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VLASTISLAV HAUFLER

,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 this 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 well-known, investigations into the distribution of population in a given
area use either absolute or relative measures. It is not necessary to go into
details; however, let it be recalled that these measures are severely criticized
by geographers and, especially, economists 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, i. e. to take into account the economic ‘tolerability” of
population, priority in Czechoslovakia goes to J. Hromadka (1934, 1943).
After 1945, new ideas in geography (including the measuring of changes) and
cartography have been expressed in this country by J. Korcak.

The concept and term of potential of poupulation was introduced by a non-
geographer — astrophysicist ]J. Q. Stewart; besides by him, the use of
population potential 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.

Population potential is based on the laws physics, on gravitational models
frequently bused, at present, in social-economic sciences. The logical con-
sequence of the development of economy is the growth of population in given
places — areas. We certainly understand that individual places — areas
influence each other in direct proportion to the number of inhabitants and
in inverse proportion to the distance between them. Thus the potential of
population in a given place or area considers both the number inhabitants
of other places (areas) and their distances from the given place. The definition
could also make use of L. I. Vasilevski‘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

; Pi
, where
Dij
Pi = population number in place i, Dij = distance between this place i and

potential at point j of the area studied according to the formula
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the place j investigated. This author has also the merit of carrying out
applications of the physical laws in geography and social sciences (demo-
graphic energy].

Besides the potential, representing a scalar quantity, we can introduce into
the map also a vecior quantity — intensity of the field (number of inhabitans
over distance squared, vector lines being vertical to isolines dividing places
of the same potential). Centripetal tendencies are balanced by centrifugal
ones. Practically, the potential of population has been used several times
in Czechoslovakia, though not in the sense of the above exact definition and
calculation; e. g., in such and similar cases where labour reserves for
a planned or newly established enterprise are being investigated, or the future
clientele 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]j.
They were slightly adapted, especially by joining both the rural districts
to Prague and one of the neighbouring districts to Brno, Bratislava, Ostrava
(Karvind) and Plzeii (South), respectively. In the district of Plzefi-North,
Plasy is considered to be the centre. The number of inhabitants of the
district (103 districts) was always related to the district tcwn. Its localization
was defined by Cartesian co-ordinates 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 districts are, of course, of different
size and shape. 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 simple ones — were carried out by a common
Li Lj

type computor according to the formula Pi = —- + *_’ , where
A i : : Dij

Pi = population potential of the areal element i, Li = population number in
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point i, Ai = index of reduction in point i, Lj = population number in any other
point j, Dij = distance between points i and j.

Distances are then calculated by the camputer using the formula

Dij =\ (xi — xj)? + (yi — yj)?, 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. These it was necessary to incorporate into
the map and to interpolate the isolines of population potential. I chose isolines
with the interval of 20,000 per sq. km; thus 6 classes were constituted, both
for the situation of 1921 and for that of 1961. Both the maps (1, 2) situate the
area of the highest population potential — over 160,000 per sq. km — in
central Bohemia, in the neighbourhood of Prague (districts of Méeélnik and
Kladno). Considered a very high potential value. 140,000—160,000 per sq. km
is also to be. In 1921 it occurs in three separate areas in Bohemia and central
Moravia. They are surrounded by areas with population potential of the size
class 1V, which do not transgress to Slovakia, where the size clas III — rare
in the Czech countries — is broadly distributed, together with the size class II;
as to Bohemia, the latter appears only in the western periphery. Almost the
whole eastern half of Slovakia exhibits only the lowest values. In 1961, the
maximum remains in the same places (class VI). Areas with population
potential of 140,000—160,000 sq. kin merge and extend eastwards, but in
spite of considerable changes they do not yet extend to Slovakia. Also other
size classes have been altered, the changes supplying evidence of a shift
eastwards, i. e., basically, extending the areas of lower values in Bohemia
and those of higher values in Slovakia. A striking restriction (almost by one
half) is typical of the area of the lowest potential value in eastern Slovakia.
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Confronting the situations in 1921 and 1961 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
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(72) the potential values increased, all of them in Slovakia 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 suitable 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,
i. e. that of an even distribution of population, the highest potential 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 have led to a reduction of unevenness.

The map of population potential illustrates, 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-
Karvind), in both 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 still be 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 Czechoslovakia approaches, to
only 40—50 km, three million-agglomerations — Vienna, Budapest and the
conurbation of Upper Silesia. If the state border were ignored, south-eastern
Slovakia would belong to a very strong population potential of more than
200,000 per sq. 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 always only at one place.

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

The formula we use is formally identical, 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.
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One single corresponding calculation of the ideal field is sufficient, since

L ]

Pi = io + Z Ljo

Ai Dij
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The calculation can thus take the areas of disiricts into account; the
resulting potential is then an h multiple; when the density h; is used, we can
get over to the case for density hs by multiplying the result by the coef-

hy
hy

The map (4) obtained through this calculation corresponds to an idealized
value of the potential. If we subtract theses values from the original results,

we get deviations from the ideal state that characterize the actual state
very well (5).

ficient

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 applied 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 applications of geography furnish many
possibilities for similar procedures to be applied in this country.*)
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Résumé

~POTENCIAL OBYVATELSTVA®“ JAKO MIRA GEOGRAFICKEHO ROZLOZENI
OBYVATELSTVA V CESKOSLOVENSKU

Sledujice rozmist&ni obyvatelstva v né&jaké oblasti, pouZivdme, jak zndmo, bud mé&r
absolutnich, nebo relativnich. Dédle o nich neni tfeba se zmiiiovat, ale pfipomeiime,
jak jsou vystaveny kritice geografi a zejména ekonomit a vedoucich pracovnikid
plénovani nérodniho hospodédistvi, kteff jsou na geografické elaborédty odkézéni. Z po-
kusi, p¥i kterych se autofi snaZi o vyjddren! specidlni ¢i ekonomické hustoty zalidn&ni,
tj. o respektovani ekonomické tnosnosti zalidndni, pat¥f v Ceskoslovensku priorita
J. Hromadkovi (1934 a 1943). A po r. 1945 vyjadril u nds nové mySlenky v geografii
(vEetnd me&Feni zm&n) a v kartografii obyvatelstva ]. Kor&ék."

Koncepce i termin potencidlu obyvatelstva (lidnatosti] vychéazi od negeografa [astro—
fysika) J. Q. Stewarta; vedle n&ho pouZiti potencidlu obyvatelstva déle propracoval
W. Warntz a dalsi ameriéti geografové. Mne inspirovala k predloZenému experimentu
studie L. Kosifiského.

Potenciédl obyvatelstva vychazi ze zdkoni fyziky, z modell gravitaénich, pouZivanych
dnes asto i ve spolefensko-ekonomickych védach. Rozvoj ekonomiky zplsobuje logicky
rist zalidn&ni pfisludnych mist — woblasti. Zajisté chdpeme, Ze jednotlivd mista —
oblasti — na sebe plisobi pfimo Gmé&rné podle po&tu obyvatel a nepiimo Gmé&rnd podle
vzdjemné vzddlenosti. A tak potencia! obyvatelstva daného mista, resp. oblasti, respek-
tuje jak podet obyvatel (mista, oblasti), tak také pocfet obyvatel mist (oblastf) ostatnich
a jejich vzdalenosti od mista daného. Také bychom mohli definovat slovy I. I. Vasi-
levského: ,Parametry potencidlu v ekonomickogeografickém smyslu vyjadfuji sumérnf
vliv jevu, existu]iciho po celém studovaném tzemi, s pfihlédnutim ke vzdalenosti od
vytéeného mista.“ J. Q. Stewart vypogitdvé potenc1él obyvatelstva v bod& ,j“ studova-

X Pi

ného dzemi takto: - ; pritom Pi pfedstavuje pofet obyvatel v mist& i, Dij pak

vzdalenost od tohoto mista (i) ke studovanému mistu j. Tomuto autorovi patfi zasluha
i o dalsi aplikace zékonid fyziky v geografii a spoleéensk?ch vddach (demograficka
energie).

Mimo potencial, piedstavujici veli¥inu skaldrni, miZeme do mapy zavést vektorovou
veli¢inu — intenzitu pole (potet obyvatel je d&len &tvercem vzdalenosti, pfifemZ jsou
linie sil kolmé k izoardm, cdd&lujicim mista stejného potencialu). Tendence dostie-
divé jsou vyvéZeny tendencemi odstfedivymi. V praxi bylo potencidlu obyvatelstva —
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tfebaZe ne v této presné definici a vypcétu — i u nés pouZito n&kolikrédt, nap¥. v ta-
kovych ¢i obdobnych pripadech, kdy se sleduje zdsoba pracovnich sil pro uvaZovany,
resp. nové zaklddany podnix nebo budouci klientela sluZeb lokalizovanych v né&jakém
stfedisku apod.

V predloZeném pokusu jsem pf¥i tvorb& mapy potencidlu obyvatelstva Ceskoslovenska
pouZival okresy (z r.1960) po malych dpravéch, zejména po piipojeni obou venkovskych
okresti k Praze a po jednom z okolnich k Brnu, Bratislavé, Ostravé (Karvind) a Plzni
(jih). V okrese Plzefi-sever povaZovdno za stfedisko Plasy. PcCet obyvatel okresu
(je jich 103) byl vZdy vztahovdn k okresnimu méstu. Jehco lokalizaci jsem ur&oval
kartezidnskymi soufadnicemi z mapy 1:1 mil,, jimiZ se vytvo¥i 1540 (protoZe 55X 28)
¢tvercli. Napf. polohu Prahy udévala &isla 12 (= x) 22 (= y). Okresy jsou ovSem riizn&
veliké a rGzného tvaru. To koriguje index, zavisejici jak na velikosti, tak na tvaru
Gzemni jednotky; je to polomé&r kruhu o stejné ploSe. Abychom mohli sledovat i zmé&ny,
fesil jsem situaci pro obdobi r. 1921 a 1961.

Vlastni vypolty — bylo tfeba mncho desitek tisic operaci, oviem jednoduchych —
byly provedeny na samod¢inném pocitacim stroji b&Zného typu podle vzorce:

Li I
Pi = + Z
Al Dij

kde Pi = potencidl obyvatelstva na ploSném elementu i, Li = potet obyvatel v bodu i,
Ai = index redukce v bodu i, Lj = pofet obyvatel ve vSech dalSich bodech j,
Dij = vzdélenost mezi body i, j.

Vzdalenost po&itd jiZ stroj sdm podle vzorce Dij = Y(xi — x])2 + (yi — y/)?, ktery
vlastné predstavuje vétu Pythagorovu.

Vysledek vytiskl poéitaci stroj v mist& polohy (resp. uréeném soufadnicemi x, y)
bodu i. Ty pak bylo tfeba prfenést na mapu a interpolovat izoCary potencidlu obyva-
telstva. IzoCary jsem zvolil s intervalem po 20 tis./km, vzniklo tedy 6 t¥id pro situaci
jak r. 1921, tak 1961. Ob& mapy (1, 2) ukazuji oblast nejvy3$siho potencidlu obyva-
telstva — pies 160 tis./km — ve stfednich Cechédch, v blizkosti Prahy (okresy M&lnik
a Kladno). Jako velmi vysokou hodnotu potencidlu moZno oznadit také 140—160 tis./km.
V roce 1921 ji vykazuji t¥i oddglené oblasti, v Cechdch a na stifedni Moravs. Oblasti
s potencidlem obyvatelstva &tvrté velikostni tFidy je pak obklopuji, nezasahujice na
Slovensko. Tam je rozsifena velikostni tFida tfeti, v Ceskych zemich jen maélo zastou-
pend, a velikostni tfida druhé4, kterd se vyskytuje v Cechdch pouze na zé&padni peri-
férii. Skoro celd vychodni polovina této zem& vykazuje pouze nejniZ3i hodnoty. V roce
1961 ziistdvd meximum v té&chZe mistech (VI. skupina). Oblast s potencidlem obyva-
telstva 140—160 tis./km se spojuje a rozSifuje na vychod, na Slovensko vSak i pfFes
velké zmény stdle nezasahuje. I v dalSich velikostnich tFiddch dochézi ke zmé&ném,
které dokazuji piesuny smé&rem k vychodu, tj. v podstatd rozSifovani oblasti niZSich
hodnot v Cechdch a oblasti vy$Sich hodnot na Slovensku. Vyrazné ja pak zmen3eni
rozsahu — skoro na polovinu — oblasti nejuiZ8ich hodnot potencidlu na v§chodnim
Slovensku.

- Srovnanim situaci r. 1921 a 1961 byla vytvofena tieti mapa, mapa zmé&n potencidlu
obyvatelstva, s jejich tempem i smérem v jednotlivych aredlech (okresech). V ni (3)
jsem zwolil interval po 5 tis./km. Za obdobf 40 let dochézi v Ceskoslovensku ve velikém
pocétu piipadd (72) k zvySeni hodnot potencidlu obyvatelstva, vesmés na Slovensku
a Moravg-Slezsku, v urfitém po&tu pripad@ (31) k jejich sniZeni, vesm&s v Cechach.

Kriticky nutno priznat, Ze Ceskoslovensko se svym tvarem (opak viz napf. Polsko
nebo Madarsko) mdle hodi pro postup, ktery jsme zde aplikovali — pro sledovéni
geografického rozloZeni obyvatelstva pomoci potencidlu obyvatelstva. Pfesto dokazuje,
7e situace v r. 1961 se bliZi idedlnimu pfipadu mnohem vice neZ v r. 1921. V idedlnim
(tj. rovnomé&rném) piipadé rozloZeni obyvatelstva by nejvy$§i hodnoty potencidlu
leZely v geometrickém stfedu stdtu. Tedy také touto metodou se dokazuje, Ze veliké
zmény v geografickém rozloZeni obyvatelstva Ceskoslovenska od r. 1921 do r. 1961
vedly k zmenSeni nerovnomé&rnosti.

Mapa potencidlu obyvatelstva ilustruje samozifejm& ur¢ity vztah k mapé& hustoty za-
lidn&nf, ale nikoli vztah t&sny. Ostatn& nejhustdji zalidn&né &&sti Ceskoslovenska (Praha
s okolfm, Teplice — Most, Brno s okolim, Ostrava — Karvind) na obou zhotovenych
mapéach le#f aZ ve &tvrté tifd& hodnot potencidlu (Ostrava — Karvind r. 1921 ve tfeti).
Mapy maji ve srovndn{ s prostymi mapami hustoty zalidné&ni vice synteticky a gene-
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ralizujici charakter; takovymi by zistaly i p¥i volb& v&t3iho poétu t¥id hodnoty po-
tenciélu.

Ceskoslovenskd aplikace Stuartovy metody mé teoreticky vyznam potud, ¥e vice neZ
u jingch statlh vyvoldvad problém jeji aplikace mezindrodni. Statni hranice CSSR se
totiZ na pouh§ych 40—50 km pfibliZuje k tfem milibnovym aglomeracim — Vidni, Bu-
dapesti a konurbaci Horni Slezske..Kdyby se ignorovaly stétni hranice, octlo by se
jihozépadni Slovensko v pdsmu velmi silného populaniho potencidlu, prevy3ujiciho
200 tis./km. Do jaké miry se maji tyto hodnoty redukovat vzhledem k tomu, Ze statnf
hranice sice siln& zeslabuje piisobeni uvedenych silnych center, ale nikoli wpln&?
Takovy problém vyvstdvd u Fady evropskych st4t, ale vZdy jen na jednom mistg.

ProtoZe tvar Ceskoslovenska, jak jiZ vy3e uvedeno, neni nejvhodné&j$i pro pouZiti
aplikované metody, byl u€inén pokus o jeji modifikaci. UvaZujeme pfitom, Ze cely stat
je zalidnén pii konstantni hustoté, odpovidajici primérné hustotd zalidné&ni.

PouZity vzorec bude formdalné& stejného tvaru, pouze misto Li zavedeme hodnotu Lio,
pfi¢emZ plati

Lio = hpi
kde pi = plocha okresu, h = prim&rnd hustota zalidn&ni v CSSR.
Stejny vyraz plati pro index j; ostatni pouZité vyrazy zlstdvaji i v tomto p¥ipads.
Odpovidajici vypodet idedlniho pole stali provést pouze jednou, nebot plati
Lio Ljc
Al Dij

B pi pj
=n ( Al +Z Di) )

Je moZno tedy p¥i vypo&tu uvaZovat plochy okresti a vysledny potencidl je potom
h-nésobkem; pifi pouZiti hustoty h; lze na piipad pro hustotu h, pfejit vyndsobenim
hy

1

Mapa (4) ziskand timto vypoftem odpovidd jakési jdealizované hodnoté potencidlu.
KdyZ tyto hodnoty ode&teme od piivodn& dosaZenych vysledkii, dostaneme odchylky,
které velmi dobfe charakterisuji skuteény stav (5).

V dalSim odkazuji na pfipojené mapy.

Metoda potencidlu obyvatelstva (v soucasné dob& a v naSich pomé&rech) je pom&rné
pracnéjsi, ndkladné&jsi neZ jiné, kterymi docilime stejné vysledky. Proto musime uvaZzlivé
zvolit postup, ktery zde byl spiSe experimentdlné aplikovdn. Myslim, Ze by jako instruk-
tivni vystoupila zvl43t& p¥i obohaceni o dalSi parametry. Obyvatelstvo miiZe byt napf.
oceiiovano (véZeno) zavedenim kritéria produktivity prédce €i diichodu na hlavu, geo-
metrické rozloZeni mtZe byt aZ zamé&néno za ekonomické, kdyZ napf. zavedeme faktory
dopravni & hodnotu investic v tzemi apod. Zejména v aplikaci geografie pro praxi
vyty&uji se v tomto smyslu i u nés veliké moZnosti pro podobné postupy.

Pokud se ty&e otdzky pouZiti poditacich strojii p¥i tvorb& ekonomickych map, pokus
odpovidad kladné.*)

Pi =

vysledku koeficientem

*) Autor je zavadzdn za konzultace v otdzkéch matematickych a fyzikdlnich dr. V.
Bezvodovi z pfirodovédecké fakulty University Karlovy.

293



