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"POTENTIAL OF POPULATION" AS A MEASURE OF THE 
GEOGRAPHICAL DISTRIBUTION OF THE POPULATION 

IN CZECHOSLOVAKIA 

In several works on the geographical distribution of the population in 
Czechoslovakia published in 1963-1968, I have dealt with the methods of 
measuring thts essential geographical phenomenon and with 'possibilities of 
comparing accomplished changes by more exact methods. In the present 
contribution, I once again return to these problems. 

As is weH-known, investigations into the distribution of population lin a given 
area use either absolute or relative measures. It is not necessary to go into 
details; however, let it be recalled that these me,asures are severely criticized 
by geographers and, especially, e'conomists and leading planners of national 
economy who. are dependent on geographical studies. As to experiments, 
the authors of which have tried to express the special or economic density 
of population, 1. e. to take into account the economic "tolerab1l1ty" of 
popUlation, priority in Czechoslovakia goes to J. Hromadka (1934, 1943). 
After 1945, new ideas in geogra'phy (including the measuring of changes) and 
oartography have been expressed in this country by J. Korcak. 

The concept and term of potential of population was introduced by a non­
geographer - astrophysicist J. Q. Stewart; besides by him, the use of 
po.pulation pot'ential has been further developed by W. Warntz and other 
American geographers. The experiment I present in this contribution was 
inspired by a study by L. Kosinski. 

Papulation potential is !based on the laws phY5ics, on gravitational models 
frequently bused, at present, in social-econo.mic sciences. The logical oon­
sequence of the development of economy is the growth of population in gi'VeTI 

places - areas. We certainly understand that individual places - areas 
influence each other in direct proportion to the number of inhabitants and 
in inverse proportion t:o the distance Ibetween them. Thus the potential of 
population in a given place or area oonsiders both the number inhabitants 
of other places (,areas) and their distances from the given place. The definition 
could also make use of L. I. Vasilevs'kl's formulation - the parameters of 
potential express, in the economic-geographical sense, the summary influence 
of the phenomenon that exists in the whole area studied, taking into account 
the distance from the given place. J. Q. Stewart calculates population 

potential at point j of the area studied according to the formula 1] j Pi , where 
Vi; 

Pi = ,population number in place i, Vi; = distance ibetween this place i and 
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the place ; investigated. This autJ10r has also the merit o f carrying out 
applications of the p11ysical laws in geograp11y and social sciences (demo­
graphic energy). 

Besides t11e potet:.tial, representing a sca lar quantity, we can introduce into 
the map also a vector quantity - intensity of the fie ld (number of i!l1habHans 
over distance squared, vector lines being verti cal to isolines dividing places 
of the same potential). Centripe tal tendencies are balanced by centrifugal 
ones. Rractically , the p,otentia l of population has been used several times 
in Czechoslovakia, though not in the sense of tihe above exact defini tion and 
calculation; e. g., in such and similar cases where 18bour reserves for 
a planned or newly established enterprise are being investigated, or the future 
clien tele of services localized in a given centre, etc. 

In order to prepare the map of population potential of Czechoslovakia, 
which was the task of the experiment reported, I used districts (from 1960 ). 
They were sligl1tly adapted, especially by joining bo th the rural districts 
to Prague and one of the neighbouring districts to Brno, Bratislav,a, Ostrava 
(Karvina ) and Plzeil (South), respectively. In the dis trict of Plzen-North, 
Plasy is considered to be the centre . The number of inhabitants of the 
district (103 districts) was always related to the district town. Its lo calization 
was defined by CarteSian co-or dinates of the map of 1 to 1 million, which 
gave 1540 (viz. , 55 X 28) squares. E. g., the position of Prague was defined 
by the numbers 12 (=x) 22 (=y). The distri cts are, of course, of different 
size and sha'pe. This is corrected by an index depending both on the size 
and on the shape of the areal unit; it is the radius of the circle of the same 
area. In order to be able to keep up with the changes, I calculated the 
situation for the periods of 1921 and 1961. 

The calculations proper - it was necessary to carry out tens of thousands 
of operations, though rather s imple ones - were carried out Iby a common 

type computor according to the formula Pi = -- + , where Li ~ L j 
A i Vi; 

Pi = populatiQn potential of the areal element i , Li = /population number in 

1 
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point i, A i = index of reduction in paint i , Lj = population number in any other 
point j, Dij = distance between paints i and j. 

Distances are then calculated by the can;pute r using the form ula 

Vij = Y (x i - xj}2 + (yi - yj }Z, which is Pythagoras' theorem. 

The results were typed by the computor in the place .of the position (given 
by the co-ordinates x, y) of pOint i. Th ese it was necessary t.o incorporate into 
the map and to interpolate the isolines of population potern ttal. I chase isolines 
wi th the interval of 20,000 'Per sq. km; thus 6 classes were constitu ted , both 
for the situation of 1921 and for that of 1961. Both the maps (1, 2 ) situate the 
area of the highes t population potential - over 160,000 per sq. km - in 
central Bohemia, in the neighbourhood of Prague (dis tri cts of Melnik ilnd 
Kladno). ConSidered a very high po ' ential value. 140,000- 160,000 per sq. km 
is also to be. In 1921 it occurs in three sep ara te areas in Bohemia and central 
Moravia. They are surrounded by areas with population potential of the si'ze 
class IV, which do not transgress to Slova'Ma, where tll e size clas III - rare 
in the Czech countries - is 'broad ly distributed, together Witll the size class II; 
as to Bohemia, the latter appears only in the western 'peTiphery. Almost the 
whole eastern half of Slovakia exhibits only the lowest values. In 1961, the 
maximum remains in the same pla ces (class VI). Area£ with population 
potential of 140,000- 160,000 sq. ·km merge and extend eastwards, but i "l 
spite of considerable changes they do not y·et extend to Slovakia. Also other 
size classes have been altered, the changes supplying evidence of a shift 
eastwards, i. e., basically, extendill1g the areas of lower values in Bohemia 
and those of higher values in Slova Ida. A striking restriction (a lmost by one 
half) is typical of the area of the lowest potential value in eastern Slovakia. 

2 
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Confronting the s ituations in 1921 and 19fH resulted in preparing the third 
map, that of the changes in population potential, with their rates and 
directions in individual areas (districts). For this map (3) I chose the interval 
of 5,000 per sq. km. Over .a period of forty years, in a great number of cases 

287 



3 

l"IIII11"lIlIllllllt Z~~ 

(72) the potential values increased, all of them in Slova'kia and Moravia­
Silesia, and in a certain number of cases (31) they decreased, all in Bohemia. 

It should be critically admitted that Czechoslovakia, owing to her shape 
(in contrast to, e. g., Poland and Hungary), is not very sutt<able for the 
procedure applied, viz., following the geographical distribution of population 
by means of population potential. Nevertheless, it appears that the situation 
of 1961 is much closer to the ideal case than that of 1921. In the ideal case, 
1. e. that of an even distribution of 'population, the highest potentia l values 
would be situated in the geometrical centre of the state. Thus also this 
method shows that great changes in the geographical distribution of population 
in Czechoslovakia from 1921 to 1961 halve led to a reduction of unevenness. 

The map of population potentia l illus trates, of course, also a certain 
relation to the map of the density of ·population; however, this relation is not 
very close. After all, the most densely populated parts of Czechoslovakia 
(Prague and its surroundings, Teplice-Most, Brno and its surroundings, Ostrava­
Karvina), in hoth the maps, lie in the fourth class of potential values 
(Ostrava-Karvina in 1962 in the third class) . In comparison with simple 
maps of the density of population, these maps are of a more synthetic and 
generalizing character; they would s till he of the same type even if a greater 
number of classes of potential values were used. 

The Czechoslovak application of Stuart's method is theoretically important 
in presenting, more than is the case in other states, the problem of its 
international application. The state border of Czechoslova'kia a'pproaches, to 
only 40-50 km, three million-agglomerations - Vienna, Budapest and the 
conul'bation of Upper Silesia. If the state ,border were ign.ored, s outh-eas tern 
Slovakia would belong to a very s trong population potenti.al of more than 
200,000 per s q. km. How much should these values be reduced .owing to the 
fact that the state border weakens the influence of the strong centres 
mentioned above to a considerable extent, but not completely? This problem 
arises in a number of European states, but a lwa ys only at one place. 

As has been mentioned above, owing to the shape of Czechoslovakia the 
method applied is not Ivery convenient and that is why we have tlied to 
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modify it. To this purpose we aSSUl11e that the whole state is populwted in 
a constant density corresponding to the average density of population. 

The formula we use is formally 1dentical, we only introduce the value Lio 
instead of Li - Lio being equal to hpi, where pi = area of district, h = 
= average density of population in the CSSR. The same expression is valid 
for index j; the other expressIons remain the same. 

4 
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One single corresponding calculation of the ideal field is sufficIent, since 

Pt=~+ '" ~ 
Ai ~ Di; 

=h(~+ "'~) 
Ai ~ Di; 
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The calculation can thus take the areas of districts into account; the 
resulting potential is then an h multtple; when the density h1 is used, we can 
get over to the case for density h2 by multiplying the result hy the coef­

h2 
ficient -- . 

h1 
The map (4) obtained through this calculation corresponds to an idealized 

value of the potential. If we suhtract theses values from the original results, 
we get deviations from the ideal state that characterize the actual state 
very well (5). 

For further information see the appended maps. 

The method of population potential is relatively (at present and under our 
conditions) more elaborate and more expensive than some other ones that 
offer the same results. Therefore we must be very careful in chOOSing the 
procedure which was apiplied here rather experimentally. I am of the opinion 
that it would be very instructive if enriched with further parameters. Population 
can be evaluated (weighted) by introducing the criterion of the efficiency 
of labour or per capita income, geometrical distribution can be replaced by 
economic, if we introduce transport· factors or the value of investments in 
the area, etc. Especially practical applipatlons of geography furnish many 
possib1l1t1es for sImilar procedures to be applied in this country. *) 
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Resume 

"POTENCIAL OBYVATELSTVA" JAKO MIRA GEOGRAFICKEHO ROZLOZENI 
OBYVATELSTVA v CESKOSLOVENSKU 

Sledujlce rozmlsteru obyvatelstva v nejake oblasti, pou2!ivame, jak znamo, bud mer 
albsolutnlch, nebo relatlivnlch. Dale 0 nich nen( t1'eOO se ZIIlliil.ov~t, ale p1'ipomeil.me, 
jak jsou vystaveny kritice geografO. a ze'jmeI1!a ekonomil. a vedouc(ch pracovn(kll 
pllinovan( narodnlho hospodai'sM, kte1'( isou na geograficke elaboraty odklizlin1. Z po­
kusll, pi'i kterych se autoi'! sna~( 0 vyjad1'enl specialnI ~i ekondmicke hustoty zal1dneni, 
tj. 0 respektovanl ekonomicke linosnosti zalidneni,pati'l v Ceskoslovensku pI!'I1orita 
J. Hromadkovi [1934 a 1943). A po r. 1945 vyj~di'il u nlis nove my!Henky v geografU 
[v~etne me1'enl zmen) a v kartografii obyvatelstva J. KorMk.· 

Koncepce i termln potenctalu .obyvatelstva (lidnatostiJ vychAz[ od negeografa (astro­
fysika) J. Q. Stewarta; vedle neho pou2!iti potencialu obyvatelstva dale propraooval 
W. Warntz a dals( ameri~t1 geografove. Mne inspirovala k p1'edlo~enemu experlmentu 
stu die L. Kositiskeho. 

Potencial obyvatelstva vycMz[ ze zakoni't fyziky, z modelll gravita~nich, pou~[vanych 
dnes oasto i ve spolecensko-ekonomickych vectach. Rozvoj ekonomiky zpllsobuje logicky 
rllst zalldneru pi'lsluliuych mist - oblasti. Zajiste chapeme, ~e jednotIivli mlsta -
oblasti - na seba pllsobi p1'[mo limeme podle poctuobyvatel a nep1'(mo limerne podIa 
vzajemne vzdalenosti. A tak potencIal obyvatelstva daneho mista, resp. oblasti, respek­
tuje jak po~et obyvatel (mista, oblasti), tak take po~et obyvatel mist (oblasti) ostatnlch 
a jejich vzdalenostl od mista daneho. Take bychom mohU definovat slovy I. I. Vasi­
levsk~ho: "Parametry potencialu v ekonomickogeografdckem smyslu vyjad1'uji sumarnf 
vl1v jevu, existujic1ho po celem studovanem lizeml, s pi'ihlednutlm ke vzdalenosti od 
vyti!eneho mlsta." J. Q. Stewa~t vypo~[tava' potenc1B.l obyvatelstV'8. v bode "," studova-

IJ Pi 
neho lizemi takto·: _i__ ; p1'itom Pi pi'edstavuje po~et obyvatel v mist!! i, Di; pak nt; 
v7ldalenost od tohoto mista [I) ke studQovan~mu m[stu t. Tomuto autorovi pati'[ zaSluha 
i 0 dalSi aplikace zlikoni't fyziky v geografii a spole~enskych vectAch (demograficka 
energie). 

Mimo potenCial, p1'edstavujic[ veli~inu skalarni, mtUeme, do mapy' zavest vektorovou 
veli~inu - intenzltu pole [p.(}~et o'byvatel je delen ~tvercem v'zdltleno'sti, pi'i~em~ jrou 
linie sil kolm~ k izo,~aram, cddelujicim mista stejn~h.o potenctalu). Tendence dosti'e­
dive joou vyva~eny tendencemi odsti'edivymi. V praxi bylo . potencialil obyvatelstva -
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ti'eooze ne v tHo pi'esne definici a vypcctu - i u nas pouzito nekolikrat, napr. v ta­
kovych ci obdobnych pi'ipadech, kdy se sleduje zasoba pl'Bcovnich sil pro uvazovany, 
resp. nove zaklil.dany podnik nabo budoucI klientela sluzeb lokalizovanych v nejakem 
sti'edisku apod. 

V pi'edlozenem pokusu jsem pi'i tvorbe mapy potencialu obyvatelstva Geskoslovenska 
pouziv.alokresy (z r.1960) po malych upravach, zejmena po pi'ipojenI obou venkovskyeh 
okresfi k Praze a po jednom z okolnieh k Brnu, Bl'atislav'e, Ostrave (Karvina) a Plzni 
(jih). V okrese Plzeii-sever povawvano za stredisko Plasy. Pecet obyvatel okresu 
(je j1eh 103) byl vzdy vztahovan k okresnimu mestu. Jeno lokalizae1 jsem urcoval 
kartezians,kymi S>Dui'adnieemi z mapy 1: 1 mH., jimiz S8 vytvoi'! 1540 ['protoze 55 X 28} 
ctverefi. Napi'. polohu Prahy udavala cisla 12 (= x) 22 (= y). Okresy jsou ovsem rfizne 
velike a rfizneho tvaru. To koriguje index, zavisejiei jak na velikosti, tak na tvaru 
uzemni jednotky; je to po10mer kruhu 0 stejne plase. Abyehom manU sledovat i zmeny, 
i'esll jsem situaei pro obdob! r. 1921 a 1961. 

Vlastni vypo/!ty bylo ti'eba mnoho desitek tis!e operaei, ovsem jednoduehych -
byly provedeny na samocinnem pocltacim stroji bezneho typu podle vzoree: 

Li LI . 
Pi= -M+ 2: Dij 

kde Pi = potencial obyvatelstva na plosnem elementu i , Li = poclet obyvatel v bodu i , 
Ai = index redukee v bodu i , L; = pacet obyvatel ve vsech dalS[eh bodech I, 
Vi; = vzdliIenost mezi body t, ;. 

Vzdalenost poma jiz stmj sam podle vwrce Vi; = V(xi - x1l 2 + (yi - y1l 2, kte['y 
vlastne pi'edstavuje vetu Pythagorovu. 

Vygledek vyUskl pocitaei stooj v mlste polohy (resp. urcenem soui'adnicemi x, y) 
bodu i. Ty p,ak bylo treba prenest na mapu a interpolovat izocary potencjalu obyva­
telstva. IzoCliry jsem zvolil s intervalem po 20 tis./km, vzniklo tedy 6 ti'id pro siituaci 
jak r. 1921, tak 1961. OM mapy (1, 2) ukazuji oblast nejvyssiho potencial'll obyva­
telstva - pi'es 160 tls./km - ve sti'ednich GecMch, v bHzkosti Prahy (okresy Melnik 
a Kladno). Jako velmi vysoko'll hodnotu 'potencialu mazno oznacit take 140-160 tics./km. 
V roce 1921 j1 vykazujl ti'l oddelene oblasti, v GecMch a na sti'edni Morave. Oblasti 
s poteneialem obyvatels,tva ctvrte velikostnl tl'Idy je pak obklopuji, nezasahujiee na 
Slovensko. Tam je rozsH'ena velikostni ti'ida ti'eU, v Geskych zemich jen malo zastou­
pena, a velikostni ti'ida druM, ktera se vyskytuje v Gechach pouze na zapadni peri­
ferii. Skoro cela vyehodni polovina teto zeme vykazuje pouze nejnizsi hodnoty. V roce 
1961 zfistava meximum v teoMe misteeh (VI. skupina). Oblast s potenclalem obyva­
telstva 140-160 tis./km se spojuje a rOzSii'uje na vyehod, na Slovensko vsak i pi'es 
velke zmeny stale nezasahuje. I v dalSich velikostnlch tHdach docMzi ke zmenam, 
ktere dokazuji prl:lsuny smerem k vychodu, tj. v podstaW rozsii'ovan! oblast[ nizsich 
hodnot v Geehach a oblasti vyssich hodnot na Slovensku. Vyrazne ja pak zmensenl 
rozsahu - skoro na polovinu - oblasti nejuizsfch hodnot poteneialu na vychodnim 
Slovensku. 

Srovnanrm situaci r. 1921 a 1961 byla vytvoi'ena treU mapa, mapa zmen potenciaIu 
obyvatelstva, s jejich tempem i smerem v jednotlivych arealech (okresech). V nr (3) 
jsem molil interval po 5 tis./km. Za obdob! 40 let dacMzi v Geskoslovensku ve velikem 
poctu pi'ipadfi (72) k zvyseni hodnot potencialu obyvatelstva, vesmes na Slavensku 
a Morave-Slezsku, v urci'tem poctupHpadfi (31) k jejieh snizeni, vesmes v GecMeh. 

Kritieky nutno prlzna't, ze Geskoslovensko se svym tvarem (opak viz napi'. Polsko 
neb a Madal'Sko) malo hodi pro postup, kterYi jsme zde aplikov,ali - pro sledovanI 
geografiekeho rozlozenI obyvatelstva pomoei potencialu obyvatelstva. Presto dokazuje, 
ze situace v r. 1961 se blizI idealnimu 'prip,adu mn-ohem vice nez v r. 1921. V idealnim 
(tj. rovnomernem) pripade rozlozeni oby~atelstva by nejvyssI hodnoty potencialu 
le~ely v geornetrickem sti'edu statu. Tedy take touto metodou se dokazuje, ze velike 
znreny v geografickem rozlozeru obyvatelstva Geskoslovenska od r. 1921 do r. 1961 
vedly k zmensen[ nerovnomernost[. 

Mapa potenelalu obyvatelstva Uustruje samozi'ejme urcity vztah k mape hustoty za­
l1dnenl, ale n1koll vztah tesny. Ostatne nejhusteji zalidnene casti Geskoslovenska (Praha 
s oko![m, TepUce - Most, Brno s okolfm, Ostra'va - Karvina) na obou zhotovenych 
mapach le~[ a~ ve (;tvrte trld~ hodnot potenelalu (Ostrava - Karvina r. 1921 ve ti'eU). 
Mapy maji ve srovnlin! s prostfmi mapaml hustoty zalidnenI vice synteticky a gene-
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ralizujicl charakter; takovymi by zustaly i pi'i volbS vetSiho poctu ti'id hodnoty po­
tencialu. 

Ceskoslovens,ka aplikace Stuartovy metody rna teoreticky vyznam potud, :l:e vice ne:l: 
u jinych statu vyvolava problem jejl aplik'ac6 mezlnarodni. Statni hranlce CSSR se 
toti:l: na pouhych 40-50 km pi'iblizuje k trem mi1i6novymaglomeracim - Vidni, Bu­
dapest! a konurbacl Horni Slezsko., Kdyby se ignorovaly statni hranlce, octIo by se 
jihozapadni Slovensko v pasmu velmi silneho populacniho potencialu, pi'evysujiciho 
200 tls./km. Do jake miry se maji tyto hodnoty redukovat vzhledem ,k tomu, ze statni 
hranice sice sUne zeslabuje pusobeni uvedenych sUnych center, ale nikoli uplne? 
Takovy problem vyvstava u i'ady evropskych statll, ale v:l:dy jen 'TIa jednom miste. 

Protoze tvar Ceskoslovenska, jak ji21 vyse uvedeno, neni nejvhodnejsi pro pou:l:iti 
aplikovane metody, byl ueinen pokus 0 jeji mOdifikact Uva:l:ujeme pi'!tom, :l:e cely stat 
je zalidnen pi'i konstantni hustote, odpovidajici prumerne hustote zaUdnenL 

Pauzity vWlrec bude formalne stejneho tvaru, pouze misto Li zavedeme hodn01u Lio, 
pi'iCemz piaU 

Lio = hpi 
kde pi = plocha okresu, h = prumerna hustota zalidneni v CSSR. 

Stejny vyraz plat! pro index ;; ostatni pauzite vyrazy zustavaji i v tomto pi'ipade. 
Odpovidajici vypoeet idealniho pole stac! provest pouze jednou, nebot pIaU 

Lio 2: L;o Pi=--+ --
AI Dtl 

=h (_Pi_ + ~~) 
Al L... Dt} 

Je mo:l:no tedy pi'! vypoctu uvazovat plochy okresu a vyslednt potencial je potom 
h-nasobkem; pri pou:l:iti hustoty hI lze na pi'ipad pro hustotu h2 pi'eja vynasobenim 

~2_ vysledku koeficientem 
hl 

Mapa (4) ziskana timto vypoCtem odpovida jakesi jdeaiizovane hodnote potencialu. 
Kdy:l: tyto hodnoty odecteme od puvodne dosazenych vysledku, dostaneme odchylky, 
ktere velmi dobi'e charakterisuji skuteeny stav (5). 

V dalSfm odkazuji na pi'ipojene mapy. 
Metoda potencialu obyvatelstva (v soucasne dobil a v nasich pomerech) je pomerne 

pracnejsi, nakladnejsi nez jine, kterymi do cHIme stejne vysledky. Proto musime uva:l:l1ve 
zvolit postup, kteryzde byl spise expertmentalne aplikovan. Myslim, :l:e by jako instruk­
tivni vystoupila zvlaste pi'i obohaceni 0 dalsi parametry. Obyva~elstvo mu:l:e byt napi'. 
ooeiiovano (vazeno) zavedenim kriteria produktivity prace ci duchodu na hlavu, geo­
metricke rozlozeni muze byt az zameneno za ekonomicke, kdy:l: napi'. zavedeme faktory 
dopravni ei hodn01u investic 'V uzemi apod. Zejmena v aplikaci geografie pro praxi 
vytyeuji se v tomto smyslu i u nas velike moznosti pro podobne postupy. 

Pokud se tyee otaz.ky pouziti poeltacich stI'Oju pri tvorbe ekonomickych map, pokus 
odpovida kladne.·) 

*) Autor je zavazan za konzultace v otazkach matematickych a fyzikalnich dr. V. 
B e z v 0 do viz pi'irodovedecke fakulty University Ka;:lovy. 

293 


