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1, iHearly a century has elapsed gince the first industrial location theory
appeared, Both ite origin and its dcvelopment werc accompanied by an improvement
of corresponding location modclss Those erf ts wora for ~» long time dirccted

prcdominantly to the individual industrial location programming of Weber's typce

2. 'The system of planning cconomic and industrial crowth, as applicd betwecn
the wars,; demanded further improvemcnte in methodologye The period was also
charactorized br a diff~ront approach to the theory and mothods of location 1in
the Bast and ‘" Woet.

3 Recont devclopments in industrial location programming techniquee have been
dirccted towards two essential ficlds: individual location and group location
programming; and the allocation of industry programming, Che former makes areat
usc of mathematical methods to determine optimal locations and comparativc methods
10 detormino the best among scveral possible location gsolutions, Classical math-
ematical mcthods of the Weber and Palander type arc of 1littlc use for thc practical

ncods of industrial location planninge

4. Aotivities in modcrn resoarch pay most attention to the improvement of
tochniques for group industrial location programminge. Quantitative coonomic
analysis is the starting point for the investisation and programming of industrial

locations,

5 Industrial complex analysis and spatial models analysis arc at prescnt the
most important specific techniques in group industrial location programming.
Of all mathomatical mcthods, lincar programming is the onc that can help most

in finding quantitative solutions for optimal gspatial allocation.

6 The high degrec of development of industrial location programming tochniqucs
offors considerablc opportunitics for both rescarch and practical activiticse
Howcvor, difforent locational problems and dynamic changee of location conditions,
ag woll as the importance attached to coertain factors of location, demand
continuous progress in and further improvement of industrial location programming

tochniquos,
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Introduction

Curront research and development of scientific :ndevwvours in the ficld
of locational programming, including efforts to widen the ficlds for applica-
tion of thc relevant methods, havc been intensive  All of the results in the
field of methodological innovations cannot be summarized in onc paper, cven if
that revicew is limited to the techniques of programming industricl locations,
In this paper emphasis has been put upon locational mcthods that are important
both for research and practical purposcs, Priority hns been piven to metheds

of location verificd by practice,

Coneiderable attention has been devoted to locntionnl problems and methods
of programming individual and group locations that hazve not been widely written
about in thc economic literaturc of the major lanpungce, For articles that
have been written, thc original sources have been indicated for the convenience
of the reader, However, somc valuable locational methodr may have been over-

looked ns thc author may not have been aware of them at the time of writing this
paper,
Duc to set limitations, it was possible to mention only thc moet important

techniques of programming individual and group locations, Titles of the original

papers arc given in the liet of rcfercrces,

1. ECONOMIC THOUGHT ON THE PROBLR O [OCATION

survoy of tho dovelopment of thc theory and methods of location

1 The Industrial Revolution of thc nineteenth ccntury meant for many
countries intensive economic dovelopment. It was then that the Ruhr Valley
became thc world's biggest industrial centre., The Industrinl Revolution spread
throughout the rest of politically and cconomically disunited Germany and by
the end of the century the industrialization of thc country had already become
intensive. Accclerated industrialization created many problems brought on by
aspirations of increascd productivity and profitability, and scverc competi-
tivenese. Realization of these aspirations depended, amons. other things, upon

the location of industrial activitics

2. For obvious reasons the nucleus of the industri=l location theory appenrcd
just at this time, In 1882, Launhardt published in Berlin his tentative method
of detormining optimal location.(l)l/ Thirty odd years later Weber constructed

y Numbers in parentheses indicate references,
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the so-called “locational trinngle® method for the same purpose and in almost
the sune v .(2) He wanted ‘o detertine the mcthodological approach and the
optimel location for industries according to their nceds. Since that time, the
approzci to the Tormul-iion of th: locational problun has been simplificd.
According to lLaunhardt locational optimality depends uvpon only one locational
lactor - transport co:ts, .as in ‘he case o0i rber's locationsl triangle, the
apicce of the trinngle arc composcd of location of raw material, fucl, and
consumption oi" product (merzct). the taszk ie then to {ind tho place of nro-

duction within suck - triansle, that is, vhere tronsport costs will bo lovest,

3. In these inveetigations Weber vent much turthor than hie prcdecceseor,

He was the firct to formulate the ori;innl inductrial location theory. Accord-
ing to him, the dctermination of an optimal location depends upon three
factors: transnort costs, labour and g ¢lomerative-de lomerative factors,
Weber widened cousidersbly the instrumonts applied vy the mcthodoloyy of
determining optimal location, but all of his methods (locntional triangle, iso-
depane system and iaringnon modcl) have been reduced to a technicue of determi-
ning the individual industrial locestion with the mirimal tronsport costs.

Other factors have been only of corrective imporirmce. It is not clear what

their locational influence can be upon the methods mentioned ~bove.

4, 4All attempts to nprily thesc carly mcthode hnve shown how imperfect, in-
prictical and rather naive they are. “eler's numerous follovs had as little

success in irying to perfeet thesc methods ag he did,

De Among, other theorists Prlander of Sweden contributed most valuably towards
perfecting Weber's technicue.(2) Although he snowed o great denl of ombition

in trying to find prectical solutions fo vhe location prublem, his work wae of
limited practicel value. In his methodolorical approach Palander improvod
Weber's ieodapanc mcthod by showing waye to determine industrial location ihen
applying this method. To stray from the terching oxamplos in applying this
method requires o deeper knowledge of the schematic importance of that complica-
ted locationzl tcchnique.

”~

6. The f“ret locotional thcory hae, within thc pest fifty Yyears, developed

into o number of theorics of difforcnt approach, subjcct, or oxtent, Simul-

toncously with the development of the theorics, contributions have beon made
towards perfecting relative locational methods., Llthough it makes 1ittlc sense
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and is very difficult to scparate the analysis ot development within various
methodologies from thc creation of the theory, a number of theorists have
glven most intercesiing contributions towards perfecting the technique of deter-

mining location (.. Losch, E. lcover, Chanukov, S, Morence, H. Hotclling,

‘A, Smithios, G. Ackley and others).(4)

T, Losch has kopt himself within the bounde ol thc importance of siressing
the Weber-Palander mcthod of isodapanc for locational research, with reference

to & number of contributions of his own.(5)

8. Hoover has cmphasized demand as one oi the probleme in location rescarch,
His original method of determining the role of the lowest transport costs has

not surpassoed other similar mothods used by his predocessors.(6)

9. The moet comprehensive importance of transport costs for thc allocation
of industry in the Union of Sovict Socialist Republics hus been given by

Chanukov; it includes a methodological aspect of how 1o solve these problems.(7)

10. Research performed by P, Sargant Florence led to the formulation of what
is known as the 'coeffiecient of location’, which denotes the tendencice of an
industry towards dispersion or concentration.(8) If wc take this for granted,
such a method czn hardly show how to solve existing locutional problonms.,
However, this mcthod represonts an attempt to transfer from the individual

methods of research to thc group industrial locations.

11. Owing to their diversc character, locational and spacce probloems evoke

the need to constantly perfcct techniques for solving thesc problems. The
naive methodological location solutions given by Launhardt, Weber, Palander,
Florence and others could havc been useful only in solving very simple loca=-
tional problems. Predohl was the first to usc the theory of space balance in
cxplaining the allocation of industry. le gave Losch a bagis by making the
problems of location a part of the whole system of cconory (9) Among, the
nunerous contributions of contemporary theorists, outstanding crcdit bLelongs to
Isard and Leontief for pointing out the relativity of locational factors,
possibilities of substituting them and thc necoessity to five o dynamic basis to
the theory of location.(10) The essential investigations of the mcthodological
approach to the problems of location can thus be scen in o different lipht,
this cannot bo said of the already mentioncd mothods of individual locational

investigation that are of a more static charactor.
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12.  Economic litorature of centrally plunned cconomy countries has taken quite
a difiercat appronch to the theory and ncthods of locntion. This can best be

seen frouw the history of the rolce pivern to Heber's thoeory of locntion.,

Differences in Iast and ilvst theorics and nethods od iadustrinl location

13. Free enternrisc ceonomics, cortaining clenents of liboral economy with
private initistive and wn ospiration towards the reslization of private inter-
2cts, denote o starting poirt Tor the crestion and initinl development of the
first theory or location, Locational mothods have boen developiny, in this rese-
pect; until very recently their “ask ves to deteriine the optimal location for

n certain industrial retivity or factory. Between the two wars cfforts uere
made by Predohl, Ohlin, Loech and others to cxtend the originzl individual thco-
rice into o nercral thoory of location th-t vould also contzin clements with a
broader social impact. However, only the intensive and manifold progress that
has taken placc in all ficlds of gpace ceonoiny after the Second World War has

brought about o marked chonge in that rosnuct.,

14. The planning of cconomic development has often been applicd in countries
other than those with centrally planncd cconomics. Some economic and social
principles, madc manifest throush cmphasizing the neccd to develop underdeveloped
rogions (planc of development {or southern Italy, Lediterrancan rcgions and
Bretasne in frarec), have gradually become part of development programncs, Ine-
dustrialization of whele regional units has become the moet frequent form of

development policy.

15. At thc same tine, it has boecome nceeseary to improve methods of programe
ming industrial locetions an well ng regional development ulanning. In this
domnin of cconomic literaturc, investigation of nethods applied to individual
industrial location gave risc to the problems of proagramming group locations and
to methods of space and regional planning. This tendoncy in the dcvelopment of
the theory and methods of locotion can be scen through changes in the pro-
fessional econcmic literaturc of the Weet. On the other hand, even in a free
enterprisc cconomy with privete initistive and decentralization of investment
decisione, mcthods of programiing individual locations have not lost any of

their importance.
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16, The importance of the theory and methods of location in centrally planned
economy countries developed in a rather different wa:, Soon after *the Detnber
Revolution the Union of Soviet Socialist Republiocs started preparations tig!
were to bring about a planned economy, At the same time, the countr, was
divided into areas, Thus, from the very beginning, cconomic plans 1aid dwy

by the Union of Soviet Socialist Republics! Government !nok on a spatial dimer-
sion, In the elaboration and realization of the five-year plans, the distribi-
tion of the productive forces and the tendency of industry towards Bpace OcCu=-
pied a special place, Distribution was performed in conformity with the pro-
olaimed economio and political principles. Beside the basic economic principle =
the realization of maximal social effects - principles of development ot all
regions, promotion of the underdeveloped ones, and similar social and political
principles played an active role in the distribution of productive forces, Fo»
these reasons, research effects and problems of programming individual indust-

rial locations were pushed into second place,

17, Looational theories and methods of the Weber tvpe could not have played

an effioient role under such conditions, Weber's theorv of looation was algo

used in setting up the first five-year plan of the Union of Soviet Socialist
Republics, Soon after his book Gber den Standort der Industrien was translated

into Russian in 1926, the opinion that Weber's theory oould not help to solve
problems of industrial locations in a contrally planned economy beoame evident,(11)
Sinoe then, all locational thoories of the Weber type have been rigorously criti-
oized in the Union of Soviet Socialist Republios' cconomic literaturc. (12) To these
theories Feigin, Nemchinov and others contrapose thc basic nrinciplas of locational
distribution of induetry in the Union of Soviet Sooialist Republics, (13)

The main task of an industrial location does not lie in determining the optimal
individual locational effects, but in its broader social role of realizing plans
of ‘edonomio development, Such an attitude towards the role of location did not
oreate in the centrally planned eoonomy countries a basis for a more intensive

methodological research towards solving that kind of locational problem,

18, This aspeot must be taken into consideration when thinking of the almost
non-existent research on the method of individual location, The last couple of
Yyears have, in the economic literature of centraily planned economy countries,
Been a more intensive investigation of locational methods ineluding mathematical
methods that oan be applied in these fields of research,.
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19.  ‘hen emphasizing the inportsnce of the poscible saving in transport costs
in the Union ol Scvic* Serinalict “oputlice - nd on increnscd interest for
research into locqtional protlems, the Trench ccovonist chombre forosaw that

locztional theories ¢i” *he “eher type {(14) ri ht =pnia be ~pplicd.

<0,  Thus, it can ¢ paid thut in epits of ~ontroversizl dovelopment, both
basic techniques ol programning industrinl locntion graducily acquire their
proper place, importance -ad role ir the theory and prectice of the industrial
developnent of the Bast and Jert. !ctncds =rd problems of individual location
are given more roon in the corrcepondin: liternturc of centrolly plenncd cconony
countrics. On the other hand, pro; romning of sroup industrial locations has
found an important plact in the planning of cconomic development in nany

countries that clearly have privatc initiastive.

21, In spite of such devclopment of the rele and importance of the thoories
and methods of location, thire still remain characteristic difforonces in tasks
attachod to thc programming of industrizl locations, rcsulting from various

systems of political ~nd cconomic lifec.

II. _METHOLS TO DETEN INT INDIVIDUAL INDUSTRIAL LOC..TIONS

22. Approachcs to determine industrial locations can be beet divided into two
groups:  (a) to determine tho optimal location as a function of two or morc
locational factors; (k) to dctermine uvhich of two or more locational projects

would bc optimal for thi locztion of an industrial activity or factory.

23. Defined in this wny the detcrmination of industrial locations congidorably
influences the application of the correrponding technique in solving somc of
the locational problems. 1In the first case, somc mathomatical methods can be
applied. In the sccond approach the comparctive method offcrs some lasting
rosults; taking’ this into consideration, the techniques to be applied in solving
that kind of locational problem are outlined below.

f'ﬁt@mticgl mcthods
Classical mathematical mcthods

24, lathematical methods were first used in locational rescarch to doteminc
optimal individual industrial locations. The preblems were the subject ol

rescarch of the previous locational methods, that is, the locational triangle of

Launhardt and Weber and tho isodapane systom of Weber and Palander. The role
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of minimal transport coctc was onc of ‘he mout importrri roculte of arplying
these methodr, Even whon simplified in thim way, suoh methods have proved to

be too complicated for o practical sclution of the nrobtlem,

25,  The isodepanc methed Ninz certair cdveotogycs, T con o used to detormine
almost wll relevant poirts within an investig-ied territeory, that ig, thooo
with respect to transport thet have the same locationnl conditions. .dditional
methodolopiccl weys meke it possibtle to chioose, from a serizc oi locutions, the
one to which other incationnl feoturcs give o locstionsl rdvantoge. Glthough e
detailcd dcscription of ite construction has been ziven nnd menifold possilili-
tice of its application have beor indicated, it hnas ©till rot teca ucced
gufficicntly for purposcs of practicn) resecarch. Techrioues of progrumming
individunl locations =rc, in fuct, of 1ittlc importance either for rescarch or

for practical wvork.
Polivcctor method

26, The requirements of both rcscarch and practical work mean that the problem
of improving *hc techniques for solving individual locational problems is cver
currcnt, Constont development of mathomntice brings cbout an improvemcnt of
the vector theory. Onc of the theorems in thir ficld of mathenaticnl scicncc

is the methodological improvement in dotermining irdividunl locatior with ree-
pcect to the older mcthods alrcady described., JApplied i diffurenz ficlds of

locational research, this ncthod it cnlled the polivector method.<

27. Like the other mathennticzl methods, this onc hog also been the subject
of eriticism. The method takces for gronted the shortest possillce transport
connexions and czn hardly be ~pplicd ii. re,ions with poor tronsportation. By
applying this mcthod the optinmel solution can be obtnined, which nathemetically
denotes thc territorial gravity cuntire. .lso, it denotes an improvencrt in the

application of the locational rcsults,

28. The advantages of this mutiod when detemining individunl locations arc:

(a) It cun start simult-ncously with a reat number of similar
factors, cfuch ne corsuuption contres, raw nateriul and fucl
supplics, and aleo with other diffurcnt factors of locntion
of cqual importance.

g/ The method has beer npplicd several *imce in the last ten years or 6o in
sctting up of plens of industrinlizetion in Yu; oslivia, It has also been
uscd to detcrnine the location of one of the new rement factoricc now under
conetruction in central Eosnin.(1%)
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(v) Lpplication of graphic or nnalyticnl forme of the mcthod is
rclatively rimple, it cnatles locational results to be
obtoied feirly cuickly, -ud the method crnn be widely npplicd
in cpcerative rescarch:

(¢) The nethond can help te nccuire resuits for cach phase, thus,

sutre;ionsl lac-~tiznsl eptimun is 1irct investigoted ond

afterviards the definite optinal sclution is attaincd.
The vay in which the locntion ior o centrrl trensfomer station in the far west
of Yugoslavin has tcen determirncd cnn be taken as an illustration of the posci-
bilities of -.pplying such o ncthod.i/ Savings in investments for iransmission
applicnces ard losscs in tronsmitting the clectrical crerty depend upon thc
choicc of location; thcy arc in dircct relntion to the lencth of transuission
woys.
29. The following prior conditions should be defined if this method is to be
applicd successfully:

(2) Prospcctive conevmption of cluctrical cneryy of the region
should bo.nentrnlized tc five locznl consurptian contres.
Distribution of electrical cnergy is performed from theso
centres through transformer stations of 110/35 k7 tn the
finnl consumers:;

(v) Configuratior of the soil mokce it possible to conncct
directly conrumers' ccntres to the location of the central
traneformer station of 220/11C kV: |

(c) Sourcos of clectric~l enerpy that feocd the cocntral trens-
former sistion cannot be defincd with respect to location
nor with respect to the size of the unit. When claborating
thie droft, it wae token for grantcd thot sources of clectri-
czl encrgy have nc influcnce in dotemmining locations for
the contral traneforming stations, nlthough this is not the
cesc.

}/ The necessary paramctcrs in putting this exemple forward have been forned on
the basie of thc analysirc of the perspcctive plan of cleoctrification
(1. Janié (1961) - Clektrifikacija Istrc", Pnexije sio. 7/8).
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3C. Thus, basic paramctcrs thot influence dotermination of the location for
a central (regional transformer station of 220/110 &) arc thosc that show the
anount of consumption of the clectiricol encrgy being districtuted through local
transformer stations of 110/35 kV. .nnual consumption of cach of the local

centres will, nccording to tac plan, amourt in 1930 to:

Consumption of cloctrical cncrgy in the local cenires in 1980
(Tranafomcr stations of 110/35 kV)

Buje 120 Gth Rasa 170 GHh
130 Gth Plonin 180 Gih
Pula 250 Gwh

31. The locational task would be to sce what was thc optimal location for

the contral transformer station of 220/110 <V with respect to the local trans-
former stations of 110/35 kV. The optimal location zllowc the shortest possible
transmissicn of clectrical cnergy thus minimizing investment costs for the
transmission appliances, current expenscs for maintenance, and the losses in

transmitting clectrical cnergy.

32, To use the polivcctor method means to put a certain region within tho
system of co-ordinatea. All five loczl centres of consumption (transforming
stations of 110/35 kV) nre situated within thc delincated systen of co-ordinates.
This also makes it possible to sct up thc distances by simple wcasuring of tho
map, that is to find the length of thc ebsciesa (X) and the ordinatc (Y).

33. In ordoer to measurc the resulting abscissa (X) and ordinate (Y), the
following table is made:

Ceontres of energy
consumption K 3 X Xx Xy
Buje 120 - - 14,280
Baderna 130 15 715 1,856 9,750
Pula 250 29 - 7,250 -
Rasa 170 14 42 12,530 7,140
Plomin 180 83 571 14,940 10,260
Total 850 36,720 41,430

K = annual consumption of cloctrical cnergy; X = abscissa; Y = ordinate.
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Figure
ocation choice for central tr: tio
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34,  ifter inserting the voiucs piven above (Kx and Xy) into the corrcsponding

formula, one gets the requircd results (X and Y) in the following way:

==le + Kp%s + ch + I\dx4 + chj::
K:~+K‘U+K-+Kd+xe

X

- fx/ = 26,720 = 40.8
= 50

Y o Kéyl + Kbyz + Kcy3 . “a?a + KC¥5 .

Ka + kb + Kc + Kd + he

= : - - .
—F Had0. - 485

35. When the given values of thc resulting abscissa (X) and the resulting

ordinate (Y) are inserted into the preparcd co-ordinate systom, the required
locational solution will be in the interscction, (seco figurc following), The
influonce of certain practical requirements can mean minor corrections with
rospect o determining microlocation for central trensformer stations. Thesc
arc tho problems that should be solved within the limits of investmont decision-
making and tochnical characteristics of the location of a certain plant.

36, Individual locations in different cascs can be dotormined by this mothod
for industrial and other 1on~ti¢ns.ﬁ/ It is sucposed that the locational opti-
mality depends unon onc or more locational factors, whosc locstional ectivity
can bo expressed in the same wey. In case determination of the optimal loca-
tional solution depends upon different factors of location whose locational
activity cannot be oxpressed in the semo woy, this mcthod can be of no use or
only of partial usc. In such a oasc the only possible solution would be to use
tho polivector method while determining the partial solution based on factors
of the same kind and to include, if poseible, n factor of the most docisive
locational activity. ‘the final locational solution will be found oithor

4/ A study of the Academy of Scionces o~ Czechoslovakia, published in 1965 in
Prague, treats probloms in connexion with detormining the location of a
regional shopping conirc. The mathematical solution of the problem has
boen given in a similar way.(16)
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analytically or through thc comparative method after the given result has been

corrccted.

Comparative mothods

37. Application of the compzrative method in locational rescarch is based on
gradual adaptation of the gencral form of comparative analyvsis. The compara-
tive method has in various forms been applicd to many fields of economic and
non-econonic research. Its high flexibility in adapting to different needs
made possible its efficiont application in locational rescarch. This is why
this method has a special place among the techniques of programming industrial

locations.

38, Under thesc circumstances this method can be uscd directly and indopon—
dently for lecse complicated casce: [or more complicated locational rescarch it
is used as an instrumecnt of quantitative cconomic analysis of the widest range.
Its efficiency depcnds upon the form, tusks and field of application chosen.
Herc, thc aim remains basically the same - to find an optimal loczational solu~-
tion among many possiblc ones. It thus becomes one of the most important cle-

ments in investment dcecision-making.

39, The comperativc method is given a dynamic notc as it can be widcly applied
in difforent phascs ond on diffcrent levels of investigation of a certain loca-
tional problem. Such characteristics arc favourable for the efficiency of its
application even within the widest range of dynamic economic analyscs of very

complicated locational problems.

j/ Exomples of applying diffcrent variants of the comparative method are
numerous; of special intercst is the rolc attached to it by Isard in pro-
gramming industrial locations as part of regioral planning. Supply of steel
products for thrce rcgions is a simplificd example of the application of the
comparative costs method. The cxample has been deecribed in Planificatjion
dconomiquo rogionale, by %. Isard and J.H. Cumberland (1961), Paris, p.27.

This revic: has becn bascd on application of the comparative costs method
in the interregionzl rescarch. The mothod has beern further elaborated by
W. Isard and E. Smolensky.(22)
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40. The influencc orf temporal changes in conditions of locating upon the
optimality of the samc locational casc, caused nostly by technological changes
and technical improvements, can z2lso be quantificd throush manifold application
of the comparative analysis. Iu locationnl research, the conparative mcthod

can be uscd in thc following methods.

Complex comparative method

41. VWhen applying this form of comporative mcthod, nll locntional factors of
technical or economical importancc are taken into consideration, whother dircctly
or indirectly connected with the investigated locational problem., Cualitative
and quantitativo locational factors arc both relevant in euch a comparative
analysis. ©Such a complex comparative mcthod accords the widest analytical
approach in investigating locationul problems. The following arc the negative
footures of applying thc complex comparative mcthod.
(a) As a rule, it requires a rclatively lorge amount of rescarch
work and time, and in some cascs it involves high costs
before any final rcsults are rcached. 1t thus becomes less

efficient, especially in tho field of operative locational
research,

(b) Locational results as functions of u grcat number of loca-
tional foctors of differcnt intensity, meaning and direction
of activity, arc often not clear or arc somewhat difficult
to understand. Such locational results cannot always be
relied upon in cascs where all partics are not oqually
interested in the final results.,

d ¢ rative mcthod

42. This vnriant of the comparative method introduces into the locational
estimato only those rclevant locational factors and clementc of locational
investigation that arc of direct influence upon the final result. The basic

way of sclocting and choosing the relevant factors implies the climination of
all locetional factors that arc of cqual impcrtance for all compecting locations;
and all factors and parancters of locational estimatc that are not of cssential
importance for thc final rosult and thus also for the detormination and secquence
of competing locations,

43, This variant of the comparative method is espccially suitoble when
determining optimal industrial and other locstions wherc locational factors are

equal or where therc aro only o few decisive factors of location. It thus shows

its applicability for operative and practical cascs of determining the location,
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In such a wuoy iv 15 nod only vasier to ovtzin the Tinal result, but it also
becomes comprehensible znd logicel, creating the impression of arn objective

approach.

44, It might nrove dangercus to oversimplify or éncourage inadvisable vigour
in selecting the relcvant facvors. -unimportant: locational factors must not
be forgotten ag thig micht =14 5p sitbap incomplete or i.icorrect data crea-

ting a basis for inaccurate locational decision-making,

45,  On the other hand, if the choice of the relevant location factors and
perameters is made competently, the abtridged comparative method will prove to
be of great rractical advantage in all caces where individual location is being
chosen; there aure several phascs in the process of application of the abridged
conparative method,

Defig;gg the locational tack

46, A prior condition for a successful application of the abridged compara-
tive methed neuns to define the task clearly and in advance. Although it can
be also applied in gome epecific cases, it is basically to determine the
optimal among numercue poseible locations for a certain industrial activiti or
project. To select the location that enables mininizing of the costs of losses
or maximizing of the economic effects is one of the most frequent tasks in

applying thic ana other locational methodc.
The_preliminary sclection

47.  then determining the best of the possible looations through the abridged
Ccomparative method. it is often possible to simplify the tagk beforehand. One
mut firoe elimina.e those Clidpelng locations that do not meet the basic
locational conditions, I'or exemple, when building an integrated steelworks,
the minimal necessary grovnd would be 300 hectars, its carrying capacity at
least 2 kilogrens per squars centimetre, minimz) water supply of 2 cubic metres
per second and zo on, O%her %2chnical conditions can be determined in advance
for whole geries of factories o wnits. Wlimination of the locations that
cannot ment economically such nceds, or other locational needs, can, in gome

cases, lead not only to A simplification of the task but also to the definite

solution,
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Det tion of the relevant locational factors

48, A corrcct choice of the relevunt locational ifactors, that is deecisive
paramcters, is of the greatcet importance for the c¢fticieney and quality of
the given rceults through the wbridrod comparative method. Tesides o proper
selection and climinetion of the lese importunt factors, onc must also divide

the sclected locational faciors into quantitative and cualitative factors.

45. Quantitative factore arc thosc from which locution:l activity can be
measured or quentified. Thoy can ve introduced into an exact or mathcmatical
operation and directly relatecd: that is, they can tc comparcd. Ireliminary

operations of putting locational :ctivitico of more rclevant quantitative

factors under a common denominator are often necessory. lost often it is a

type of scale of valuee, but it can also be some natural common scale such as
kilometres or tons per kilometres, for example. ihen production coste, invest-
ment costs, transport costs and othcr coste arc taken ne relevant quantitative
factors, these would be suitable parameters- for e subgidiary mathematical
technique.

50, In order to measure the locational optimnlity on the basic of the scale
of values of paramcters, onc must differentiate between recurrent costs and

non-recurrent costs,

51. Recurrent costs are those that are repeated in the whole period while

the unit is in existcnce. Their eize depends on the characteristics of cach
location, regardiess of their rclation to thc business conditions (produc-
tional parameters, transport costs) or conditions of cxploitation (exploita-
tion costs, transport, ener;y supply cxploitation costs and others). They

are usually measurcd in cqual temporal intervals, mostly annual. Although
transport costs can be taken to represent thesc costs, all other costs that

arc reopeated throughout the duration of the working capacity of the sclected
location are also to be taken into consideration (production costs, maintonance

coste and permenent losscs, for cxample).

52. IExpressed mathematically the gencral fomm for tho valuc of theso costs
would be:

C = C 4' Cr + seneqs + Cr

Cr = reourrent costs; n = nunber of years
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53, Non-recurrent cosis are closcly connected with those rclcevant locational
factors of location whosc activity is monifested in one moment, such as invest-

ment costs,

54.  Some locational factors manifest their locational force in both ways,

that is their activity happens only once (value of investment costs) or is a
permanent activity of recurrent costs. The supply of water or electrical cnergy
means differcnt costs on different locutions, Maintenance cocts, losses and
other costs for the supply of water and clectrical encrgy arc rccurrent costs,
being repoated at intervals, That is why the activity of one and the same
quantitative factor can be manifested in both ways.

55. Locational factors that cannot be measured by objective moans such as
working skills and industrial atmospherec of & certain location arc mualitative,
It is difficult to find their common cloment, but any comparison lacking this

element is impossible to make.

Conparison Lascd on quantitative factors

56. The aim of cach cxact mcthod of detcrmining location is to obtain an
cqual result in relation to 21l quantitative factore. In order to reach that
aim onc must first placc various locntional activitics under a common denomi-
nator. Oynthesizing rceurrent and non-rocurrent costs can in our example be

donc in two ways.

57. Hon-recurrent costs, as for oxamplc investment costs, can be reduced to
temporal costs, this being achicved through the process of determining the
annuitics.(17)

58. In this way non-recurront costs arc given their temporal value; conse-
quently, they are characterized by the same featurc as arc the recurrent (annual)
costs, Only after both types of costs have been rcduccd to their term of

common value can they be summed ﬁp. The given results for any number of com-
peting locations can bec compared in order to dotermine thoir locational opti-

mality.

59. Rocurrcnt coste can be accumulated into one sum by reducing 2all temporal
costs to the present value. Roecurrent costr, (production costs, transport
costs, cexploitation coets) are ropcated throughout the whole period when the
unit subject to location is being used. Thosc costs are discounticd on the

present valuo which cnables their dircet summing up and comparison with non-

recurrent costs, such ar investnont costs.
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60. For such an analysis onc must, for thc unit subject to location, determine
what is the economic expectation of lifc that is at the samc time tho capitaliza-
tion term. For the same purposc, one must determine the profitability ratec for
the branch of activity (it will also be the rate of interest for discounting the
recurrent costs). Thus, discount temm and ratc of intcrect enable recurrent
costs to be reduced to the present value by applying thc ciassical formula for
discounting:

r’ -1

r(r-1)

T = A

T = total costs; A = amount of annual cxpenses; n = number of years;
P
r=(1+ 100)

61. Tho mathematic: expression would be as follows:

C = costs; Ci = investment costs; Cr = annual rccurrent costs; n = number of

years; IVE = discount coefficient in Spitzer tables.

62. The amounts obtained in such a way on the basis of the cqual rclevant
paramoters make a dircct comparison possible. Comparing thc quantitative
results gives an insight into thc level of optimality of o certain location.
Quantification of the activity of all of the relevant factors as it exists is

no doubt the best way to detcrmine the moet optimal of all locations.

63. An example of the application of the abridged comparativc mothod on the
basis of chosen quantitative factors has been set forth in a study. The study
considers the sequence of seven competing locations for a planned stcelworks
on the Yugoslav coast.(18) Tablc 2 gives thc scquence of the competing loca-
tions in accordance with the optimelity, bascd on quantitative parametcrs.

A reviow of the global locational optimality

64. Whon consideration is given only to quantitative locational factors, come
important locational factors with qualitative characteristics may fail to be

taken into consideration, such ne thc industrial atmospherc, applicability for

further expansion, the birthrate in tha rcgion and supply of local manpower.
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Taking thcese factors inte consideration is methodologically difficult and can
lcnd to subjective judgement i deternining loc-tional importance. Howcever,
thesc should not be disrcpgarded; review and considcrotion will be given to the

comparative method 2s - means oI thoeir locational activity.

65. The qualitative locotionnl fnctors cannot be quontificd; consequently, the

very poseibility of the simplc synthcesizing with other relcevont locational
nctors docs not c¢xist  In cascs vherce these factors have 2 predominant influ-
c¢nce upon tho optimal results to dctermine 7o location, this night prove to be a

real difficulty in sceking the objective rcsult.

66. The abridged comparaiive method can be met most often when such methodo-
logical difficultics arc involved. It ic helpful to decide first what would
be their rcal impact upon the quality of 2 location. In such cases thc systen
of pointe is uscd to dcterminc the locational importaonce of these locational

factors.6

67. It is much cosier when the pointing of cuslitative factors means only a
corrcction of the seauence of locntions and the rcesultc achieved on the basis
of guantitative, neasurable poaramcters. A dircct pointing of all of the rele-
vant locational factors (quantitntive and qualitative) is incompatidle with the
rescarch ideas that demand greater reliance on guantitative methodological ways.
Detcrmination of the objective locctional result shows us that only es little
o8 possiblc of the subjective cleonent is to be considered in such rescarch work;

this mecans that locntional activity of cach of the factors should be objective.

68.  Naturally, therc uould not always be nced to apply, or be able to apply,
such etrict criteriz. Neithcr can the locetional importance of qualitative
factors be ncglccted.

69. In order to get o better insight into the tcchricue of synthesizing the
resulte achicved or tho basis of determmining the locational activity of both

Q/ In the postwar period there were several revicws published of the point
systcm in locational roscarch. Theoy appeared first in Amcrican cconomic
literaturc. An outstanding cxample is given in Industrial lLanagement, by
A.S. Knowles and R.D. Thonmson, New York, 1944, pp.52-73. '
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kinds of locational foctors, cxamplee of such ~ method Tollow. Thicz would in
fact, bc o corrcetion op couploment to the rorutts rrom tevice 1 ond .y both

FAPPN
actors,

achieved on the basis of cuantitative

70. It is nccessury first to distrivute the tetil -mount of pointis umon, the

qualitative cnd quantit-tive facters. o the antlysily of such 2 locntionnl

example it has been detoiminea #h-t 1Trar, L,000 poseitle points

The most suitnblc location con sain - further 200 pointe on the bosis of
qualitative factors. This is the cnse vith the € locelion of the ¢iven cxemplc
in table 3). In order to get the most objcctive results, tho pointing should
be performed by commission, l~ter, points c¢f cach of the locations mey be come

pared,

T71.  Table 3 shows thut the limited influcnce of the locational factors with
qualitative characteristics has causcd o corrcction of the achieved results

and sequencc of locations bosed on quantitative factors. Locationz under D end
C have rotated in the scnle of the locntional optimality (toble £ and table 3).

I11. PROGLAIING [ZTHODS FOR CROUP INDUSTLIAL
LOCATIONS AND ALLOCATIOE OF INDUSTRY

72. kuch less time has been devoted to the development of theorice and wcthods
of programming group industrial locations tharn to investigation of industrinl
locations. Wkeber was awarc of that arca of locational problems,(19) yect during
the two following decades no significant wctivity toolr placc. The problems of
group industrial locations and ‘thc allocation of indusiry wore tacklcd only
aftor Losch, Ohlin and others, and after planrcd industrizlizntion hed been
initiated by the Union of Sovict Socizlist Reputlics. These arc still the most

dominant probloms of contemporary locational cconony .

73. The prohlems of programming group industrial locntions arc numerous and
complicated. Thoy multiply repidly duc to the intensity of modern industrial
development. Advanced methodology faccs increasingly complicated tasks. These
erc the main obstacles that prevent » simple and quick dcvelopment of new tech-

niques in programming group industrial locations and the allocation of industry.
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74. In the methodology of space planninig the feollowing problerme nust be
differentiated: programning ¢roup industrial locetions on the basis of their
technological and economic connexions; end cfficiency o1 space nllocation of

industry.

75. Differentiated in such a way, protlems of group industrizl lochtions werc
solved in various ways by applying corresponding methods of programming . The
results obtained in creating specific technicues for progrerming that kind of
industrial location, arc not sufficient. Tor this recason, the use of quantitae

tive economic analysis is still iwmportant.

76. Bearing in nind the two groups of protlems alrcady mentioned, two specific
methods for solving locaticnal problems car be pointed out, Theoe arce indus-
trial complex analysis of thc Icard type, and cpatial modcels in allocnting the
industry. Economic analysis con serve as 2 basis for both, ~lthough cach
approaches modern mathematical mcthode in a different way, cspecially in inves-
tigating the final resulte and cTfects. Other riethods, espocially modern

mathematical ones, can bc of considerable nclp.

Quantitative analylical ricthods

77. Intensive induetrial dcvelopment and the process of industrialization

bring about new locational problems ~nd fcatures. Differcent approaches and new
methods in programming industrial locations are becing created. These locational
techniques are concerned with programming group industrial locations regerdless
of whether they are called industrial complexcs, combinates, industrial centres,

focuses of developrent or anything clsc.

Industrial complexes analysis

78. The industrial complexcs arc a group of induetrial activitios and indivi-
dual locations which, from the technological and cconoric point of view, form.
a unit. French economist Jcan Chardonet was the firct to give o detniled
analysie of these complexes.(20) He 2lso paid morc attention to the complex
agglomorative industrial problens - to which Veber and somc other thcorcticinns
of the older school paid only sporadic attcntion - than to individual problems.
However, Chardonet's analysic is still within the limite of claesical cconomic
analysis, as it does not even touch on the protlems of quantitative mensurement

in industrial complexes. The industrial complex analysis, as clabornted and

applied by Isard and his co-operators, represcnts thic typc of methodological
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system for investigating group industrial locations and their problems.(21)
This methodological approach is still <ept within the limits of quantitative
economic analysis. Industrial complex analysis comprises many methods inclu-
ding quantitative ones, such as the comparative costs analyeis, and the input-

output technique. These methods are also applied in analysing final results.

719. Owing to its complex approach and flexibility, this technique of pro-
gramming can be applied in different cases of research done for group indus-
trial locations. The possibility of quantifying the expected results through
thie method is of vital importance for both locational programming and investe
ment decision-making. For example, the comparative advantage of the so-called
“Dacron A” in Puerto Rico, when compared with the second beet variant, was
estimated to have a yearly net profitability of $US 311,000.(22)

80. The technique of programming inductrial aggregates as shown above can
help a great deal to solve these locational problems, but it cannot provide
the solution for all group locations. IExact locational results depended on
exact subsidiary methods rather than on the industrial complex anelysis as a
whole,

Othe; Tuantitative and analytical technigues

81. Professional litersture of the Urion of Soviet Socialist Republics
analyses the method of programming group industrial locations in the same vay.
These analyses remain mostly within the limits of classical economic analysis.
They comprise the anslysis of technical parameters of location rather than
quantitative analytical elemente.(23) The analyeis of focuses of development,

established as a part of the regional theory in France, shows similar character—
istics,

Spatial models
82. Industrial agglomerations and complexes still represent, as a rule, just
one of the forms of group industrial locations. There still remains the
problom of discovering methods that would gerve to solve the problems of pro-
gramming group industrial locations for o whole territorial or regional unit
and answer the question, “How can all industrial enterprises or industrial
capacities of o region be economically or even optimally allocated? Besides

general analytical methods, spatial modcls can also be used in programming the

locations.
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83. In spite of a difference in the aim =nd scope ot construction and applica-
tion, the method using spatial models can bc considered as - specific instru-
ment in programming grour industrial locations. In countries with a planned
cconomy, the method of spatial models helps to determine the most cconomic

locational reslization of the industrial development plans,

84. lhen trying to determine the most economic distribution of coal in the
United States, Henderson adopted this method, although he omitted some of its
specific features.(24) A similar path was followed by Iarschak to determine

the best productional effects in the oil industry.(25) In both of these cases
suitable mathematical methods vcre used to find those spatial solutions that
would produce maximum economic effects. Both Boventer and Lefeber wished to
determine the general spatial balance in » similar woy, yet their work differed;
emphasis, however, was laid on the theoretical colution of the problem.(26)
Spatial models can be arranged in three cssential groups: homogenous, hetero-

gencous and complex.

Homogenous spatial models

85  The subjects of research in this group are units and activities of the
same kind, although territories mey very., Homogcnous spatial models require the
most cconomic allocation of similar factories in a country or region, such as
steelworks, rcfineries, or coment factories, for example. Thesc are the so-
called spatial models of industrial groups. At the moment, this sort of spatial
model providee the greatest achicvements and the most exact results ond effects

of spatial allocetion in 2 regiou or country.

€5, Thie method can also be =pplicd to colve probloms of distribution of
various tertiary economic and non-cconomic activitiue, such as laundries or
medical contres within an urban area, or thc allocation of hospitals in a
region or country. |

1/ BSvonter, in his "Theoric des raumlichen Cleichgewichts" (page 2) divided
them into "“totalmodolle® and “Partialmodcllc",
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87. Due to its relative simplicity, the homogenous spatial models method is
at thce moment the only one to be applied in programming that type of industrial

) 3
locations.

88. The =application of the spatial modcle method demands correcponding analy-
tical preparations. It comprices the definition and volume of the subject in-
vestigated (for cxorple, allocation of sugar mills or comernt factories in a
country)., The scope of the method must also be determined: minimizing trans-
port or locationally relevant production costs, and maximizing productional
output and so on. The cuality of the results obtained depends not only on the
analyeis of the givon situation but must also take into account the variations
in quantity and size of objoccts and factories in s given region,

89. Final results of thc model are given through the application of the
mathcmatical programming method, most often through the so-called transport
model of linear programming. The claboration of the corresponding algorithms
depends on the type of subjoct and task; the final result depends mostly on the
correct choice of locational factors or paramctors.

8/ Simultancously with the claboration of tho current five-year plan of the
economic development in Yugoslavia (1966—1970), homogenoue spatial models
are being claborated for some locationally relevant groups. This is being
done in ordcr to check whether this method could be epplied in the loca-
tional reolization of the planned programne of industrial development .

The author of this paper has also prepared = basic methodological study
for the needs of Federal Planning Burcau, Beograd.(27)
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90. To obtain the locational distribution of - homogciious industrial group,

for oxamplc tho ccement industry of o region, in which n harmonious relation

oexistc botween production nnd consunption, - nathenrticnl solution o be found

within the linits of the onc-stage closcd transport modcl., The gencral form
would bec as followe:

1,

2,

3.

r4 T )
Min T = ? ;u ci ; xi 5
T 5

i ij = bj
b g o a
LI Bt
r r
5 & - j=1 b,

provided ‘that
j = 1'2’0!‘!'& n

i ] 1,2-.“... m

4y = O

T = totel costs, cij = matrix clcments, xij = transportcd quantitics

of cemcnt from the producer "i' to thc consumer 3%, ay o= capacity of
producor “i*, b, = noeds of the concumer ‘3"

91. In this way we obtain the commuting areng of specific consumcrs: by intro-

ducing a fictitioue consumer J = n+l, wc get the moet coonomic distribution of
productional contrcs.

92, The mathematical solution will take a different form provided that opti-
mality of the location does not dopend entirely on marizcting the goods, but

also on providing raw matericls. In such o cnsc, the so-callcd double-stage

transport modcl will be uscd.

Mn T =

4
i=l J=l

AT

islyiseeeey T = delivery of rew matorinl;

The mathematicanl formmula wonld be as follows:
c x + ;m- ¢ X
1 73 i=T#l jil 13 T4

j=lyseeen ¥ = processing

of raw matorinl; i = r+1,.... m = processing of raw matcerial by the
producers of final goods; j = £ + 1, ..... & = ooncumers of tho finol
product,
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93. Naturally, different problems that appear in programming group locations
will require differcnt procedures which ic of no essentinl importance here as

all of them remain within the limits of mathematicnl programming of the linear
and non-linear typc. This is, nt present, the only way of gauging the optimum

variant of distribution.

Heterogenoous spatial models

94. This method involves investigation of cconomic activitiocs or industrial
€roups. The method is often concerned with sccking the meximum ¢ffects of
distribution of sevcral or all groups of industry in any region. In such a
case, soverel industrizl institutions or factorics belonging to different
branches of industry con be subjoct to investigation; thosc would comprise the
contents of two or morc homogenous spatial models. .t the noment, there is no
specific methodology in programming such group industrial locations other than

classical cconomic analysis,

ngnlex gpatial modcls

95. This method includes the whole territory or rogion; it could be roughly
identified with mcthods of regional planning. A detailed discussion of such
models is unnecessary as thoy do not strictly belong to the techniques of in-

dustrial locations progremming.

hodcrn mathematical mothods

96. Tho aspiration towards cxact locational resulte directed the theory of
location from the very beginning towards 2 full usc of mathematical methodical
means. Thuncn developed a whole bookkceping system that would quantify his
locational results. The mathemrtical soction is one of the composite parts of
Keber's main work "ﬁber dent Standorts der Industricen'. A number of other theor-

ists direcctcd their rcscarch mainiy tovarde improving these mothods. .

97. lodcrn development of spacc economy was also accompanied by an adequate
devolopment of quantitative mcethods; mathematical thcorcms became a part of

the industrial locations prograuming technique.

98. A dynamic and complex approach to locational problome prevents static and
schematic solutions. Thus, the dynamic coonomic apelysis, with the final

rosults greatly quantificd, romains thc basis of rescarch and programming for
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almost all types of locations. I!'athematical mcthods, applicd iu quantifying the
results, arc becoming an indispensable tool in almost nll ficlds ot Jocational
research,

99. Vathematical programming must bo emphasizoed among the modern mathematicel
methods relevant to economic rescarch, The transport modcl in lincar programming
gained vital importance in programin{;'{somc'1ooations, cspecially in quantitative
and analytical looational methods. Other mathomatical mcthods nand theorems ean

be given only a sporadic rolc in locational rescarch,

100. 1In general, the application of mathematical mothods, including mathematical
programming, is still used in sciontific work rather than in practical solutions
of locational problems. This applics particularly to the programming of group
industrial locations, in finding the optimal solutions in the allocation of
industry. One mumt bear in mind that the process of applying modern mathcmatical
methods in programming locations is still at the rescarch stage, and further
results can be expectcd.

Conc;usion

101. Although considerable achicvement has been made in improving = number of
methods for industrial locations programming, still no universal methodological
means or “rcady-made’’ schomcs cxist that could bo applied to solve all locational
problems. This lack has not been caused by imperfect tochniques in programming
and determining location, but rather by various locational problems, constant
changes of locational conditions and varying degrccs of importance attached to
locational factors.

102. However, there do oxist locational problems that can be solved in a simple
way. In some cases, such ag operative programming of industrial locations, tcxt-
books and indicators compiled specifically for spatial roscarch can be used.(28)
One thing is certain, schematic and hasty locational solutions and hasty location
programming do more harm than good.

103. Quantitative economic analysis still rcpresents the bost methodology to ta
applied to thc nceds of industrial locations programing. Many exact mcthods can
be efficiently applied within the limits of this mcthod.

104. The type of locational problem detcrmines the methodology chosen. Although
a number of possible techniques in programming industrial locations arc given in

this paper, the author does not wish to imply that therc arc no other locational

methods that can be used for the same or a similar purpose,
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Chart
Major techniﬂes in iguatrial location programming
mi_c‘ Locations grogaming methods
methodological
aggroggﬁ Individual locations Groug locations
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- Planning models
analysis

II, Mathematical Claseical mathe~
approach matical methods -
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