policy making. proposed in a Kacprzyk and Straszak ( 1979, 

1980a, 1980b, 1981, 1982, 1984) wbicb proved to be quite 

successfu.l. 

Following the line of reasoning of Kacprzyk and Straszak 

(1979, 1980a, 1980b, 1981, 198.2, 1984), -we consider the 

problem in a multistage decision making setting. The region 

is considereid to be a · multi-product line company :(a set o:f 

companies) wbicb is :formally represented as a system under 
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control • . Its state variables are the"product line" activities 

wbere products are, first, some specific production activities 

in 11,1hich the region is specialized. Second, tbere are also 

so_me more generał "products" as, e.g.; R~ (researcb and 

development), "knowledge• investment, infrastructure, and 
I . . 

cultural level. Onl:,y a balanc~d evolution of all of them, 

following some preference patte:rn (playing the role of some 

aspiration levels), can guara~tee an adequate strategie 

developnient. As input (c~ntrol )· to the regional system, a 

strategy option at the particu.lar control stage is taken. 

A function between a strategy option and the resulting 

product line activities is .assumed knolill. 

As an extenial variable, a forecast of structural 

environmental cbanges and competition is assumed. 

Aąsessment ~fa given strategy (strategy options at the 

consecutive development stages) proceeds by a •cost/benefit" 

analysis witb "costs" related to the satisfa·ction of con­

straints on the consecutive strategy options chosen, and 

"benefits" related to the attainment of a prefered product 

'line activities. Both tbe "pointwis_e 11 (at a particular 

development stage) ańd temporally. distributed aspects of 

assessment ara accounted for. 

A best development strategy is sougbt -wbich yiel.~ the 

highest assessment of the mentioned type. Basioally, we 

attempt . to find a •safety-first" strategy. 

Our model makes an extensive use of experts' testimonies 

whicb may be provided as approximate 1 iinguistic ~ata. 

Moreover, i t is analyt ~oall-y and computationally simple. 
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It may be a valuable tool. to yiel.d guidelines as to regional 

development strategies whicb can provide mich insigbt into 

the essence of' the problem, and tben serve as a basis f'or 

more complex and detailed models. 

Our notation will be standard. A SX is a f'uzzy set in 

X and r A : X• [O, 1j is A' s membership :function. We will 

inf'orrnally_ equate, and intercbangably use, A and fA(x). 

For basie properties, operations, etc. on f'uzzy setsJsee, 

e.g., Bellman and ZQ.de:h ( 1970) or Kacprzyk ( 1983). 

2. A model of' strategie regional development policies 

Analysis and design of strategie regional development 

po;-icies is bere deal t wi tb in terms of' mul. tistage decision 

making scbeme (Bellman and Za..deh J 1970 \ Kacprzyk/ 1983). 

Its ess ,ence is sketched in Fig. 1 to be mean t as f'ollows. 

A development strategy A bas N components, a 0 , ••• ,aN~ 1 , 

to be called policies, corresponding to the consecutive 

_development stages t:0,1, ••• ,N-1. 

Xo 
eo 
• 

~ 

a.., 
t 

fcoCo.ol t.o) 

Fig.1 
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At t=O the regional system R is characterized by some 

product profile x
0

, and under a policy and environment 

status a
0 

proceeds to a new product p~fil.e x
1 

( e 0 ); under 

and proceeds to x
1 

( e 
1
), etc. A policy at is sub-

jected to a fuzzy constraint t-c• .( 4 t. l c-t) and a product 

profile X-ł•ł (e..t! is subjected to matcbing witb a pre:ferred 

Product profile P Ce. ... ) • Ehvironmental status infl.uences i, ... f ~ 

the fuzzy constraint; regional system dynamics, and the 

preferred product profile. The problem is to :find an (sub) 

optima! strategy yielding mainl.y a best comprornise between 

the "costs" (sa tisfac tion of the fuzzy cons traints) a0:d 

11 bene_fi ts" .(matcbing of the- pre:ferred pro~ct profil.es), and 

considering some additional aspects to be discussed later. 

that 

of 

For cl.ari ty, in the sequel ,..,e will not explici ty indica te 

~C.t (At Ie.~), Xł+t (~•) and ~+t (~) are functions 

et, and write u. t { C11e) X and ~+l , respectively. 
le_ > ·hl ~ 

Let us now consider in more detail the regi6nal syste~ 

and its dynamics, and the strategy assessment ("cost"/"benef'it" 

relation). 

2 .1. The regional system 

For our purposes it is convenient to portray the regional 

system as in Fig.2. 

The region is viewed as a multiproduct "c9mpany 11 • 

Products are activity levels in speci:fic domains. We consider 

two basie kind of products: (1) som~ specific production 

(service, agriculture, ••• ) activities in wbich the region 

specializes, and (2) some generał "products" . (R&D, knowlcdge, 

investment, infrastructure, culture, etc.) wbicb are in 

fact prerequisites for development. Evidently, ~~ can cboose 

the products according to a particular situation. 
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Fig.2 

The activity levels at stage t in the particular 

products are denoted by: 

t 
xp 1 - f'or pla)duct 1, 

t 
xpK - f'or product K~ 

t 
xR l D - for R ~ D, 

t 
f'or knowledge, XK -

t 
f'or investment, xi"ł -

t :for culture XC -
and constitute the product pro:file . ( t t t 

Xt= xp1, • • • ,xpK' XR 8.D' 
t i t t 

XK' XIV' "IA' xc)• 
At stage t, a polic-y at is applied, and f'rom a present 

product prof'ile ){t the regional system proceeds to a next 
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( t+1 . t+1 t+1 t+1 t+1 
product profile Xt+1 = xp 1 , ••• ,xPK, xRlD' xK x 1v 

t+1 t+1) ~IF, xc • A relation governing the product profile 

transitions is assumed known but its derivation is here 

beyond tbe _scope. 

The policy at is subjected to a fuzzy constraint 

and the_ obtained· 1:1roduct profile X t+l is matched 

against a preferred product profile Pt+ 1_. This constitutes 

two components of the assessment·procedure to be discussed 

below. 

2 .2. Assessment of: a development stage 

Assesment of a development stage t is basically 

performed by relating "costs", i.e. how well a constraint 

on the policy is satisfied
1
and "benefits", i.e. how well a 

pre.f'erred product pattern is matched. This is '"bat might be 

called effectiveness; anotber aspect of assessment is 

stability wbich has to do with how evenly the product pro~iles 

evolve. '.Ibis is related to the whole trajectory and ~ill be 

discussed in Section 2.3. 

As to ~he"costs", the policy at · is subjected to a :fuzzy 

constraint t C s; At. de:f'ined as a .t'uzzy set in the space 

of possible (or ~elevant) ~olicies at stage t. The grade of 

membership indicated how good 

(preferable) policy at is at stage t. 

As to the "bene.f'its", ,-we 1"irst sbould define the product 

profile Xt+ 1 • It is convenient to portray it as sbown in 

t+1 Fig.J. For each product activity, say xPK, its obtained 

value is expressed in percentages. 
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~ 

Fig. 3 

The value 100% means tbat tbis is a perfect result which can 

guarantee coping wi tb an}' tecbnoJ.ogical. change, compe."t:tion, 

etc. The value <YI, means. basicaJ.l.y tbat the result obtained 

makes . " survival II possible but in a somewhat favourable 

competitive environment. The val.ue -100~ means that the 

11 product" is l.Qgging, and wil.1 certainly imp1y the loosing 

of competitiveness, so thet first some competitiveness is to 

be restored. 

1be preferred product pattern Xt+
1 

is represented 

similarly ~s the product profile P t+ 1 • However, for each 

t+1 product activity, say xK , we define a fuzzy subgoal as 

t+1 
sbown in Fig.4. It means thet the obtained values of ~~ 

oto 

Fig.4 

-IOOo/o 
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close to 1oo% are the most desirable (Preferable) ones 

( 1A. ł+ł (..) = 1 for them); as x;.+
1 

beoomes less tban 100~­
I 41( 

i ts desirabili ty diminishes ( t-i': ht (.) < 1. ) , and .b~low CY1, 

its desirability is null • 
'=li( . 

. The fuzzy subgoals for each product activity as given 

above form a "ring• of preferable product prof'iles, i.a. 

the P.ref'erred product patter11:, whicb .may be ill.ustrativel.y 

represented as in Fig.5. 

Fig.5 

The desirable .(preferable) product prof'iles should be 

wi tbin the above "ring", and desirable are tbose polic·ies 

which resul.t in such product prof'iles. 

The degree of ma tch between a product profile Xt+1 and 

its related preferred product pattern Pt+1 , i.a. the goodness 

of the obtained Xt+ 1 , is evaluated by · 

( )( p ) - ( ..... , ) . ( '(,ff ) 

ł"r:i.,., hf J ••t. r-c.••• ,cPt Ił'•••,; r-c;t-tt "PK lfC 
'""' Pl PK 

( lt hf .) l,,c -l+ł ) ( , • t 
f' r-G ł •• ~ 0 • t'"-~ i•ł t( * r-c. ·ht "1v ) # 

Rł~ IC . t\l 
t . i.♦ł 

• t"c.M ( xa;') * r-~h• l •c: ) (ł) 
ts:- C: 
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wbere "•"~ bere and 1ater on, is an operation [o,1)clo,11„f?,11, 

e.g., a t-norm. Among 11 *•' s " A II is a good, saf'ety-first 

?hoice, and may . be recozmnended here. For a discussion of this 

and other operations, see Kacprzyk and Straszak (1982, 1984). 

By combining the ncost" and "benef'it" evaluation we 

arrive at the following eff'ectiveness evaluation of' stage ~ 

2.3. Assessment of the trajectory 

_The . development trajectory is basically a sequence of' 

the consecutive development stages t = 0,1, ••• ,N-1, ,,lith 

tbeir "costs" and "benefits". 

The eff'ectiveness of the development trajectory is 

evaluated by 

fE(Ao~ ... ,o...,_.1x1.1···, XN ~, ••. , P.., ): flri.(o..o,Xi,F;_ )• 

• r-Ea. (o.t., )(2., p2. '? *··· * t'-EN (a.tł-i } x.., 'PN) 

and, _once again, " Ą" is a saf'ety-first choice. 

We can also introduce importances of the particular 

development stages as in Kacprzyk and Straszak (1984). 

The ef'fectiveness is certainly an extremely iroportant 

aspect of a development trajectory but by no means the only 

· one. The stability of a development trajectory should also 

be taken into account in most cases (see, e.g., Kacprzyk 

and Straszak 1981, 1982, 1984). Basically, in our context 
) 

stabiiity will be meant as the variability of the matcbing 

degrees between the obtained product profile Xt+ 1 and 
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preferreg product pattern Pt+1 • 

For simplici ty, thi_s variabili ty ma-y well be rela ted to two 

neighboring development stages, t and . t+1 (Kacprzyk and 

Straszak; 1981, 1982, 1984), and the degree of' variability 

at stage t+1 is 

wbere V: [0,l 1 ~ [ O, 1. 1 · is such tha t: 

(e.. 'l '\> (.) ==- i if f~t (..,.) :. r-c,-ł-+ł . c.,.) 

<cb) \) (.) ~ o if f f-c.11 c.,.) - ~~i;H ( 1 .) l = i 

(c.) -~ > ''i. 9 " (-ri ) '> V ( ,rl.) . 

The stability of' the trajectory is 

The eva1uation, i.e. e:f:fectiveness and stability, of' the 

whole trajectory is there:fore 

= "' (~ , ••. &\. l X X . P. P \. • 1 E ' .,_, i , ... J w , t. r·,, H I 

* łA- (t:1.0 , ... o.. I X. . ·v . P P '\ 
I V ' w-, ,. r ·-, "t1 J l 1 .. .,, w ) 

Cs) 

.. ( <) 

i.e. oonstitutes a compromise bet1"een ef'f'ectiveness and sta­

bil.ity; ",,." is bera a1so a sa:fety-:first cboioe • 
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2.4. Designing a regional development strategy 

In the previous sections we deri ved an evaluetion of the 

development trajector:y, i.e. a measure for analysing a ·regional 

development strategy. 

The next step is to design (determine) ~ regional 

development strategy. In tbis case -we seek an (sub)optimal 

• ( lfo • strategy A = a 0 , ••• ,aN_ 1), such thet 

(.. .. . 
r--Ev Q.0 1 ···, o_ff-t 1 • ,, • ) .. 

i.e. which yields a best compromise bet-ween effectiveness and 

stability. Evidently in practice the above maximization may 

proce_ed at most over some stretegy scenarios whose set is 

relatively small. 

In designing a stretegy we can sometimes also with to 

change the pre~erred product patterns Pt+ 1 's wbicb play the 

role of aspiration levels. 

J. Concluding remarks 

In. the paper -we propos ed a rela ti vel y si mple model for 

designing regional development stretegies. We viewed the 

regional system as a nn.ilti-product company and look i'or a 

strategy that could make it possible for the region to best 

cope with a changing ·and competitive environment. Ve sought 

in fact wide-product and safety-i'irst strategies. To 

account !'or en inherited "softnessw of the problem, we used 

some i'uzzy decision mak.ing approech whicb closely paralleled 

the basie line of reasoning applied in our previous works on 
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regionaJ. devel.opment pol.icies (Kacprzyk and Straszak, 1ą191 
1''80c,., 1«no" 1ąr1} l'ł1ł2. - 1ą1c.) 

J J I 

In the model we can use approximate (say, J.inguistic) 

vaJ.ues of' entities and relations. This is extremeJ.y important 

in case of' a J.ong-term strategie analysis when precision is 

an unnatural requirement. Tbose approx.imate val.ues l.ead to 

approx:i.mate resuJ.ts whicb are. however of'ten wbat is real.l.y 

needed: -to get insigbt- into the issues invol.ved, and obtain 

some gu id el.in es as to the basie dependences, al.l tha t quickly 

and easily, even at the expense of' "accuracy" • The model is .· 

certainly worth a f'urther, more detai1ed study. 
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DISCUSSIONS 

Paper by I. Masser 

Discussion participants: R. Espejo,· A. Straszak, I. Masser. 

Discussion focussed on functions which should .be performed by 

local government and on proper balancing of these functions. 

This regards e.g. ·the strategie monitoring function and the 

eveluation and appreciation functions. A lack of sucha balance 

may lead to impairrnent of planning and implementation capaci­

ties in local govern.ments. It turns out crucial to set up_a me­

chanism for getting a feedback, through reportir.g, hearings -

seerningly - redundant inforrnątion, related to own plans and act­

tions. Modern computing equipment may greatly help _i:n carrying 

out this task, but it must be used in _a very delicate manner. 

Paper by D. Boekemann and R. Kulikowski 

Discussion participants: I. Masser, .S. Dresch, S. Ikeda, 

R. Kulikowski, D. Boekemann. 

The discussion concentrated first of all on the institutional 

side of the systems modell, with particular attention paid to 

the differences between Austria and Poland in that domain. The 

authors acknowledged existence of such differences~ but point­

ted out that ther can be reduced to the question of proportions, 

since e.g. there is in Poland an important, although not very 

large, share of market-oriented tourism operations. When the 

international tourism market is considered, differences get 

even smaller. In case of Poland the main problem is adequate 

cooperation between various ·operators in the tourism and recrea­

tion field~, be it specialized enterprises, trade unions, ins­

ti tutions owning facili ties for their employees etc. This applies 

as weil, to investment policies and regional promotion, made on 

the basis of investments and other approaches. 

Utility functions of local authority decisions were said to be 

assessed primarily on the basis of rnonetary value of decisions 

made. 

* Most of these operators enlarge· recently the rnarket-oriented 

share of their activities (eds.). 



- 54~ -

Paper by M. Steiner and U. Posch 

Discussion participants: A. Mouwen, S. Ikeda, M. Steiner. 

First, in answering the question on possibilities of a foreasting 

use of the results obtained it was indicated that factor analysis 

by itself does not reveal the causal structure, which would be 

necessary for any sort of forecasting application. Thus, only a 

comparative study could be undertaken. On the other hand, the ava­

ilable time series of the data did not go beyond the period 1971-

-1981, and for some items only 1971-1979, and therefore the corn­

parative study could not encornpass the dynarnics of processes in 

question, but only the static aspects. 

Paper by J. Kacprzyk and A. Straszak 

Discussion part~cipants: R. Espejo, I. Mass~r, J. Kacprzyk. 

Discussion centered around the need of irnplementing cornputer-based 

inforrnation systerns using approaches which would not lose much of the 

information available and still present it in a sirnple and legible 

way. Besides the fuzzy-set-theoretic constructs other approaches 

were cited, such as Bayesian inference rules. Within this context 

the questions related to extensions of such applications were rai­

sed, pertaining narnely to.knowledge-based expert systems. These 

systerns,nowadays in the developrnent stage, may contain inforrna­

tion in terms of "if ••• then ••• " ~taternents, where both conditions 

and events are fuzzy defined. When developed and tested, such sys­

terns may have a great irnpact on observation and analysis of sociO:. 

-econornic processes. 












