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G E O C R A P H I A P O L O N I C A 28, 1974 

T H E D I S T R I B U T I O N A N D A N N U A L C O U R S E O F T H E A L B E D O I N 
P O L A N D 

TERESA KOZŁOWSKA-SZCZĘSNA 

The p u r p o s e of th is w o r k is to descr ibe the a rea l d i s t r ibu t ion and the changes 
over time of the a lbedo in Po land . The r e f l ec t ion of so lar r ad ia t ion f r o m a 
given sa r face is de f ined by the so-called coef f i c i en t of r e f l ec t ion a and d e p e n d s 
on the type of su r face . The a lbedo is t he in t eg ra l of t h e coef f ic ien t of re f l ec t ion 
integrated accord ing to t h e w a v e l eng th w i t h i n t h e shor t w a v e b a n d (0.3-3.0.JJ,). 
T h e a l t edo is u sua l ly expressed as a p e r c e n t a g e r a t io b e t w e e n t h e incoming and 
the reflected rad ia t ion . T h e size of t he a lbedo is i n f luenced by bo th g e n e r a l 
c l imati : f ac to r s and local fac tors . I t is no t su rp r i s ing , t he r e fo r e , t h a t t h e va lue 
of the albedo of a p a r t i c u l a r su r f ace g iven in t h e l i t e r a t u r e shows w i d e va r i a -
tions. ? h u s they m u s t be t a k e n as app rox ima t ions , and w h e n compar ing or 
calculating these va lues one m u s t only select those f o u n d u n d e r s imi la r geo-
graphical and c l imat ic condit ions. 

The f i r s t a t t e m p t to w o r k out t he a rea l d i s t r i bu t ion of t he a lbedo in P o l a n d 
w a s dene in 1965 (T. Kozłowska-Szczęsna and J . Paszyński ) . A n ind i rec t est i -
ma t ion m e t h o d w a s used because of t he lack of d i rec t m e a s u r e m e n t s . T h e p r e -
sent wark uses d i rec t m e a s u r e m e n t s of t h e va lue of t he a lbedo over va r ious 
n a t u r a and a g r i c u l t u r a l sur faces : m o r e o v e r t h e accuracy of t he ca lcu la t ion of 
t h e average a lbedo va lues was increased b y us ing smal le r un i t s of r e f e r e n c e 
(poviati). M a n y m e a s u r e m e n t s u n d e r d i f f e r e n t c l imat ic condi t ions and d u r i n g 
d i f f e r e i t pe r iods of vege ta t ive g r o w t h had to be m a d e in o rde r to f u l l y c o m p r e -
h e n d t ie a r ea l and seasonal changes of t he a lbedo. This is because t h e a lbedo 
depencs above all on the t y p e and s ta te of d e v e l o p m e n t of p l a n t cover in its 
v e g e t a i v e per iod, as wel l as on the d u r a t i o n of snow cover in w in t e r . T h e a l -
bedo n e a s u r e m e n t s w e r e m a d e over the y e a r s 1966-1968, m a i n l y a r o u n d W a r -
saw, 01 t h e e x p e r i m e n t a l plots of the R e s e a r c h S t a t i on of t he In s t i t u t e of W a -
t e r E c m o m y in Borowa Gora , and a r o u n d t h e C e n t r a l Geophys ica l O b s e r v a t o r y 
of t h e Pol ish A c a d e m y of Sciences in Belsk. T h a n k s to t h e v a r i e t y of agr icu l -
t u r a l lmd use da t a could be collected fo r mos t of t h e ag r i cu l tu r a l a r e a s in Cen-
t r a l P d a n d . To va l ida te the va lues ob ta ined m e a s u r e m e n t s w e r e also t a k e n 
u n d e r d i f f e r ing geograph ica l condit ions, in t h e Świę tok rzysk i e Mts. A p o r t a b l e 
a l b e d o n e t e r on a theodol i te t r ipod w a s used f o r t h e m e a s u r e m e n t s . I t w a s con-
structed in t h e D e p a r t m e n t of Cl imato logy of t h e In s t i t u t e of G e o g r a p h y of 
t h e Po i sh A c a d e m y of Sciences. I t has t w o K i p p s sens ing devices of t h e CM-3 
t ype , l u m b e r s 1598 and 1609, and an e lectr ic of t h e G S A - 1 type , n u m b e r 7863. 
E a c h t i e rmop i l e is covered by a s ingle h e m i s p h e r i c a l glass screen wh ich l imits 
s p e c t r d sens i t iv i ty to a r a n g e of 0.3 to 2.8 u. J an i s zewsk i ' s r eve r s ib l e f ie ld al-
b e d o t e n e r 3 X 3 No. 96635 D/10690 wi th a m i l i v o l t m e t e r of t he GSA-1 t y p e No. 
6841 vas also used. T h e gauges w e r e 150 cm f r o m t h e g round . M e a s u r e m e n t s 

http://rcin.org.pl
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w e r e t a k e n over t h e fo l lowing su r f aces : g r a i n crops, l eguminous crops, root 
crops, p a s t u r e crops, vege t ab l e crops, m e a d o w s and pas tu res , f a l l ow and w a s t e 
land, snow-cove red a r e a s and i ndus t r i a l a reas . M e a s u r e m e n t s of the a lbedo 
a n d t h e conclus ions d r a w n f r o m t h e m w e r e done accord ing to accepted m e t h o d s . 
On a v e r a g e t e n r e a d i n g s w e r e t a k e n ove r each selected su r face , and f r o m these 
t h e a v e r a g e va lues of t h e a lbedoes w e r e found . T h e ser ies of m e a s u r e m e n t s 
w e r e r e p e a t e d eve ry 15 m i n u t e s f r o m 11.00 a.m. to 3.00 p .m. These w e r e done 
on days w h i c h w e r e no t ove rcas t or w h i c h had a u n i f o r m cloud cover of t h e Cs 
type . T h e m e a s u r e m e n t s t a k e n a r o u n d noon w e r e t h e mos t u s e f u l because it is 
a t th i s t i m e t h a t t he to ta l solar r a d i a t i o n is mos t i n t ense and the va lue of t h e 
a lbedo in t h e t h e r m a l economy is g rea t e s t . 4500 ser ies of m e a s u r e m e n t s over 
t h e d i f f e r e n t su r f aces w e r e m a d e d u r i n g t h e t h r e e - y e a r s t udy of the a lbedo. 
T h e resul ts , in t h e f o r m of a v e r a g e va lues , w e r e used to m a k e u p a ca ta logue 
of a lbedoes of t h e va r ious n a t u r a l and cu l t iva ted su r f aces of Po land . (T. Koz-
łowska-Szczęsna and M. K l u g e 1969). One m a y add t h a t t he a lbedo va lues ob-
t a ined by o u r m e t h o d a r e c o m p a r a b l e to those f o u n d in the l i t e r a t u r e w h i c h 
w e r e ob ta ined us ing s imi la r m e t h o d s and u n d e r s imi la r c l imat ic condi t ions 
(E. P . B a r a s h k o v a et al. 1961; V. L. G a i e v s k y 1953; N. J . Goisa 1962; V. V. M u k -
h e n b e r g 1963; G. F . P r i k h o t k o , A. V. T k a c h e n k o a n d N. V. Bab ichenko (eds) 
1967; M. V. S i tn ikova 1964; S p r a v o c h n i k po k l i m a t u 1966; H. V. Tooming 1960). 
T h e a lbedo va lues w e r e also c o m p a r e d to t h e re su l t s of s tud ies done in Po -
land by S. Bac and S. B a r a n o w s k i (1968); M. K l u g e (1963): M. K l u g e and 
B. K r a w c z y k (1964, 1966); a n d B. Ł y k o w s k i (1967, 1967 a, 1968, 1970). H o w e v e r , 
a n y d i f f e r e n c e s b e t w e e n t h e f i gu re s f o r t h e s a m e s u r f a c e s w e r e no t t h o u g h t 
i m p o r t a n t . 

I t is obvious t h a t n o t al l k inds of ac t ive s u r f a c e could be measu red , e spe -
cial ly a reas w i t h " t a l l " vege ta t ion (forests , o rchards , etc). T h u s some d a t a h a d 
to be t a k e n f r o m the ava i l ab le l i t e r a tu re . O t h e r w i s e one wou ld h a v e to m e a s u r e 
the a lbedo of fo res t s e i t he r f r o m an a e r o p l a n e or he l i cop te r or by a t t a ch ing 
t h e i s t r u m e n t to a ba l loon or a su i t ab ly h igh tower , as done by B. L. D z h e r -
d z h e y e v s k y and J . L. R a u n i e r (1960), C. A. F e d e r e r (1967), L. W. G a y (1969), 
A. R. K o n s t a n t i n o v a n d S. F . F i edo rov (1960), A. Orlicz (1972), Z. I. P i v o v a r o v a 
and B. I. G u l a i e v (1958) n a d o thers . Da t a fo r con i f e rous fo re s t w a s t a k e n f r o m 
the w o r k d o n e in P o l a n d by A. Orlicz (1972), and t h e a lbedo va lues fo r dec idu-
ous fores t , o r c h a r d s and w a t e r a reas w e r e t a k e n f r o m o the r sources (S. Bac 
a n d S. B a r a n o w s k i 1968; E. P . B a r a s h k o v a et al. 1961; A. I. C h u d n o v s k y et al. 
1967; B. L. D z h e r d z h e y e v s k y and J . L. R a u n i e r 1960, 1962; C. A. F e d e r e r 1967; 
A. R. K o n s t a n t i n o v and S. F. F e d o r o v 1960; V. V. M u k h e n b e r g 1963; Z. I. P ivo -
v a r o w a and B. I. G u l a i e v 1958; N. I. P i a t o v s k a y a 1961; T. T. P leshova 1955; 
J . W. Posey, a n d P . F. C l a p p 1964; G. F. P r i k h o t k o , A. V. T k a c h e n k o and 
N. V. B a b i c h e n k o (eds) 1967; N. I. R u d n i e v 1965; F . S a u b e r e r and O. H á r t e l 
1959; S p r a v o c h n i k po k l i m a t u 1966). 

As wel l as t ak ing m e a s u r e m e n t s w e m a d e use of some basic source m a t e -
r ia ls , n a m e l y : t h e da t a g iven by the C e n t r a l S ta t i s t i ca l Of f i ce (Główny Urząd 
S t a t y s t y c z n y or GUS) conce rn ing land use and sown a rea ; d a t a g iven by t h e 
S t a t e I n s t i t u t e of Meteoro logy and W a t e r Economy on the da t e s of the a p p e a r -
ance of the basic phenolog ica l phases in d i f f e r e n t p l an t s and on the du ra t i on 
of snow cover . S ince t h e G U S da ta a r e compi led by a d m i n i s t r a t i v e divis ions w e 
h a d to use t h e poviat u n i t as t he bas is of our w o r k . T h e col lected s ta t i s t ica l 
d a t a fo r 1960 in h e c t a r e s w a s ca lcu la ted as p e r c e n t a g e s of t he a r ea of a g iven 
poviat. In o r d e r to ge t some idea of t h e d i rec t ion of c h a n g e w e t h e n looked a t 
t h e p r o p o r t i o n of t he i m p o r t a n t types of cu l t iva t ion in t h e to ta l sown area in 
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t h e y e a r s 1950, 1960 and 1965 (R. K u l i k o w s k i 1969; Rozwój gospodarczy 1967). 
Us ing t h e s ta t i s t ica l m a t e r i a l in th is w a y enab led us to d e f i n e t h e s t r u c t u r e of 
l and use and to descr ibe t h e p r e d o m i n a n t f o r m s of l and use by poviat. Nex t , i n 
o rde r to a sce r t a in t h e l e n g t h of t h e pe r iod of d e v e l o p m e n t of p a r t i c u l a r p lan t s , 
t h e ave rage da t e s over t en y e a r s of t h e a p p e a r a n c e of t h e bas ic phenologica l 
phases of these p l an t s w e r e ca lcula ted . W e also ca lcu la ted t h e a v e r a g e n u m b e r 
of days wi th snow cover over t h e per iod 1951-1960. Pheno log ica l da t a w a s 
t a k e n f r o m some typesc r ip t s (J. Soko łowska 1964, 1966, 1967b) and some p u b -
l ished m a t e r i a l (R. G u m i ń s k i 1947; T. Kos ińska 1963; M. Molga 1951; K . P a n e c -
ka 1960, 1963; Roczniki Fenologiczne 1951-1960; J . Soko łowska 1961, 1962, 1963, 
1965, 1967, 1967a; H. Szp r inge r 1953, 1955; Z. Wierzb ick i 1949). M o r e o v e r t h e 
t e n - y e a r a v e r a g e da tes of t h e a p p e a r a n c e of t h e basic d e v e l o p m e n t a l phases of 
t h e fo lowing types of vege ta t ion , so f a r uncons ide red , w e r e w o r k e d out : t rees , 
oats , suga r beet , lupins, f l a x and g rass (T. Koz łowska-Szczęsna a n d J . Soko-
łowska 1970). T h e ca lcula ted t e n - y e a r a v e r a g e phenologica l da t a and t h e a v e r -
age n u m b e r of days w i t h snow cover w e r e m a p p e d , so cons t ruc t i ng isolines 
showing the i r d i s t r ibu t ion over t h e coun t ry . Us ing these pheno log ica l m a p s 
and t h e m a p s in t h e w o r k s cited above, the t e n - y e a r a v e r a g e s of t h e da t e s of 
a p p e a r a n c e of t h e d i f f e r e n t g r o w t h phases of selected t ypes of v e g e t a t i o n w e r e 
r ead off fo r those po in t s ly ing rough ly in t h e c e n t r e of each poviat. S imi l a r ly 
w i t h t h e snow cover; f r o m t h e m a p s t h e a v e r a g e n u m b e r of d a y s w i t h snow 
cover in successive w i n t e r m o n t h s fo r each poviat w a s r ead off . W e also used 
w r i t i n g s and m a p s on the types of fo res t and soil in Po land . (L. Dresze r 1949; 
K. K o n e c k a - B e t l e y a n d R. T r u s z k o w s k a 1957; L. Mroczkiewicz 1952; F . T o m a -
szewski (ed) 1950; F. Uhorczak 1969). 

T h u s we g a t h e r e d t h e fo l lowing in i t ia l ma t e r i a l : (1) a l ist o r ca ta logue of 
a lbedo values , (2) a compi la t ion of t h e a v e r a g e da t e s ove r t e n y e a r s of t h e a p -
p e a r a n c e of t he phenologica l phases of selected ind ica to r -p lan t s , a n d of t h e 
a v e r a g e n u m b e r of days w i t h snow cover by poviat, (3) d a t a on t h e sown a rea 
and l and u se in each poviat, (4) da ta on t h e t ypes of f o r e s t a n d soil. F r o m all 
t hese t h e m o n t h l y a lbedo va lues over v a r i o u s types of su r f ace w e r e ca lcula ted . 
A b p v e all, to ca lcu la te t h e to ta l a lbedo (act) t h e a lbedos in t h e list, w h i c h 
d e p e n d on t h e phenologica l per iod of a g iven t y p e of crop, w e r e mul t ip l i ed by 
the cu l t i va t ed a rea of t h e crop (P{) in o r d e r to ca lcu la te t h e to t a l a lbedo (aci) 

T h e va lue of t h e a lbedo of a p a r t i c u l a r s u r f a c e in a g iven p lace w a s ca lcu la ted 
as fo l lows: t h e a lbedo w a s s u m m e d for each day, f ive or t en d a y pe r iod d e p e n d -
ing on the da t e s of a p p e a r a n c e of t he s e p a r a t e phenolog ica l phase s of a g iven 
t y p e of vege ta t ion ; secondly t h e sum ob ta ined w a s d iv ided b y t h e n u m b e r of 
days or per iods . F o r t h e w i n t e r m o n t h s it w a s accepted t h a t t h e a lbedo d e p e n d s 
on t h e l eng th of snow cover (G. F. P r i k h o t k o , A. V. T k a c h e n k o and N. V. Ba -
b i c h e n k o (eds) 1967). T h e a lbedo of va r ious su r f aces in each m o n t h d e f i n e d 
as a b o v e wa^ used to ca lcu la te t h e a v e r a g e w e i g h t e d a lbedo va lue s over i ts 
a n n u a l course by a d m i n i s t r a t i v e u n i t (396 poviats). 

(i is t h e t y p e of su r face , v a r y i n g f r o m 1 to n). 
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8 T E R E S A K O Z L . O W S K A - S Z C Z E J S N A 

Using these a v e r a g e we igh t ed va lues of t he a lbedo fo r t h e pe r iod 1951-1960 
t h e a n n u a l course of t h e a lbedo over P o l a n d w a s m a p p e d (T. Koz lowska-Szcz^s -
na, J . Pa szynsk i 1965). T h e a lbedo fo r t h e y e a r and fo r t he cold ( N o v e m b e r -
March ) and w a r m (Apr i l -October) pe r iods could a lso be ca lcu la ted f r o m th is d a -
ta. F i g u r e s 1-3 and 5-7 w e r e cons t ruc t ed by t h e isol ine m e t h o d by i n t e r p o l a t i n g 
f r o m t h e cen t res of t h e poviats, b u t exc lud ing u r b a n a r e a s (povia t t owns) s ince 
these a re specif ic s u r f a c e s w h i c h on t h e w h o l e h a v e g r ea t l y d i f f e r i n g a lbedo 
va lues to those of t he s u r r o u n d i n g a reas . 

T h e a lbedo shows its g r ea t e s t a r e a l v a r i a t i o n in t h e w i n t e r m o n t h s and a t 
th is t i m e one can also obse rve i ts h ighes t va lues of t h e yea r . I n J a n u a r y (Fig. 1) 
t he h ighes t va lues a r e f o u n d in the n o r t h - e a s t a n d sou th -eas t of t h e c o u n t r y , 
in t h e Swi^ tosk rzysk ie Hil ls and in t h e C a r p a t h i a n s , and g r e a t l y exceeds 50°/o. 
T h e lowes t va lues a re f o u n d in t h e n o r t h - w e s t of t h e c o u n t r y w h e r e i t va r i e s 
b e t w e e n 30% and 35%. A s imi la r d i s t r i bu t ion of t h e a lbedo occurs in t h e r e -
m a i n i n g w i n t e r mon ths . 

Fig. 1. Geographical distribution of the mean monthly albedo in January 

In t h e sp r ing t h e a lbedo va lues fa l l and r e m a i n w i t h i n t h e l imi t s 15% to 
20°/o; t he i r a rea l va r i a t i on is only w e a k l y m a r k e d . 

In t h e s u m m e r m o n t h s the va lues of t h e a lbedo g r ea t l y exceed those of t h e 
sp r ing (Fig. 2), no d o u b t caused b y changes in t h e d e v e l o p m e n t of t h e vege-
ta t ion cover, and a p p r o a c h 25%. L o w e r va lues g e n e r a l l y occur over fo res t ed 
a reas . 

In a u t u m n the a lbedo va lues in Po l and , a p a r t f r o m over some smal l a reas , 
a r e lower , f r o m 15°/o to 20°/o, inc reas ing in N o v e m b e r w h e n the d i s t r i bu t ion 
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approaches t h a t of t he w i n t e r mon ths . This m e a n s t h a t the va lues inc rease f r o m 
wes t to east . 

The m a p of t h e a n n u a l course of t he a lbedo (Fig. 3) r e sembles the s i tua t ion 
in the w i n t e r m o n t h s because h e r e w e also see an increase in t h e va lues f r o m 
wes t to east . In t h e w e s t t h e va lues f l u c t u a t e a r o u n d 20%, caused on t h e one 
hand b y the shor t pe r iod of t he snow cover in these areas , and on t h e o ther 
by the m a n y fores ts . T h e h ighes t a v e r a g e y e a r l y va lues of t h e a lbedo of 30% 
a re f o u n d in the n o r t h - e a s t and sou th -eas t of P o l a n d because these a r e a s h a v e 
the longest d u r a t i o n of snow cover . 

Fig. 2. Geographical distribution of the mean monthly albedo in July 

A po in t w o r t h emphas i z ing is t h a t bo th the m o n t h l y and yea r ly va lues of 
the a lbedo a r e h igh in most l a rge towns p r o b a b l y due to the compara t i ve ly la rge 
a lbedo va lue s of bu i ld ing m a t e r i a l s and bu i ld ings in gene ra l and to the f e w e r 
g r e e n a reas . T h e w i n t e r m o n t h s a re an except ion . At th is t ime the a lbedo 
va lues a r e g e n e r a l l y lower t h a n those in the s u r r o u n d i n g areas ; this is obvious-
ly r e l a t e d to the shor t d u r a t i o n of snow cover. In the t o w n s and the i r im-
m e d i a t e e n v i r o n s t h e l eng th of t he snow cover is shor te r . Moreover the s n o w 
is c o n t a m i n a t e d , w h e r e a s the p u r e snow in those p laces a w a y f r o m t h e u r b a n 
a r e a s a n d f r o m indus t r i a l e s t ab l i shmen t s has a m u c h h ighe r albedo. M o u n t a i n 
a r e a s a r e also a special t ype since the i r c l ima te i n f luences both the phenolog i -
cal p h a s e s and the d u r a t i o n of snow cover, and t h e r e f o r e also the va lue of 
t h e a lbedo . 

To d e r i v e the a n n u a l course of the a lbedo over the c o u n t r y the w e i g h t e d 
a v e r a g e va lues fo r each m o n t h w e r e ca lcula ted fo r t h e whole of Po land . This 
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is s h o w n in F i g u r e 4. T h e h ighes t va lues occur in t h e w i n t e r m o n t h s , f r o m 
about 3 0 % to 40°/o, a f t e r w h i c h t h e r e is a fa l l u n t i l t he f i r s t (spring) m i n i m u m 
of a l i t t l e above 18°/o in Apr i l . T h e fo l lowing m o n t h s s h o w a sma l l i nc r ea se 
f r o m a l i t t le over 20°/o in J u l y fo l lowed by a n o t h e r fa l l and a second m i n i m u m 
in the a u t u m n (October) to abou t 17%. In N o v e m b e r the va lues f l u c t u a t e 
a r o u n d 19% and inc rease s ign i f i can t ly in December . A s imi la r a n n u a l course of 

Fig. 3. Geographical distribution of the mean annual albedo 

Fig. 4. Annual course of the albedo in Poland 
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t he a lbedo is c o n f i r m e d f r o m o the r a reas , fo r e x a m p l e f r o m the w e s t e r n E u r o -
pean p a r t s of t h e Sovie t U n i o n at t h e Vysoka D u b r a v a S t a t i on (E. P . B a r a s h -
kova et al. 1961), in Kiev (A. R. K o n s t a n t i n o v et al. 1966), and in H u n g a r y 
(A. Borh id i , Z. Dobosi 1967). H o w e v e r a r o u n d C o p e n h a g e n t h e course of t he 
g r a p h f r o m M a y to the onse t of s n o w cover is m o r e or less level a p a r t f r o m 
a s l ight r ise in A u g u s t (H. C. As lyng a n d B. F. Nie lson 1960). A compar i son of 
t he a n n u a l courses in P o l a n d and a r o u n d C o p e n h a g e n sugges ts t h a t t he i r d i f -
f e r ences a re a r e su l t of t he d o m i n a n t i n f l u e n c e of t h e con t inen t a l over the oce-
anic c l ima te in Po land . 

Fig. 5. Mean annual amplitude of the albedo 

In o r d e r to get some idea of t he size of t he a lbedo changes the yea r ly a m -
p l i t udes w e r e also ca lcula ted . These a r e g iven in F i g u r e 5. These a m p l i t u d e s 
f l u c t u a t e f r o m less t h a n 20% to over 40%, the lowest va lues be ing in the wes t 
a n d n o r t h - w e s t of the c o u n t r y and t h e h ighes t in the no r th -eas t . H igh a m p l i -
t u d e s a r e also f o u n d in the m o u n t a i n s ; in the Sude te s t hey exceed 25%, in the 
C a r p a t h i a n s and Świę tok rzysk i e Mts. 30%, and in t h e sou th -eas t corner of P o -
land a b o u t 35%. 

T w o basic pe r iods w e r e d i s t ingu i shed f r o m t h e course and d i s t r ibu t ion of 
t h e a lbedo and f r o m i ts a m p l i t u d e s : a cold per iod f r o m N o v e m b e r to March , 
a n d a w a r m per iod f r o m Apr i l to October . 

A m a r k e d ea s t -wes t d i rec t ion of t h e isol ines is typ ica l of the cold per iod 
(Fig. 6), r e s e m b l i n g t h e i s o t h e r m m a p f o r t h e w i n t e r m o n t h s and also the m a p 
c»f t h e d u r a t i o n of snow cover in P o l a n d . T h e h ighes t va lues of t he a lbedo 
(over 40%) a r e f o u n d in t h e coldest a r e a s of t h e c o u n t r y (nor th-eas t ) w h e r e 
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the snow cover lasts longest . T h e lowest va lue s (below 28%) a r e found in t h e 
w a r m e s t a r ea s (west and sou th -wes t ) w h e r e t h e snow cover is shor tes t and 
spr ing comes ear l ies t . T h e m o u n t a i n a r eas usua l ly h a v e h i g h e r va lues (32%> 
to 36%) due to the longer snow cover . 

Fig. 6. Geographical distribution of the mean albedo in the period from November 
to March 

In t h e w a r m per iod t h e va lues of t he a lbedo a r e smal l and f l u c t u a t e f r o m 
abou t 16% to over 20%. T h e vege t a t i on cover obvious ly p lays a lead ing pa r t 
in the a rea l d i s t r ibu t ion of t he a lbedo d u r i n g th is per iod . T h e n o r t h and n o r t h -
wes t h a v e t h e h ighes t values , abou t 20%, and t h e sou th of P o l a n d is about 18%. 
Fo re s t ed a r eas h a v e a lower a lbedo t h a n the i r s u r r o u n d i n g regions . 

A p a r t f r o m these t w o cold and w a r m pe r iods one can also d i s t ingu i sh t w o 
t r ans i t i ona l per iods on the bas is of t h e a lbedo ' s a n n u a l course: a per iod b e t w e e n 
t h e cold and w a r m per iods f r o m Apr i l to May , and t h a t b e t w e e n t h e w a r m 
and cold per iods in S e p t e m b e r and October . These t r ans i t i ona l per iods h a v e 
t h e lowes t a lbedo va lues of t he yea r . 

A compar i son of ou r a lbedo m a p s w i t h those in t h e a t las of t h e t h e r m a l 
and m o i s t u r e ba lances in t h e U k r a i n e (A. R. K o n s t a n t i n o v , N. I. Goisa (eds) 
1966) does no t r evea l any s ign i f ican t d i f f e r e n c e s fo r e i the r t h e m o n t h l y or 
y e a r l y values . 

F r o m our r e su l t s it can be s ta ted tha t : 
(1) The a rea l d i s t r ibu t ion of t he a lbedo d u r i n g the y e a r is as fo l lows; the low-
est va lues of a r o u n d 20% a re f o u n d in the w e s t and the h ighes t , a p p r o a c h i n g 
30%, in t h e east of t h e coun t ry ; 
(2) The a rea l d i s t r ibu t ion of t h e a lbedo d e p e n d s in t h e w a r m per iod (Apr i l -Oc -
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Fig. 7. Geographical distribution of the mean albedo in the period from April to 
October 

tober) on the type of l and use and above al l on the deg ree of a f fo re s t a t ion . In 
t h e cold per iod (November -March ) i t d e p e n d s on t h e d u r a t i o n of t he snow 
cover; 
(3) T h e a v e r a g e m o n t h l y a lbedo va lues v a r y ove r Po l and f r o m s o m e w h a t be-
low 18% in t h e sp r ing and a u t u m n to a r o u n d 50%> in w i n t e r ; 
(4). T h e a n n u a l course of t h e a lbedo typ ica l ly h a s t w o m a x i m a , a m a i n one in 
w i n t e r and a secondary one in s u m m e r , a n d t w o m i n i m a , in spr ing and au-
t u m n . 

I n s t i t u t e of G e o g r a p h y 
Pol ish A c a d e m y of Sciences, W a r s a w 

REFERENCES 

Aslyng, H. C., Nielson, B. F., 1960, The radiation balance at Copenhagen, Arch. Met., 
ser. B., 3 Wien. 

Bac, S., Baranowski, S., 1968, Wielkość i przebieg albedo niektórych powierzchni 
rolniczych (The magnitude and course of the albedo for selected agricultural land 
surfaces), Prace Inst. Gosp. Wod., 4, 4. 

Barashkova, E. P., Gayevsky, V. L., Dyatchenko, L. N., Lugina, K. M., Pivovarova, 
Z. J., 1961, Radiatsionny rezhim territorii SSSR (The radiational régime of the 
USSR), Leningrad. 

http://rcin.org.pl



14 T E R E S A K O Z L . O W S K A - S Z C Z E J S N A 

Borhidi, A., Dobosi, Z., 1967, A felszini albedo teriileti eloszlasa Magyarorszagon 
(The spatial distribution of the albedo in Hungary), Idojaras, 3. 

Tchudnovsky, A. F., Mitchurin, B. N., Myelnikova, M. K., Moshkhov, Poyasov, N. P., 
Vyershynin, P. V., 1967, Podstawy agrofizyki (The foundations of agrophysics), 
Warszawa (trans, from Russian). 

Dreszer, L., 1949, Typy lasów i dzielnice przyrodniczo-leśne Ziem Polski (Types of 
forest and natural-forested regions of Poland), Warszawa. 

Dzherdzhyeyevsky, B. L., Raunier, J. L., 1960, Sostoyanye i zadachi issledovaniya 
balansa lesa (The present state and problems of investigating the balance of 
forests), in: Teplovoy i vodnyi rezhim zemnoy poverkhnosti, Leningrad. 

Dzherdzhyeyevsky, B. L., Raunier, J. L., 1962, Sezonnye izmenenya struktury teplo-
vogo balansa lesnogo i bezlesnogo uchastkov (Seasonal changes in the structure 
of the thermal balance of wooded and non-wooded areas.), Trud. Vsesoyuz. 
nauch.-meteor. soveshch., 4. 

Federer, C. A., 1967, Spatial variation of albedo surface temperature and net radia-
tion over forest, Trans. Amer. Geophys. Un., 48, 1. 

Gayewski, W. L., 1953, K voprosu o roli albedo v formirovanii radiatsyonnogo re-
zhima poverkhnosti (The role of the albedo in the formation of the radiational 
regime of a land surface), Trud. Glav. Geofiz. Observ., 39 (101). 

Gay, L. W., 1969, Spatial variation of net radiation, albedo and surface temperature 
of forests, J. Appl. Meteor., 8, 4. 

Goisa, N. I., 1962, Kratkaya kharakteristika albedo territorii Ukrainy (A brief char-
acteristic of the albedo of the Ukraine), Trud. Ukr. Nauch.-issled, Gidrome-
toer. Inst., 31. 

Gumiński, R., 1947, Początek robót polnych w Polsce (The dates of commencement 
of works in agriculture in Poland), Wiad. Służ. Hydrol. Meteorol., 1, 2. 

Kluge, M., 1963, Pomiary promieniowania słonecznego całkowitego, promieniowania 
odbitego od powierzchni ziemi oraz albeda (Measurements of solar radiation, the 
total radiation reflected from the earth's surface and of the albedo), Dok. Geogr 
4. 

Kluge, M., Krawczyk, B., 1964, Mapa albeda okolic Wojcieszowa Górnego (Sum.: The 
albedo map of the region of Wojcieszów Górny), Przegl. Geogr., 36, 1. 

Kluge, M., Krawczyk, B., 1966, Zmienność albeda z roku na rok na przykładzie 
Wojcieszowa Górnego (Sum.: Variableness in albedo values from year to year, 
with Wojcieszów Górny as example), Przegl. Geogr., 38, 4. 

Konecka-Betley, K., Truszkowska, R., 1957, Polska mapa gleb 1:2 000 000 (Soil map 
of Poland 1:2,000,000), P.P.W.K. 

Konstantinov, A. R., Fyedorov, S. F., 1960, Opyt primeneniya gradentnykh masht 
dla opredeleniya ispareniya i teploobmena v lesu (The use of poles gradients in 
describing evaporation and heat exchanges in forests), Trud. Gosudarstv. Gidrol. 
Inst., 81. 

Konstantinov, A. R., Goisa, N. I. (eds.), 1966, Atlas sostavlayushchikh teplovogo 
i vodnogo balansa Ukrainy (An atlas of the thermal and hydrological balance 
of the Ukraine), Leningrad. 

Konstantinov, A. R., Sakali, L. I., Goisa, N. I., Oleynik, R. N., 1966, Teplovoy i vod-
noy rezhim Ukrainy (The thermal and hydrological regime of the Ukraine), Le-
ningrad. 

Kosińska, T., 1963, Okres wegetacyjny ziemniaka (Solanum tuberosum) w Polsce 
(na podstawie obserwacji fenologicznych z okresu 1949-1958) (The vegetative 
period of the potato (Solanum tuberosum) in Poland, using phenological obser-
vations for the 1949-1958 period), Prace PIHM, 72. 

http://rcin.org.pl



D I S T R I B U T I O N A N D C O U R S E O F T H E A L B E D O 15 

Kozłowska-Szczęsna, T., 1973, Rozkład i przebieg albeda w Polsce (Sum.: Distribu-
tion and course of the albedo in Poland), Przegl. Geogr., 45, 2. 

Kozłowska-Szczęsna, T., 1973, Promieniowanie pochłonięte na obszarze Polski (Sum.: 
Absorbed solar radiation in Poland), Prace Geogr. IG PAN, 99. 

Kozłowska-Szczęsna, T., 1969, Katalog albed podstawowych powierzchni naturalnych 
i uprawnych (A catalogue of albedo values for cultivated and uncultivated land 
surfaces), Arch. Zakł. Klimat. Inst. Geogr. PAN, Warszawa. 

Kozłowska-Szczęsna, T., Paszyński, J., 1965, Wstępne opracowanie mapy albeda dla 
Polski (Sum.: The preliminary map of albedo for Poland), Przegl. Geogr., 37, 2. 

Kozłowska-Szczęsna, T., Sokołowska, J., 1970, Fazy fenologiczne wybranych roślin 
w Polsce (Phenological phases of selected plants in Poland), Dok. Geogr., 2. 

Kulikowski, R., 1969, Zmiany w kierunkach użytkowania gruntów ornych w Polsce 
w latach 1958-1965 (Sum.: Changes in crop combinations pattern in Poland be-
tween 1958-1965), Przegl. Geogr., 41, 2. 

Łykowski, B., 1967, Zdolność odbijania promieniowania słonecznego przez wybrane 
powierzchnie roślinne (The reflecting power of selected plant covers), Katedra 
Meteorologii i Klimatologii WSR Wrocław. 

Łykowski, B., 1967, Odbijanie światła przez powierzchnię liści oraz łanu niektórych 
roślin uprawnych i łąkowych (The reflection of light by leaf cover and some 
types of crop-field and meadow), Zesz. Nauk. W SR Wrocław, 12, 73. 

Łykowski, B., 1968, O pomiarach albeda roślin zielonych (Measurement of albedo 
of green plants), Ekol. Pol., ser. B., 14, 1. 

Łykowski, B., 1970, Reflection of solar radiation by vegetation, Ekol. Pol., 18, 8. 
Molga, M., 1951, Pora siewu zbóż jarych w Polsce (Seed time of spring crops in Po-

land), Gaz. Obs. PIHM, 6/42). 
Mroczkiewicz, L., 1952, Podział Polski na krainy i dzielnice przyrodniczo-leśne (A di-

vision of Poland into forest regions), Prace Inst. Bad. Leś., 80. 
Mukhenberg, V. V., 1963, Albedo podstilayushchey poverkhnosti territorii Sovetskogo 

Soyuza (The albedo for active surfaces in the USSR), Trud. Glav. Geofiz. 
Observ., 139. 

Orlicz, A., 1972, Badanie składników uproszczonego bilansu promieniowania w mło-
dym lesie sosnowym (A study of the components of simplified radiation balance 
in a young pine forest), typescript. 

Panecka, K., 1960, Próba ustalenia czasu trwania okresu wegetacyjnego pszenicy 
ozimej w Polsce na podstawie danych fenologicznych na lata 1948/49-1955/56 
(An attempt to determine the duration of the vegetative period of winter wheat 
in Poland using phenological data for the years 1948/49-1955/56), Wiad. Służ. 
Hydrol. Meteorol., 8, 4. 

Panecka, K., 1963, Charakterystyka fenologiczna okresu wegetacji żyta ozimego 
(Secale cereale) w Polsce (Okres obserwacji 1948-1958) (Phenological features of 
the vegetative period of winter rye (Secale cereale) in Poland. Period of obser-
vations from 1948 to 1958), Prace PIHM, 72. 

Pivovarova Z. I., Gulayev, B. I., 1958, Aktinometricheskiye nabludeniya v lesu (Acti-
nometric studies in forests), Trud. Glav. Geofiz. Observ., 86. 

Pyatovskaya, N. I., 1961, Izmereniya albedo s samoleta (Aerial methods of measuring 
albedo), Trud. Glav. Geofiz. Observ., 109. 

Plyeshkova, T. T., 1955, Albedo rastitelnogo pokrova (The albedo of plant cover), 
Trud. Glav. Geofiz. Observ., 46(108). 

Posey, J. W., Clapp, Ph. F., 1964 Distribucion global del albedo normal de superfice, 
Geofis. Intern., 4, 4. 

Prikhotko, G. F. Tkachenko, A. V., Babichenko, N. V. (eds.), 1967, Klimat Ukrainy 
(The climate of the Ukrainian SSR), Leningrad. 

http://rcin.org.pl



16 T E R E S A K O Z L . O W S K A - S Z C Z E J S N A 

Roczniki Fenologiczne PIH M za lata 1951-1960 (PIHM phenological yearbooks for 
the years 1951 to 1960), Warszawa. 

Rozwój gospodarczy powiatów w latach 1950-1965 (Economic development of poviats 
in the years 1950-1965), Warszawa 1967, GUS, Rolnictwo (Agriculture) pp. 118-230. 

Rudnyev, N. I., 1965, Sezonnye osobennosti formirovaniya radiatsionnogo balansa 
smeshanogo lésa v Podmoskove (Seasonal features of the formation of radia-
tional balance in mixed forest near Moscow), Moskva. 

Sauberer, F., Hàrtel, O., 1959, Pflanze und Strahlung, Leipzig. 
Sitnikova, M. W., 1964, Rezultaty izmereniya albedo razlichnykh podstelajushchikh 

poverkhnosti (The results of albedo measurements of various active surfaces), 
Trud. Sred.-aziat. Nauch-issled. Gidrometeor., Inst., 18(33). 

Sokołowska, J., 1961, Termin siewu kukurydzy według danych fenologicznych <Seed 
time of maize according to phenological data), Nowe Rolnictwo, 7. 

Sokołowska, J., 1962, Okres wegetacyjny w Polsce na podstawie obserwacji fenolo-
gicznych roślin drzewiastych z lat 1950-1959 (The vegetative period in Poland, 
based on phenological observations of dendritic plants for the years 1950 to 1959), 
Roczn. Dendrol., 16. 

Sokołowska, J., 1963, Pierwsze wiosenne prace w polu (na podstawie obserwacji fe-
nologicznych z okresu 1948-1957) (The first spring works in agriculture) (based 
on phenological observations for the 1948-1957 period), Prace PIHM, 72. 

Sokołowska, J., 1964, Rozkład przestrzenny terminów oraz czasu trwania kwitnienia 
śliw w Polsce (The spatial distribution of dates of seed time and flowering peri-
od of plum trees in Poland), Warszawa, PIHM (typescript). 

Sokołowska, J., 1965, Drzewiaste rośliny przewodnie fenologicznych pór roku w Pol-
ce (Phenological seasons in Poland based on observations of dendritic indica-
tor-plants), Roczn. Dendrol., 19. 

Sokołowska, J., 1966, Fenofazy kwitnienia czereśni (Cerasus avium) w Polsce (Pheno-
phases of flowering of the cherry) (Cerasus avium) in Poland), Warszawa, PIHM 
(typescript). 

Sokołowska, J., 1967, Ilustracja fenologiczna wegetacji owsa (Avena sativa.) w Polsce 
(A phenological illustration of the vegetation of oats (Avena sativa) in Poland), 
Warszawa, PIHM (typescript). 

Sokołowska, J., 1967, Średnie wieloletnie terminy zakwitania drzew, krzewów i roś-
lin dziko rosnących w Polsce 1949-1958 (Average long-term limits for flowering 
of trees, bushes and wild plants in Poland, 1949-1958), Kalendarz Obserwatora 
Fenologicznego PIHM. 

Sokołowska, J., 1967, Okres wegetacji owsa w Polsce (1951-1960) (The vegetative 
period of oats in Poland, 1951 to 1960), Gaz. Obs. PIHM, 5(233). 

Spravochnik po klimatu SSSR (Guide to the climate of the USSR), 1966, vypusk 3, 
5-8, 10, 28, Leningrad. 

Szpringer, H., 1955, Początek żniw roślin zbożowych w Polsce (na podstawie obser-
wacji fenologicznych z okresu 1947-1951) (The beginning of harvesting of corn 
crops in Poland (based on phenological observations for the 1947-1951 period), 
Wiad. Służ. Hydrol. Meteorol., 3, 5. 

Szpringer, H., Taraszkiewicz, W., 1953, Próba ustalenia początku wiosennych prac 
rolniczych w Polsce (na podstawie obserwacji fenologiczno-rolniczych z okresu 
1946-1950) (An attempt to determine the commencement of spring works in 
agriculture in Poland) (based on phenological-agricultural observations for the 
1946-1950 period), Wiad. Służ. Hydrol. Meteorol., 3, 3. 

Tomaszewski, J. (éd.), 1950, Mapa gleb Polski 1 : 1 000 000 (Soil map of Poland 
1 : 1,000,000), PWRiL. 

http://rcin.org.pl



D I S T R I B U T I O N A N D C O U R S E O F T H E A L B E D O 17 

Tooming, H. V., 1960 Dnevnye i sezonnye izmeneniya albedo nekotorykh estestven-
nykh poverkhnostey Estonskoy SSR (Daily and seasonal albedo changes of 
certain uncultivated surfaces of the Estonian SSR), Issled. Fiz. Atmosf. Ak. Nauk 
Est. Rep., 2. 

Uhorczak, F., 1969, Polska przeglądowa mapa użytkowania ziemi 1 : 1 000 000 (Po-
land's general land utilization map in 1,000,000 scale), Prace Geogr. IG PAN, 17, 
Warszawa. 

Wierzbicki, Z., 1949, Stan gruntu w Polsce (Soil condition in Poland), Prace PIHM, 93. 

2 G e o g r a p h i a P o l o n i c a 
http://rcin.org.pl



http://rcin.org.pl



G E O G R A P H I A P O L O N I C A 28, 1974 

D E G L A C I A T I O N I N T H E Ś W I Ę T O K R Z Y S K I E M T S 

CECYLIA RADŁOWSKA AND ELŻBIETA MYCIELSKA-DOWGIAŁŁO 

Many in teres t ing answers to the problems of déglaciation, inspi red in those 
areas of Po land wi th a young glacial relief, have been found in those pa r t s of 
the count ry which w e r e submit ted to ear l ier glaciations. The invest igat ions 
done here, however , fol lowed a d i f f e ren t line. 

Analysis of the lowland W u r m relief cont inuously adds to the list of genet i -
cal fo rms developed dur ing the process of déglaciat ion and helps expla in how 
they developed dur ing the areal decline of s tagnat ing and dead ice masses. 

Since the begin ing of the s tudy of déglaciat ion invest igat ions of the older, 
post-glacial rel ief , especially in the old moun ta in and h igh land zone of cent ra l 
Poland, have necessar i ly been l inked wi th the morphology of the p a r e n t rock. 
This is because h e r e every postglacial l and fo rm is an accessory e lement of the 
relief, and not one of i ts essentials. 

In the lowlands, w h e r e the thickness of Pleistocene sediments reaches 200 m, 
it is not easy to invest igate the re la t ions be tween the course of déglaciat ion 
and the f o r m e r rel ief . There a re not enough bor ings and the re is m o r e t h a n 
one in te rp re ta t ion of t he s t r a t ig raphy of the Pleistocene fo rma t ions (Galon 
1967). It would be easier to t r y to expla in the genesis of phenomena and thei r 
successive deve lopment using the cr i ter ion of spat ial re lat ions of f o r m s and 
thus in a hor izonta l sense. The reason for the location of pa r t i cu la r l and fo rms 
is largely unsolved. It is, however , a less thankless task in the old moun ta in 
and h ighland zone. 

The p rob lem of déglaciat ion has several dis t inct lines of approach, depend-
ing on the a rea of w h e r e the invest igat ions a re carr ied out. 

Studies on déglaciat ion in Poland are carr ied out on a wide scale. The re 
a re m a n y publ ica t ions also concerned wi th the late Pleis tocene relief (Bart-
kowski 1967, Galon 1969, Kondrack i and Świerczyński 1961, Kondrack i and 
Pie tk iewicz 1967, Niewiarowski 1959, 1963, 1965, Olszewski 1969), as wel l as 
wi th the relief of old glaciations ( Jahn 1963, J a h n and Szczepankiewicz 1967, 
K l a j n e r t 1969, Kl imek 1966, Mojski 1967, 1969, Rywocka-Kenig 1966, Walczak 
1957, 1969). La rge a reas have a l ready been synthet ical ly invest igated, such as 
the Sudetes ( Jahn 1963, 1969, Walczak 1957, 1969) and the n o r t h e r n p a r t of the 
Si les ia-Cracow P la t eau (Klimek 1966, 1969), whereas the Świę tokrzysk ie Mts. 
a re still ba re ly k n o w n . The signs of ancient déglaciat ion have somehow been 
overlooked. 

Thei r no r th -wes t slope has been studied in detai l by L indne r (1970, 1972). 
He was able to dis t inguish some marg ina l k a m e ter races which revea led the 
course of the t ransgress ion and déglaciat ion on the ou tward side of the moun-
ta ins dur ing the Riss glaciation. 

2» 
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Inves t iga t ions of smal l sect ions of th i s a r e a h a v e b e e n done ( J u r k i e w i c z o w a 
1965, Żołn ie rz 1971), b u t t h e p r o b l e m as a w h o l e is still open. 

T h e p r o b l e m of t h e r e l a t ion b e t w e e n g lac ia t ion and deg lac ia t ion in the 
Świę tok rzysk i e Mts. and t h e relief of t h e s u b s t r a t u m h a s b e e n s tud ied by 
S. Z. Różycki (1972a). He r e c o n s t r u c t e d the incurs ions of t h e Minde l g lac ia t ion 
in to t h e m o u n t a i n a r e a by ana ly s ing t h e d i s t r i bu t i on of e r r a t i c s local or ig in 
( to r ton ian l imestone) occur ing in situ on t h e sou th -eas t p a r t of t he m o u n t a i n s . 
I n a n o t h e r a r t ic le on the q u a t e r n a r y p r o b l e m s of t h e Ś w i ę t o k r z y s k i e Mts. Ró-
życki also a t t aches g r e a t i m p o r t a n c e to the f e a t u r e s of relief and the chang ing 
d i r ec t ion of t h e m o u n t a i n ranges , and a g a i n s t resses t h e adv isab i l i ty of fo l -
lowing t h e t r a n s p o r t rou te s of local ma te r i a l s , especia l ly those w h i c h a r e f o u n d 
over a l imi ted a r ea (1972b). 

T h e p r e s e n t p a p e r g ives t h e re su l t s of o u r inves t iga t ions in t h e w e s t e r n 
and c e n t r a l a reas of t h e Świę tok rzysk i e Mts. (Fig. 1). 

Fig. 1. Location of the analysed landforms in the Świętokrzyskie Mts. 
1, 2, 3, e t c . . — o b s e r v a t i o n p o i n t s : 1 — M i e d z i a n k a ; 2 — P o l i c h n o ; 3, 10, 12 — Z a j ą c z k ó w ; 4 — M i l e -
c h o w y ; 5, 6 — z g ó r s k o ; 7 — P o s ł o w i c e ; 8 — G r a b k i ; 9 — R a d k o w i c e ; 11 — G o r g o l o w a ; 13 — M a k o -

s z y n ; 14 — B e l n o 

T h e Ś w i ę t o k r z y s k i e Mts. a r e composed of a ser ies of r idges , t r e n d i n g 
W N W - E S E a n d N W - S E and d iv ided by l ong i tud ina l depress ions . T h e rock 
s u b s t r a t u m is p e t r o g r a p h i c a l l y h igh ly d i f f e r e n t i a t e d and i ts relief is l a rge ly 
T e r t i a r y in or igin. A n i m p o r t a n t p a r t of t h e rel ief a r e t h e s t r a t i f i ed sand f o r -
m a t i o n s in the m o u n t a i n passes and h i g h u p on t h e slopes and a long the bo t -
toms of t h e i n t r a - m o u n t a i n depress ions . T h e i r locat ion in t h e passes is most 
i m p o r t a n t as it c lear ly ind ica tes t h a t t h e y o w e t he i r a c c u m u l a t i o n to t h e p r o -
cess of deglac ia t ion . S t a g n a n t and dead ice could easi ly deve lop in these longi-
t u d i n a l depress ions . 

T h e f i r s t s tage of deg lac ia t ion w a s m a r k e d by s ed imen t s and l a n d f o r m s 
w i t h i n passes. A n e x a m p l e f r o m Mt. M i e d z i a n k a wi l l be discussed in detai l . 
In t h e pass b e t w e e n Mt. Miedz i anka (358.5 m) and Mt. S o w a (304,1 m) lies 
a cover of sand u p to 318 m (Fig. 1, p n t 1 and Fig . 2). In t h e ou tc rops one can 
see s t r a t i f i ed sands cut by f a u l t s and covered w i t h g r a v i t a t i o n a l and sol i f luc-
t ional m a t e r i a l s (Fig. 3). M e a s u r e m e n t s in p laces w h i c h h a v e a m o r e o rder ly 
sand s t r u c t u r e ind ica te t h a t t he s t r a t a d ip in sou th or sou th -ea s t d i rec t ion . 

T h e level r eached by these sands , 318 m is m u c h h i g h e r t h a n t h a t a t Mt. 
Sowa, 304,1 m and tes t i f ies to t h e f a c t t h a t d u r i n g the a c c u m u l a t i o n w h i c h took 
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place h e r e Mt. Miedz ianka cons t i tu ted one slope, w h e r e a s t h e o the r one w a s 
glacier ice and not Mt. Sowa . This second slope mos t p r o b a b l y covered the 
pass and a t least t he lower m o u n t a i n par t s , inc lud ing Mt. Sowa (Fig. 2). 

Fig. 3. Exposure in kame terrace at Miedzianka pass (318 m a.s.l.): 
l — s o i l ; 2 — c r e a m - c o l o u r e d s t r u c t u r e l e s s s a n d s ; 3 — l i g h t - b r o w n s i l t y s a n d s w i t h a f l u i d a l 
s t r u c t u r e , c o n t a i n i n g s a n d y e r r a t i c p e b b l e s ; 4 — f i n e g r a i n e d s t r u c t u r e l e s s s a n d s ; 5 — s i l t y s a n d s 
w i t h a f l u i d a l s t r u c t u r e w i t h p e b b l e s of l o c a l l i m e s t o n e s ; 6 — s t r a t i f i e d s a n d s , s t r o n g l y d i s s e c t e d 

b y f i s s u r e s ; 7 — s i l t y s a n d s w i t h f l u i d a l s t r u c t u r e a t t h e t o p 

T h e p r e s e n c e of t he sands above one of t h e p e a k s c r o w n i n g the pass, p lus 
t h e f a c t t h a t t h e y a r e f i s su red and cut t h r o u g h dis locat ion, also s u p p o r t a con-
n e c t i o n b e t w e e n t h e or ig in of t he s e d i m e n t and m o u n t a i n déglac ia t ion . T h e 
p r e s e n c e of m o r a i n e loam is no t necessa ry to suppo r t t h e a r g u m e n t . T h e l a n d -
f o r m in t h e pass n e a r Mt. Miedz ianka is a k a m e te r race . 

S e d i m e n t s of k a m e t e r r a c e s w e r e also f o u n d in a pass si te in t h e Po l i chno 
Hil ls , in Po l i chno (Fig. 1, p n t 2; P h o t o 1), and in Z a j ą c z k ó w (Fig. 1, p n t 3), in 
Z g ó r s k i e Mts . (Fig. 1, p n t s 5 and 6), and in G r z ą b y Bolmińsk ie , a v i l lage of 
M i l e c h o w y (Fig. 1, p n t 4). 
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I n Za j ączków, a t t h e mos t ou t ly ing po in t t h e pass k a m e t e r r a c e (Fig. 10, 
p n t 3) h a s a s e d i m e n t whose f e a t u r e s a r e m o r e r ecen t ly f o r m e d compared w i t h 
o thers . Bu t as e l s e w h e r e t h e d ips of t h e s t r a t a in the inves t iga t ed w e s t e r n p a r t 
of t he m o u n t a i n s is mos t ly SE. 

Photo 1. Polichno — a test pit in a kame terrace in a mountain pass. The parallel 
stratification of fine grained sand deposits (fine grained medium sand as defined 

by Doeglas, 1968) can be seen 

T h e k a m e t e r r aces on t h e Ś w i ę t o k r z y s k i e Mts. passes a r e gene t ica l ly s imi l a r 
to those in t h e Sude te s ( J a h n 1963, 1969, Walczak 1957, 1969). T h e relief of t hese 
m o u n t a i n s is d i f f e r e n t h o w e v e r . T h e long i tud ina l r idges and t he i r d iv id ing 
depress ions gave r i se to a m o r e complex deg lac ia t ion t h a n in Sudetes . In 
all t h e m o u n t a i n r a n g e s m i g h t one expec t k a m e t e r r aces in the passes a n d not 
only on t h e o u t e r r a n g e s as in t h e Sudetes , w h e r e the con t i nen t a l g lacier b r o k e 
t h r o u g h t h e passes in to the i n t r a - m o u n t a i n t roughs . This w a s a con t inen t a l 
g lac ier of t h e Riss g lac ia t ion. 

T h e k a m e t e r r a c e s on t h e Świę tok rzysk i e Mts . passes w e r e no t all neces-
sa r i ly f o r m e d a t t he s a m e t i m e or even w i t h i n one g lac ia t ion; it d e p e n d s on 
local condi t ions . 

T h e n e x t g r o u p of f o r m s a r e t h e s a n d y she lves on t h e rocky slopes of t h e 
long i tud ina l depress ions . These k inds of t e r r a c e h a v e been f o u n d on t h e sou th -
e r n s lope of t h e Pos łowsk ie Mts. a t Pos łowice (Fig 1, p n t 7), in t h e P r z e d b o r s k -
Małogoszcz R a n g e a t G r a b k i (Fig. 1, p n t 8), and n e a r Z a j ą c z k ó w (Fig. 1, p n t 12). 

T h e t e r r a c e a t Pos łowice (Fig. 4) h a s a f a i r l y f l a t s u r f a c e a t a leve l u p to 
abou t 280 m. T h e ou tc rop h a s sands i n t e r s t r a t i f i e d w i t h si l ts and coarse r s lope-
sed iments . N e a r t h e base of t h e ser ies t h e r e a r e s tony p a c k e t s in t h e sand. T h e 
accumula t i on leve l a t Pos łowice is a k a m e te r race , o v e r h a n g i n g t h e footh i l l s 
a n d is a b o u t 48 m above t h e n e i g h b o u r i n g gorge of t h e Bobrza r ive r . T h e r i v e r 
t e r r a c e s of t h e Ś w i ę t o k r z y s k i e Mts. do no t a t t a i n such a l t i tudes . 
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Fig. 6. Topographical map of an esker type crevasse landform near Radkowice 
p . A . P . B . — l i n e s of c r o s s s e c t i o n s 
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Photo 2. Grabki — general view of an exposed kame terrace 

Photo 3. Grabki — fragment of the exposure. Parallel stratified sands in kame 
terrace can be seen 

T h e k a m e t e r r a c e a t G r a b k i (Fig. 5, Pho to s 2, 3 and 4) is f o u n d a t a s imi la r 
a l t i t ude of abou t 280 m above sea level. I n a sand p i t dug h e r e s ands and sil ts 
c rop out, as wel l as pe t rog raph i ca l l y s imi la r so l i f lux ia l sed imen t s . By t h o r -
oughly ana lys ing the m a t e r i a l in can be es tab l i shed t h a t severa l phase s of sedi-
m e n t a t i o n took place, wh ich per iod ica l ly u n d e r w e n t dis locat ion, subs idence , 
t i l t ing and g rav i t a t i on - so l i f l ux iona l processes . T h e w h o l e ser ies d id no t con-
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Photo 4. Grabki — The variable character of the sedimentation can be seen. Frag-
ment of exposure 

t inual ly undergo these dis turbances . Til t ing of dislocated packets and subsiding 
is no r the r ly p resumably in the direct ion of the dead ice lying in the l o n g i t u -
dinal depression. In the examined section this was t aken advantage of a t r ibu-
ta ry of the Łososina; a t e r race is found about 30 m above this t r ibu ta ry . 

Fig. 7. Transverse sections across an esker type crevasse landform near Radkowice 
P . A . — s e c t i o n a c r o s s C h ę c i n y v a l l e y n o r t h of R a d k o w i c e , 1 — e s k e r t y p e c r e v a s s e l a n d f o r m , 

P . B . — s e c t i o n a c r o s s e s k e r t y p e c r e v a s s e l a n d f o r m w i t h e x p o s u r e m a r k e d (a , b ) 
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Photo 5. Radkowice — one of the longitudinal hillocks of an esker type crevasse 
landform 

Fig. 8. Exposure in southern wall of an esker type crevasse landform near Radkowice 
1 — s o i l ; 2 — s t r a t i f i e d s a n d s , g r a v e l s a n d a n g u l a r d é b r i s . M u c h c h e r t , p i n k s a n d s t o n e s a n d 
s l a t e s . S t r a t i f i c a t i o n e m p h a s i z e d b y p o s i t i o n of g r a v e l s a n d b y h o r n s t o n e s t r e a k s . V i s i b l e u n e v e n 
r e l i e f of t o p s u r f a c e ; 3 — t o p s u r f a c e of s e r i e s f u l l of m o u n d s c o n t a i n i n g g r a v e l c o r e s . M e d i u m 

g r a i n e d s a n d s w i t h s l i g h t l y m a r k e d s t r a t i f i c a t i o n . S l i g h t g r a v e l a d m i x t u r e 

Fig. 9. Exposure in northern wall of an esker type crevasse landform near Radkowice 
1 — s o i l ; 2 — s t r u c t u r e l e s s d e p o s i t ( s a n d w i t h g r a v e l a d m i x t u r e ) ; 3 — s t r a t i f i e d s a n d s w i t h s o l i t a r y 
s m a l l g r a v e l g r a i n s a n d p e b b l e s , d i s s e c t e d b y f i s s u r e s . O n e c a n s e e p u s h a n d d r a g m o v e m e n t s 

of c o m p a c t e d s a n d b l o c k s , s t r e a k s e m p h a s i z e d b y h o r n s t o n e b a n d s 

http://rcin.org.pl



D E G L A C I A T I O N I N T H E Ś W I Ę T O K R Z Y S K I E M T S . 27 

Anothe r a r g u m e n t in f a v o u r of t h e k a m e or ig in of the t e r r ace is t he m o r a i n e 
loam on the slope, over 250 m above sea level. 

Var ious h i l lock-shape f i s su re f o r m s in i n t r a m o n t a n e long i tud ina l dep re s -
sions bea r wi tness to the t h i r d and last s tage of déglacia t ion. 

Photo 6. Radkowice — the interior structure of an esker type crevasse landform 

Photo 7. Radkowice — fragment of the exposure shown in Fig. 8 
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To th is k ind of f o r m a t i o n be long t h e hi l locks, a r r a n g e d in a s l ight ly c i r cu l a r 
ser ies fo r 1 k m along t h e axis of t h e dep res s ion of t h e so-cal led " C h ę c i ń s k a 
Val ley" , n e a r t h e v i l lage of Radkowice (Fig. 1, p n t 9). T h e i r posi t ion is s h o w n 
on the t opograph ica l ske tch (Fig. 6) and on P h o t o 5. In t h e r o a d - c u t i n g 2-3 m 
in dep th , l aye red sands w i t h g r ave l a d m i x t u r e c rop out . These a re o f t e n cov-
ered by u n l a y e r e d b recc ia ted or g rave l ly s a n d y fo rms . T h e g rave l s a r e also 
composed of local Ś w i ę t o k r z y s k i e Mts. m a t e r i a l as in t h e n o r t h e r n one . In 
Figs. 7, 8, 9 a n d in P h o t o s 5, 6, 7 one can see t h e s t r u c t u r e of these f o r m s . 

T h e dip of l ayers of t he u n d i s t u r b e d ser ies is g e n e r a l l y eas te r ly a n d is 
a lmos t concordan t w i t h t h e morpho log ica l ax i s of t he zone of up l i f t . 

Fig. 10. Topographic map of hillocks and kame terraces near Zajączków 
3 — p a s s k a m e t e r r a c e ; 10 — k a m e h i l l s ; 1 2 — s l o p e k a m e t e r r a c e ( n o s . r e f e r t o t h o s e i n F i g . 1); 

P . A . — s e c t i o n a c r o s s k a m e h i l l s 

T h e descr ibed f o r m s a r e no t over la id b y m a t e r i a l w h e r e t h e s u b s t r a t u m is 
e leva ted , and to no t r u n across b u t a long t h e ax i s of t h e depress ion . T h u s 
t hey h a v e no t t h e c h a r a c t e r of a k a m e r i dge f o u n d in a r e a s of s imi la r re l ief , 
as f o r in s t ance in t h e Cracow-Częs tochowa J u r a (Kl imek 1966, 1969) or in t h e 
S u d e t e s ( J a h n 1969). T h e y m a y r a t h e r be classif ied as f i s su re f o r m s of t h e 
e ske r t y p e (Baran iecka 1969, B o e r m a n 1950, C h a r l e s w o r t h 1957, F l i n t 1957, 
L l i b o u t r y 1965, R a d l o w s k a 1969). 

In t h e p seudo-va l l ey depress ion lying sou th of Z a j ą c z k ó w is a k a m e field 
w i t h n u m e r o u s smal l h i l locks (Fig. 1, p n t 10). T h e de ta i l ed topograph ica l 
ske tch m a p shows a who le w e a l t h of these m i n i a t u r e fo rms , bu i l t of s ands and 
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grave l s of f l u v i a l or igin. Bou lde r s f r o m t h e n o r t h as wel l as local ones can be 
f o u n d on t h e su r f ace (Figs. 10 and 11). 

T h e k a m e hi l locks a t t h e foot of t h e Gorgo lowa Mt. in the Małogoszcz Range 
a r e s imi l a r (Fig. 1, p n t 11 and Fig. 12), b u t t he i r or ig in is not en t i r e ly u n d e r -
stood. 

Fig. 11. Transverse section across valley south of Zajączków 
1 — k a m e h i l l o c k l a n d f o r m 

All these e x a m p l e s of va r ious t ypes of k a m e l a n d f o r m and e s k e r - t y p e and 
our o b s e r v a t i o n s on the t r e n d of t h e dip of t h e s t r a t a and of t he relief f e a t u r e s 
sugges t t h e fo l lowing hypo thes i s in to th is p a r t of t he w e s t e r n Świę tok rzysk ie 
Mts. t h e ice c a m e most p r o b a b l y f r o m t h e NW, f i r s t f i l l ing t h e long i tud ina l 
depress ions a n d t h e n i r r u p t i n g into the m o u n t a i n passes. This sub jec t can be 
looked a t aga in w h e n the r e su l t s of l a b o r a t o r y ana lyses of samples , t a k e n f r o m 
v a r i o u s l a n d f o r m s caused by deglac ia t ion , a r e k n o w n . 

F o r c o m p a r i s o n t w o long i tud ina l ra ised l a n d f o r m s d iscovered in t h e dep res -
sion of t h e Ł a g o w s k a T r o u g h wil l also be discussed. This t r o u g h lies in t h e 
c e n t r a l p a r t of t he m o u n t a i n s . 

It l ies sou th of t h e Łysogóry , t he m a i n r a n g e of t he Świę tok rzysk i e Mts. 
T h e b o t t o m of the t r o u g h is coated w i t h P le i s tocene sediments , o r ig ina t ing 
f r o m va r ious types of agg rada t ion : glacial , g lac iof luv ia l and f luv ia l , as wel l as 
s e c o n d a r y Ple is tocene , suppl ied to the t r o u g h depress ion by processes of d e n u -
da t ion . In these P le i s tocene archives , glacial l a n d f o r m s and sed imen t s m a y also 
be d i s t ingu i shed . T h e y seem somet imes to h a v e been ske le toned by f luv i a l 
eros ion, w h i c h h a s p a r t l y r emode l l ed t h e b o t t o m of the t rough . T h e express ion 
" p a r t l y " is used h e r e to s t ress t h e ex i s t ence since th is t i m e of a w a t e r s h e d . 

In M a k o s z y n /Be ln ianka , (Fig. 1, pn t 14; Fig. 13) an ova l - shaped hi l l t r e n d -
ing p a r a l l e l w i t h t h e morpho log ic axis is f o u n d n o r t h of t he vi l lage. I ts g e n e r a l 
a p p e a r a n c e is shown in P h o t o 8. In the open cuts d o w n to 2.5 m or t s te in sands 
w i t h e r r a t i c bou lde r s in t h e top a r e visible, b u t deepe r d o w n they a r e cross-
s t r a t i f i e d in t h i n layers . T h e sands h a v e m a n y fau l t s . A r epea t ed dip of t h e 
l a y e r s m a y be seen in the W N W sector . T h e i n n e r s t r u c t u r e of t h e l a n d f o r m 
is i l l u s t r a t ed in P h o t o 9. Th i s e leva ted f o r m in Makoszyn has the f e a t u r e s of 
a k a m e - h i l l . 

T h e s t r u c t u r e of t h e r idge in Belno (Fig. 1 p n t 13; Fig. 14) looks a l i t t le d i f -
f e r e n t , a n d can be seen in Pho tos 10, 11 and 12. In t h e top d o w n to 1.5 m a r e 
loam packe t s , s ands and grave ls , some t imes a s t r a t i f i ed b u t gene ra l l y an 
u n s t r u c t u r e d ma te r i a l . Be low this is a s a n d y - g r a v e l series, w i t h f ine g r a ined 
g r a v e l b u t a p r e v a l e n c e of sand. N u m e r o u s f a u l t s and f i ssures a r e visible, 
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Fig. 12. Topographic map showing the kame landforms south of the Gorgolowa ridge 
1 — k a m e f o r m s 
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Fig. 13. Topographie sketch of a käme mound in Makoszyn 

Fig. 14. Topographic sketch of an esker type crevasse landform in Belno 

along w h i c h the s e d i m e n t h a s subsided (Photo 12). A t t h e base a b a r e l y s t r a t i -
f ied th i ck -g ra ined g r ave l ser ies (average d i a m e t e r 3-6 cm), c rops out . T o r t o n i a n 
l imes tone ( l i thotamnian) , o r ig ina t ing f r o m t h e sou th -eas t m a r g i n of t h e Świę -
tokrzysk ie Mts. is f o u n d in th i s sed iment . T h e p re sence of g rave l , sands , loam 
pocke t and locally a c o n t i n u o u s loam cover sugges ts t h a t t h e o r ig in of t he 
Belno r idge m a y be connec ted w i t h c revasse accumula t ion . I t s p r e s e n t f o r m 
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Photo 9. Makoszyn — infrastructure of a kame hill 
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Photo 10. Belno — cross section of an esker type crevasse landform. At the base 
there is an outcrop of the substratum rocks 

Photo 11. Belno — inner structure of an esker type crevasse landform. One can see 
a loam-gravel coating 

1 - sandy-gravel series —2, and coarse gravels at the bottom — 3, in which Tortonian 
limestone pebbles were found 

3 G e o g r a p h i a P o l o n i c a http://rcin.org.pl
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points to an eros ion-denudat ion origin, whereas the p rese rved in te rna l s t ruc-
tu r e is connected wi th déglaciat ion. N u m e r o u s measu remen t s of the sand-
grave l series show the dip of the s t ra ta to be wester ly , bu t va ry ing f r o m NE 
to SW direction. 

Photo 12. Belno — sandy-gravel series cut by faults with visible shifting of the banks 
away from the axis of the landform. Samples were taken from the sand and gravel 

layers for analysis 

Since the layers of both f o r m s f r o m the Łagowska Trough incline in a west-
er ly direct ion, the supply of ma te r i a l t he re fo re came f r o m the east, and this 
is conf i rmed by the presence of tor tonian l imestone in the Belno ridge. 

In order to describe more precisely the sandy sediments occurr ing under 
var ious morphological s i tuat ions in t he cent ra l and wes t e rn p a r t of the Świę-
tokrzyskie Mts., detai led labora tory invest igat ions w e r e carr ied out. Samples 
w e r e taken in such a w a y as to be whol ly represen ta t ive of the sed iment series 
of a g iven landform. This was faci l i ta ted by the sediment usual ly being a little 
d i f fe ren t ia ted . The dep th of sampl ing var ied f r o m 1 to 5 m below the level of 
the arable ground. Only layers whose s t ruc tu re was und i s tu rbed by ground 
and wea the r ing processes w e r e selected. 

The fol lowing analyses w e r e carr ied out: granulometr ic , the degree of 
rounding, mineralogical and pe t rographic . 

By using granu lomet r ic analysis w e obtained curves of f r equency showing 
the rat io of the percen t of a g iven f rac t ion to the accepted insters t i t ia l unit 
(Fig. 15). The la t te r migh t be 1 m m or, as in th is case, the un i t It shows 
a g rannu lomet r i c s imi lar i ty be tween the sandy sediments in m o u n t a i n passes 
on the slopes and in convex shaped dikes fo rming in the wide in t ramontane 
para l le l depressions. 

This s imilar i ty be tween the sediments is par t icu lar ly m a r k e d in the wes tern 
p a r t of the invest igated area (Fig. 15, Nos. 1-10). All the curves h e r e a r e bimod-
al, w i th two m a x i m a in t he f rac t ions of 0.315-0.4 m m and 0.2-0.25 m m . There 
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is very l i t t le admix tu re of the coarser and f i ne r grains; this gives n a r r o w and 
h igh m a x i m a on the d iag ram and indicates t ha t the whole sed iment has been 
thoroughly sorted. 

The curves showing the f r equency of the sandy sediment in the centra l 
p a r t of t he area, w h e r e a much larger var iabi l i ty m a y be seen, a re a l i t t le d i f -
f e r e n t (Fig. 15 Nos. 11-14). The regional s imilar i ty of the deposits, and their 

Fig. 15. Size frequency of granulometric composition of investigated sediments (nos. 
refer to those in Table 1) 

in te r - reg iona l d i f fe rent ia t ion , h in t a t a var ie ty sources of the based ma te r i a l 
fo r t he wes te rn and eas te rn pa r t s of the area. On the o ther hand , t he s imilar i ty 
b e t w e e n the sandy deposits found u n d e r var ious topographica l s i tuat ions in 
t he wes t e rn pa r t bu t t ha t they compose genetical ly d i f f e r en t forms, suggests 
t h a t th is source was the same for all the group. 

A s imilar p ic ture is found w h e n one compares the medians and quart i les , as 
wel l as by Doeglas' classification of deposits (1968). The sandy sed iments f r o m 
t h e wes t e rn p a r t of the Świę tokrzyskie Mts. w h a t e v e r type of genet ic fo rms 
they build, a re poorly d i f f e ren t i a t ed and m a y be assigned to t h r e e granul i t ic 
classes: m e d i u m sands, f ine gra ined m e d i u m sands and m e d i u m sandy f ine 
sands. In t he cent ra l p a r t of the area w h e r e the var iabi l i ty is g rea te r w e f ind: 
v e r y f ine sandy f ine sands, med ium sandy f ine sands, coarse sandy med ium 
sands and very f ine g rave l m e d i u m sands (Table 1). 

The coefficients of g ra in abras ion (Wo) and i r regula r i ty of abras ion (Nm) of 
t he sed iment were calculated by analysing them wi th Krygowsk i ' s g r an i fo rma-
m e t e r (1964). The f rac t ion 0.5-0.8 m m f r o m 10 samples of the w es t e rn p a r t of 
t h e Świę tokrzyskie Mts. was t aken f r o m var ious genetic f o r m s connected wi th 
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TABLE 1 

Numerical 
-J. y determination No. 

c . . Name of outcrop and Analysis of sediment of point . * J Md Qi Q3 ,f ^ , in Fig 1 genetic description number after Doeglas 
of landform in m m (1968) in 

<D units 

11 Gorgolowa t.k.z. 1 0.262 0.350 0.215 223 
2 Polichno t.k.p. 2 0.340 0.390 0.230 223 
8 Grabki t.k.z. 3 0.261 0.365 0.198 233 
9 Radkowice o. 4 0.285 0.410 0.200 223 
9 Radkowice o. 5 0.350 0.480 0.260 222 
4 Milechowy t.k.p. 6 0.225 0.285 0.158 233 
3 Zajączków t.k.p. 7 0.245 0.360 0.175 233 
1 Miedzianka t.k.p. 8 0.240 0.300 0.205 233 
7 Poslowice t.k.z. 9 0.320 0.435 0.235 223 

12 Zajączków t.k.z. 10 0.230 0.295 0.170 233 
13 Makoszyn p.k. 11 0.150 0.190 0.110 334 
13 Makoszyn p.k. 12 0.215 0.280 0.160 233 
14 Belno o. 13 0.320 0.440 0.200 221 
15 Belno o. 14 0.940 2.200 0.360 212 

o — ekser type crevasse landform 
p.k. — kame hill 
t.k.z. — slope kame terrace 
t.k.p. — pass kame terrace 

dég lac ia t ion (Fig. 16). T h e d e g r e e of ab ras ion of t h e q u a r t z g r a i n s in t h e inves t i -
ga ted s a n d s showed t h a t t h e i n d e x Wo h ad h igh va lues and l i t t le va r ia t ion . 

T h e coef f i c i en t of g r a in ab ras ion (Wo) w a s ca lcu la ted bas ing on t h e K r y -
gowsk i ' s f o r m u l a (1964) 

(n.k) 100 
Wo = 2 4 0 0 -

N 

w h e r e N — is t h e size of t he ana lyzed sample , n is t he size of the a n g u l a r classes, 
k is t h e m e a n ang le of a g iven a n g u l a r class. 

T h e va lues of t h e ab ras ion coef f i c i en t v a r y f r o m 1265 to 1423 (Fig. 16). In ac-
co rdance w i t h the c lass i f icat ion of t he d e g r e e of ab ra s ion coef f ic ien t g iven by 
K r y g o w s k i , t h e s ands of t h e w e s t e r n p a r t of t h e Ś w i ę t o k r z y s k i e Mts. m a y be 
classif ied as m a t u r e ones, s h o w i n g d is t inc t g r a i n abras ion . 

T h e coef f i c i en t of i r r e g u l a r i t y of ab ra s ion of a s e d i m e n t (Nm) w a s ca lcu la ted 
us ing t h e f o r m u l a : 

Nm = Qi-Ql 

w h e r e Qx a n d Q 3 a r e qua r t i l e s co r r e spond ing to 25% and 75% r e a d f r o m t h e 
c u m u l a t i v e c u r v e of abras ion . 

T h e i n d e x Nm h a s h i g h wa lues , f r o m 7.4-10, in the s ed imen t s e x a m i n e d (Fig. 
16). This s h o w s t h a t t h e r e is g r e a t d i f f e r e n t i a t i o n in t h e d e g r e e of ab ras ion of 
t he pa r t i c l e s in t h e inves t iga t ed sands. T h e reason f o r th i s is d i f f i cu l t to es ta -
bl ish; it could be d u e to cha rac te r i s t i c d i f f e r e n c e s in t h e b a s e m a t e r i a l s (glacier 
fo rms) , or to a con t r i bu t i on of local m a t e r i a l . 
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I n t e r e s t i n g da t a w a s ob ta ined f r o m p r o b a b i l i t y scale d i a g r a m s . T h e s e d i a -
g r a m s w e r e ob ta ined f r o m t h e c u m u l a t i o n c u r v e s of g r a n u l a t i o n of t he i n v e s t i -
ga ted sands (Figs. 17-21) as done b y Visher (1969) fo r gene t i ca l ly d i f f e r e n t i -
a ted f luv ia l , m a r i n e and aeo l ian sands . T h e y w e r e cons t ruc t ed accord ing to t h e 
p r inc ip l e sugges ted b y Moss (1962, 1963) t h a t e v e r f l u v i a l or aeo l ian s e d i m e n t 
is a m i x t u r e of t h r e e or less popu la t ions w i t h l o g - n o r m a l d i s t r ibu t ions , is t h e 
p i c t u r e of t he e f f ec t of va r ious k inds of t r a n s p o r t . I n m a n (1949) and B a g n o l d 
(1956) h a v e d i s t ingu i shed t h r e e m a i n k i n d s of t r a n s p o r t : suspens ion , sa l t a t ion a n d 
s u r f a c e c reep . Fo r t h e f l u v i a l m e d i u m t h e m o s t i m p o r t a n t is sa l t a t ion (Gi lber t 
1914), a n d is o f t e n t h e on ly m e a n s of m a t e r i a l t r a n s p o r t . 

Fig. 17. Curves and diagrams of cumulation in percentages along a probability scale 
for sediments of slope kame terraces. On the right side of the left scale is the per-
cent of cumulation of units along a probability scale and on the left of this scale, 

the percent in routine units 
3 — G r a b k i ; 9 — P o s ł o w i c e ; 1 0 — Z a j ą c z k ó w ; 1 — G o r g o l o w a ; A — s a l t a t i o n p o p u l a t i o n ; B — s u s -

p e n s i o n p o p u l a t i o n 

It shou ld be s t ressed t h a t in the p r o b a b i l i t y scale the l og -no rma l d i s t r i bu -
t ion r e p r e s e n t s a s t r a igh t line. In accordance w i t h this, each g r a in popu la t ion 
wil l r e f l e c t va r ious k inds of s t r a igh t s e g m e n t s t r u n c a t i n g one a n o t h e r . T h e 
n u m b e r of assemblages , t h e deg ree of t he i r so r t ing and the t r u n c a t i o n po in t of 
t he suspens ion and sa l ta t ion popula t ions , accord ing to Visher (1868), d e f i n e s t h e 
k ind of f l ow. 
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To numer ica l ly sum the degree of sort ing of a par t icu la r set, i ts s t anda rd 
deviat ion a, was calculaterd using a fo rmula f rom the log no rma l d i s t r ibu-
tion: 

J- = Ay_ 
o Ax 

where Ay is the accretion of ordinates expressed along the scale of probabi l i -
ty, and Ax is the accretion of the abscissae (expressed along the scale on any 
a rb i t r a r i ly chosen segment of the line. 

Fig. 18. Curves and diagrams in cumulative percentages and on probability scale 
for sediments of pass kame terraces 

8 — M i e d z i a n k a ; 3 — Z a j ą c z k ó w ; 4 — M i l e c h o w y ; 2 — P o l i c h n o ; A — s a l t a t i o n p o p u l a t i o n ; B — 
s u s p e n s i o n p o p u l a t i o n 

Next , sediment d iagrams f r o m fou r genetical ly d i f f e ren t fo rms connected 
wi th déglacia t ion in t he Świę tokrzyskie Mts. w e r e compared (kame te r races 
on passes and slopes, k a m e hil ls and crevasse f o r m s of t he esker t y p e in t he 
wide i n t e r m o n t a n e depressions). This gave some in teres t ing data to inves t i -
ga te the dynamics of w a t e r which helped to f o r m them. The d iagrams a re mos t 
s imilar fo r fo rmat ions composing the slope k a m e ter races (Fig. 17). The sal ta t ion 
assemblages (A) of the sediments f r o m the four invest igated f o r m s show an 
a lmost ident ica l degree of sort ing, as shown by the i r s imilar s tandard devia t ions 
(aA ' w i th in the l imits 0.56-0.66). The percen tage content of the suspension as-
semblage is d i f fe ren t , a l though its degree of sor t ing is s imilar (oB = 1.47-1.66). 
The t runca t ion point of both assemblages (A and B) fa l ls wi th in the f r ac t ion 
0.14-0.19 m m . 
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Fig. 20. Curves and diagrams in cumulative percentages and on a probability scale 
for sediments of the esker type landform at Radkowice 

A — s a l t a t i o n p o p u l a t i o n ; B — s u s p e n s i o n p o p u l a t i o n ; C — s u r f a c e c r e e p p o p u l a t i o n http://rcin.org.pl
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It should be men t ioned here , t h a t t he o r ig in of hi l ls recognized in t h e G o r -
golowa range , is not easy to e luc ida te (Fig. 1, p n t 11; Fig. 17 No. 1). T h e y w e r e 
or ig ina l ly t a k e n to be k a m e hi l ls (Rad lowska and Myc ie l ska -Dowgia l lo 1972). 
T h e g r a n u l o m e t r i c d i a g r a m of t h e s ed imen t s composing the f o r m is, h o w e v e r , 
s imi la r to t h a t of t he k a m e slope te r races . T h e s ed imen t s compos ing t h e f o u r 
pass k a m e t e r r aces a re m u c h m o r e d i f f e r e n t i a t e d , a l t hough e v e n h e r e w e f ind 
only sa l ta t ion (A) and suspens ion (B) a s semblages (Fig. 18). T h e d e g r e e of sor t -
ing of popu la t ion A, expressed by the s t a n d a r d dev ia t ion va lue (o) va r i e s be -
t w e e n 0.40-0.80. T h e va lues fo r popu la t ion B (oB) also show a h i g h va r i ab i l i ty . 
These r a n g e w i t h i n l imits 1.61-3.03. This ind ica tes a w e a k e r so r t i ng t h a n in 
case of s lope k a m e te r races . 

Fig. 21. Curves and diagrams of cumulative percentages and on a probability scale 
for sediments of the esker type landform at Belno 

A — s a l t a t i o n p o p u l a t i o n ; B — s u s p e n s i o n p o p u l a t i o n ; C — s u r f a c e c r e e p p o p u l a t i o n 

T h e t runca t i on po in t of t he sa l t a t ion and suspens ion a s semblages f a l l w i t h i n 
t h e f r ac t i on 0.23-0.12 m m . 

In spi te of a s l ight ly h ighe r va r i ab i l i t y in t h e course of g r a n u l a t i o n d i a g r a m s 
of pass k a m e te r races , wh ich m a y be t h e resu l t of local condi t ions , t h e sedi-
m e n t s of bo th inves t iga ted genet ic g r o u p s (slope and pass k a m e te r races ) a r e 
s imi la r . Thus it m i g h t gene ra l l y be conc luded t h a t in bo th t h e c h a r a c t e r of 
t h e f l owing w a t e r w a s s imi lar . 

T h e g r a n u l o m e t r i c d i a g r a m s g iven h e r e (Fig. 17, 18) a re s imi l a r to those 
p r e s e n t e d by Visher (1969), as cha rac te r i s t i c of f luv ia l sands compos ing va r ious 
t ypes of f o rms in r ive rbeds . 
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The kame hill, in our area of invest igat ion nea r Makoszyn (Fig. 1, p n t 13; 
Fig. 13, Photo 8), is a dist inct one. The cumula t ion g ranu lomet r ic d i ag rams 
along the probabi l i ty scale p resen t a d i f f e ren t p ic ture f r o m those previous ly 
discussed (Fig. 19). The grea tes t d i f f e rence is shown by the presence of t he 
popula t ion of creep t r anspor t (C), p lus a la rge suspension popula t ion (B) in dis-
cussing f luvia l series. Visher (1969) stresses tha t the popula t ion of creep debr i s 
appears only in the deepest pa r t s of r iverbeds , w h e r e the cu r ren t is most r a p -
id. When one compares the d iag rams of sed iment g ranula t ion for k a m e t e r -
races and hills one can defec t a sh i f t t owards a f ine r f ract ion. It is d i f f icu l t to 
f ind grea ter cu r r en t m o v e m e n t h e r e bu t r a the r a d i f f e ren t charac te r to t he 
movement . The f low mus t have been more concentra ted here , which enhanced 
the bed-load t r anspor t by rol l ing or d ragging along the r iver bed. It also mus t 
have been character ized by m a r k e d changes, as evidenced by the large popu-
lation in suspension, which can accumula te dur ing a sudden d rop in the veloci-
ty of the cur rent . The high pe rcen tage content of this popula t ion in the sedi-
ment , also points to the impor tan t role of suspension in me l twa te r s f lowing 
wi th in the crevasses of dead ice. I t is also possible tha t by increasing the den -
sity of the w a t e r this faci l i ta ted the t r anspo r t of t he bed load. 

The nex t g roup to be discussed a r e the esker type crevasse fo rms f r o m Rad-
kowice and Belno (Fig. 1, p n t 9, 14, Fig. 6, 14, Pho to 6, 10). The cumula t ion 
d iagrams of g ranu la t ion along the probabi l i ty scale constructed for the sedi-
men t s of both these forms, a re s imilar to each o the r (Fig. 20, 21) bu t d i f f e r e n t 
f r o m all the previously discussed ones. In th ree out of the four inves t igated 
sediments the re is a wel l developed bu t weak ly sorted (oc = 2.90-20.0) su r face 
creep populat ion, border ing on the sal ta t ion populat ion in a coarser f r ac t ion 
than is the case of the k a m e hillock of Makoszyn (kame hill: C/A = 0.32, 
0.4 mm, esker type fo rms f r o m Radkowice and Belno C/A = 0.8-1.1 mm). It 
should be ment ioned here , tha t in the case of the fou r th sample (Fig. 21, No. 14) 
the lack of a popula t ion C can be assumed to be the resul t of its occurrence 
wi th in a coarser f rac t ion beyond our g ranu lomet r i c division. In the analysis 
the degree of sort ing of popula t ion A (saltation) is also much lower than in the 
above ment ioned kame hill (kame hill: oA = 0.34-0.37, esker type fo rms: 
oA = 0.70-1.72). 

The collected data seems to point to m u c h more dynamic movemen t of t he 
f issure wa te r s in the esker type forms, t h a n in the previously discussed k a m e 
hills. The presence of both sur face creep and suspension populat ion in the sedi-
men t s at Radkowice and Belno, wi th a sh i f t towards a coarser f rac t ion , is 
evidence of a grea t var iabi l i ty in the f low and of g rea t changes in the force of 
the cur ren t . 

The granulomet r ic analysis of the sediments (shown on the d iagrams along 
a probabi l i ty scale) shows they have d i f fe rences in accordance wi th the i r ge-
netic classification, independen t of the i r regional localization. This is most 
s t r iking w h e n compar ing sediments of the esker - type crevasse l and fo rm f r o m 
Radkowice and Belno. 

As an exper imen t the Visher me thod (1969) was applied to déglaciat ion; 
unt i l now it was used to analyse g ranu lomet r ica l ly f luvial , m a r i n e and eolian 
sediments . By this method one can de f f e r en t i a t e the k inds of t ranspor t , suspen-
sion, sal tat ion and sur face creep. These categories were found in the accumu-
lated sediments der ived f r o m mel t wa t e r s dur ing déglaciations. The re la t ions 
be tween the g ranu la t ion popula t ions and thei r degree of sort ing proved to be 
d i f f e r en t for d i f f e ren t types of genet ic fo rms . 
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O t h e r i n t e r e s t i ng da t a w a s f o u n d by p é t r o g r a p h i e and mine ra log ica l ana lyses 
of t h e l ight and h e a v y f r a c t i o n s (Fig. 22) car r ied out fo r the w e s t e r n p a r t of 
the Ś w i ę t o k r z y s k i e Mts. 

Fig. 22. Pétrographie composition of sands on basis of an analysis of the 0.5-0.8 mm 
fractions 

P e t r o g r a p h i c a l l y the r i ches t s ed imen t s a re f r o m Za j ączków, G r a b k i , Po l ich-
no, Miedz i anka and Pos łowice (Fig. 1, p n t 3, 12, 8, 2, 1, 7), w i t h a t t he s ame 
t i m e a h i g h w e a t h e r i n g coef f i c i en t (W), ind ica t ing some re l a t ion b e t w e e n the 
d u r a b l e , a v e r a g e d u r a b l e a n d n o n - d u r a b l e heavy mine ra l s . 

Acco rd ing to Rac inowsk i and Rzechowski (1969) the w e a t h e r i n g coef f ic ien t 
is d e t e r m i n e d by t h e fo l lowing f o r m u l a 

W =SJ-N 
T 

w h e r e T is the d u r a b l e mine ra l s , r e s i s t an t to w e a t h e r i n g (zircon, tou rmal ine , 
ru t i l e , s tauro l i te , d is ten , andalus i te) , St — the a v e r a g e d u r a b l e m i n e r a l s (garnets , 
ep idote , clinozoisite), N — p e r i s h a b l e mine ra l s (augite, h o r n b l e n d e , act inol i te , 
biot i te) . 

T h e p r e s e n t g r o u p of s e d i m e n t s ( f rom Za jączków, Grabk i , Pol ichno, Mie-
d z i a n k a and Posłowice) con ta ins b e t w e e n 86 and 92°/o qua r t s , 2 - 4 % of f e ldspar , 
2 - 4 % d e t r i t a l c rys t a l l ine rocks , 1 - 5 % of lydi tes and 0 - 5 % l imes tone . 

T h e coef f i c i en t of w e a t h e r i n g r a n g e s f r o m 17.6 to 28.6 and ind ica tes t h e 
p r e s e n c e of h e a v y n o n - r e s i s t a n t m i n e r a l s in the assemblage , b u t t h e r e a r e r e l a -
t ive ly f e w of t h e m (Fig. 22). 

T h e second g r o u p of s e d i m e n t s compose t h e sands f r o m R a d k o w i c e and 
M i l e c h o w y (Fig. 1, p n t 9,4), w h i c h conta in f r o m 92 to 95% q u a r t z , 1 - 2 % fe ld -
spar , 0 - 3 % de t r i t a l c rys t a l l i ne rocks, 1 - 3 % lydi tes and 0 - 3 % l imes tones . 

T h e i r coef f ic ien t of w e a t h e r i n g is m u c h lower (4.8-16.8) ind ica t ing t h a t 
h e a v y n o n - r e s i s t a n t m i n e r a l s a r e ins ign i f i can t in t h e assemblage . 
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T h e sands f r o m t h e Gorgo lowa R a n g e a re d i f f e r e n t f r o m these two g r o u p s 
(Fig. 1, p n t 11). T h e y a r e p e t r o g r a p h i c a l l y poor w i t h abou t 96%> q u a r t z , l°/o 
f e ldspar , 3 % lydi tes b u t con ta in q u i t e a f e w h e a v y non - r e s i s t an t m i n e r a l s 
(W = 21.4). 

One canno t d r a w f a r - r e a c h i n g conclus ions f r o m t h e f e w ana lyses so f a r c a r -
r ied out. It is h o w e v e r , i n t e r e s t i n g t h a t those s ed imen t s in f a r t h e s t SE c o r n e r 
of t he w e s t e r n p a r t of t he a r e a (Radkowice) h a v e the poores t composi t ion , in 
bo th the l ight and h e a v y f r ac t ions , wh i l e the s ed imen t s in t h e NW p a r t ( the 
reg ion of Łosos ina -Za jączków, Grabk i ) a r e m u c h m o r e d i f f e r e n t i a t e d . T h e d a t a 
seems to ind ica te t h a t t h e s u p p l y of m a t e r i a l s s a m e to th is p a r t of t he Ś w i ę -
tok rzysk ie Mts. f r o m a N W di rec t ion . 

An ana lys i s of t he g r ave l f r a c t i o n of t he s ed imen t s compos ing the m a i n p a r t 
of t he e ske r t y p e c revasse l a n d f o r m in Belno (photos 10 and 11) gave, e q u a l l y 
in t e re s t ing resu l t s ; 150 grave l s , w i t h a d i a m e t e r of 2-6 cm f o u n d in t h e f r a c -
tion.* 

T h e p é t r o g r a p h i e compos i t ion of g r ave l s w a s as fol lows: 
quartzites 33.0% 
limestones, dolomites, marls 30.4% 
schists 17.3% 
sandstones 10.7% 
granites and gneisses 6.7% 
fragments of small calcite ve ins and sil ificated l imestones 1.3% 
fl ints 0.6%. 

As in the f i r s t g roup , in t h e second (quar tz i te , l imestones , do lomi tes and 
mar ls ) t he m a i n m a t e r i a l comes f r o m the ne ighbourhood a r o u n d the site, and 
typ ica l ly shows v e r y w e a k r o u n d i n g . To a l a rge deg ree th is is w e a t h e r i n g 
debr is . L i m e s t o n e s of t he u p p e r J u r a s s i c and t h e Miocene ( l i tho thamnic l ime-
s tones of t h e lower Tor ton ian ) h a v e been t r a n s p o r t e d some dis tance . T h e i r p r e -
sence is p a r t i c u l a r l y in t e re s t ing . I t ind ica tes t h a t t he d i rec t ion of t r a n s p o r t of 
t he g rave l s is f r o m t h e E and SE w h e r e , w i th in a zone s u r r o u n d i n g the Ś w i ę t o -
k rzysk i e Mts., l ower T o r t o n i a n l imes tones is f o u n d in situ. In accordance w i t h 
the c r i te r ia appl ied by Różycki (1972), it is possible, on the basis of t he p r e s -
ence of l i t h o t h a m n i a n l imes tones , to cons ider the or igin of t h e esker t y p e l a n d -
f o r m in Belno to da t e f r o m t h e Mindel g lacia t ion. 

T h e resu l t s of our p e t r o g r a p h i c inves t iga t ions sugges ted t h a t t h e m o v e m e n t 
of ice to the cen t r a l p a r t of t h e m o u n t a i n s c a m e f r o m t w o di rec t ions . In t h e 
w e s t e r n p a r t it c ame f r o m t h e N W a n d in the c e n t r a l p a r t f r o m the E. T h e 
con t inen ta l g lac ier m a d e use of t h e relief of t he area , w h i c h in g e n e r a l is con-
co rdan t w i t h the p r e s e n t re l ief . In the r e m a i n i n g p e t r o g r a p h i c g roups of g r a v e l 
s ed imen t s f r o m the Belno, rock f r o m t h e ne ighborhood a r o u n d the s i te is 
also p r e v a l e n t . On ly smal l p e r c e n t is m a d e u p by rocks wh ich h a v e been t r a n s -
por t ed some d i s tance ( inc luding S c a n d i n a v i a n rocks — g ran i t e s and gneisses — 
wh ich a r e usua l ly s t rong ly w e a t h e r e d and we l l r ounded , and sands tones and 
f l in t s b r o u g h t h e r e f r o m t h e n o r t h e r n bo rde r l i ne of t he Świę tok rzysk i e Mts.). 

A n o t h e r charac te r i s t i c f e a t u r e of t h e inves t iga ted g rave l s is t h e i m p o r t a n c e 
in the i r composi t ion of rock d e t r i t a l of v e r y low res i s tance (schists and mar ls ) . 
Th is should ind ica te a shor t t r a n s p o r t in a m e d i u m of f l owing w a t e r and f r e -
q u e n t f r e ez ing of t he m a t e r i a l t r a n s p o r t e d (a pebble , looking l ike l ake cha lk 
w a s recognized) . 

* We express our thanks to Dr. J. Głazek who helped us to determine the gravel 
fraction. 
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T h e m a t e r i a l collected in the a r ea of t h e deglac ia ted Świę tok rzysk ie Mts . 
has only a f r a g m e n t a r y va lue ; it does n o t j u s t i f y syn the t i ca l opinions, espe-
cially on t h e age of t he discussed fo rms . 

Accord ing to mos t op in ions so f a r expres sed our inves t iga ted a rea w a s sub -
mi t t ed only to the Minde l g lacia t ion. T h e Riss g lac ia t ion did not i n t r u d e u p o n 

Fig. 23. Extent of the Riss glaciation in central Poland according to Galon and Rosz-
kówna (1967) 

1 — m a x i m u m e x t e n t of t h e R i s s g l a c i a t i o n (a) a c c o r d i n g t o S . Z . R ó ż y c k i , (b) a c c o r d i n g t o 
W . K a r a s z e w s k i : 2 — W a r t a s t a g e ; 3 — s t a g e of r e c e s s i o n ; 4 — s u p p o s e d c o u r s e of c o n t i n e n t a l 
g l a c i e r f r o n t ; S — o u t w a s h f a n , 6 — W u r m g l a c i a t i o n ; 7 — v a l l e y s a n d p r a d o l i n a s - , 8 — a r e a s 

i n v e s t i g a t e d b y t h e p r e s e n t a u t h o r s 
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t h e i n n e r m o u n t a i n s , on ly smal le r or l a rge r lobes r e a c h e d t h e p e r i p h e r y , es -
pec ia l ly a long t h e N W side of t h e m o u n t a i n e (Fig. 23; F i lonowicz 1972, Ł y -
czewska 1972, Różycki 1972, Ga lon and R o s z k ó w n a 1967). 

I t m a y t h u s be a s s u m e d t h a t t he vis ible t r a ce s of deg lac ia t ion d a t e f r o m t h e 
M i n d e l per iod . This should be s t ressed, s ince un t i l n o w deg lac ia t ion of th i s 
age h a s not been descr ibed fo r Po land . T h e p r e s e r v a t i o n of t he f o r m s is p r o b a -
bly d u e to its locat ion on r e m o n t e passes and long i tud ina l depress ions , w h e r e 
no v io len t processes of d e g r a d a t i o n over took place . 
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T H E C L A S S I F I C A T I O N O F G L A C I A L T I L L S . A F A C T O R A N A L I T I C A L 
S T U D Y 

PETER J. VINCENT 

The recognit ion of the economic potent ia ls of Glacigenic sediments has 
provided much s t imulus for thei r f u r t h e r s tudy in Poland. In par t icular the 
mineralogical and chemical invest igat ions of S tankowska and Stankowski 
(1969) are an in teres t ing extens ion of the work of Dre imanis and his associates 
(1953) in Canada. These s tudies a t t empt to dis t inguish older f r o m younger gla-
cial sediments by means of qual i ta t ive and semi-quant i ta t ive methods. In this 
paper the technique of fac tor analysis has been used in an a t t empt to describe 
the spat ial character is t ics of some Weichsel ian tills f r o m the nor th of England 
(Vincent 1969). This t echnique also provides the user wi th an object ive method 
of classification and in this context would be a use fu l tool for grouping tills of 
doubt fu l age and character is t ics w i th the i r neares t petrological, chemical or 
sedimentological equivalents . 

The methods of factor analysis w e r e developed as a tool in psychometr ic 
research at the tu rn of the cen tu ry of S p e a r m a n (1904) and have, unt i l recently, 
been neglected by those s tudying glacial sediments a l though they are now 
well established in the f ields of regional and economic geography. The reasons 
for the usefulness of such a t echn ique a re easily unders tood by the following 
example . Let us suppose we have measured 25 var iables for each of 52 areas 
or sampling sites. It would be possible to m a p each of the 25 variables separa te-
ly such tha t each of the 25 var iables could be looked at individually and also 
compared two at a t ime, t h r ee at a t ime and so on, as desired. Distr ibut ions 
that showed similar t rends over the sur face of the m a p s would be seen to cor-
relate. Cole and Smith (1967) advance several reasons w h y such visual exer -
cises r u n into diff icult ies. Fi rs t ly , to v iew all possible combinat ions of the 
25 m a p s it would be necessary to consider 100,000,000 combinations. Allowing 
10 seconds to consider each combinat ion this would take a person about 200 
years. Secondly, any combinat ion of more than th ree or four variables view 
together become very d i f f icu l t to handle visually. Thirdly , there seems to be 
no assurance tha t the indiv idual v iewers will not see correlat ions they expect 
to see r a the r t h a n corre la t ions tha t exist. Factor analysis does the work of 
combining the 25 maps and a t t empt s to ident i fy the characteris t ics which 
var iables have in common and which resul t in the i r in tercorrela t ion. Factor 
analysis is, therefore , a reasonably object ive method of grouping and s impl i fy-
ing the n u m b e r of in te rcor re la ted var iables thus al lowing a mean ingfu l classi-
f icat ion to be made. 

In order to famil iar ize the reader wi th the essential detai ls of the technique 
of fac tor analysis a brief account is provided. Those interested in the ma the -
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mat ica l de ta i l s of t he m e t h o d should consul t a su i t ab le t e x t b o o k such as H a r -
m a n (1967). 

Fac to r ana lys i s m a y be ca r r i ed ou t in t w o d i s t inc t b u t r e l a t ed p rocedu re s , 
in R - m o d e f ac to r ana lys i s a t t en t i on is focussed on an nXn m a t r i x of r e l a t i o n -
ships (usual ly t a k e n as p r o d u c t m o m e n t corre la t ions) b e t w e e n all pa i r s of 

Fig. la, lb, lc. A geometrical explanation 
of cosine theta, factor loadings and factor 

rotation 
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measured variables. In Q-mode analysis a t ten t ion is focussed on N samples 
and resul ts follow f r o m an inspection of an NXN ma t r i x of re la t ionships 
be tween all pairs of samples. In Q-mode analysis cosine-theta coeff icients a re 
used to represent correlat ions in ma t r ix . This can be i l lustrated graphica l ly in 
the s imple case by considering the corre la t ion of two samples (A and B) r ep re -
sented as vectors in a coordinate system of t h r ee var iables (Fig. la). The angle 
G is a measure of the s imilar i ty be tween two vectors. The smal le r t he angle @ 
the g rea te r the s imilar i ty be tween two vectors. Algebraical ly th is concept m a y 
be expanded into n d imensional space, w h e r e n represents the n u m b e r of meas-
ured variables. 

Very probably, m a n y sample vectors may lie re la t ively close together in 
the n d imensional space. In order to s impl i fy this complex n d imensional 
s t ruc tu re factor axes a re constructed which p ro jec t ma themat i ca l ly into this 
coordinate system. Lines projected perpend icu la r ly f r o m the sample vectors 
onto the factor axes of un i t length a re called fac tor loadings (Fig. lb). Vectors 
wi th h igher factor loadings lie closer to a fac tor axis than do vectors wi th lower 
loadings. Using this in format ion it is possible to deduce which samples lie near 
to each factor axis. 

The re are various methods of f i t t ing fac tor axes to s imilar i ty coeff icient 
matr ices (Harman 1967). A common method of f i t t ing fac tor axes is tha t 
of pr incipal components in which the f i r s t axis is positioned so tha t the sum 
of squares of the fac tor loadings is maximized. Geometr ica l ly th is m a y be 
thought of as placing the f i r s t factor axis in the cent re of g rav i ty of the vector 
system. The next factor axis, which is or thogonal to the f i rs t , is posit ioned so 
tha t the sum of squares of the fac tor loadings on it is also maximized . Subse-
quen t axes are positioned in a similar m a n n e r . In order to s impl i fy i n t e rp r e t a -
tion of the factor loadings i t is common pract ice to ro ta te the fac to r axes a f t e r 
they h a v e been established (Fig. lc). The purpose of ro ta t ing fac tor axes is to 
position them in such a w a y tha t they lie close to any dist inct c lus ters which 
may exist in the s imilar i ty coeff icient ma t r ix . A simple w a y of showing the 
associations of the samples is to plot the fac tor loadings graphical ly , the ordi-
na t e and the abscissa represen t ing the factors . 

Once the factor axes and loadings have been computed it is t h e n requi red 
to k n o w which par t icular variable, or groups or variables, is substant ia l ly 
represen ted by each factor . In Q-mode analysis this may be done by inspection 
of the fac tor weight ings. The weight ings indicate how the N samples, which 
a re d is t r ibuted in space about fac tor axes va ry wi th respect to t he n variables. 
Thus h igh factor weight ings on a var iable indicate tha t a fac tor is h ighly asso-
ciated wi th tha t var iable and vice versa. 

In as much as the Q-mode analysis emphasizes re la t ionships among samples, 
it provides an impor tan t method for classifying sedimentological and p e n o -
logical informat ion. In the present s tudy a Q-mode analysis was pe r fo rmed on 
data collected f r o m 52 samples of till f r o m the no r the rn Penn ines (Fig. 2). Each 
sample consisted of 2 kg of unwea the red sediment aggregated f r o m four r an -
dom samples. I t is known f r o m other studies t ha t a t least two tills a re present 
in the s tudy area. One is o f t en reddish in colour and was deposi ted by an east-
er ly moving ice-sheet which issued f r o m an ice-cap developed over the igne-
ous and metamorph ic moun ta ins of the Lake Distr ict (Fig. 2). The other is 
typical ly a d rab grey colour, f r ee of igneous and me tamorph ic er ra t ics and was 
produced by local ice produced wi th in the Penn ine Hills which a re almost 
en t i re ly composed of sed imenta ry s t ra ta of Carboni fe rous Age. However , there 
exist o ther tills which have the proper t ies of the reddish tills and also of the 
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local g r e y til ls. In t h e p r e s e n t s t u d y it w a s hoped t h a t f a c to r ana lys i s m i g h t 
he lp s t r u c t u r e th i s c o n t i n u u m of reddish , i n t e r m e d i a t e and g rey tills. 

In t h e l a b o r a t o r y as m u c h i n f o r m a t i o n as possible w a s g a t h e r e d f r o m r o u -
t ine sed imento log ica l , chemica l and pe t ro logica l inves t iga t ions . A to ta l of t h i r t y 
s e p a r a t e i t e m s of i n f o r m a t i o n w e r e ava i l ab le for each s a m p l e of s e d i m e n t 
(Table 1). 

As a p r e l i m i n a r y s tage in t h e ana lys i s t h e r a w da ta w e r e t r a n s f o r m e d b y 
d iv id ing each v a l u e by t h e h ighes t obse rved va lue fo r t h a t p a r t i c u l a r l y cons t i -
tuen t . Th i s t r a n s f o r m a t i o n gives equa l w e i g h t to each va r i ab le ; such a t r a n s f o r -
m a t i o n is u s e f u l because no t al l va r i ab le s w e r e m e a s u r e d on a p e r c e n t a g e scale, 
e.g. pH, $ m e a n . No add i t iona l t r a n s f o r m a t i o n s a r e necessa ry in Q - m o d e a n a l y -

Fig. 2. Location of study area 

sis because t h e co r re l a t ion m a t r i x is bu i l t u p f r o m cos ine - the ta a n d not p r o d u c t 
m o m e n t co r r e l a t i on coeff ic ients . T h e cosine t he t a m a t r i x t h u s consis ted of 
a 52X52 a r r a y , t h i r t y va r i ab l e s be ing m e a s u r e d for each of t h e 52 till samples . 
A t th is s tage t h e u s e f u l n e s s of t h e f ac to r ana ly t i ca l a p p r o a c h is c lear . It wou ld 
be d i f f i cu l t , if n o t impossible , to v i sua l ly assess such a m a t r i x of coeff ic ients . 
H e r e t h e h i g h speed c o m p u t e r is i nva luab le . I n th i s s t u d y a f a c to r ana lys is 
w a s p e r f o r m e d on the IBM360/67 c o m p u t e r a t D u r h a m U n i v e r s i t y us ing a F o r -
t r a m p r o g r a m w r i t t e n b y Klovan . Th i s p r o g r a m al lows t h e abs t r ac t i on of u p to 
t en f ac to r s f r o m a cosine t he t a m a t r i x . 

A f t e r a v a r i m a x ro t a t i on of t h e f ac to r axes the f i r s t t h r e e f a c t o r s accounted 
fo r 81°/o of t h e v a r i a n c e of t he cos ine - the ta m a t r i x a n d fo r th i s r ea son it was 
dec ided to l im i t f u r t h e r s t u d y of t h e r e su l t s to these t h r e e fac to rs . E x a m i n a -
t ion of Tab le 1 ind ica tes w h i c h of t h e t h i r t y va r i ab les a r e mos t closely re la ted 
to each f ac to r a n d t hus cha rac te r i ze t h e f ac to r axis. T h e va r i ab l e s w h i c h a p p e a r 
m o s t closely r e l a t e d a re as fo l lows: 
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Fac to r I Hema t i t e , l imoni te , pH, f e r r i c i ron, p h i sor t ing , 
ph i m e a n , per cen t day , silt, and grave l , 
pe r cen t shale. 

Fac to r II Amphibo le , p y r o x e n e and tou rma l ine , pe r cen t e r ra t i cs , 
i lmeni te , magne t i t e , p a r cen t sand and clay. 

Fac to r III P e r cen t sands tone . 

TABLE 1. Factor weightings for the first three variables 

Variable Factor I Factor II Factor III 
Per cent sandstone 0.5492 0.2721 5.2935 

shale 1.3702 -0.8425 0.8574 
erratics -0.5286 2.2105 -0.0902 
limestone 0.1550 -0.3008 -0.1211 
coal -0.0973 0.3409 0.0005 

pH 2.0182 0.7365 -0.4004 
Coal in matrix 0.5890 -0.2079 -0.2594 
Ferric Iron 1.8156 -0.0712 -0.3563 
Carbonate 0.7079 -0.1667 -0.1545 
Per cent gravel 1.1248 -0.2816 -0.2708 

sand 1.3174 1.3126 -0.2435 
silt 1.4061 -0.2527 -0.3286 
clay 1.4312 1.4413 -0.2529 

Phi mean 1.5497 1.0249 -0.2741 
Phi sorting 1.6264 0.8143 -0.2391 
Sphene -0.1059 0.4154 -0.0452 • 
Monazite -0.3544 0.8815 0.0245 
Garnet -0.2481 0.8420 -0.1000 
Biotite -0.1326 -0.0103 0.1078 
Rutile 0.0396 0.0798 0.1001 
Zircon -0.1859 0.3570 0.0059 
Staurolite -0.3603 0.4701 -0.1073 
Kyanite -0.1409 0.0245 0.2082 
Epidote -0.2826 0.6844 0.2464 
Amphibole/Pyroxene -0.5972 2.5180 0.1248 
Tourmaline -0.5088 2.4934 0.0093 
Sillimanite -0.0950 -0.5185 -0.1400 
Hematite/Limonite 2.4437 -0.2375 0.1019 
Magnetite/Ilmenite -0.3962 1.6036 0.1668 
Pyrite 0.1406 -0.4776 0.1569 

H a v i n g decided on the m a k e - u p of t h e f ac to r s i t is necessa ry to e x a m i n e t h e 
f ac to r load ings to see w h i c h samples a re mos t s t rong ly associated w i t h each 
fac to r . T h e loading on each of t h e f i r s t t h r e e f ac to r s fo r t h e 52 s amp le s a re 
i l l u s t r a t ed g raph ica l ly in Fig . 3. Inspec t ion of Fig . 3a wou ld seem to ind ica te 
t h a t t h r e e r easonab ly d is t inc t ca tegor ies of t i l l a r e to be f o u n d in t h e s t u d y 
a rea . 

Category 1. This g roup , w h i c h conta ins t h e m a j o r i t y of t he s amples ana lysed , 
loads h e a v i l y on Fac to r I and r e l a t ive ly l igh t ly on Fac to r II. T h e s e d i m e n t s 
inc luded in th is ca tegory a r e associated w i t h h i g h p H values , h igh F e r r i c I r o n 
con ten ts , h i g h sha le p e r c e n t a g e s in t h e s tone counts a n d w i t h h igh h e m a t i t e 
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and l imonite percentages in the heavy minera l f ract ion. These var iables suggest 
a s t rong inf luence of P e n n i n e rock on the tills. 

Category 2. This g roup loads most heavy on Factor I I and re la t ive ly l ight ly 
on Fac tor I. Factor II, it wil l be r emembered , is associated w i t h h igh pe rcen t -
age of tourmal ine , amphibole and py roxene minera ls in the sand f rac t ion . 
This fac tor then is an expression of those var iables which a re par t icu la r ly char -
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acteristic of tills which are not of Penn ine provenance and which have re-
tained much of their e x t r a - P e n n i n e character . 

Category 3. This consists of one sample which loads re la t ively l ight ly on 
both Fac tors I and II. 

The existence of these th ree groups of samples is f u r t h e r demons t ra ted 
when the loading Factor II a re plot terd against Factor III (Fig. 3c). These two 
factors together only accounted for 19.7 per cent of the total var iance and are, 
therefore , r a the r weak explan ta t ions of the total correlat ion ma t r i x . However , 
it is shown tha t th ree groups of samples a re still reasonably dis t inct . 

Broadly speaking the usefu lness of such factor analysis s tudies wi th in the 
study area, as demons t ra ted here, m a y be seen to be twofold. 

a) As a tool for classification 

Geographers , in company wi th other scientists, a re f inding it increasingly use-
fu l to classify and order t he immense amoun t of data which a r e being amassed 
day by day. The Geomorphologis t m a y f ind it use fu l to classify the sedi-
men t s he has studied so t h a t addi t ional informat ion , if collected a t a la ter date, 
m a y be included wi th some organized f r a m e w o r k and its re levance wi th in 
the conceptul f r a m e w o r k judged. 

In t h e example p resen ted he re it is possible to a r r ive at a reasonably ob-
jective classification of till samples analysed in the labora tory . It has a l ready 
been suggested that it is possible to classify 52 samples of till, collected by the 
wr i te r , into th ree broad categories represent ing those tills which a r e essentially 
of Penn ine provenance, those which are essential ly of e x t r a - P e n n i n e prove-
nance and one sample which is not s t rongly associated wi th e i ther of these two 
groups. The lat ter , anomalous , sample m a y be in te rpre ted as being ve ry poorly 
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mixed and may not have been removed f a r enough f rom its bedrock source fo r 
it to have acquired p roper Penn ine character is t ics . Al te rna t ive ly , it m a y be 
solifluction sediment of some type. In ei ther case the analysis has t h r o w n u p 
an anomaly not noticed in the f ie ld which r equ i re s f u r t h e r invest igat ion. 

F u r t h e r use fu l sub-division and classification of the tills is possible. A n 
example is i l lustrated in Fig. 4 where category 1 has been f u r t h e r subdivided 
into four : 

1. Tills wi th h igh shale contents, 
2. Tills wi th high l imestone contents , 
3. Local tills wi thou t erratics, 
4. Tills wi th smal l amount s of errat ics . 

It essential to keep the n u m b e r of such sub-division as small as possible 
since a f u r t h e r sub-division defea ts the whole object of classification. The ques -
tion arises as to w h e t h e r or not it is wor thwh i l e analysing so m a n y var iab les 
in order to classify tills. In this context fac tor analysis has m a n y benef i t s . I t 
has been shown tha t fac tor axes are associated w i th groups of var iables wh ich 
themselves a re correlated and tha t by examina t ion of the fac tor weight ings i t 
is possible to f ind out which a re the most s ignif icant var iables . Once these 
have been decided upon it would be possible to concent ra te analysis on f e w e r 
s ignif icant var iables and thus allow m a n y more samples to be analysed. 

(b) Factor analysis in the study of provenance 
In its s implest t e rms provenance m a y be considered as a s imple b ina ry sys-

tem. One end m e m b e r of such a system represen ts tills of the source region 
of ice dispersal, the o ther represen ts those tills down-ice of the source region. 
In the example presented in this pape r the two end m e m b e r s a re in fac t fac tors 
I and II. 

Now, if we accept the premise tha t an incurs ive ice-sheet will g radua l ly 
incorpora te sediment into its base it follows t ha t the n a t u r e of tha t sediment 
will change in a down-ice direction. If it is possible to a r r a n g e the samples, 
in t e rms of the i r overal l sedimentological and petrological character is t ics as 
measured by fac tor analysis, wi th in such a b i n a r y system then it is possible to 
indicate broad lines of ice movement . Such a b ina ry axis can be ident if ied in 
the p resen t s tudy (Fig. 3a). Till samples w i th high loadings on Factor II a re 
found in the west of the s tudy area whi le the most eas ter ly samples (those in 
a down ice-direction) a re those which load most heavi ly on Fac tor I. 

Of more impor tance t h a n the genera l direct ion of sediment t ranspor t , which 
can be deduced f rom simple field methods, is the in format ion gained as to the 
overal l ra tes of evolut ion of the sed iment character is t ics in a down-ice direc-
tion. If compara t ive studies could be m a d e we migh t learn much of the erosive 
capacity of f o r m e r ice sheets and the inf luence of var ious rock types and s t ruc-
tu re on thei r advance. 

The stat is t ical resul ts in this pape r indicate tha t tills a re more sedimento-
logically organized t ha t is usual ly supposed by visual examina t ion and tha t 
factor analysis is a u se fu l method of analysing such deposits. However , it is 
use fu l to r emind ourselves of the dangers of deal ing wi th mere mathemat ica l 
ext ract ions and the need to pu t such resul ts in thei r geomorphological context . 
This cannot be done wi thou t recourse to an init ial appra isa l based on field 
work . 

Salford Univers i ty 
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T H E R E T R E A T O F A L L U V I A L R I V E R B A N K S I N T H E W I S Ł O K A 
V A L L E Y 

( S O U T H P O L A N D ) 

KAZIMIERZ KLIMEK 

The b a n k s of t h e r i ve r s dissect ing the n o r t h e r n slope of t h e Pol i sh West 
C a r p a t h i a n s a n d i ts f o r e l and a r e be ing e roded in m a n y places. T h e young ox -
bows f o u n d i n b o t h t h e n a r r o w C a r p a t h i a n va l leys and in the b road va l leys in 
t h e f o r e l a n d a r e e x a m p l e s of b a n k mig ra t i on . T h e re l a t ion b e t w e e n the s t ruc -
t u r e and size of these a l luv ia l b a n k s and t he i r m o d e of r e t r e a t is st i l l a n u n -
solved p r o b l e m . 

T h e a r t i c l e p r e s e n t s t he r e s u l t s of r e sea rch on t h e m o d e and r a t e of r e t r e a t 
of the a l l uv i a l b a n k s of t h e Wis łoka r ive r . Repea t ed obse rva t ions w e r e m a d e 
over the pe r iod 1970-1972 in a chosen sector of t h e va l ley . 

CHARACTERISTICS OF THE GEOGRAPHICAL ENVIRONMENT OF THE 
WISŁOKA DRAINAGE BASIN 

T h e Wis łoka va l l ey (a t r i b u t a r y of t h e Vis tula) t r e n d s mer id iona l ly and cuts 
s econda ry geo log ica l -geomorpholog ica l u n i t s of t h e n o r t h e r n slope of t h e Pol i sh 
W e s t C a r p a t h i a n s a n d i ts f o r e l a n d , t h e L o w e r Besk id Mts. 700-850 m a.s.l., t h e 
C a r p a t h i a n Foo th i l l s 400-550 m a.s.l. and t h e S a n d o m i e r z Bas in 150-260 m a.s.l. 
(Fig. 1). T h e course of t he Wis łoka va l ley in t h e C a r p a t h i a n s is to a g r e a t e x -
t e n t condi t ioned b y t h e s t r u c t u r e and res i s t ance of t h e f lysch s u b s t r a t u m . W i -
d e n i n g s of t h e w a l l e y s e p a r a t e d b y n a r r o w breaches , a r e f o u n d a long its course. 
W i t h i n t h e w i d e n i n g s of t h e va l l ey t h e Wis łoka c h a n n e l is cu t p r e d o m i n a n t -
ly across a l luv ia l deposi ts , w h i l e in the n a r r o w e r p a r t s it cuts in to a sha ly -
s a n d s t o n e s u b s t r a t u m . In t h e f o r e l a n d of the C a r p a t h i a n s the Wis łoka c h a n n e l 
is cu t m a i n l y in to Q u a t e r n a r y a l luv ia l deposi t s a n d in places in to u n d e r l y i n g 
c l ayey - sha ly Miocene sed imen t s . 

T h e Wis łoka c h a n n e l h a s p r e d o m i n a n t l y a m e a n d e r i n g course . I n the C a r -
p a t h i a n s t h e m e a n d e r s a r e con t ro l l ed by t h e s t r u c t u r e of t h e s u b s t r a t u m . In 
t h e C a r p a t h i a n f o r e l a n d f r e e m e a n d e r s occur. T h e m e a n long i tud ina l slope of 
t h e w a t e r - l e v e l in t h e Wis łoka is as fo l lows: ove r 6°/oo i n the L o w e r Beskid Mts., 
u p to 3,9°/oo in t h e J a s ł o - S a n o k Depress ion , u p to 0.8%o in the n o r t h e r n p a r t of 
t h e C a r p a t h i a n Foothi l ls , a n d 0.5-0.6°/oo in t h e C a r p a t h i a n F o r e l a n d (Fig. 2) 
(K. K l i m e k , L. S t a r k e l 1972). 

T h e Wis łoka c h a n n e l is accompan ied by a r e l a t i ve ly n a r r o w f lood pla in con-
s is t ing of s eve ra l s teps 0.5-4 m above the m e a n w a t e r level. T h e lower s teps 
of t h e f lood p l a i n a re m o s t l y covered w i t h os ie rbad and a lder . T h e h ighe r 
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s teps a r e u n d e r cu l t iva t ion . T h e rendzina t e r r ace , w h i c h va r i e s f r o m a h e i g h t 
of 4 m in t h e fo r e l and of t h e L o w e r Beskid Mts . to 10 m in t h e C a r p a t h i a n 
fo re l and , in m a n y p laces m a k e s u p the va l l ey - f loo r p r o p e r and is n e a r l y e v e r y -
w h e r e u n d e r cu l t iva t ion . On the su r f aces of t h e f lood p la in and t h e rendzina 

Fig. 1. The Wisłoka valley and the main geological-geomorphological units of the 1 

Carpathians and its foreland 

LOW BESKIDY Mts.\C A R P A T HI A N F 0 0 T H I LLS I S A N D 0 M I F R 7 R A S I u 

Fig. 2. The longitudinal slope of the Wisłoka water-level: 1 — water-gauges mention-
ed in the text, 2 — analysed bank undercuttings, RS — right side, LS — left side, 

LWL — low water-level 

http://rcin.org.pl



R E T R E A T O F A L L U V I A L R I V E R B A N K S 61 

t e r r a c e d r y ox -bows w i t h d i f f e r i n g rad i i of c u r v a t u r e occur. Desp i te t he i r d i f -
fe rences in he igh t , some of t h e f lood p la in a n d rendzina t e r r a c e s t eps h a v e a 
s imi lar s t r u c t u r e (M. K l imaszewsk i 1958, L. S t a r k e l 1960). L y i n g on t h e g rave l s 
and sands of t h e channe l depos i t s t h e r e is a s i l ty complex of f lood p l a in deposi ts . 
In Pol i sh these c layey-s i l ty deposi t s a r e cal led mada. I n the Wis łoka va l ley 
mada is composed of d u s t y deposi ts , mos t ly of pa r t i c les be low 0.05 m m in 
d i a m e t e r and locally even be low 0.02 m m . I ts th ickness increases as t h e he igh t 
of t e r r a c e s teps increases . W i t h i n t h e f lood p la in t h e a v e r a g e th i ckness of 
mada cover is 1-2 m. In t h e u p p e r p a r t of t he rendzina t e r r a c e its t h i ckness is 
usua l ly m o r e t h a n 3-4 m. Because of t h e mada's cohesion t h e u n d e r c u t b a n k s 
usua l ly h a v e s teep wal ls . 

Abou t 62°/o (2547 km2) of t h e Wis łoka d r a i n a g e bas in is s i tua ted w i t h i n the 
C a r p a t h i a n s . T h e area rece ives f r o m 700 m m of p rec ip i t a t ion p.a. (in t h e C a r -
p a t h i a n Foothi l ls) to 900 m m (in the L o w Bask id Mts.) (M. Hess 1965, W. W i s z -
n iewsk i 1957). T h e m e a n specif ic runof f f r o m the C a r p a t h i a n p a r t of t h e Wis-
łoka d r a i n a g e bas in (wa t e r -gauge K r a j o w i c e ) is 10.8 l/'s/km2. T h e m e a n dis-
c h a r g e of t h e Wisłoka in t h e C a r p a t h i a n Footh i l l s (wa t e r -gauge Kra jowice ) is 
22.5 m8/s.* and in its lower course (Mielec) it exceeds 30 m3/s.** T h e va r i ab l e 
d i s t r i bu t ion of p rec ip i t a t ion t h r o u g h o u t t h e y e a r resu l t s in a h i g h va r iab i l i ty 
of t h e d i s cha rge (I. D y n o w s k a 1972). T h e subzero t e m p e r a t u r e s of t he w i n t e r 
season g ive a d u r a t i o n of s n o w cover over 100 days in t h e L o w Besk id Mts., 
over 65 d a y s in the C a r p a t h i a n Foothi l l s a n d u p to 50 days in t h e S a n d o m i e r z 
Bas in (W. Mi la ta 1937, M. Hess 1965). T h e re l a t ive ly smal l ve r t i ca l r a n g e of 
t he Wis łoka d r a i n a g e bes in (about 700 m) causes t h e s imu l t aneous m e l t i n g of 
t h e s n o w cover t h r o u g h o u t i ts a rea . T h e r e f o r e , each yea r in M a r c h and Apri l , 
m e l t w a t e r f loods occur on t h e Wisłoka, d u r i n g wh ich t h e m a x i m u m d i scha rge 
in i ts l ower course r ises to 670 m3 /s. I n add i t ion t h e r e a re r a i n f a l l f loods eve ry 
f e w y e a r s i n t h e s u m m e r mon ths , d u r i n g wh ich the d i scha rge in t h e lower 
course of t he Wis łoka is ove r 1100 m8s.** T h r o u g h o u t t h e y e a r t h e r e m a y be 
seve ra l h igh w a t e r - s t a g e s caused by h e a v y r a i n f a l l or w i n t e r t h a w . T h e f loods 
or ra i sed w a t e r - l e v e l s p lay a decis ive p a r t in b a n k erosion. 

THE MODE AND RATE OF BANK RETREAT. 

T h e vege t a t i on cover p ro t ec t s t he Wis łoka b a n k s e f fec t ive ly aga ins t erosion. 
T h e root sys tem of t rees and s h r u b s p lays a decis ive role. T h e roots b ind loose 
a l luv ia l deposi ts , and p r e v e n t t h e m f r o m l i q u e f y i n g or s lumping . T h e r e f o r e , 
ac t ive eros ional u n d e r c u t s u sua l ly a p p e a r a long b a n k s w i t h o u t r i v e r a i n bushes . 
T h e rendzina t e r race , w h i c h is e v e r y w h e r e u n d e r cul t iva t ion , is n e a r l y a l w a y s 
u n d e r c u t w h e r e it is a d j a c e n t to the r ive r channe l . G r e a t ve r t i ca l e ros ion occurs 
i n these sectors of t he val ley, and this also e f f ec t s t h e b a n k s covered b y r i v e r 
bushes . T h e subs idence of t h e w a t e r - l e v e l in the r ive r b r o u g h t abou t b y the 
g r e a t d e e p e n i n g of t h e c h a n n e l is such t h a t i ts low and midd l e s tages d r o p be -
low t h e dense root sys tem. T h i s d i s tu rbs t h e s tab i l i ty of t he c h a n n e l b a n k s 
a n d t hus fac i l i t a tes the i r s l u m p or collapse. 

A good index of the r a t e of ve r t i ca l eros ion in t h e Wis łoka va l l ey is a t e n d -
ency of m i n i m u m wa te r - l eve l s to become lower . A n analys is of t h e m i n i m u m 
leve ls fo r t h e per iod of s ix ty y e a r s b e t w e e n 1912 and 1972 has s h o w n t h a t at 
s o m e w a t e r - g a u g i n g s ta t ions t h e levels become lower due to the successive 

* Da ta for 1961-1970. 
** Data fo r 1951-1960. 
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Fig. 3. Annual water-level variations of the Wisłoka in the period 1912-1972 (water-
gauges at Krajowice, Łabuzie, Brzeźnica) http://rcin.org.pl
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deepening of t he channe l f loor (Fig. 3). Th is is p a r t i cu l a r ly wel l m a r k e d in t h e 
d i rec t f o r e l and of the C a r p a t h i a n s , and w a s ea r l i e r no ted by L. S t a r k e l (1960) 
and B. Osuch (1968). Abou t 20 y e a r s ago an acce le ra t ion in the ve r t i ca l e ros ion 
took place so tha t today, t h e deepen ing of t h e Wisłoka channe l a v e r a g e s 10 cm 
per yea r . Besides neo tec ton ic and c l imat ic r easons and changes in t h e l and 
u t i l iza t ion of t h e Wis łoka d r a i n a g e basin , t h e exp lo i ta t ion of g r a v e l s a n d sand 
also g r ea t l y in f luences the deepen ing of t h e Wis łoka bed. F lood-con t ro l w o r k s 
a lso a f f e c t th is process. T h e local exp lo i t a t ion of g rave l s or s ands f r o m t h e 
bo t tom of the r ive r bed d i s t u rb s the e q u i l i b r i u m of the r i ve r p ro f i l e . Th i s is 
a s t imu lus for deep erosion to m o v e qu ick ly u p s t r e a m . T h e n a r r o w i n g of t h e 
r i v e r bed causes local increases in the veloci ty of t h e c u r r e n t ; it speeds u p the 
r e m o v a l of bed load t hus causes local deepen ing of t he c h a n n e l b o t t o m . 

The s t u d y of the m e c h a n i s m and r a t e of eros ion of a l luvia l b a n k s of v a r y i n g 
he igh t w a s ca r r i ed out in t h r e e selected p a r t s of t he Wis łoka v a l l e y — n e a r 
K r a j o w i c e , Dęborzyn and Brzeźnica (Fig. 1, 2). 

THE KRAJOWICE SITE 

At K r a j o w i c e t h e Wis łoka c h a n n e l cu ts across a l luv ia l depos i t s in t h e e x -
a m i n e d s t r e t ch of t h e va l l ey (Fig. 4). T h e va l ley f loor (215-220 m a.s.l.) 0.5-1 m 
wide , is a f lood p la in consis t ing of a f e w s teps u p to 3.5 m in h e i g h t above t h e 
m e a n wa te r - l eve l . T h e rendzina t e r race , w h i c h f o r m s t h e va l l ey - f l oo r in t h e 
w e s t e r n p a r t of t he s t r e t ch u n d e r e x a m i n a t i o n , r i ses f r o m 5 to 7.5 m a b o v e t h e 
m e a n w a t e r - l e v e l in t h e channe l . Ac t ive u n d e r c u t t i n g of t h e 2 m t u r f e d f lood-
p l a i n is going on the r i g h t - h a n d side of t h e c h a n n e l (Fig. 5). I n t h e l o w e r p a r t 

Fig. 4. A geomorphological sketch of the Wisłoka valley-floor near Krajowice: 1 — 
present channel, 2 — axis of channel in 1964, 3 — axis of channel in 1880, 4 — axis 
of channel in 1885, 5 — gravel bars, 6 — active bank undercuts, 7 — edges of inactive 
undercuts, 8 — ox-bow filled with silt and peats, 9 — steps in the flood-plain, 10 — 
rendzina terrace, 11—valley sides, 12 — major patches of riverain vegetation (osier-

bed, alder) 
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of t h e u n d e r c u t b a n k t h e r e a r e s a n d s t o n e gravels , mos t ly 0.4-8 cm in d i a m e -
ter . The i r u p p e r h e i g h t is i r r e g u l a r f r o m 0 to 1,2 m above t h e m e a n w a t e r - l e v e l . 
T h e g r ave l s a r e ove r l a in b y a cons i s ten t ly l oamy mada 0.8 to 2 m th ick (Fig. 6) 
and w i t h a p r e d o m i n a n c e of pa r t i c l e s b e l o w 0.02 m m in d i a m e t e r (58%). I n 
th is po r t i on of t h e va l l ey t h e a n n u a l f l u c t u a t i o n in t h e w a t e r - l e v e l is a b o u t 
2 m. E v e r y f e w y e a r s f loods occur, t h e n the w a t e r - l e v e l r ises by abou t 3 to 
4.5 m (Fig. 3). D u r i n g th is pe r iod the f lood-p la in is i n u n d a t e d . 

Fig. 5. Upstream view of an active undercut in the flood-plain at Krajowice (Photo 
K. Klimek, Febr. 1972) 

Fig. 6. A developmental scheme (A, B, C) of the Krajowice undercut. Arrows show 
the direction of waters infiltrating from the channel 

Deta i led obse rva t ions of t h e u n d e r c u t b a n k w e r e ca r r i ed ou t in J u l y and 
October of 1971 and in F e b r u a r y and A u g u s t of 1972, a f e w d a y s a f t e r m e l t w a -
t e r a n d r a i n f loods. D u r i n g t h e b a n k f u l s tages w a t e r pe rco la te s in to s andy -
g rave l c h a n n e l deposi t s as wel l as in to t h e over ly ing mada comp lex (Fig. 6B). It 
loosens t h e s a n d y - g r a v e l complex and l iquef ies t h e mada, m a i n l y in i ts lower 
pa r t s . Th i s causes block s l a m p i n g of t h e mada; m u c h m o r e r u r e l y c o l u m n a r 
s l ump ing occurs . B a n k s l u m p i n g also t akes p lace at t h e ra i sed wa te r - l eve l , 
r each ing b a r e l y a f e w c e n t i m e t r e s above t h e base of t h e mada (Fig. 8). W h e r e 
the grass on t h e f lood p la in h a s a we l l deve loped root sys tem, n iches 0,5 m deep 
deve lop in t h e u n d e r c u t banks . T h e fa l l ing blocks of mada a r e s lowly washed 
a w a y by t h e f l o w i n g w a t e r . A f t e r t h e passage of t h e f l ood -wave , one usua l ly 
f inds a g r a v e l po in t b a r ove r l a in by f a l l en blocks of mada a t t he (a l ready) low 
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w a t e r level a t t he foot of t h e r e t r e a t e d b a n k (Fig. 6C). As a r e s u l t of a l t e r n a t e 
d r y i n g out and mois ten ing by ra in fa l l , t hese blocks g radua l ly d e s i n t e g r a t e i n to 
s m a l l e r f r a g m e n t s . T h r o u g h a p ro longed process of w e a t h e r i n g t h e y decay in to 
c l ayey covers t h a t m e n t l e the top of t h e g rave l s (Fig. 6A). D u r i n g the suc-
cessive ra i s ing of the w a t e r - l e v e l the w e a t h e r i n g of mada b locks r e m o v e s t h e 
g r a v e l s a n d the i r loamy covers . This s low process of r e m o v i n g t h e m a t e r i a l 
f r o m t h e foot of t he e roded b a n k increases the b a n k ' s re la t ive he igh t ; this in 
t u r n fac i l i t a t e s its erosion as t h e w a t e r - l e v e l becomes h igher . 

Fig. 7. The structure of the 2 m undercut in the flood plain at Krajowice. Remnants 
of the loamy cover caused by the désintégration of mada blocks can be seen on the 

gravels of the channel deposits (Photo K. Klimek, Febr. 1972) 

O n e can get a r o u g h idea of ¿he r a t e t h a t some s t r e t ches of t h e b a n k h a v e 
r e t r e a t e d b y c o m p a r i n g t h e 1855, 1880 and 1964 pos i t ions w i t h t h e re su l t s of 
t h e 1972 s tudy . In t h e l ower p a r t of t h e e x a m i n e d va l ley s t r e t ch (Fig. 4) t h e 
ax i s of t h e r i v e r c h a n n e l sh i f t ed to t h e l e f t by abou t 200 m over the y e a r s 
1855-1880. T h e r a t e of r e t r e a t of t h e l e f t s ide of t h e Wis łoka c h a n n e l a t th is 
po in t a v e r a g e d 8 m per yea r . B e t w e e n 1964 and 1972 a c e n t r a l b a r w a s f o r m e d 
in t h e ax i s of t he c h a n n e l caused by t h e b r a i d i n g of t h e c h a n n e l in to t w o 
a r m s . T h e r i g h t a r m sh i f t ed by 90 m in r e l a t ion to t h e c h a n n e l ax i s of 1964. 
T h e b a n k r each wh ich w a s mos t r a p i d l y des t royed , 100 m long, r e t r e a t e d on 
a v e r a g e 10-11 m a yea r . F r o m th is sector of t h e b a n k as m u c h as 2000 m 3 of 
a l l uv i a l m a t e r i a l is suppl ied to t h e c h a n n e l each yea r . 

5 G e o g r a p h i a P o l o n i c a http://rcin.org.pl
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Fig. 8. Krajowice. At the raised water-stage there is intense bank slumping. Mada 
blocks falling to the bed are gradually washed away by the water (Photo K. Kli-

mek, Febr. 1972) 

THE DĘBORZYN SITE 

In the v ic in i ty of D ę b o r z y n t h e Wis łoka va l l ey passes f r o m t h e C a r p a t h i a n s 
to t h e S a n d o m i e r z Basin . In w i d e n s to 1 k m a n d t h e va l l ey f loo r lies a t a h e i g h t 
of 188-205 m a.s.l. (Fig. 9). I n t h e inves t iga t ed sector of t h e va l l ey the Wis łoka 
c h a n n e l is cu t in to a l luv ia l deposi ts . A n a r r o w f lood p la in r i s ing in s teps u p 
to 4 m above t h e m e a n w a t e r - l e v e l r u n s a d j a c e n t to t h e r i v e r channe l . I n th i s 
sector t h e rendzina t e r race , w h i c h is 7-8.5 m high , f o r m s t h e va l l ey - f loo r p r o -
per . Ac t ive b a n k u n d e r c u t t i n g a b o u t 900 m ip. l eng th is t a k i n g p lace on t h e 
convex side of the m e a n d e r , inc lud ing a 200 m long u n d e r c u t t i n g of t h e 8 m 
rendzina t e r r a c e (Fig. 10). A s i l ty complex da t i ng f r o m t h e last g lac ia t ion is 
f o u n d on t h e lower p a r t of t h e deposi t s bu i ld ing u p t h e t e r r ace . T h e r e is a com-
p lex of g r ave l s and sands , 2.5-3 m th ick , pass ing u p w a r d s in to sands 1.5-2 m 
thick, on t h e i r r e g u l a r s u r f a c e of t h e si l ts (Fig. 11 A). T h e u p p e r p a r t of t h e 
t e r r a c e is composed of a compac t mada w i t h pa r t i c l e s m a i n l y less t h a n 0.02 m m 
in d i a m e t e r (K. K l imek , K. M a m a k o w a , L. S t a r k e l 1972). 

Each y e a r va r i a t ions in t h e w a t e r - s t a g e s in th is s t r e t ch of t h e va l l ey a r e 
b e t w e e n 2 and 3 m (Cf. Fig . 3), t he Łabuz i e wa t e r -gauge ) . D u r i n g f looding t h e 
w a t e r - l e v e l r i ses to 5 m. Deta i led obse rva t ions of th is u n d e r c u t t i n g w e r e ca r -
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Fig. 9. A geomorphological sketch of the Wisłoka valley in the region of Dęborzyn: 
1 — present-day channel, 2 — axis of channel in 1880, 3 — gravel bars, 4 — active 
bank undercuts, 5 — edges of inactive undercuts, 6 — ox-bow, 7 — steps in the flood 
plain, 8 — rendzina terrace, 9 — valley sides, 10 — major patches of riverain vegeta-

tion (osier-bed, alder) 

Fig. 10. D^borzyn. An active undercutting of the 8 m rendzina terrace (Photo 
K. Klimek, August 1972) 
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r ied ou t in J u l y and October and in A u g u s t of 1972, a f e w d a y a f t e r t h e f lood. 
D u r i n g the h igh w a t e r s tage the w a t e r r e a c h e d the base of t he mada a n d p e r -
cola ted in to t h e g r a y e l s and over ly ing sands of t h e lower p a r t of t h e b a n k . 
This loosens t h e compac tnes s of t he g rave l and l iquef ies the sand. T h u s dis-
t u r b i n g t h e s tab i l i ty of t he ove r ly ing l ayer of mada b r i n g s abou t it s l u m p i n g 
(Fig. 12). T h e s l u m p i n g blocks a r e usua l ly u p to 1 m w i d e and a f e w m e t e r s 

DZBORZYN 

Fig. 11. Profiles of an undercutting in the 8 m rendzina terrace at D^borzyn after 
the passage of the flood wave. A — undercutting without efflux of ground-water, 

B — undercutting with the efflux of ground-water causing bank slumping 

Fig. 12. D^borzyn— an undercutting in the 8 m rendzina terrace after the passage 
of flood wave. Slumping blocks of mada cause squeezing of the underlying sands 

and gravels (Photo K. Klimek, August 1972) 
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long. D u r i n g a h igh w a t e r - l e v e l t h e r ap id c u r r e n t is able to c a r r y the s l u m p i n g 
sands a n d g rave l s d o w n s t r e a m and can push sma l l e r blocks of mada over . T h e 
l a rge r b locks of mada, r e m a i n i n g on t h e spot , a r e r ead i ly w a s h e d a w a y . T h e 
quick r e m o v a l of m a t e r i a l f r o m s lumping le ts w a t e r f u r t h e r i n f i l t r a t e in to t h e 
bank , t h u s speed ing u p its r e t r ea t . Obse rva t i ons ca r r i ed out 3 d a y s a f t e r t h e 
passage of t he f lood wave , at t he a l r e a d y low wa te r - l eve l , r evea led t h a t t h e 
s l u m p i n g of some pa r t s of t he u n d e r c u t b a n k w a s st i l l going on. T h e s l ump ing 
w a s in p rog re s s w h e r e g round w a t e r s f r o m t h e g r ave l s and sands m a k i n g u p 
t h e lower p a r t of t he t e r r ace f lowed in to t h e Wis łoka channel . Th i s e f f l u x of 
g round w a t e r d u r i n g the h i g h - w a t e r s tage pe rco l a t e t h r o u g h t h e depos i t s in 
t h e lower p a r t of the rendzina t e r r a c e e i t he r f r o m the c h a n n e l or f r o m the 
J o d ł ó w k a , a smal l le f t - s ide t r i b u t a r y of t h e Wis łoka . 

This e f f l u x of g round w a t e r loosens or l iquef ies t h e s a n d y - g r a v e l ser ies a f t e r 
t he passage of t he f lood wave . I t w a s f o u n d t h a t a t low w a t e r - l e v e l w h e r e the 
Wis łoka c u r r e n t w a s d i rec ted u n d e r t h e b a n k u n d e r c u t t i n g s some of t h e 
s loughed m a t e r i a l was r emoved . In o the r places , a t t h e foot of t h e s l u m p i n g 
banks , t h e r e w e r e swel l ings composed of m a t e r i a l squeezed out b y t h e s l u m p i n g 
l u m p s of mada (Fig. 11B, 12). 

W h e r e t h e r e was no e f f l u x of g r o u n d w a t e r , t h e p rof i l e s of t h e b a n k u n d e r -
cuts w e r e n e a r l y ver t ica l (Fig. 11 A). Never the less , t h e t e n d e n c y f o r t h e g rave l s 
and the dr ied sand to fa l l a w a y leads to a s low accre t ion of h e a p s a t t h e foo t 
of t h e b a n k . A f t e r a longer spell of low wa te r , t h e or ig ina l ly s teep u n d e r c u t t i n g 
is t r a n s f o r m e d in to a t a lus cone. Bu t t h e b a n k s lump ing and t h e d e v e l o p m e n t 
of h e a p s tend to s top the process of b a n k recession. D u r i n g the h igh w a t e r s tages 
some of the m a t e r i a l is r e m o v e d d u e to s l u m p i n g or fa l l ing off . H o w e v e r , it 
is on ly d u r i n g i n u n d a t i o n t h a t t h e m a t e r i a l depos i ted a t t h e foot of u n d e r c u t 
b a n k is comple te ly r emoved , and th is fac i l i t a tes i ts f u r t h e r r e t r ea t . 

By c o m p a r i n g the m a p s fo r t h e y e a r s 1880, 1964 w i t h the 1972 obse rva t ions 
one can see t h a t about 90 y e a r s ago t h e c h a n n e l ax i s in the inves t iga t ed r e a c h 
of t h e Wis łoka va l ley passed abou t 100 m to t h e r i g h t of t h e p r e s e n t one. T h e 
c lear edges of m a n y ox -bow lakes in the f lood p l a in t e s t i fy to th i s old course 
of t h e Wis łoka channe l (Fig. 9). T h e f loors of t h e ox -bows a r e 2-3 m h i g h e r 
t h a n the p r e s e n t r ive r channe l . Thus , it fo l lows t h a t the r e t r e a t of t h e l e f t b a n k 
of t h e Wis łoka in th is sector of t h e val ley, has b e e n going on fo r a t leas t 90 y e -
ars . T h e m e a n veloci ty of th is r e t r ea t , is 1 m each year . T h e u n d e r c u t t i n g of 
t h e rendzina t e r race , 200 m long and 8 m h igh , supl ies 1600 m 3 of a l luv ia l m a -
te r ia l each yea r , i.e. 800 m 3 pe r yea r f r o m a 100 m sector of t h e b a n k . 

THE BRZEŹNICA SITE 

T h e Brzeźnica Si te is s i tua ted in the S a n d o m i e r z Basin, a t a d i s t ance of 5 k m 
f r o m t h e C a r p a t h i a n e s c a r p m e n t (Fig. 1). In t h e inves t iga ted r e a c h of t h e Wis ło-
ka va l ley , 4-5 k m w i d e and a t a he igh t of 177-186 m a.s.l., t h e c h a n n e l is cu t 
across P le i s tocene or Holocene a l luv ia l deposi ts (K. M a m a k o w a , L. S t a r k e l 1972). 
O n the r i g h t s ide of its course t h e Wis łoka u n d e r c u t s a 4 m f lood pla in , t h e 
9 m rendzina t e r r a c e and t h e 14 m Ple i s tocene t e r r ace . In the l o w e r m o s t p a r t 
of t h e u n d e r c u t P le i s tocene t e r r a c e has f lysch grave ls , w i t h a p r e d o m i n a n c e of 
t hose be low 2 cm in d i ame te r . T h e g rave l s a r e ove r l a in by a 5-6 m complex 
of cohes ive c layey silt, i n t e rbedded locally w i t h f i ne -g ra ined sands . These in 
t u r n a r e covered by a complex of s t r a t i f i ed s a n d s m a k i n g up the u p p e r p a r t of 
t h e u n d e r c u t t i n g (Fig. 13). 

http://rcin.org.pl



70 K A Z I M I E R Z K L I M E K 

Fig. 13. A geomorphological sketch of the Wisłoka valley near Brzeźnica: 1 — p r e -
sent-day channel, 2 — axis of channel in 1878, 3 — axis of channel in 1780, 4 — sandy-
gravelly bars, 5 — active bank undercuts, 6 — edges of inactive undercuts, 7 — ox-
bow filled with loams and peats, 8 — flood plain, 9 — rendzina terrace, 10 — Pleisto-

cene terrace, 11 —bushes of willow or alder 

Fig. 14. Profile of the lower part of an undercutting in the 14 m Pleistocene terrace 
at Brzeźnica 

In the va l ley sector u n d e r cons ide ra t ion t h e a n n u a l a v e r a g e r a n g e of t h e 
w a t e r - l e v e l is 2-2.5 m (Fig. 3). D u r i n g f looding t h e w a t e r - l e v e l r i ses by 5-6 m. 
Obse rva t ions of th i s u n d e r c u t b a n k w e r e m a d e in J u n e 1970, J u l y 1971 and in 
May, A u g u s t and S e p t e m b e r of 1972. B e f o r e t h e f looding in A u g u s t 1972 the 
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u n d e r c u t b a n k h a d a s l ight ly concave prof i le . At i ts base t h e r e a r e n u m e r o u s 
s andy t a l u s cones. D u r i n g the f lood of 22 A u g u s t 1972 the w a t e r - l e v e l a t t h e 
foot of t h e u n d e r c u t t i n g rose by 5 m w i t h o u t r each ing the top of t h e sil t com-
plex . A f t e r t h e passage of t h e f lood w a v e a n u n d e r c u t t i n g in t h e lower p a r t of 
t h e b a n k could be seen consis t ing of a set of n iches 4-5 m h i g h and a f e w m e -
t res w i d e (Fig. 15, 16). These n iches w e r e m u c h l ike those t h e r m o c a r s t f e a t u r e s 
t h a t a r e f o r m e d in the b a n k s of r i v e r s f l owing t h r o u g h a reas of p e r m a f r o s t 
(J. McCloy 1970, J . Dyl ik 1971, T. Czudek , J . D e m e k 1972). O n t h e s u r f a c e of 
a n a r r o w g r a v e l b a r at t h e foot of t h e u n d e r c u t t h e r e a re b locks of silt , 0.5-1 m 
in d i a m e t e r . T h e y w e r e m a i n l y si l ty and r o u n d e d in shape d u e to d é s i n t é g r a -
t ion. H o w e v e r in n u m e r o u s places t h e r e w e r e also f r e s h s h a r p - e d g e d blocks 
w i t h a r o u g h su r f ace (Fig. 15). Fa l l ing could st i l l be observed f e w days a f t e i 
t h e pass ing of f lood wave . Such a geomorpho log ica l s i tua t ion po in t s to b a n k 
des t ruc t ion . A f t e r the r e m o v a l of t he s a n d y h e a p s t h e f lood w a t e r s u n d e r p r e s -
s u r e i n f i l t r a t e d t h e g rave l s u n d e r l y i n g t h e l oamy complex . Th i s he lped loosen 
t he i r c o m p a c t n e s s and also w a s h e d them. A cons ide rab le th ickness of t h e loamy 
c o m p l e x does no t f a v o u r t h e s lumping of l u m p s a long the s l ip - su r face so as to 
pass t h r o u g h th is w id th . T h u s blocks b r o k e off t h e b o t t o m p a r t of t h e complex . 
T h e r e f o r e , a f t e r t h e passage of t he f lood w a v e the u n d e r c u t b a n k in m a n y 
p laces a c q u i r e d the p rof i l e of an o v e r h u n g wal l . In ce r t a in places t h e b reak -o f f 
b locks f o r m t h e above m e n t i o n e d niches . T h e cave rns of mos t n iches w e r e 
f r e s h w i t h a r o u g h su r f ace ind ica t ing t he i r r ap id d e v e l o p m e n t a f t e r t h e passage 
of t h e f lood w a v e . Some of the fa l l ing b locks w e r e t r a n s p o r t e d s t r a i g h t to t h e 

Fig. 15. Brzeźnica — an undercutting in the 14 m Pleistocene terrace. In the lower 
part one can see a set of niches caused by the flood of 22 August 1972 (Photo 

K. Klimek, Sept. 1972) 
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bed due to the quick r e m o v a l of t he lower por t ion of gravels . H e r e even a t t he 
low w a t e r - s t a g e t hey w e r e a l w a y s submerged . C h a n n e l sound ings h a v e s h o w n 
t h a t these blocks lie seve ra l m e t r e s f r o m the ver t i ca l wal l . 

Obse rva t i ons ca r r i ed ou t b e f o r e t h e f lood sugges t t ha t t h e d i s a p p e a r a n c e of 
these n iches is due to s low process of b r e a k - o f f . Changes in t e m p e r a t u r e and 
h u m i d i t y smooth t h e n iche wal l s and t h e blocks lying a t t he i r base . T h e b locks 
d e s i n t e g r a t e g r a d u a l l y in to smal le r f r a g m e n t s and the n iches b e c o m e sha l lower . 
I n m a n y places these l a n d f o r m s a r e p r e se rved by the sands f a l l ing d o w n f r o m 
the u p p e r p a r t of t he u n d e r c u t bank . D u r i n g the successive ra ised w a t e r - s t a g e s 
p a r t of t h e s a n d y m a t e r i a l m a k i n g u p the heaps by fa l l ing is u sua l ly r e m o v e d . 
Never the less , occasional ly t h e niches w e r e exposed and t hus a l t e red . I t is only 
a s u b s e q u e n t f lood t h a t causes cons iderab le b a n k recession. 

Fig. 16. Brzeźnica — a niche formed by the break-off of blocks from the lower part 
of the loamy complex making up the 14 m Pleistocene terrace. At the foot of the 
undercutting are blocks of loam which fell during the high water-stage, and sharp-
angled blocks that fell after the passage of a flood wave (Photo K. Klimek, Sept. 

1972) 

If one c o m p a r e s t h e m a p s fo r t h e y e a r s 1780-1878 and t h e r e su l t s of t h e 
1972 inves t iga t ions one can d e t e r m i n e t h e a v e r a g e r a t e of b a n k r e t r e a t (Fig. 13). 
F r o m 1780 to the p r e s e n t d a y the ax i s of t he Wis łoka bed has m o v e d 300-450 m 
to t h e south . T h e P le i s tocene t e r r a c e has been e roded and its n o r t h - m o s t e x t e n t 
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is n o w 50-90 m sou th of its posi t ion in 1780. T h e m e a n l a te ra l m ig ra t i on of t he 
Wis łoka channe l to t h e sou th of 3-3.5 m a y e a r m e a n s t h a t even by 1878 i ts 
ax i s passed along t h e l ine of t h e anc i en t s ca rp of t he P le i s tocene t e r race . At 
this t ime ac t ive u n d e r c u t t i n g w a s a l r e a d y going on. In the y e a r s 1878-1972 a 
f u r t h e r mig ra t i on of t h e Wis łoka c h a n n e l ax i s to the south took place toge the r 
w i t h an a v e r a g e b a n k r e t r e a t of 50 m. Hence , it can be assumed t h a t t he 
m e a n r a t e of r e t r e a t of t h e u n d e r c u t b a n k h a s r ecen t ly b e e n abou t 0.5 m a yea r . 
U p to 2800 m 8 of m i n e r a l m a t e r i a l is be ing suppl ied to the Wis łoka channe l each 
y e a r f r o m an u n d e r c u t t i n g 400 m long and 14 m high. This is 700 m3 each yea r 
f r o m a 100 m sector of b a n k . In t h e las t t w e n t y yea r s the r a t e of r e t r e a t of this 
u n d e r c u t t i n g has poss ibly increased . Ver t i ca l erosion has f u r t h e r deepend the 
channe l by 1.8-1.9 m and th i s has exposed t h e lower p a r t of t h e g rave l ly series, 
wh ich in 1957 w a s st i l l no t vis ible at t h e low w a t e r level . 

RESULTS 

T h e W i s ł o k a c h a n n e l in the C a r p a t h i a n Foothi l l s and i ts i m m e d i a t e fo re l and 
is c lear ly be ing deepened . Th i s t r e n d has b e e n inc reas ing over the last 20 years , 
d u e to a g r e a t e x t e n t b y t h e d i rec t or i nd i r ec t i n t e r f e r e n c e of m a n . The increase 
in the r e l a t i ve h e i g h t of t h e Wis loka ' s b a n k s today p lus t h e la rge va r ia t ions 
of t he w a t e r - l e v e l in t h e bed a r e the d i r ec t cause of t he in tense b a n k erosion. 
Th i s process of b a n k eros ion is also encouraged by ag r i cu l t u r a l u t i l izat ion of 
t h e va l ley- f loor . 

T h e m o d e of r e t r e a t of t he Wis łoka b a n k d e p e n d s on its geological compo-
sit ion and he igh t . D u r i n g t h e h igh w a t e r - s t a g e and also i m m e d i a t e l y a f t e r the 
subs idence of t h e f lood w a v e t h e r e is locally a d i f f e r e n t i a t e d process of s l u m p -
ing or fa l l ing-of f of t h e c layey-s i l ty p a r t of t he bank . This c o n f i r m s the r e p o r t -
ed obse rva t ions a n d conclus ions by L. B. Leopold and J . P . Mil ler (1956), 
A. S u n d b o r g and J . N o r r m a n (1963), C. R. T w i d a l e (1964) and J . M. McCloy 
(1970) on t h e v e r y i m p o r t a n t ro le of s l u m p i n g and fa l l ing-off in the process of 
t he eros ion of a l luv ia l banks . A t t h e low w a t e r - s t a g e t iny par t ic les fa l l f r o m 
the ove r -d r i ed b a n k u n d e r c u t t i n g s fo r a long t ime a f t e r t he processes of s l u m p -
ing and fa l l ing off . T h e fa l l ing m a t e r i a l bu i lds u p heaps a t t he foot of t he 
e roded b a n k s w h i c h causes a g r a d u a l c h a n g e in t h e b a n k prof i le . 

The r a t e of b a n k erosion d e p e n d s m a i n l y on the he igh t of t he b a n k s and 
t h e f r e q u e n c y of h i g h w a t e r . L o w b a n k s a r e e roded m u c h m o r e quick ly t h a n 
h igh b a n k s a t t he s ame f r e q u e n c y of w a t e r - l e v e l f luc tua t ion . More m i n e r a l 
m a t e r i a l is supp l i ed to t h e Wis łoka f r o m a 100 m u n d e r c u t s t r e t ch of low b a n k 
t h a n f r o m a 100 m s t r e t ch of h i g h bank . T h u s the r a t e of b a n k r e t r e a t (R) and 
t h e v o l u m e of m i n e r a l m a t e r i a l suppl ied f r o m this u n d e r c u t t i n g to the r ive r 
channe l is r eve r se ly p r o p o r t i o n a l to t h e he igh t of b a n k (H). 

CONCLUSIONS 

T h e in tense e ros ion of t he Wis łoka b a n k s in r ecen t y e a r s has resu l ted f r o m 
a d i s t u r b a n c e of t h e e q u i l i b r i u m p ro f i l e due to t h e ac t iv i ty of m a n . If th is 
d e e p e n i n g of t h e Wis łoka c h a n n e l con t inues t h e r e l a t ive he igh t of banks wil l 
f u r t h e r increase . Consequen t ly , t he r a t e of b a n k recession and at the same t ime 
the a m o u n t of m a t e r i a l suppl ied to the c h a n n e l f r o m c o n t e m p o r a r y u n d e r c u t t i n g 
wil l decrease . H o w e v e r , a f u r t h e r d e e p e n i n g of t h e channe l wil l lead to u n d e r -
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cu t t ing of t h e b a n k s n o w he ld f a s t by r i v e r a i n vege ta t ion . T h e i r r ap id r e t r e a t 
m a y supp ly t h e bed w i t h so m u c h m a t e r i a l t h a t locally t h e Wis loka ' s t r a n s p o r t -
ing capac i ty wi l l b e exceeded . Consequen t ly , t h e r i v e r wi l l t e n d to d e v e l o p 
a n e w p ro f i l e of d y n a m i c e q u i l i b r i u m descr ibed b y W. M. Davis (1902) a n d b y 
J. H. M a c k i n (1948), i.e., t h e e q u i l i b r i u m b e t w e e n bed load and d i scha rge . 

I n s t i t u t e of G e o g r a p h y 
Pol i sh A c a d e m y of Sciences, 
K r a k ó w 
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R E G I O N A L I Z A T I O N M E T H O D S : A S E T - T H E O R E T I C A L E V A L U A T I O N 

LESZEK PERNAROWSKI 

INTRODUCTORY REMARKS 

Recen t yea r s have wi tnessed a g r o w i n g in t e re s t in the p r o b l e m s of r eg iona l 
geography , especial ly in t h e m e t h o d s emp loyed in reg iona l iza t ion and c lass i f i -
ca t ion of geograph ic space. S e v e r a l m e t h o d s of reg iona l iza t ion cal led q u a l i t a -
t ive (Grano 1953; I sachenko 1965; M i k h a y l o v 1967; Mi lkov 1967; P r e o b r a z h e n -
skii 1966) or m a t h e m a t i c a l ( P e r n a r o w s k i 1968; R o m e r 1949) h a v e b e e n proposed . 
A n ana lys i s and eva lua t ion of these m e t h o d s seem to be ind ispensab le . 

As qua l i t a t i ve m e t h o d s a r e k n o w n to e m p l o y m a i n l y q u a l i t a t i v e no t ions it 
is necessa ry to i n t e r p r e t t h e m m a t h e m a t i c a l l y in t e r m s of those m a t h e m a t i c a l 
discipl ines wh ich employ qua l i t i e s too. T h e t h e o r y of sets is such a d isc ipl ine . 
In th i s p a p e r it is used fo r deve lop ing a m e t h o d of d iv id ing t e r r i t o r i e s into 
de f in i t e a reas and s u b s e q u e n t l y fo r c o m p a r i n g it to t h e p r ev ious q u a l i t a t i v e 
and m a t h e m a t i c a l m e t h o d s t h u s p rov id ing a f i na l eva lua t i on of t h e m . 

T h e m e a n i n g s of t he symbol s used in th is p a p e r a re the fo l lowing : 
£ = "is a n e l emen t o f" U = add i t ion of subse ts 

= inclusion P i = mul t ip l i ca t ion of subsets . 
\ = sub t r ac t ion of subse t s 

Cap i t a l l e t t e r s s t and fo r sets a n d subsets , lower -case l e t t e r s d e n o t e e l e m e n t s 
of these subsets and sets, cp and / a r e t h e geograph ic coordinates . 

A SET-THEORETICAL METHOD OF TERRITORIAL DIVISION 

T h e ep igeosphere can be t r e a t e d as a set of geograph ic p h e n o m e n a occu r r ing 
in t h e a t m o s p h e r e A, a n t h r o p o s p h e r e C, zoosphere Z, p h y t o s p h e r e F, h y d r o -
s p h e r e H, on the t opograph ica l su r f ace P t , in t h e pedosphe re P and in the 
l i t hosphe re L. T h u s the ep igeosphe re E can be w r i t t e n as t h e s u m of subse ts 
of p h e n o m e n a in these spheres : 

E = AUCUZ{JFUH{JPtUPUL- (1) 
N o n e of these subsets has a n y e l e m e n t such t h a t wou ld also be a n e l e m e n t of 
a n o t h e r subse t : 

A n c n z n ^ n H n P t H P H L = 0 (2) 

w h i c h m e a n s t h a t all these subse t s a r e i n d e p e n d e n t sets of e l emen t s . 
Such sets of t h e cons t i t uen t sphe res of t h e ep igeosphe re can in t u r n be 

t r e a t e d as s u m s of all t e r r i t o r i a l subsets : 

A = I J A n , C = \JC„Z = \JZn,F = \J Fn, 
n (3) 

H = ( J H n , Pt = U P v P = u P». L = u Ln. 
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All subse t s An, Cn, Zn, Fn, Hn, Ptn, Pn, L n f u l f i l l e q u a t i o n 2. These subse t s c a n 
be iden t i f i ed in v i r t u e of t w o fac t s : f i r s t , b e c a u s e t h e geograph ic e n v i r o n m e n t 
is spa t ia l ly d i f f e r e n t i a t e d , and m o r e o v e r b e c a u s e d e f i n i t e geograph ic p h e n o m -
ena occur s i m u l t a n e o u s l y w i t h one a n o t h e r in t h e i nd iv idua l sphe res of t h e 
ep igeosphere . T h e s e p h e n o m e n a , w h i c h inc lude d e f i n i t e geograph ic ob jec t s too, 
a r e e l e m e n t s of sets and subse ts in o u r s e t - theo re t i ca l ana lys i s . 

F i g u r e 1 s h o w s the t e r r i t o r i a l e x t e n t of each of t h e subse ts An, C„, Z n , Fn, 
Hn, Pt , P n , L n : t he i r r espec t ive con t en t s a r e d e f i n e d by t h e e l e m e n t s t h e y 
inc lude . Al l subse t s occur in t h e h a t c h e d a rea . T h e con t en t s of th is a rea , w h i c h 
is e q u i v a l e n t to the con ten t s of th i s f r a g m e n t of t h e ep igeosphe re En, a t o t a l 
of t he con t en t s of a l l subsets : 

En = An U Cn U Zn U Fn U Hn U ptn u ^n U ^n- (4) 

Howeve r , as each of these subsets h a s a l imi ted t e r r i t o r i a l e x t e n t only, to each 
co r responds a s e p a r a t e subse t of po in t s of d e f i n i t e geograph ic s i tua t ion . T h e 
sets of po in t s of p r o p e r t i e s of t h e g iven subse ts a r e deno t ed as An(cp, /), Cn(<p, y), 
Zn(<P, etc. F i g u r e 1 shows t h a t t h e a rea En(cp, y) is a l w a y s smal le r t h a n or 
equa l to t h e a r e a of t he subse t of t h e smal les t e x t e n t and m o r e o v e r it is e q u a l 
to the p r o d u c t of t he t e r r i t o r i e s of all subsets : 

En(<p, / ) = An(<p, / ) n Cn(<p, X) n Zn(cp, X) n Fn(cp, A) n I f « t o / o n 

n n , p n ( < p . n'K(cp,.X) ( 5 ) 

T h e de l imi t ed a r ea En(cp, /,) is a t e r r i t o r i a l u n i t (or uni ts ) w h i c h can be e i t he r 
of r eg iona l or of typological c h a r a c t e r . H e n c e i t fo l lows t h a t t h e c o n t e n t s of 
t he iden t i f i ed t e r r i t o r i a l un i t s is desc r ibed by t h e s u m of e l e m e n t s of t h e sub-
sets p e r t a i n i n g to each of t h e s p h e r e s of t h e e p i g e o s p h e r e (equat ion 4) w h e r e a s 
t h e s i tua t ion in space of those u n i t s is d e t e r m i n e d b y m u l t i p l y i n g the i r speci f ic 
subsets of geog raph i c coord ina tes (equa t ion 5). T h e e x t e n t of each such u n i t 
can coincide — in i ts d i f f e r e n t f r a g m e n t s — w i t h t h e e x t e n t of a n y of t h e s u b -
sets of t h e set En. 
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Let us iden t i fy a def ini te n u m b e r of subsets of e lements of each sphere of 
the epigeosphere in any a rb i t r a ry area, Ax, A2, A3, ..., An\ C l t C2, C3, ..., Cn ; 
Zj, Z2, Z3, Zn ; and so on. T h e n equat ion 2 still holds be tween the subsets of 
the spheres b u t now the subsets can have some e lements in common wi th in one 
sphere, t ha t is to say, an e lement xA, xc, xz, ..., or a subset XA, Xc, X z , ..., such 
tha t m a y also be an e lement or subset of the o ther subsets of the g iven sphere 
of the epigeosphere can be ident i f ied: 

(6) 

Equat ions 6 suggest tha t to ident i fy areas wi th in ternal ly d i f fe ren t ia ted 
(nonhomogeneous) contents it suff ices to create subsets such tha t do not include 
the e lements which occur pe rmanen t ly and which consti tute subsets XA, Xc, 
Xz, XF, XH, Xpt, XP, XL , tha t is: 

(?) 

Subsets A'n, C^, Z^, ..., a re sets of points in space identical wi th subsets An, Cr 
Zn , t ha t is: 

(8) 

The a reas of these subsets can over lap ne i ther in their whole nor in p a r t in 
any of the spheres of the epigeosphere: 
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This equa t i on shows t h a t t h e t e r r i t o r i a l un i t En(<p, / ) d i f f e r s f r o m (cp, / ) on ly 
by i ts con t en t s and not by i ts t e r r i t o r i a l ex t en t , because 

En = u ( J z n U ^ n U H n U Ptn U P n U K ( 1 1 

and it is descr ibed no t on ly by the e l e m e n t s d i f f e r e n t i a t i n g t h e i n d i v i d u a l 
subse ts of t he ep igeosphere , A'n, C'n, Z'n, ..., b u t also by those c o m m o n to t h e m : 

XA, X c , X z , ..., (see e q u a t i o n 7); w h e r e a s in t h e case of E'n 

E'n = A'n U c ; U Z ; U K u H ; U P . ; V J P ' n U K ( 1 2 ) 

a n d it is descr ibed only b y t h e smal les t n u m b e r of e l emen t s w h i c h d i f f e r e n -
t i a t e t h e i nd iv idua l t e r r i t o r i a l un i t s f r o m each o ther , t h a t is by A'n, C ' , Z'n, ... 

In v i r t u e of equa t ions 6, t h e w h o l e t e r r i t o r y submi t t ed to t h e d ivis ion can 
be descr ibed by t h e s u m of e l e m e n t s of t he iden t i f i ed subse ts XA, Xc, Xz, ..., 
t h a t is: 

X = X a U X c U X 2 u ^ U U ^ U ^ P U ^ (13) 

w h e r e a s t h e set of loca t ions of t h e po in t s w i t h such charac te r i s t i c s can be 
w r i t t e n : 

X(<p, /) = U En(<p, a) = U En(<P> (14) 
i i 

F u r t h e r m o r e , in v i r t u e of equa t ions 11, 12 and 13 it can be said t h a t t he fo l -
lowing re l a t ion holds b e t w e e n En, E'n and X: 

En = E'n ( J X (15) 
or t h a t 

En o E'n a n d En X . (16) 

Equa t ion 15 says t h a t each d iv ided a r ea is composed of a n i nva r i ab l e subse t X 
and of a n u m b e r of va r i ab l e subse t s E'n. T h e desc r ip t ion of each subse t En is 
a s u m of desc r ip t ions of t hese t w o subsets . 

Subse t s X m a y also be used as t h e f o u n d a t i o n fo r d iv id ing a n a rea , f o r 
w i t h i n i ts i nd iv idua l p a r t s each compr i s ing s eve ra l basic t e r r i t o r i a l un i t s En w e 
can d i s t ingu i sh subsets , say X1, X 2 , X 3 , m o r e o v e r desc r ibe the i r con ten t s : 

X 1 = E3> x2 = E<nE5nE6, 10 (17) 
and de l imi t the i r a reas : 

3 6 10 

Xx{<p, X) = U fin, X2(cp, k) = U En(<p, A), x3(<p, l) = U En(<p, I). (18) 
1 4 7 

These a r eas can in t u r n be i n t e g r a t e d in to one w h o l e w i t h t h e fo l lowing con-
ten ts : 

x = x ,nx 2 nx 3 (19) 
and with the fo l lowing area: 

X ( g U ) = U Xn(q>, X). (20) 
i 

Thus, from what has been said it fo l lows that the subsets En (or E„) are the 
foundation for dividing an area into the basic territorial units, whereas the 
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subsets Xn a r e the founda t ion for i n t eg ra t ing t h e basic t e r r i to r i a l un i t s in to 
bigger wholes . 

T h e de l imi ted t e r r i to r i a l un i t s a re also regional uni t s only if t he sets of po-
ints of the i r location En(qp,/) or Xn(cp,Á) cons t i tu te a un ique , closed and indiv i -
sible a r ea and t hus the con ten t s of th is uni t , En or Xn, does no t occur in any 
o ther de l imi ted a rea of the wor ld . If this is no t the case, t h a t is w h e n the i r 
contents can be found in m a n y o ther a reas in the wor ld , the de l imi ted t e r r i -
torial un i t s a r e typological uni ts . 

* * 

* 

T h e above m e t h o d of m a k i n g t e r r i t o r i a l divisions in t e r m s of t he set theory 
can be fu l ly adequa t e only w h e n w e t ake into account all e l emen t s descr ib-
ing t h e cons t i tuen t spheres of the ep igeosphere wi th in the t e r r i t o r y to be 
divided (the c r i te r ion of iden t i ty is m e a n t here). If we neglect to iden t i fy 
all such e l emen t s or else if w e select t h e m wi thou t s t r ic t ly observ ing t h e ru les 
of the above me thod the p rocedu re becomes a r b i t r a r y and the resu l t s obta ined 
cannot b u t be a r b i t r a r y too. A n unequivoca l resul t can be ob ta ined b y del i-
mi t ing t h e basic t e r r i to r ia l un i t s En (or E'n). The de l imi ta t ion of t h e h i g h e r -
order un i t s Xn((p, /) is s imple and methodologica l ly adequa te b u t i t is not 
a lways unequivoca l . Le t us consider an example . 

n-l 
Suppose w e have an a rea X^cp, A) w i t h conten ts X1 = LJ En = ( a , b, c}, 

n + m 

and a n o t h e r a rea X2{cp, / ) w i th contens X 2 — = {c, d, e ) . Suppose m o r e o v e r 

t h a t in b e t w e e n these two a reas t he re is the basic t e r r i to r i a l u n i t En((p, wh ich 
has in its con ten ts e l emen t c, t ha t is c £ En (see Fig. 2). This basic t e r r i t o r i a l 
un i t canno t s imul taneous ly be an i ndependen t un i t of h ighe r order , it has to 
be incorpora ted e i ther in to a rea X ^ , /) or X2((p, /). This un i t is c lear ly of 
i n t e r m e d i a r y cha rac te r and hence it would be h igh ly a r b i t r a r y to i nco rpo ra t e 
it i n to e i the r a rea . This e x a m p l e shows t h a t in the se t - theore t ica l me thod of 
d iv id ing te r r i to r ies has a s l ight t race of a rb i t ra r iness , especial ly w h e n it is 
necessary to join the basic un i t s into b igger wholes. Hence it fo l lows t h a t this 
me thod cannot be recognized as fu l ly object ive, e i ther . 

Fig. 2 

N o t w i t h s t a n d i n g this f law, t he me thod has been wide ly employed in the 
m e t h o d s of qua l i t a t ive regional iza t ion m a i n l y because: 1. as e l ement s of sets can 
be t r e a t e d bo th geographic objec ts and phenomena , bo th the i r qua l i t a t ive and 
q u a n t i f i a b l e f ea tu res , 2. a reas charac te r ized by de f in i t e con ten t s can b e easily 
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de l im i t ed b y s u p e r i m p o s i n g t h e e x t e n t s of the ind iv idua l e l e m e n t s on one m a p , 
3. t h e c o n t e n t s of t h e de l imi t ed a r e a s a r e equ iva l en t to t h e sum of t h e e l e m e n t s 
o c c u r r i n g w i t h i n each of t h e m . 

THE QUALITATIVE METHODS VS. THE SET-THEORETICAL METHOD 
OF DIVIDING TERRITORIES: A CRITICAL COMPARISON 

T h e s imples t m e t h o d is t h a t of t he l ead ing fac to r ( I sachenko 1965; M i k h a y -
lov 1967; Mi lkov 1967). I t consis ts in de l imi t ing a r eas accord ing to one l ead ing 
e l e m e n t a w h i c h fu l f i l l s t h e equa t ion : 

X = H En = {a} (21) 
i 

a n d is iden t i ca l w i t h t h e l ead ing fac to r . T h e a rea is in th is case de l imi t ed b y 
t h e e x t e n t of t h e l ead ing f ac to r a, t h a t is: 

X(q>, A) = H En(<p, A) = a(<p, A). (22) 
i 

N e i t h e r t h e con ten t s nor t h e e x t e n t s of t h e a r eas of subse ts En n e e d be k n o w n 
in th i s case. A t e r r i t o r y can be d iv ided in to a reas if t w o condi t ions a r e fu l f i l l ed : 
1. t h e a r e a s of o c c u r r e n c e of t h e charac te r i s t i c e l emen t s a, b, c, ..., m u s t not 
ove r l ap , and m o r e o v e r 2. t he s u m of those a reas m u s t be equa l to t h e a rea P of 
t h e t e r r i t o r y to be d iv ided . Th i s en ta i l s t h a t t he fo l lowing t w o condi t ions be 
f u l f i l l e d s imu l t aneous ly : 

a ( < M ) n b ( < M ) f V ( 9 U ) n ••• r|2(ç>,Â) = 0 

(•¿o ) 
a(cp, A ) U H<P, A ) U A ) U » . U z(<P> = P(<P> >) 

E q u a t i o n s 23 a re easi ly fu l f i l l ed w h e n e l emen t s a, b, c, ..., p e r t a i n to one s p h e r e 
of t h e ep igeosphe re only ; o t h e r w i s e t hey do not hold easi ly. 

J . G. G r a n ö (1953) h a s used t h e m e t h o d of supe r impos ing b o u n d a r i e s of t h e 
e x t e n t s of d i f f e r e n t subse t s to reg iona l ize F in l and . He de l imi t ed t h e reg iona l 
subse t s of t h e i nd iv idua l sphe re s of t h e ep igeosphere and n e x t , s imp l i fy ing 
t h e m e t h o d r a t h e r i n a d e q u a t e l y , h e recognized these subse ts as e l e m e n t s of n e w 
sets, n a m e l y t h a t An = an, Cn = cn, Zn = zn, .... T h u s t h e de l imi t ed basic u n i t s 
En h a d t he i r con ten t s no t in t h e to ta l or t he subse ts b u t in a subse t of e l emen t s 
a n d t h e r e f o r e : 

En = {an, cn, zn , fn, hn, hn, p v pn, ln} (24) 

w h e r e a s t h e a r ea of th i s subse t (equat ions 27) is descr ibed by t h e fo l lowing set 
of po in t s : 

En(cp, / ) = an((p, I ) H cn(<p, / ) H zn{cp, X) H fn(<p, / ) H hn((p, A) ptJ<p, A) H 

n p » 0 M ) n U < M ) (25) 

I t becomes imposs ib le to de l imi t h i g h e r - o r d e r un i t s in v i r t u e of e q u a t i o n s 6 and 
13 t h o u g h f o r m a l l y w e could use equa t ions 16-19. This c i r c u m s t a n c e m a k e s 
t h e m e t h o d s t rong ly d e p e n d e n t on the a d e q u a t e de l imi ta t ion of t h e regional 
u n i t s of t h e i nd iv idua l sphe re s of t h e ep igeosphere . Because t h e r e a re m a n y 
r eg iona l d ivis ions of t h e ind iv idua l sphe res of t he ep igeosphe re t hey m a y be 
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used in the process of reg ional iza t ion in d i f f e r e n t combina t ions in e f f e c t of 
wh ich m a n y n o n u n i f o r m reg iona l divis ions of one a rea a re ob ta ined . 

T h e s ame m e t h o d has b e e n used by P . Sup ino (1959) to de l imi t t h e l a n d -
scape- typologica l regions of I ta ly . He de l imi ted t h e l andscape u n i t s of t h e i n -
d iv idua l se lected spheres of t h e ep igeosphere , recognized t h e m not as subse t s of 
e l e m e n t s bu t as e l emen t s t hemse lves and subsequen t ly used these l a t t e r to d e -
l imi t and descr ibe the l andscape uni t s . 

T h e supe r impos ing of t he t e r r i t o r i a l subse ts of the l i thosphere , t h e pedo -
sphere , t h e h y d r o s p h e r e , the p h y t o s p h e r e and, occasionally, t he a n t h r o p o s p h e r e , 
w h i c h g ives in e f fec t a reas of r epea t ed occur rence of sets, i.e. " l a n d s c a p e - t y p o -
logical" uni t s , w i th in de f in i t e r eg iona l un i t s has been called the m e t h o d of f i l l -
ing t h e r eg iona l un i t s w i t h typological un i t s (Milkov 1967). This m e t h o d c a n b e 
h e l p f u l not only in descr ib ing and spec i fy ing t h e reg iona l un i t s f r o m t h e po in t 
of v i ew of l andscape b u t also in regional iz ing . 

Th i s is the essence of t h e m e t h o d of de l imi t ing reg iona l l andscape c o m p l e x e s 
(P reob razhensk i i 1966). Accord ing to P reobrazhensk i i , the r eg iona l c o m p l e x is 
a spa t i a l set of over lapp ing t e r r i t o r i a l un i t s of t h e s ame cha rac t e r . 

Suppose t h a t w i t h i n the t e r r i t o r y to be d iv ided we h a v e de l im i t ed 7 l a n d -
scape types : eu e2, ..., e7, and n e x t w e joined t h e m on a m a p in to t h r e e r e g i o n a l 
complexes w i t h the fo l lowing contents : 

S ince each t y p e of e m a y occur m o r e t h a n once in seve ra l r eg iona l complexes , 
t h e a r e a of these un i t s can be w r i t t e n thus : 

X^cp, A) = ( U eM(ip, ¿)) U ( U *)) U ( U en{<p, A)) 

X2(<p, k ) = (U e22(<p, *)) U (U e A < P , U (U e52(cp, /)) y (y e12(<p, a ) ) (27) 

A) = ( y en(<p, / ) ) y ( y e53(<p, k)) y ( y en(qr X)) 

The f u r t h e r in t eg ra t ion of t he a r eas and the i r con ten t s can be e f f e c t e d by v i r t u e 
of e q u a t i o n s 17-20. 

T h e c i r cums tance t h a t t h e typological un i t s occur w i th in the r e g i o n a l c o m -
p l exes w i t h u n e v e n f r e q u e n c y h a s been t a k e n in to account in t w o s tudies : in 
Mi lkov ' s m e t h o d of r epea t ed occur rence of specif ic landscape complexes (1967) 
a n d in t h e a t t e m p t to descr ibe reg iona l un i t s by m e a n s of i n d e x e s c h a r a c t e r -
izing t h e f e a t u r e s of l andscape e l emen t s m a d e by P reob razhensk i i , F a d e e v and 
M u k h i n a (1961). N e i t h e r of t hese s tudies t akes recourse to the set t h e o r y b u t 
t h e y p r o v i d e a s ta t is t ical v ind ica t ion of t h e t e r r i t o r i a l d iv is ion m a d e . 

I s achenko ' s m e t h o d of jo int ana lys i s of r eg iona l componen t s (1965) consis ts 
in de l imi t ing t e r r i t o r i a l complexes : l i thologica l -geomorphologica l , h y d r o g r a p h i -
ca l -c l imat ic and soi l -geobotanical complexes wh ich can obta in b o t h a typo log i -
cal a n d a r eg iona l mean ing . These complexes a r e v e r y s t rong ly i n t e r r e l a t e d 
w i t h each o t h e r b u t t hey charac te r i ze on ly six of t h e e igh t s p h e r e s of t h e 
ep igeosphere . Le t : 

w h e r e an, bn, cn a r e subsets of e l emen t s of t he cons idered s p h e r e s of t h e ep i -
g e o s p h e r e and a r e t r e a t e d as e l emen t s themselves . As in t h e m e t h o d of G r a n o , 
t he se e l e m e n t s supe r impose u p o n each o the r and hence t h e bas ic t e r r i t o r i a l 
u n i t s E a re subse ts 

.Xj — |Cj, 63 ,67 ,j X2 — 162,63,65, 67] X3 — |64,65, c 6 | . (26) 

Ln ( J P t = an, Hn U 4 = K Pn y Fn = c (28) 

E = fa b r- ^ J - ' n — | u n > " n » - n j (29) 
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of a r e a s 

En(cp,Â) = a n ( < M ) n M 9 ^ n c n ( 9 U ) . (30) 

T h e u n i t s of t he n e x t h i g h e r o rde r can be f o u n d in v i r t u e of equa t ions 17-20. 

A GENERAL EVALUATION OF THE QUALITATIVE METHODS 

N o n e of the qua l i t a t i ve m e t h o d s h a s been c o m m o n l y accep ted or e m p l o y e d 
in r e s e a r c h p rac t i ce (Foch le r -Hauke 1962). T h e f l a w s of each of t h e m h a v e 
m a d e some g e o g r a p h e r s e n c o u r a g e the jo in t use of all of t h e m ( Isachenko 1965; 
M i k h a y l o v 1967). I n each case of jo in ing d i f f e r e n t m e t h o d s t oge the r w e e n r i c h 
t h e n u m b e r of e l emen t s w h i c h a r e the f o u n d a t i o n fo r r eg iona l i za t ion t h u s 
b r i n g i n g those m e t h o d s closer to the p r inc ip les of t he m e t h o d of d iv id ing t e r r i -
to r i e s in t e r m s of t h e set t heo ry . 

A compar i son of t h e qua l i t a t i ve m e t h o d s of r eg iona l i za t ion w i t h t h e s e t - t h e -
o re t i ca l m e t h o d of d iv id ing t e r r i t o r i e s shows t h a t t he p r inc ip les of t h e f o r m e r 
m e t h o d s a r e ac tua l ly based on t h e set theory . T h u s t h e q u a l i t a t i v e m e t h o d s 
a p p e a r to be essent ia l ly m a t h e m a t i c a l m e t h o d s based on t h e set t h e o r y too. 

T h e app l ica t ion of d i f f e r e n t qua l i t a t i ve m e t h o d s f o r t h e d ivis ion of one t e r -
r i t o r y fa i l s to yield ident ica l resu l t s fo r none of t h e m fu l f i l l s the condi t ion of 
i den t i t y . T h o u g h each of t h e m t akes fo r i ts s t a r t i n g - p o i n t subse t s of e l e m e n t s 
of t h e ind iv idua l sphe re s of t h e ep igeosphere t h e subsets a r e recognized as in -
d iv i s ib le e l emen t s r a t h e r t h a n as sets at one or a n o t h e r level of i n t eg ra t i on . 

I t h a s a l r e a d y b e e n m e n t i o n e d t h a t e v e n t h e se t - theore t i ca l m e t h o d of 
d i v i d i n g t e r r i t o r i e s itself is no t en t i r e ly f l awless , especia l ly w h e n t e r r i t o r i a l 
u n i t s h a v e to be jo in t in to b igge r or h i g h e r - o r d e r un i t s w h i c h in some cases 
can only be a r b i t r a r y . 

T h u s e v e r y typological or r eg iona l d iv is ion based on a n y of t h e above 
m e t h o d s is, to some ex ten t , a r b i t r a r y , w h i c h inc iden ta l ly is c o n f i r m e d by 
p rac t i ce . 

MATHEMATICAL METHODS AS DERIVATIVE METHODS OF THE 
SET-THEORETICAL METHOD OF TERRITORIAL DIVISION 

P r o v i d e d the se t - theore t i ca l m e t h o d of t e r r i t o r i a l d iv is ion is co r rec t w e can, 
in o r d e r to b r ing ou t the n a t u r a l b o u n d a r i e s b e t w e e n d i f f e r e n t t e r r i to r i e s , d i f -
f e r e n t i a t e equa t i on 1 accord ing to t h e va r i ab l e d i s t ance s: 

dE dA\ i dC , d Z j , . dF . : dH , , d P t ' , , ! dP . , dL 
ds = ds U ds U ds U | d 7 | U ds U ds U ds U ds (31) 

I d E 
T h i s in t u r n m e a n s t h a t t h e g r a d i e n t of the ep igeosphe re —7— is in each of 

I ds 
i ts po in t s a to ta l of t he g r a d i e n t s of t he p h e n o m e n a occur r ing in its i nd iv idua l 
sphe re s . If w e d e t e r m i n e the g r a d i e n t of ep igeosphe re in e v e r y po in t of t he 
E a r t h w e can s u b s e q u e n t l y r e p r e s e n t t h e in tens i t i e s of t hese g r a d i e n t s by iso-
g rad i en t s . By i n t e r p r e t i n g t h e c a r t o g r a p h i c p i c t u r e of t h e i sog rad ien t s w e ob-
t a in a de f i n i t e divis ion of t h e ep igeosphe re or of one of i ts c o n s t i t u t e n t spheres . 
Th i s m e t h o d has been employed b y R o m e r (1949) in h i s c l imat ic r eg iona l i za t ion 
of P o l a n d . 
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A s s u m i n g t h a t t h e va r i a t i on of geograph ic e n v i r o n m e n t is expe r i enced no t 
as a s u m of changes occu r r ing in t h e ep igeosphe re b u t as a su f f i c ien t ly p ro -
nounced c h a n g e in t h e e l e m e n t s of one s p h e r e t h e p r e s e n t a u t h o r recognized t h e 
" m e g i g r a d i e n t " , i.e. t h e g r a d i e n t of t h e h ighes t va lue in some vicini ty, as t h e 
b o u n d a r y l ine sepe ra t ing t w o t e r r i t o r i a l u n i t s of d i f f e r e n t con ten t s ( P e r n a r o w -
ski 1968). Accord ingly , e q u a t i o n 31 a s sumed t h e fo l lowing f o r m : 

dE _ dA 
ds m a x ds m a x 

dC dZ dF .dH dPt dP dL 
- j T U U \-jl-i U ¡ - J T U ! " J T | U J T U I - J T 

m a x m a x u o m a x U"5 m a x « ,0 m a x U-o m a x : t l o I m a x 

(32) 

T h e c a r t o g r a p h i c p i c tu re of m e g i g r a d i e n t s is a n e t w o r k of l ines of equal va lue . 
T h e i n t e r p r e t a t i o n of t h e course and t h e va lue of t h e l ines w h i c h r e p r e s e n t t h e 
d i f f e r e n t i a t i o n of t h e geograph ic e n v i r o n m e n t has f u r n i s h e d t h e founda t i on f o r 
p e r f o r m i n g t h e phys ico -geograph ic reg iona l iza t ion of P o l a n d ( P e r n a r o w s k i 
1968). 

As it f o l lows f r o m f o r m u l a s (31) and (32), t hese m e t h o d s do not a l low f o r 
inc lud ing qua l i t a t i ve e l emen t s wh ich m u s t be expressed by one mos t c h a r a c t e r -
ist ic q u a n t i f i a b l e f e a t u r e . 

These me thods , wh ich a r e cal led m a t h e m a t i c a l , as wel l as t he m e t h o d of 
d iv id ing t e r r i t o r i e s in t e r m s of the se t t h e o r y fu l f i l l t h e condi t ion of i d e n t i t y 
f o r t h e y e m p l o y e l emen t s of sets cha rac te r i z ing t h e ind iv idua l spheres of t h e 
ep igeosphere . T h u s t h e t e r r i t o r i a l d ivis ions ob ta ined by these m e t h o d s a r e 
u n a r b i t r a r y a n d unequ ivoca l . 

W r o c l a w U n i v e r s i t y 
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A N E C O N O M I C R E G I O N A L I Z A T I O N O F A U S T R A L I A U S I N G T H E 
P O I N T C O L L E C T I O N M E T H O D 

STANISŁAW OTOK 

Our economic reg iona l iza t ion of Aus t r a l i a was based on six c r i t e r ia : 1. den -
sity of popula t ion , 2. p e r c e n t of u r b a n popula t ion , 3. n u m b e r employed in in-
d u s t r y and m i n i n g (ex t rac t ion) p e r 1000 inhab i t an t s , 4. n u m b e r e m p l o y e d in 
serv ice indus t r i e s pe r 1000 inhab i t an t s , 5. t h e va lue of the a g r i c u l t u r a l p r o -
duc t ion pe r km 2 (of t h e to ta l a r ea of t h e t e r r i t o r i a l unit) , in 1965 prices, 6. 
l e n g t h of r a i lways pe r 100 km 2 . Var ious combina t ions of these c r i t e r i a c h a r a c -
ter ize the Aus t r a l i an e c o n o m y in the lower r e f e r e n c e un i t s such as s ta t i s t ica l 
divisions. These c r i t e r ia or indices w e r e selected f r o m a g roup of 10 b y e l imi -
na t i ng t h e least typological . A p a r t f r o m t h e r e obvious m e r i t s these selected 
c r i t e r ia had to fu l f i l l c e r t a in s tas t i s t ica l r e q u i r e m e n t s ; t hey had to show a low 
level of cor re la t ion and a la rge a rea l d i f f e r en t i a t i on . To check t h a t these re -
q u i r e m e n t s w e r e me t P e a r s o n p r o d u c t - m o m e n t cor re la t ion coef f ic ien t and the 
coef f ic ien t of va r i ance w e r e calcula ted. 

To e n s u r e t ha t t he ca lcu la ted coef f ic ien t r is a val id resul t , t h a t a n y two 
cr i te r ia a r e s ign i f i can t ly cor re la ted and t h a t ne i t he r e r ro r nor chance causes 
t h e va lue r to be su f f i c i en t ly d i f f e r e n t f r o m zero, f u r t h e r inves t iga t ions w e r e 
ca r r i ed out. Fo r th is p u r p o s e w e used t h a t s ta t i s t ica l hypo thes i s conce rn ing the 
cor re la t ion w h i c h s ta tes t h a t HQ : o = 0 . 1 (The S tuden t s ' t d i s t r ibu t ion s ta t is t ic 
can also be used for th i s pu rpose 2). T h e selected cr i te r ia w e r e sub jec t ed to f u r -
t h e r ca lcu la t ions — the i r no rma l i za t ion and the i r f u n c t i o n a l o rde r ing . 

F r o m t h e m a n y t a x o n o m i c a l m e t h o d s used in reg iona l s tud ies we selected 
t h a t of f u n c t i o n a l o rde r ing . T h r o u g h th is m e t h o d w e can f u r t h e r s tas t i s t ica l ly 
g r o u p un i t s w i t h s imi la r va lues accord ing to t h e " index of the size of i nd iv idu -
a l s" b e a r i n g in mind t h e g iven o rde r of t he c r i t e r i a . 3 If w e h a v e to o r d e r those 
u n i t s d e f i n e d by a s ta t i s t i ca l ser ies of c r i t e r i a t h e n these c r i t e r i a a r e called 
a g r o u p (of cri teria) , a n d because of th is g r o u p the l inear o rde r ing wil l d e p e n d 
on t h e f i n d i n g of t he s u m of the cr i te r ia , i.e., a f u n c t i o n wh ich d e p e n d s on all 
t h e c r i t e r i a of t he g roup . Th i s s u m wil l be cal led t h e o rde r ing func t i on . 

S ince in reg iona l iza t ion one o f t e n h a s to dea l w i th d i f f e r i n g c r i t e r i a such 
as dens i ty of popula t ion , va lue of a g r i c u l t u r a l p roduc t ion , and t h e level of u r -
ban iza t ion , and t h e r e f o r e w i t h va lues whose s u m s cannot be found , one 's c r i te -

1 J. Perkal, Matematyka dla przyrodników i rolników (Mathematics for natural 
scientists and agronomists), vol. 3, Warszawa 1967. 

2 S. Gregory, Metody statystyki w geografii (Statistical methods in geography), 
Warszawa 1970. 

3 For a description of the method see J. Perkal, op. cit., vol. 2. 
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r ia m u s t f i r s t of al l be no rma l i zed b e f o r e one can f ind the i r sum. W h e n t h e 
c r i t e r ia h a v e been no rma l i zed one can t h e n f ind t h e o r d e r i n g f u n c t i o n accord-
ing to t h e fo l lowing: 

F = 1/71(^ + ^ + 13+ ...f«) 

T h e va lues ob ta ined a r e cal led t h e indices or coef f ic ien t s of locat ion d e p e n d i n g 
on the g iven g r o u p i n g of t h e c r i te r ia . T h e indices of locat ion a r e used fo r 
g r o u p i n g t e r r i t o r i a l u n i t s b y t h e m e t h o d of po in t col lect ion. J . P e r k a l ' s w o r k 
f o r m e d the b a c k g r o u n d to th is m e t h o d . All six c r i t e r ia on w h i c h th is s tudy is 
based w e r e t a k e n as equa l in impor t ance . T h u s t h e bas ic d ivis ion of t h e poin ts 
( t e r r i to r ia l uni t s ) should be d o n e accord ing to t h e vec to r va lue , i.e., t h e va lue 
of t h e o rde r ing f u n c t i o n . T o geomet r i ca l ly i l lus t ra te t h e vec tor va lue of t h e 
po in t s w e used circles w h o s e rad i i d e p e n d on t h e va lues as fo l lows: 1. t h e low-
est va lue h a s a r a d i u s of O; t h u s the poin t fo r th is v a l u e wi l l be t h e cen t re 
of a l l t h e circles; 2. o the r va lues of t he po in t s h a v e r ad i i of co r r e spond ing size. 
I n th is w a y w e ge t concen t r i c c ircles i l l u s t r a t ing t h e d i s t r i bu t i on of t h e vector 

Fig. 1 
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va lue of all t h e points , w h i c h a l lows us to s ingle out severa l g r o u p s sepa ra ted 
by r ad ia l d i s t ances (Fig. 1). To show the va lues of each c r i t e r ion of t h e points 
w e used a s imi l a r m e t h o d to Perka l ' s . 4 I n s t ead of ca lcula t ing t h e locat ion of t he 
po in t s in s ix -d imens iona l C a r t e s i a n space as sugges ted by P e r k a l w e geome t r i -
cal ly m a r k e d o u t t he d i rec t ions of t he vec tors O P in such an a r r a n g e m e n t t ha t 
i t could be t r e a t e d as a p ro j ec t ion on to a su i t ab ly chosen p l a n e of a n a r r a n g e -
m e n t of co -o rd ina te axes of s ix -d imens iona l space. O u r p rev ious ly m a p p e d 
concent r ic circles w e r e d r a w n on this p lane . O n the p lane one of t h e six axes 
(because t h e r e a r e six cr i ter ia) is d r a w n e v e r y 30°. Since we h a v e b o t h "posi -
t i v e " and " n e g a t i v e " va lues fo r t he c r i t e r ia w e t ake as pos i t ive r evo lu t ions of 
t h e axis those r evo lu t ions of t he r ays ly ing in the u p p e r half of t h e p lane , and 

Fig. 2 
4 J. Perkal , O zbiorach punktów materialnych i abstrakcyjnych w badaniach 

przyrodniczych (The point collection of materials and abstracts in the na tura l scien-
ces), Spraw. Wr. TN, 1957. 
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as nega t ive those ly ing in t h e l ower half (Fig. 2). A f t e r s e p a r a t e l y ske t ch ing the 
vec tors OP, t h e i r d i r ec t ions a r e t r a n s f e r r e d to t h e circle d i a g r a m and on the 
circle c o r r e s p o n d i n g to poin t P t he locat ion of th is point is m a r k e d . One can 
t a k e the vec tors in a n y o rde r s ince the i r a r r a n g e m e n t is c o m m u t a t i v e and in-
t e r - l i nked . H o w e v e r one m u s t k e e p the cor rec t d i rec t ion a n d revo lu t ion . S ince 
w e a re conce rned on ly w i t h the d i rec t ion of a vec tor OP, because i ts l e n g t h is 
a l r eady k n o w n to u s and w e can read it off f r o m the circle d i a g r a m a n y w a y , 
a n y scale can b e u s e d f o r t h e c r i t e r i a va lues as long as th i s is t h e s a m e fo r 
each point . In th i s w a y w e m a y assign a p a r t i c u l a r po in t in s ix -d imens iona l 
space to each u n i t be long ing to the -grouping of six f e a t u r e s . In g e n e r a l we 
can say tha t to each ob jec t inves t iga ted , accord ing to the a r r a n g e m e n t of n 
c r i t e r ia w e can ass ign a p a r t i c u l a r po in t to n d imens iona l space 5 . Th i s po in t 
is cal led the i n d i v i d u a l poin t . "A g r o u p of i n d i v i d u a l po in t s wi l l co r r e spond 
to a n y selected g r o u p of points , in p a r t i c u l a r to a selected popu la t ion , f o r e x a m -
ple h u m a n , or g e n e r a l l y to a n y set of n a t u r a l ob jec t s e x a m i n e d accord ing to 
a g iven a r r a n g e m e n t of the c r i t e r i a " 6. By m a k i n g t h e p r o b l e m a geome t r i c one 
m a n y in t e r e s t i ng n a t u r a l and economic ques t ions , especia l ly conce rn ing the i r 
s imi la r i ty , can be l inked to the s h a p e and s t r u c t u r e of t h e poin ts . " W e call t w o 
objec ts geome t r i c a l l y s imi la r if t he i r i nd iv idua l po in t s lie on one of t h e s t r a i g h t 
l ines of t ha t set w h i c h has its a p e x a t t he b e g i n n i n g of t h e c o n f i g u r a t i o n of 
t he co -o rd ina te s" 7. One can also bu i ld u p o t h e r s imi la r i t i es a n d cons ider ob jec t s 
as s imi la r if " t h e i r i nd iv idua l po in t s lie on one of t he s t r a i g h t l ines of t h a t set 
wh ich h a s its a p e x a t some po in t o the r t h a n t h e beg inn ing of t he c o n f i g u r a t i o n 
of t h e co-ord ina tes ; th is a p e x m a y . b e fo r e x a m p l e the c e n t r e of a g r o u p of 
ind iv idua l points . . . " 8 T h e s t u d y of the s t r u c t u r e of a g r o u p of ind iv idua l po in t s 
is app l ied above al l to t axonomica l ques t ions . In th is r espec t t he m a i n ques -
tions, geome t r i c a l l y p h r a s e d a re : t h e connec t ion of n e i g h b o u r i n g ob jec t s in 
a g roup ; t h e de l i nea t i on of t ypes and the subdiv is ion of a g roup . T h e a d v a n t a g e 
of th is m e t h o d is t h a t i t has only one i n t e r p r e t a t i o n . 

T h e 57 concen t r i c c ircles d r a w n , each w i t h a n equa l rad ius , F (scale 1 : 50), 
show t h e d i s t r i bu t i on of t he va lues f r o m all t h e t e r r i t o r i a l u n i t s in 1965 (Fig. 1). 
By geomet r i ca l ly m a r k i n g t h e d i rec t ions of t h e vec tors O P t h e va lues of t h e 
ind iv idua l c r i t e r i a of t he po in t s w e r e s h o w n (Fig. 2). T h u s w e ob ta ined a ser ies 
of g r e a t e r or s m a l l e r concen t r a t i ons of po in t s showing m a x i m u m s imi l a r i t y by 
bo th va lue F a n d by the va lue of t h e i nd iv idua l c r i te r ia (Fig. 1). G r o u p i n g the 
t e r r i t o r i a l un i t s in to zones d e p e n d s on w h a t w e r e q u i r e of t h e zones. W e m a y 
be m o r e r igo rous a n d g r o u p only those un i t s ly ing v e r y close to each o ther . 
W e can be m o r e t o l e r a n t and accept un i t s ly ing f u r t h e r a w a y f r o m each o the r 
b u t in t h e s a m e zonal m a g n i t u d e . T h e f o r m e r ru l e is ana ly t i ca l w h e r e a s the 
second is syn the t i ca l . Us ing the second r u l e Aus t r a l i a w a s d iv ided in to 9 zonal 
reg ions (Fig. 3). F r o m t h e po in t of v i e w of t h e accepted c r i t e r i a t h e zones a re 
homogeneous , b u t th i s of course is not keep ing s t r i c t ly to t h e concept of h o m o -
gene i ty . Each zone h a s its o w n cha rac te r i s t i c economic s t r u c t u r e , w h i c h d i f f e r -
en t ia tes it f r o m t h e o thers . Tab le 1 g ives the a v e r a g e va lues of t he typological 
c r i t e r ia f o r each zone. 

T h e g r e a t me t ropo l i se s m a k e u p zone I. Th i s zone h a s a l a rge concen t r a t i on 
of popu la t ion (58fl/o of t he total) ove r a r e l a t i ve ly smal l a r ea , a h i g h level of 

5 Ibid., p. 6. 
6 Ibid. 
7 Ibid. 
8 Ibid., p. 8. 
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urbanizat ion and well developed services and industry . Zone II has the largest 
mining and meta l lurg ica l conurbat ion in Austra l ia and is second by concen-
t ra t ion of population. Zone III is an area of developed agr icul ture . It is the 
largest and most impor t an t compact area in Austral ia of highly commercial 
agr icu l tura l product ion. Zones IV and VI are also agr icu l tura l b u t because of 

Fig. 3 

T A B L E 1. T h e a v e r a g e v a l u e s o f t h e t y p o l o g i c a l c r i t e r i a 
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t he i r n a t u r a l condi t ions t he i r economic p r o d u c t i o n is smal le r . Zone V is a g r i -
c u l t u r a l a n d indus t r i a l , i ts a g r i c u l t u r e l a rge ly m o n o c u l t u r a l and p l an t a t i ona l . 
T h e basis of t h e economy of Zone VII is t he exp lo i t a t ion of n o n - f e r r o u s m e t a l 
depos i t s a n d t h e r e a r i n g of h i g h q u a l i t y m e r i n o sheep. Min ing and p a s t u r e is 
typ ica l a lso of Zone VIII , b u t because of t he less f a v o u r a b l e n a t u r a l cond i t ions 
t h e economic resu l t s of ca t t le r e a r i n g and of a smal l n u m b e r of sheep a r e v e r y 
low. T h e r e is l a rge scale exp lo i t a t ion of i ron ore, copper , gold, a l u m i n i u m a n d 
b a u x i t e in th is a rea . Zone IX h a s ex t ens ive ca t t l e r e a r i n g in t h e n 6 r t h a n d 
sheep r e a r i n g in t h e south . Mine ra l s a r e no t economica l ly i m p o r t a n t in t h i s 
zone. 

A f t e r check ing t h e resu l t s of ou r inves t iga t ion aga ins t t h e ac tua l spa t i a l 
d i s t r i bu t ion of t h e p h e n o m e n a w e m a y say t h a t ou r d iv is ion in to zonal r eg ions 
co r r e sponds to t h e a r e a l economic s t r u c t u r e of Aus t ra l i a . I n t h e s a m e w a y t h e 
m e t h o d used in th is s t udy enab les us to c a r ry ou t t he economic reg iona l i za t ion 
of Aus t r a l i a . 

T h e ques t ion ar i ses h o w the reg iona l iza t ion ob ta ined by t h e m e t h o d of po in t 
collect ion d i f f e r s f r o m o the r a t t e m p t s a t reg iona l iz ing t h e con t i nen t by A u s -
t r a l i a n au tho r s . I t is d i f f i cu l t to assess th is sa t i s fac to r i ly because , a m o n g o t h e r 
reasons , t h e r e a re f e w reg iona l s tud ies e m b r a c i n g the w h o l e con t i nen t done 
in Aus t ra l i a . Most of t h e s tud ies a r e concerned on ly w i t h one Sta te , and the i r 
m a i n p u r p o s e is fo r p l a n n i n g 9. Only t h e s t u d y b y T w e e d i e and R o b i n s o n t a k e s 
in the w h o l e of Aus t r a l i a 10. T h e a u t h o r s genera l i zed the p h e n o m e n a t hey s tu-
died m a i n l y f r o m land use maps , and d iv ided t h e e n t i r e a r ea of t h e e a s t e r n 
coast of Aus t r a l i a in to t w o zonal regions , t h e sou th -eas t and t h e no r th - ea s t . 
T h e a r ea l d i f f e r e n t i a t i o n of t h e economy in th i s p a r t of A u s t r a l i a is m u c h 
g r e a t e r t h a n is sugges ted by T w e e d i e and Robinson in the i r w o r k . These d i f -
f e r e n c e s a r e s h o w n v e r y c lear ly by t h e po in t col lect ion m e t h o d , w h i c h d iv ides 
t h e coastal a r e a of e a s t e r n Aus t r a l i a i n to s eve ra l d is t inc t zonal regions . T h e 
w o r k of R. H. G r e e n w o o d suppo r t s t h e va l id i ty of th is ap roach , a l t h o u g h h e 
w a s conce rned only w i t h Q u e e n s l a n d . 1 1 In t h e o t h e r a r ea s t h e r e su l t s of r eg ion-
a l iza t ion a r e s imi lar . T h e on ly d i f f e r e n c e s a r e those in t h e b o u n d a r i e s of t h e 
zones in c e r t a i n p a r t s and th i s is caused by t h e d i f f e r e n t bases and u n i t s of 
r e f e r e n c e used in these s tudies . One m u s t u n d e r l i n e t h a t T w e e d i e and Rob in -
son 's reg iona l iza t ion is descr ip t ive , w h e r e a s t h e po in t col lect ion m e t h o d gives 
r e su l t s w h i c h a r e m o r e a c c u r a t e and can be n u m e r i c a l l y m e a s u r e d . T h u s t h e 
accu racy and m e a s u r a b i l i t y of t h e po in t col lect ion m e t h o d of reg iona l iza t ion 
is an i m p o r t a n t con t r ibu t ion to a b e t t e r u n d e r s t a n d i n g of t h e a r e a l economic 
s t r u c t u r e of Aus t ra l i a . 

W a r s a w Un ive r s i t y 

9 Examples of these include R. H. Arnot and E. J. Thomson, Division of New 
South Wales into regions and districts for planning, Sydney 1966. 

10 A. D. Tweedie and K. W. Robinson, The regions of Australia, Adelaide 1965. 
11 R. H. Greenwood, Queensland's landscapes and production patterns, Bris-

bane 1961. 
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T H E A N T I C I P A T I O N O F U R B A N E X P A N S I O N * 

CHRISTOPHER R. BRYANT 

I. SOME IMPLICATIONS FOR AGRICULTURAL LAND USE PRACTICES 
AND LAND USE ZONING 

1. I N T R O D U C T I O N 

U r b a n expans ion , p a r t of the to ta l process of u rban iza t ion , g e n e r a t e s a com-
p lex of f ac to r s t h a t m a y a f f ec t a g r i c u l t u r a l l and use prac t ices . These inc lude 
inc reas ing t a x a t i o n of f a r m l a n d in u r b a n i z i n g areas , pol lu t ion, t respass , r u r a l 
f r a g m e n t a t i o n , specula t ion and inc reas ing land values , and an a t m o s p h e r e of 
ins tabi l i ty , as wel l as ce r t a in m o r e pos i t ive in f luences such as m a r k e t e x p a n -
sion. T h e impac t of u r b a n expans ion on a g r i c u l t u r a l p roduc t ion , t he re fo re , is 
p a r t l y r e la ted to t h e i m m e d i a t e loss of l and consequen t u p o n t h e phys ica l 
expans ion of t h e u r b a n a r ea and p a r t l y r e la ted to t h e opera t ion of forces such 
as inc reas ing land va lues w h i c h a f f e c t t h e p ro f i t ab i l i t y of ag r i cu l tu r a l inves t -
m e n t , and hence a g r i c u l t u r a l p roduc t i v i t y r a t h e r t h a n r e m o v i n g la rge a r e a s 
f r o m a g r i c u l t u r a l p r o d u c t i o n . 1 S o m e a t t e m p t h a s been m a d e to t r ea t t he con-
ve r s ion of ag r i cu l t u r a l l and to n o n - a g r i c u l t u r a l use in t h e f r a m e w o r k of t h e 
t r a d i t i o n a l von Thi inen m o d e l . 2 H o w e v e r , it is c lear t h a t u r b a n expans ion has 
a g r e a t e r i m p a c t on a g r i c u l t u r a l p roduc t i on t h a n the sole cons idera t ion of 
phys ica l losses wou ld suggest . Hence, G e r t l e r and H i n d - S m i t h 3 conclude t h a t al l 
t h e cen t r e s t hey s tud ied showed a subs t an t i a l a r ea of " u r b a n s h a d o w " (e i ther 
s ter i l ized f a r m l a n d or l and u n d e r p r e s s u r e to m o v e out of ag r i cu l tu r a l p r o d u c -
t ion) such t h a t t he " u n s e e n " i n f luence of t h e ci ty a p p e a r s m o r e i m p o r t a n t t h a n 
t h e t ang ib le ev idence of l and used for p l ann ing . Bu t it is on ly r ecen t ly t h a t 
a n y a t t e m p t has been m a d e to deve lop a concep tua l f r a m e w o r k fo r inves t i -
ga t ing ce r ta in of these o the r fac tors . 

Th i s p a p e r considers one of these fac tors , t h a t re la tes to the po ten t ia l e x p a n -
sion of t he u r b a n a rea and h e n c e the an t i c ipa t ion of t he convers ion of agr icu l -
t u r a l l and to n o n - a g r i c u l t u r a l uses. T h a t th i s m a y h a v e an e f f ec t upon a g r i -
c u l t u r a l land use prac t ices has been recognized b y severa l au thors . This fac to r 

* Editor's note: The model introduced reflects conditions characteristic of western 
market economies. 

1 See for instance L. O. Gertler and J. Hind-Smith, The impact of urban growth 
on agricultural land: a pilot study, in Resources for Tomorrow; Suppl. Vol. (Ottawa, 
the Queen's Printer, 1962), pp. 155-180; and R. R. Krueger, Changing land-use pat-
terns in the Niagara Fruit Belt, Trans. Roy. Can. Inst., Part II, Oct. 1959, pp. 39-101. 

2 See, for instance, R. F. Muth, Economic change and rural-urban land use con-
versions, Econometrica, 29, 1961, pp. 1-23. 

3 Gertler and Hind-Smith, op. cit., p. 173. 
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m a y p a r t l y account fo r a de t e r io ra t ion of ag r i cu l tu r a l land a r o u n d cities; hence, 
Wibbe r l ey w r i t e s , 4 " K n o w i n g t h a t t he land is soon to be t a k e n , t h e occupier 
m a y beg in to f a r m ' to qu i t ' ", so t h a t t h e " u n u s e d res idue of f e r t i l i t y is at 
a low po in t w h e n t h e l and is f i na l l y t aken" . F u r t h e r , C lawson , cons ide r ing the 
f a r m e r , n o t e s 5 t h a t "If h e has h igh f ixed i n v e s t m e n t in l and i m p r o v e m e n t s 
such as an o rcha rd , it w i l l pay h i m to ope ra t e it as long as h e can" , i.e., at the 
edge of u r b a n expans ion . Recent ly , then , in te res t in th is topic h a s been taken 
a s tep f u r t h e r , and S inc la i r 6 h a s m a d e an a t t e m p t to i nves t iga t e t h e e f fec ts of 
th i s an t ic ipa t ion in a m o r e f o r m a l way . S inc la i r ' s model , desp i t e ce r t a in criti-
cisms, is a va luab le con t r ibu t ion . Hence , th is ini t ia l f r a m e w o r k is reviewed, 
and an ex tens ion to it p r e sen t ed , which , it is suggested , can p a r t l y account fo r 
the d e v e l o p m e n t of id le land n e a r e x p a n d i n g u r b a n areas . F ina l ly , t h e rele-
vance of t he cons ide ra t ion of th is f ac to r in re la t ion to land use zoning in met ro-
po l i t an a r eas is cons idered . 

2. A R E V I E W O F S I N C L A I R ' S M O D E L 

Sinc la i r a r g u e s 7 t h a t t h e r e l a t ive i m p o r t a n c e of location f a c t o r s in agricul-
t u r e h a s changed d r a m a t i c a l l y in c e r t a i n a r eas d u r i n g the t w e n t i e t h century , 
pa r t i cu l a r l y the dec l ine in t r a n s p o r t costs and t h e in i t ia t ion of a lmos t con-
t inuous u r b a n e x p a n s i o n in some regions. Hence , as t h e u r b a n i z e d a rea is a p -
proached , t he deg ree of an t i c ipa t ion of u r b a n expans ion increases , and coase-
q u e n t l y the r a t i o of u r b a n to r u r a l l and va lues decreases . As a resu l t , capital 
and l abour i n v e s t m e n t in a g r i c u l t u r e dec reases . 8 Hypo the t i ca l v a l u e cu rves a r e 
s h o w n in F i g u r e 1 ; 9 u se (a) is m o r e in t ens ive t h a n (b), g iv ing a h i g h e r ne t 

t * 
Value of agricultural land 

in uses (a) and (b), 
per unit area 

2 ^ distance t° 
b a of urban expans on 

Fig. 1. Hypothetical value curves when only the anticipation of urban expansim is 
considered 

4 G. P. Wibberley, Agriculture and Urban Growth: a study of the competitioi for 
rural land (London: M. Joseph Ltd., 1960), p. 65. 

5 M. Clawson, Urban sprawl and speculation in suburban land, Land Econ 33, 
May 1962, p. 107. 

6 See R. Sinclair, Von Thiinen and urban sprawl, Ann. Ass. Amer. Geogr, 57, 
1967, pp. 72-87. Comments and criticism have been made by J. R. Peet, The prtsent 
persistence of Von Thiinen theory; R. J. Horvath, Von Thiinen and urban sprawl; 
R. Sinclair, Comment in Reply, Ann. Ass. Amer. Geogr., 57, 1967, Annals Comnen-
tary, pp. 810-815; and M. Chisholm, The relevance of Von Thiinen, Ann. Ass. Aner. 
Geogr., 59, 1969, Annals Commentary, p. 401. 

7 Sinclair, 1967, op. cit., p. 76-77. 
8 Ibid, p. 78. 
9 This formulation makes the usual simplifying assumptions with respec; to 

homogeneous conditions as the classical case. 
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r e t u r n pe r un i t a r ea u n d e r n o r m a l condi t ions; b u t u n d e r condi t ions of con t inu-
ous u r b a n expans ion , in a reas n e a r the ci ty t h e va lue of a g r i c u l t u r a l inves t -
m e n t such as r e p r e s e n t e d by use (a) decl ines r ap id ly r e l a t ive to t h e m o r e e x t e n -
sive use (b). A s l ight ly d i f f e r e n t i n t e r p r e t a t i o n to t h a t of S incla i r 10 is g iven to 
the points zn w h e r e t h e va lue curves f l a t t e n out. S inc la i r i n t e r p r e t s th i s as the 
poin t w h e r e an t i c ipa t ion of u r b a n land pr ices becomes zero; in t h e p r e s e n t 
context , to r e t a i n cons is tency w i t h the ex tens ion p re sen t ed be low, it is i n t e r -
p r e t ed as t h a t po in t w h e r e t h e e s t ima ted t ime ava i l ab le fo r a g r i c u l t u r a l use is 
so long tha t " n o r m a l " condi t ions of amor t i za t ion p e r t a i n for t h a t pa r t i cu l a r 

Fig. 2a. Hypothetical potential-rent curve for an agricultural use when transport 
costs are excluded and a linear TLFA schedule is used 

Fig. 2b. Hypothetical potential-rent curve for an agricultural use when transport 
costs are excluded and a non-linear TLFA schedule is used 

Fig. 2c. Hypothetical potential-rent curves for agricultural uses when transport costs 
are included and a linear TLFA schedule is used 

30 Sinclair, op. cit., 1967, Figs. 5 and 6, p. 79. 
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use. Clear ly , fo r uses w h e r e t h e r e is a h igh deg ree of cap i t a l - f i x i t y a n d long 
a m o r t i z a t i o n per iods , th is po in t wi l l be found f u r t h e r ou t t h a n fo r uses w h e r e 
t h e r e is a low d e g r e e of cap i t a l - f i x i t y and sho r t pe r iods of amor t i za t ion ; hence , 
t h e r e l a t ive pos i t ions of za and zb in F i g u r e s 1 and 2c. T r a n s p o r t costs be ing 
igno red accounts fo r t h e pa ra l l e l c u r v e s a f t e r t he po in t of " n o r m a l " condi t ions 
is r eached . 

Descr ib ing a theore t i ca l zona t ion of inc reas ing ly in t ens ive a g r i c u l t u r a l l a n d 
use o u t w a r d s f r o m t h e c e n t r a l city, S inc la i r t h e n cons iders b r i e f l y t h e m o d i f i -
ca t ions b r o u g h t by non-zona l f a c t o r s such as n o n - u n i f o r m fe r t i l i ty , chao t ic 
u r b a n s p r a w l and zoning pol ic ies . 1 1 F ina l ly , he cites ev idence showing a dec l ine 
in in t ens i ty n e a r cities, b u t also no tes s tud ies showing a n inc rease in i n t ens ive ly 
cu l t i va t ed e n t e r p r i s e s in some a reas of u r b a n expans ion as we l l . 1 2 

A n u m b e r of po in t s m a y be m a d e conce rn ing th is f r a m e w o r k . F i r s t ly , 
a l t h o u g h t r a n s p o r t a t i o n costs h a v e dec l ined d u r i n g t h e t w e n t i e t h c e n t u r y , it 
w o u l d be a gross e x a g g e r a t i o n to cons ider t h a t th is h a s a f f e c t e d all ag r i cu l -
t u r a l e n t e r p r i s e s equa l ly and to such a l a rge e x t e n t . 1 3 Secondly , t h e g e o g r a p h -
ical scale at w h i c h th is an t i c ipa t ion f ac to r ope ra te s has ye t to be speci f ied . 
T h i r d l y , t h e n a t u r e of t he above va lue cu rves a r e in doubt . T h e y r e f e r to a g g r e -
ga t e l and uses above, b u t th is g e n e r a t e s a source of i n t e r n a l incons is tency in 
t h e m o d e l in t h e sense t h a t t he i r c o n f i g u r a t i o n impl ies t h e r e is no th ing to p r e -
v e n t use (a) f r o m e x p a n d i n g to in f in i ty , c lear ly an imposs ib le s i tua t ion . I t m a y 
be m o r e a p p r o p r i a t e a t p r e s e n t to v i e w these cu rves as t h e i n d i f f e r e n c e sched-
ules of i nd iv idua l s r a t h e r t h a n those of agg rega t ed land use types . F o u r t h l y , 
t h e m e c h a n i s m l ink ing an t i c ipa t ion of u r b a n expans ion to changes in ag r i cu l -
t u r a l l and use is no t speci f ied c lear ly ; if one is to de r ive hypo theses , it is e ssen-
t ia l t h a t th is be done. F ina l ly , t h e s i tua t ion is a d y n a m i c one, w h i l e the m o d e l 
itself is a s ta t ic one; h o w e v e r , one m a y b r i d g e the gap concep tua l ly by d i s t in -
gu i sh ing b e t w e e n t h e condi t ions u n d e r w h i c h an ind iv idua l f a r m e r has to m a k e 
a decision, o f t e n a r e l a t ive ly b ind ing one, and t h e to ta l v i e w w h i c h is the 
m a r k e t s i tua t ion . 

3. A N E X T E N S I O N » 

I t is a s s u m e d r easonab le t h a t a f a r m e r wish ing to acqu i r e a n e w f a r m , to 
m a k e an ex t ens ion to an ex is t ing un i t , to a l t e r h i s e n t e r p r i s e combina t i on or 
to u n d e r t a k e a n y combina t ion of t hese act ions, wi l l assess the p r o b a b l e costs 
of a g r i c u l t u r a l p r o d u c t i o n in va r ious locations, and wil l ob ta in some e s t ima te 
of t h e pr ice (ana logous to b id - r en t ) h e wou ld be wi l l ing to p a y fo r t h e use of 
such land . C lea r ly , th i s wou ld be r e l a t e d d i rec t ly to t h e va lue of, or an t i c ipa ted 
r e t u r n on, i nves t ing in t h e p a r t i c u l a r t ype of a g r i c u l t u r a l p roduc t ion u n d e r 
cons idera t ion . Whi l e r e t a in ing t h e a s s u m p t i o n s of t h e classical von Th i inen 
case in r e l a t i on to cons tan t condi t ions , t w o types of cost a r e a s sumed to v a r y 
sys t ema t i ca l l y ov£r geograph ic space. 

(a) t r a n s p o r t costs. This inc ludes bo th t r a n s p o r t costs of p r o d u c t to m a r k e t , 
and, in t h e case of an ex tens ion to a n ex is t ing un i t , i n t e rna l t r a n s p o r t costs. 

11 Ibid, pp. 80-83. 
12 Ibid, pp. 83-87. 
13 Peet, op. cit., p. 810. 
14 This extension was made for use as an interpretative device in connection 

with field work carried out in the Paris Region, 1967/1968, during the preparation 
of the author's Ph.D. thesis. Acknowledgement is made to the Central Research 
Fund, University of London, for partial funding of this research. 
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This does not p rec lude the possibi l i ty t h a t fo r some en t e rp r i s e s th is cost com-
ponen t is n o w u n i m p o r t a n t . 

(b) a cost componen t whose size is i n f luenced by t h e possibi l i ty of f u t u r e 
u r b a n expans ion and loss of l and to n o n - a g r i c u l t u r a l uses. T h e p a r t i c u l a r cost 
componen t sugges ted as be ing r e l e v a n t is t he r e p l a c e m e n t cost t h a t has to be 
paid back by p roduc t ive y e a r s on ce r t a in types of " s u n k " inves tmen t . I n t h e 
case of orchards , th is t ype of i n v e s t m e n t would inc lude an a m o u n t a t t r i b u t a b l e 
to ca re and p r e p a r a t i o n d u r i n g t h e ini t ia l u n p r o d u c t i v e per iod wh ich m a y 
r ange f r o m 3 to 10 y e a r s in l eng th . 

Thus , t he size of th is cost c o m p o n e n t d e p e n d s u p o n a s u m inves ted pe r a c r e 
and t h e es t ima ted n u m b e r of u n p r o d u c t i v e and p roduc t ive yea r s of ag r i cu l -
tu ra l use l e f t in a n y location. In the s imples t case, t h e total cost of such a com-
p o n e n t over its " f u l l l i fe" is of t h e g e n e r a l f o r m ( A + YB). A r e f e r s to a f i x e d 
a m o u n t per acre expended , fo r ins tance , on seeds, p lan ts , l abour of p r e p a r a t i o n 
and soil t r e a t m e n t ; the exac t composi t ion of A d e p e n d s on t h e n a t u r e of t h e 
en t e rp r i s e u n d e r cons idera t ion , b u t gene ra l l y it wou ld inc lude those cost com-
ponen t s which do not en t e r i m m e d i a t e l y and whol ly in to t h e p roduc t ion cycle, 
and a re hence sp read over a n u m b e r of years . Howeve r , t h e case of m u c h m a -
ch ine ry deprec ia t ion is r a t h e r d i f f e r e n t because of t he mobi l i ty of m a c h i n e r y 
and t h e possibi l i ty of resale . B is a yea r ly e x p e n d i t u r e on l abour and t r e a t m e n t 
in t h e u n p r o d u c t i v e per iod and is a s sumed cons tan t in th is s imple case, a n d Y 
is t he e s t ima ted n u m b e r of u n p r o d u c t i v e years . Hence , th is p a r t i c u l a r f o r m u -
lat ion is especial ly a p p r o p r i a t e fo r o rchards . A m o r e rea l is t ic f o r m u l a t i o n 
would also h a v e to consider , fo r ins tance , in t e res t ra tes . 

Now, one of t he mos t i m p o r t a n t f ac to r s in d e t e r m i n i n g h o w large th is cost 
componen t wil l be fo r a p a r t i c u l a r ag r i cu l t u r a l sys t em is a n e s t ima t ion of t h e 
" t i m e l e f t fo r a g r i c u l t u r e " in a p a r t i c u l a r location. Clear ly , in the e x t r e m e 
case f o r an e n t e r p r i s e u n d e r a sy s t em of cu l t iva t ion w h e r e b y al l costs a r e 
r e c u p e r a t e d in a yea r , 1 5 i t m a t t e r s l i t t le w h e t h e r the e s t ima ted t ime l e f t fo r 
ag r i cu l t u r a l use is one, t w o or m o r e years ; on the o the r h a n d , it would b e of 
g rea t concern to a f a r m e r cons ider ing p l an t ing a n o r cha rd in a pa r t i cu l a r loca-
tion. In the f i r s t ins tance , th is t i m e - l e f t - f o r - a g r i c u l t u r e (TLFA) schedule is 
a s sumed to increase w i t h d i s tance f r o m t h e edge of u r b a n expans ion . This cor -
r e sponds to the idea tha t t h e p robab i l i t y or d e g r e e of an t ic ipa t ion of u r b a n 
expans ion is d i s t r ibu ted in some sys t emat i c f ash ion over geograph ic space. 16 

As a f i r s t app rox ima t ion , it is a s sumed t h a t e v e r y o n e has the same idea of th is 
schedule , 1 7 a l t hough this does no t m e a n t h a t t h e exac t course of u r b a n e x p a n -
sion is k n o w n ! 

Be fo re de r iv ing t h e f o r m of t h e b i d - r e n t or va lue curves , i t seems a p p r o -
p r i a t e to consider th is cost c o m p o n e n t f u r t h e r . Is th is f ac to r ope ra t ive u n d e r 
all, or only ce r t a in types of s t r u c t u r e s and condi t ions of t he land m a r k e t ? Is 
th is a r ea l cost u n d e r condi t ions of r e l a t ive ly u n r e s t r a i n e d m a r k e t forces , 
compul so ry p u r c h a s e w i t h o u t d u e compensa t ion , or compul so ry pu rchase w i t h 
a d e q u a t e compensa t ion p rocedures , w i t h o r w i t h o u t m e a s u r e s to p r e v e n t specu-

15 This extreme case is obviously a hypothetical one, since although expenditures 
on certain types of fertilizer and certain types of labour input may be considered 
as being recuperable in a very short time, most enterprises involve factors of pro-
duction whose costs are in effect spread over a number of years. 

18 See also Chisholm, op. cit., p. 401. 
17 The effect of farm size and other farmer and farm characteristics might even-

tually have to be considered in relation to the nature of this schedule. 

7 G e o g r a p h i a P o l o n i c a 
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l a t ive ac t iv i ty on t h e p a r t of t h e f a r m e r ? F r o m a cons ide ra t ion of these d i f f e r -
e n t condi t ions , it s eems t h a t a f a r m e r wou ld a d j u s t h is e n t e r p r i s e s a n d / o r 
sy s t em of cu l t iva t ion w h e r e possible to accord w i t h t h e e s t ima ted p a r a m e t e r s 
of u r b a n expans ion as long as h e is m o t i v a t e d by a des i r e to m a k e as m u c h 
m o n e y as poss ib le . 1 8 T h e only t y p e of s i tua t ion, a priori, w h e r e th is m e c h a n i s m 
w o u l d p r o b a b l y no t w o r k is u n d e r condi t ions of compu l so ry p u r c h a s e w i t h 
a d e q u a t e compensa t ion b u t w h e r e no m e a s u r e s p r e v e n t t h e f a r m e r f r o m t a k i n g 
a d v a n t a g e of t h e compensa t i on l aws by, fo r example , p l a n t i n g o rcha rds in t h e 
f ace of u r b a n expans ion . H o w e v e r , th i s still r e q u i r e s t h o r o u g h inves t iga t ion . 

4. T H E I N D I V I D U A L 

G i v e n t h e t y p e of e n t e r p r i s e and sys tem of cu l t iva t ion , one m a y e x a m i n e 
t h e p e r f o r m a n c e of t h e t w o cost componen t s ove r geog raph i c space and the i r 
i n f l u e n c e on the va lue of l and in a g r i c u l t u r a l use. S t u d y i n g t h e second cost 
c o m p o n e n t in isolat ion, it wou ld be theore t i ca l ly poss ib le to ca lcula te t h e va lue 
of l and or b i d - r e n t u n d e r a p a r t i c u l a r a g r i c u l t u r a l sys t em if all r e l e v a n t d a t a 
w e r e ava i lab le . A l inear T L F A schedule would p r o d u c e 19 a r is ing c u r v e (Fig-
u r e 2a) w i t h inc reas ing d i s t ance whose r a t e of inc rease decl ines to become 
p a r a l l e l e v e n t u a l l y to t h e abscissa w h e n the e s t ima ted t i m e ava i lab le f o r ag r i -
c u l t u r e is so long t h a t " n o r m a l " condi t ions p e r t a i n 2 0 and th i s c o m p o n e n t be -
comes a cons tan t . If t he T L F A schedule is non- l inea r , such t h a t t h e e s t ima ted 
t i m e inc reases r a p i d l y a f t e r a c e r t a in d i s tance has b e e n r eached , t h e n t h e va lue 
c u r v e w o u l d a s sume the g e n e r a l f o r m as in F i g u r e 2b; indeed , one m a y con-
s ider a l imi t ing case w h e r e the deg ree of an t i c ipa t ion of u r b a n expans ion is so 
g r e a t t h a t t h e c u r v e is zero or n e g a t i v e over a ce r t a in a rea . Th i s n e g a t i v e v a l u e 
of b i d - r e n t impl ies t h a t i n o r d e r fo r t h e f a r m e r to u n d e r t a k e this p a r t i c u l a r 
t y p e of f a r m i n g , m o n e y would h a v e to be pa id to h im. If th i s is t r u e fo r al l t h e 
p o t e n t i a l e n t e r p r i s e s in t h a t locat ion and fo r con t inua t i on of t he exis t ing ope r -
a t ion, t h e n t h e land is l e f t idle. Hence , th is f r a m e w o r k does in f ac t p rov ide 
one r e a s o n w h y f a r m l a n d m a y become a b a n d o n e d in a reas of u r b a n expans ion . 

W h e n t h e t r a n s p o r t c o m p o n e n t is cons idered , po t en t i a l r e n t d e p e n d s u p o n 
t h e m a r g i n a l r a t e s of change of bo th cost componen t s . T h e m a x i m u m po in t in 
th is f u n c t i o n is w h e r e t h e m a r g i n a l cost (due to t r anspo r t ) and the m a r g i n a l 
s av ings in cost (due to a sma l l e r u r b a n expans ion poten t ia l ) of mov ing out an 
e x t r a u n i t of d i s t ance a re equa l ; and, abs t r ac t ion m a d e of l and costs, th i s cor-
r e s p o n d s to the m i n i m u m cost po in t . A t the po in t w h e r e t h e r a t e of c h a n g e in 
t h e cost c o m p o n e n t a f f ec t ed b y po ten t i a l u r b a n expans ion becomes zero, t h e 
f o r m of t h e f u n c t i o n becomes as in t h e classical case (see F i g u r e 2c, w h e r e za 
and zb a r e t h e s a m e as exp l a ined above fo r F i g u r e 1). Th i s suggests t h a t the 
d i f f e r e n c e b e t w e e n t h e t w o mode l s m a y m e r e l y r e f l ec t a c h a n g e in t h e min i -
m u m phys i ca l scale a t w h i c h f a c t o r s lead to spa t ia l d i f f e r e n t i a t i o n . 

18 Clearly, certain ethnic and cultural characteristics in some areas may under-
mine this assumption. Further, the very large potential gains due to speculative land 
prices in certain areas may completely eclipse the savings in operational costs 
obtained by "disinvesting" in agriculture so that, unless one adheres strictly to this 
assumption, the motivation to realize such savings may be unimportant. 

19 The data used were hypothetical, as was the TLFA schedule. 
20 Note: this need not be at the point where anticipation of urban expansion is 

zero as mentioned previously. In practice, this is further complicated by the fact 
that different types of investment have different replacement periods. 

http://rcin.org.pl



A N T I C I P A T I O N O F U R B A N E X P A N S I O N 99 

W i t h d i f f e r e n t e n t e r p r i s e s and sys tems of cul t iva t ion , t hen d i f f e r e n t va lue 
cu rves wou ld be gene ra t ed . Fo r t h e ind iv idua l , compar i son w i t h o t h e r uses wi l l 
d e t e r m i n e t h e r a n g e w i th in w h i c h he w o u l d prac t ice a g iven e n t e r p r i s e and 
sys tem of cu l t i va t ion . 2 1 T h e cost c o m p o n e n t a f fec ted by po ten t i a l u r b a n e x p a n -
sion m a y be t e r m e d the deg ree of cap i ta l - f ix i ty , and this is u s e f u l in con-
s ider ing s t a t e m e n t s re la t ing to the locat ion of increases in " i n t e n s i v e l y " cu l t i -
va ted e n t e r p r i s e s in a reas of u r b a n expans ion both nea r to a n d d i s t an t f r o m 
the edge of u r b a n expans ion . 2 2 As a g e n e r a l s t a t emen t , in t ens i ty m a y be e i t he r 
l abour or cap i ta l -based . L a b o u r in tens ive en t e rp r i s e s need not be those t h a t 
r e q u i r e m u c h cap i t a l to be t ied up over a long per iod, and h e n c e m a y possess 
a low d e g r e e of cap i t a l - f ix i ty . Hence, c e r t a in in tens ive e n t e r p r i s e s m a y b e c o m e 
m o r e deve loped n e a r the e x p a n d i n g city (such as ce r ta in vege tab le e n t e r p r i s e s 
w h e r e i n v e s t m e n t is o f t en of a s h o r t - t e r m nature) , whi le o the r s (such as o r -
chards) m a y e x p a n d at some dis tance . 

T h e d e r i v a t i o n of these b i d - r e n t or va lue cu rves d e p e n d s u p o n a c o m m o n 
v iew of t h e T L F A schedule by those concerned . P e r h a p s it w o u l d be m o r e 
rea l is t ic to say t h a t each f a r m e r h a s h is o w n p a r t i c u l a r idea of t h e schedule , 
i n f luenced by a v a r i e t y of pe r sona l charac ter i s t ics . This be ing t h e case, t hese 
c u r v e s wou ld still r ise and fall , b u t no r e g u l a r p a t t e r n i n g could be h y p o t h e -
sized. Obvious ly in prac t ice one wou ld expec t d i f f e r e n c e s b e t w e e n ind iv idua ls , 
b u t t h e e x t e n t of th is has ye t to be inves t iga ted . On the o the r h a n d , t h e possi -
b i l i ty of locat ion l eade r s or d y n a m i c e n t r e p r e n e u r s m a y m e a n t h a t only a smal l 
n u m b e r of e n t r e p r e n e u r s m igh t u n d e r t a k e a fu l l assessment of t h e va r ious 
costs invo lved at d i f f e r e n t locations. O t h e r e n t r e p r e n e u r s in the s a m e c o m m u -
n i ty m a y t h e n mode l the i r decis ions on th is (these) " p i o n e e r " decision(s). 

Th i s g e n e r a l a p p r o a c h m a y also be set in to the d y n a m i c s i tua t ion . S ince t h e 
p a r a m e t e r s v a r y t empora l ly , it is d i f f i cu l t for a n equ i l i b r i um s i tua t ion to be 
a t t a i ned . As t i m e passes, and a d i f f e r e n t set of ideas conce rn ing t h e r a t e of 
f u t u r e u r b a n expans ion a re f o r m u l a t e d , these a r e acted upon aga in e i t he r by 
t h e o r ig ina l e n t r e p r e n e u r s or by o thers . T h e c u m u l a t i v e resu l t of th i s p rocess 
m a y t h e n be a b r e a k i n g d o w n of zonal a r r a n g e m e n t s a l toge ther , if in f ac t t h e y 
e v e r ex is ted , g iv ing w a y to an inc reas ing ly d ivers i f i ed and in t ens ive land u se 
p a t t e r n o u t w a r d s . 

T h e r e s t i l l r e m a i n a n u m b e r of de fec t s w i t h th is f r a m e w o r k . I n e f fec t , t h e 
f o r e g o i n g discuss ion h a s cons idered d e m a n d only; one m i g h t equa l l y suppose 
t h a t t h e an t i c ipa t ion of f u t u r e u r b a n expans ion would a f f ec t t he s u p p l y of l and , 
p a r t i c u l a r l y d u e to specu la t ive mot ives ; th i s m a y r e in fo rce t h e fo rego ing d is -
cussion, s ince specu la to r s m a y p r e f e r to r e n t out land t e m p o r a r i l y f o r uses r e -
q u i r i n g l i t t le cap i ta l i nves tmen t . Also, an t i c ipa t ion of u r b a n expans ion need not 
be d i r ec t ly r e l a t ed to d i s tance f r o m the u r b a n a rea , pa r t i cu l a r l y since t h e u r b a n 
e x p a n s i o n process m a y be spa t ia l ly deve lop ing f r o m a l imi ted n u m b e r of or i -
gins. Thus , one m i g h t visual ize a va lue s u r f a c e fo r each ind iv idua l . F u r t h e r -
m o r e , t h e r e is t he ques t ion of t he m e a s u r e m e n t of an t ic ipa t ion , w h i c h is e s sen -
t ia l f o r an a d e q u a t e tes t ing of t he model , and the e f f ec t of ci ty size u p o n th is 
an t i c ipa t ion . 

F ina l ly , t h e p r o b l e m of equ i l i b r i um and t h e m a r k e t solut ion ar i ses in th is 
d y n a m i c s i tua t ion . T r e a t i n g t h e va lue cu rve as an i n d i f f e r e n c e c u r v e of a n in -

21 In the case of a unit considering the extension of its existing production capaci-
ty by acquiring extra land, the range of possible locations in more restricted since 
an extra element of transport costs is involved. 

22 Sinclair, 1967, op. cit., p. 86. 
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d iv idua l fo r a specif ic r e q u i r e m e n t , one m a y visual ize t h e enve lope of t h e u p -
p e r - b o u n d e d p a r t s of t h e ind iv idua l s ' v a l u e cu rves f o r a specif ic use as g iv ing 
t h e mos t l ikely b o u n d e d a r e a w i t h i n w h i c h convers ions to t h a t use wi l l t a k e 
p l ace w h e n m a t c h e d aga ins t t h e e n v e l o p e va lue c u r v e s of o t h e r l and uses. E q u i -
l i b r i u m condi t ions of s u p p l y a n d d e m a n d can st i l l be m e t u n d e r these condi -
t ions. This m a y t h e n be g iven a p robab i l i s t i c i n t e r p r e t a t i o n , which , a l t h o u g h 
no t solving the p r o b l e m of t h e theo re t i ca l p rogress ion f r o m t h e i nd iv idua l to 
t h e m a r k e t solut ion, bypasses it. S o m e deg ree of success has a l r e a d y b e e n ob-
t a i n e d by deve lop ing a s imple p robab i l i s t i c mode l to d e m o n s t r a t e the ex i s t ence 
of t h e u r b a n an t i c ipa t ion f ac to r 2 3 , b u t cons ide rab le p r e l i m i n a r y w o r k still 
n e e d s to be u n d e r t a k e n . 

5. T H E R E L E V A N C E O F T H E A N T I C I P A T I O N F A C T O R I N L A N D U S E Z O N I N G 

T h e gene ra l p rob l em w i t h u r b a n e n c r o a c h m e n t u p o n a g r i c u l t u r a l l and is 
no t so m u c h the p r e s e r v a t i o n in toto of p r i m e a g r i c u l t u r a l land, b u t r a t h e r tha t , 
in re la t ive ly u n c o n s t r a i n e d condi t ions of u r b a n expans ion , a n a r e a of l and is 
a f f e c t e d t h a t is m u c h l a rge r t h a n t h e a r ea of land t h a t wi l l be ac tua l ly used 
fo r deve lopmen t . Hence, G e r t l e r and . H i n d - S m i t h 24 f o u n d t h a t t h e a r ea u n d e r 
u r b a n shadow r a n g e d f r o m f ive t imes t h e a rea ac tua l ly used fo r u r b a n deve lop -
m e n t fo r Kings ton to 25% m o r e t h a n ac tua l ly used fo r L i n d s a y wh i l e K r u e -
ge r 25 e s t ima tes for t he N i a g a r a F r u i t Bel t t h a t fo r e v e r y o n e ac re of land used 
fo r u r b a n purposes , t w o e x t r a acres a r e r u i n e d fo r al l i n t e n t s and p u r p o s e s fo r 
a g r i c u l t u r a l use. T h e an t i c ipa t ion of u r b a n d e v e l o p m e n t is one of t h e f ac to r s 
t h a t m a y lead to such a dec l ine in a g r i c u l t u r a l p r o d u c t i v i t y and an inc rease 
in t h e costs of a g r i c u l t u r a l p roduc t ion . Specula t ion , also r e l a t ed to th is an t i c i -
pa t ion , c o m p o u n d s these e f fec ts . Hence , f r o m t h e a g r i c u l t u r a l po in t of v iew, t h e 
an t i c ipa t ion f ac to r discussed in th is p a p e r is no t t h e on ly source of a r g u m e n t 
in f a v o u r of t h e spec i f ica t ion of t h e a r e a fo r f u t u r e u r b a n g r o w t h . 

Spec i f i ca t ion of th is a r e a can theore t i ca l ly r e d u c e po t en t i a l u r b a n deve lop-
m e n t beyond so t h a t an t i c ipa t ion of u r b a n d e v e l o p m e n t wou ld be v e r y small , 
a n d hence u n n e c e s s a r y r e source w a s t e wou ld be e l imina ted . A t t h e s ame t ime, 
l and va lues t h e r e wou ld be less l ike ly to r e f l ec t po t en t i a l u r b a n use, so t h a t 
a m a l g a m a t i o n of i nd iv idua l f a r m u n i t s m i g h t t a k e place; th is f u r t h e r has e f fec t s 
u p o n t axa t ion of f a r m l a n d . Th i s de l imi t a t i on of a r ea s of u r b a n g r o w t h t h e r e f o r e 
a p p e a r s a n i m p o r t a n t cons ide ra t ion g iven c u r r e n t t r e n d s in m e t r o p o l i t a n p l an -
n i n g w h e r e "open space" is emphas i zed . A p recond i t ion f o r t h e ex i s tence of 
such spaces is t h a t t h e y m u s t be viable , bo th in economic and social t e rms . Such 
space is no t a l w a y s exc lus ive ly ag r i cu l tu ra l , b u t w h e r e th is is so, t he ag r i cu l -
t u r e m u s t be i n t e rna l ly viable . Fo r this , a m a j o r cons ide ra t ion invo lves g u a r a n -
t ee ing a s tab le economic a t m o s p h e r e , and h e n c e especia l ly secur i ty of t e n u r e 
so t h a t ag r i cu l t u r a l i n v e s t m e n t p l a n s m a y be m a d e accord ing ly . If such a 
zoning m e a s u r e w e r e viola ted, t h e n th i s r e q u i r e s recogni t ion of t h e r ea l costs 
invo lved to t h e f a r m e r in t e r m s of i n v e s t m e n t no t r e c u p e r a t e d in some f o r m of 

23 Bryant, C. R., Urbanization and agricultural change since 1945; a case study 
from the Paris Region. Unpublished Ph.D. dissertation, University of London; Lon-
don, 1970; pp. 129-168 (Chapter 3, Part B, The conversion of arable land to orchards: 
a locational analysis). 

24 Gertler and Hind-Smith, op. cit., pp. 160-172. 
25 R. R. Kruger, Recent changes in the Niagara Fruit Belt (unpublished manu-

script, Department of Geography, University of Waterloo,, 1968), p. 20. 
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compensa t ion procedure. 2 6 This idea is also f o u n d in the sugges t ion 27 t h a t a p r o -
cedure be adop ted fo r cer ta in a g r i c u l t u r a l a r e a s des t ined fo r u r b a n d e v e l o p m e n t 
a r o u n d the P a r i s agg lomera t ion such t h a t t h e f a r m e r is a ssured of a ce r t a in 
per iod of t ime in o rde r to ra t iona l ize i n v e s t m e n t plans , w i t h a p rov i so r fo r 
a d e q u a t e compensa t ion if t he land is r e q u i r e d fo r d e v e l o p m e n t p r io r to t h e 
t e r m i n a t i o n of th is per iod. This has the add i t iona l b e n e f i t of a l l owing the f a r m -
ing c o m m u n i t y concerned a per iod in w h i c h p l ans m a y be m a d e fo r w h e n 
t h e land is f ina l ly conver ted . 

Hence , t h e s imple mode l p r e s e n t e d in th i s p a p e r r e p r e s e n t s a n ini t ia l s tep 
t o w a r d s deve lop ing a m o r e fo rma l i zed s t r u c t u r e wh ich re la t e s one aspect of 
u r b a n expans ion to changes in a g r i c u l t u r a l l and use. A d e q u a t e t es t ing of t h e 
mode l d e p e n d s upon f u r t h e r fo rmal iza t ion , p a r t i c u l a r l y in t e r m s of t h e a g g r e -
ga t ion to a m a r k e t solution, t h e possibi l i ty of ob ta in ing val id i n f o r m a t i o n r e -
la t ing to an t ic ipa t ion and the possibi l i ty of s epa ra t i ng ou t t he changes induced 
by th is an t i c ipa t ion fac to r f r o m those induced by o the r fac tors ; th i s sugges ts 
t h a t a s imula t ion p r o c e d u r e wou ld be in o rde r . T h e resu l t s of s eve ra l s tudies , 
such as K r u e g e r , 2 8 G e r t l e r and H i n d - S m i t h , 2 9 and B r y a n t , 3 0 h a v e sugges ted t h e 
ex i s tence of th is an t i c ipa t ion fac tor ; th is p r e s e n t p a p e r h a s a t t e m p t e d to p r o -
vide a c lea re r concep tua l f r a m e w o r k w i t h i n wh ich f u r t h e r inves t iga t ions can 
t a k e place. I n t e r m s of p rac t ica l s igni f icance , i t seems c lear ly des i r ab l e to inves -
t iga te th i s f ac to r f u r t h e r , and to be able to q u a n t i f y t h e spa t i a l e x t e n t of i t s 
e f fec ts . T h e m a j o r a r g u m e n t p u t f o r w a r d f o r th is re la tes to the f ac t t h a t ag r i -
cu l t u r e is p e r h a p s t h e m a j o r use of, and hence the mos t i m p o r t a n t " m a n a g e r " 
of, r u r a l open space in m e t r o p o l i t a n areas . In such c i r cums tances , a n y t h i n g 
wh ich can lead to decl ine or s t agna t ion w i t h i n the a g r i c u l t u r a l s t r u c t u r e m e r i t s 
a t t e n t i o n fo r th is can p re sage t h e d e v e l o p m e n t of l and a b a n d o n m e n t a n d 
t h e r e b y t h e f a i l u r e of a n "open space" . This can po ten t i a l ly a f f e c t l a rge a r eas ; 
fo r ins tance , Co leman 31 no tes t h a t in the t w o count ies a d j o i n i n g O t t a w a , 109,000 
acres (or 13% of t h e l and re source of t h a t region) of id le l and h a v e been r e -
corded, al l of wh ich is f o r m e r l y p roduc t ive land. F u r t h e r m o r e , it is c lear ly 
no t r e s t r i c t ed to N o r t h Amer ica , wi tness S e r m o n t i 3 2 w h o no tes cons ide rab le 
land a b a n d o n m e n t in t h e R o m a n Compagna , a subs t an t i a l a m o u n t of wh ich is 
good qua l i t y f a r m l a n d . T h e i m p o r t a n c e of s t ab le land use zoning is clear, s ince 

26 To a certain extent, recent events in France, and especially in the Paris region, 
demonstrate how this may be handled. Of particular interest is Law Number 62-933 
of the 8th August, 1962, complementary to the law of agricultural orientation, Article 
10, and, in relation to compensation procedures, S.A.R.E.S., Aéroport de Paris. Eva-
luation dés préjudices causes aux exploitations agricoles par l'emprise de l'aéroport 
Paris-Nord (Paris, S.A.R.E.S., 1965). 

27 Chambre d'Agriculture de la Seine-et-Oise, Zone agricole de Cormeilles-en-Pa-
risis (Versailles, unpublished report, Chambre d'Agriculture, 1968). 

28 Krueger, 1959, op. cit. 
29 Gertler and Hind-Smith, op. cit. 
30 Bryant, loc. cit. 
31 Coleman, A., The planning challenge of the Ottawa area, (Department of Ener-

gy, Mines and Resources, Geographical Branch, Geographical Paper No. 42; Ottawa, 
The Queen's Printer, 1969), p. 3. 

32 Sermonti, E., Agriculture in areas of urban expansion: an Italian study, 
J. Town. Plann. Inst., 46, 1968, pp. 16-17. Clearly, other factors, such as the drain 
on agricultural labour into urban employment have also contributed to these situa-
tions. 
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it is t he only w a y to e n s u r e a s tab le economic a t m o s p h e r e fo r a g r i c u l t u r e 
t h r o u g h e l im ina t i ng t h e n e g a t i v e fo rces of t he an t i c ipa t ion of u r b a n d e v e l o p -
m e n t on ag r i cu l tu r e ; c lear ly , o the r types of s u p p o r t - i n t e r v e n t i o n such as t h r o u g h 
t a x a t i o n of l and wou ld be p a r t of some p a c k a g e i n t e r v e n t i o n . P e r h a p s t h e m o s t 
i m p o r t a n t t h e m e fo r f u r t h e r inves t iga t ion in to th i s topic is t h e c lea r d e l i m i -
t a t ion of t h e spa t ia l ex t en t , and the f a c t o r s a f f e c t i n g the spa t i a l ex t en t , of t h e 
i n f luence of th is f ac to r , s ince w i t h o u t th is i n f o r m a t i o n , a t t e m p t s to con t ro l f o r 
such in f luences us ing l and use zoning m u s t r e m a i n i l lusory. 

II. THE EFFECTS OF THE ANTICIPATION OF URBAN EXPANSION UPON 
SELECTED ASPECTS OF FARM STRUCTURE: A CASE STUDY FROM THE 
NORTHERN SUBURBS OF THE PARIS AGGLOMERATION 

1. I N T R O D U C T I O N 

It w a s sugges ted in p a r t I t h a t in add i t ion to t r a n s p o r t costs of a g r i c u l t u r -
al p roduce to m a r k e t , a n o t h e r cost h a s become i m p o r t a n t in m a n y reg ions 
u n d e r g o i n g r ap id u r b a n expans ion , viz., t he e f f ec t of p o t e n t i a l u r b a n e x p a n -
sion on a g r i c u l t u r a l i n v e s t m e n t . This f ac to r w a s sugges ted as a f f e c t i n g t h e v a l -
ue of a g r i c u l t u r a l i n v e s t m e n t , so t h a t w h e r e an t i c ipa t ion of u r b a n d e v e l o p m e n t 
w a s h igh, t h e va lue of a g r i c u l t u r a l i n v e s t m e n t in such cap i ta l in t ens ive a g r i -
cu l tu r a l e n t e r p r i s e s as o r c h a r d s wou ld no t be h igh . In a s i tua t ion of con t inuous 
u r b a n expans ion , then , i t m i g h t be expec ted t h a t a dec rease in the i m p o r t a n c e 
of e n t e r p r i s e s w i t h a h igh d e g r e e of cap i t a l - f i x i t y 33 would be f o u n d n e a r t h e 
u r b a n area , a n d vice versa. 

T h e ob jec t ive of p a r t II is to deve lop ce r t a in s imple h y p o t h e s e s f r o m t h e 
somewhat theore t i ca l d iscuss ions ci ted above in o r d e r to tes t t h e e f f ec t s of t h e 
an t i c ipa t ion of u r b a n e x p a n s i o n on selected aspec t s of f a r m s t r u c t u r e in t h e 
c o m m u n e s of Gros lay and Deu i l - l a -Bar re , t w o f r u i t - f a r m i n g s u b u r b s of t h e 
Pa r i s agg lomera t ion . F i r s t , t h e charac te r i s t i c s of t h e s t u d y a r ea p e r t i n e n t to 
the p r e s e n t p r o b l e m a r e out l ined , and t h e h y p o t h e s e s deve loped . Then , t h e 
me thodo logy and ana ly t i c t echn iques used a re i n t r o d u c e d and b r i e f l y discussed, 
and , f ina l ly , t he r e su l t s of t h e ana lyses a r e p r e s e n t e d a n d i n t e r p r e t e d in r e l a -
t ion to the concep tua l s chema deve loped ea r l i e r . 3 4 

T h e a g r i c u l t u r e of t h e t w o c o m m u n e s of Gros lay and D e u i l - l a - B a r r e is based 
essent ia l ly on o r cha rd f a r m i n g , p a r t i c u l a r l y p e a r s a n d to a lesser ex t en t , apples . 
Th i s in t ens ive a g r i c u l t u r a l sys tem h a s i t s o r ig ins in t h e e i g h t e e n t h c e n t u r y 
t h r o u g h t h e a d a p t a t i o n of a peasan t , a g r i c u l t u r a l s y s t e m 3 5 to t h e special d e -
m a n d s of t h e P a r i s agg lomera t ion , viz., vines, vege t ab l e s a n d f r u i t to a lesser 
e x t e n t in i t ia l ly . Wi th inc reas ing compet i t ion f r o m o the r r eg ions in the n i n e -
t e e n t h c e n t u r y , and the ca t a s t roph ic v ine d iseases of t he n i n e t e e n t h and ea r ly 

88 I.e. enterprises whose cost structure is characterized by a high proportion of 
costs in long-term investment, such as buildings, installations, fruit trees, and so 
forth. 

84 Sinclair, op. cit.; See also J. R. Peet, op. cit.; R. J. Horvath, op. cit. and M. Chis-
holm, op. cit. (footnote 6). 

85 Accounts of the area's historical development are to be found in: M. Phlip-
ponneau, La vie rurale de la banlieus parisienne: Etude de géographie humaine, 
Doctoratès-Lettres, Paris, École Pratique des Hautes Etudes, 1955; and J. Tricart, 
La culture fruitière dans la région parisienne, Centre National de la Recherche 
Scientifique, Etudes et Mémoires, Vol. II, Paris, 1951. 
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t w e n t i e t h cen tur ies , t h e reg ion (especially Gros lay) began specia l iz ing m o r e and 
m o r e in f ru i t , t ak ing a d v a n t a g e of t h e g r o w i n g P a r i s m a r k e t so tha t , f o r e x a m -
ple, in 1942 36 240 ou t of t h e 290 ha cu l t i va t ed b y G r o s l a y f a r m e r s w e r e in o r -
c h a r d s of w h i c h 70°/o w e r e in pears . F o r Gros lay , o r cha rds accoun ted fo r 62% 
of t h e a r ea f a r m e d in 1913, 82% in 1942, 9 5 % in 1954 and 96% in 1967. By t h e 
l a t t e r da te , vege tab le s w e r e of v e r y m i n o r impor t ance , and w e r e concen t r a t ed 
on t h e v e r y smal les t un i t s . T h e a rea p r e s e n t s gene ra l ly a v e r y f a v o r a b l e phys i -
cal e n v i r o n m e n t fo r o rcha rds . T h e l imon of t h e p l a t e a u x is g e n e r a l l y good, 
excep t w h e r e decalc i f ied in the e x t r e m e sou th of t he pla in , w h i l e the soil 
f o r m e d by t h e m i x t u r e of l imon, l imes tone and sands on severa l of t h e slopes in 
t h e a rea is v e r y f avo rab l e . C l imat ic condi t ions a re good, excep t on t h e m o r e 
c e n t r a l p a r t s of t he P l a i n e de F rance , w h e r e c l imate is h a r s h e r ; never the less , 

1 Viarmes 14 Ecouen 27 Piscop 
2 SeuKy 15 Villiers le Bel 28 Domont 
3 St. Marlin du Terlre 1b Gonesse 29 Andilly 
4 Belloy-en-France 17 Bonneuil-en-France 30 Montmorency 
5 Villaines s/Bois 18 Stains 31 Soisy 
b Mareil-en-France 19 Pierrefitte 32 Eaubonne 
7 Möns null 20 Villelaneuse 33 Enghien 
8 Artainvi lie 21 Montmagny 34 Gagny 
9 Mesml Aubrey 22 Epinay s/Seine 35 Roissy-en-F. 

10 Moisselles 23 Deuil-la-Barre 3b Si Prix 
11 Fontenay-en-Parisis 24 Groslay 37 St. Gralien 
12 Bouffemonl 25 Sarcelles 38 Ermont 
13 Ezanville 2b Si Brice 

Fig. 3. Centroids of the communes used in the standard distance and mean arithmetic 
centre analyses 

39 Tricart, op. cit., Chapter 3, L'Organisation de la Production Fruitière. 
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phys ica l condi t ions a r e f a r f r o m de te rmin i s t i c , w i tnes s r ecen t e x t e n s i o n s of 
o r cha rds in to t h e P l a i n e d e F r a n c e . T h e m a r k e t fo rces had a l r eady led to t h e 
ex tens ion of o r c h a r d s in to t h e c o m m u n e s to t h e n o r t h (see F i g u r e 3), such as 
Ecouen, Sarcel les , and Vi l l ie rs - le -Bel , by 1945, a m o v e m e n t w h i c h h a s i n -
creased in t h e last t en years . T h e inc rease in t h e me t ropo l i t an m a r k e t f o r f r u i t 
has c lear ly p r o v i d e d an i ncen t ive fo r f a r m e r s of t he a r ea to inc rease t h e i r p r o -
duc t ive capaci ty . 

On t h e o the r h a n d , a c o n t r a d i c t o r y fo rce has a p p e a r e d in the a rea , viz., u r -
b a n expans ion . T h e p o s t - w a r hous ing crisis, especial ly in the l a t e 1950's, h a s 
led to an inc reas ing r a t e of conver s ion of o r c h a r d l and to n o n - a g r i c u l t u r a l uses . 
In the pe r iod 1954 to 1962, Deui l ' s popu la t ion increased by 30% a n d G r o s l a y ' s 
by 15°/o 37 wh i l e t h e n u m b e r of d w e l l i n g s inc reased by 24.9% and 5.9°/o r e spec -
t ive ly . Cons t ruc t ion in t h e s u r r o u n d i n g c o m m u n e s has been h i g h a lso (see 
Tab le 1): a n i m p o r t a n t p a r t of th i s d e v e l o p m e n t h a s t a k e n place s ince 1958: f o r 
example , un t i l 1962, 18,9% of a l l p r i nc ipa l r es idences a t Gonesse w e r e b u i l t b e -
t w e e n 1958 and 1962, as aga in s t 31.7% b e t w e e n 1949 and 1962; a n d 54.4% as 
aga ins t 76.1% a t Sarce l les . Thus , a t t h e v e r y t i m e t h e f r u i t f a r m e r s s tud i ed 
be low w e r e inc reas ing t h e p r o d u c t i v e capac i ty of t he i r un i t s by a c q u i r i n g n e w 
land, t h e r a t e of cons t ruc t i on r o u n d abou t w a s p a r t i c u l a r l y h igh . F u r t h e r m o r e , 
in th is a r e a un t i l 1968, t h e b u l k of u r b a n d e v e l o p m e n t had been l a r g e l y p iece -
m e a l d e v e l o p m e n t , g e n e r a t i n g cons ide rab le u n c e r t a i n t y for t he f a r m e r h a v i n g 
to m a k e i n v e s t m e n t decis ions. 

TABLE 1. The evolution of the number of dwellings 
in Groslay, Deuil and selected surrounding communes 

Total number of Number of construction permits per year Total 
dwellings 1962-1968 (b) 1962-1968 

1954 (a) 1962 (a) 1968 1962 1963 1964 1965 1966 1967 1968 

Groslay 1397 1480 1858 
5.9 25.5 17 199 26 21 29 34 52 378 

Deuil 3494 4365 5951 I 
24.9 36.3 567 113 140 380 54 226 106 1586 

Gonesse 1572 3074 5155 
95.4 67.8 226 773 810 103 63 88 18 2081 

Ecouen 876 997 1320 
13.8 32.4 14 5 16 80 12 186 10 323 

Villiers-le-Bel 1682 3612 6614 
114.7 83.1 33 853 1676 261 120 33 26 3002 

Sarcelles 2853 9316 13453 
226.5 45.4 153 1153 421 775 548 1067 110 4227 

(a) Figures between the columns give the percentage change in dwellings between the two dates 
(b) Source: provided by the Mission d'Etudes d'Amenagement Rural de la Region Parisienne 

This an t i c ipa t ion of u r b a n d e v e l o p m e n t could i n f l u e n c e costs of a g r i c u l t u r a l 
p roduc t ion by t h e e f f ec t s it wou ld h a v e on the amor t i za t i on per iod of ce r ta in 
types of a g r i c u l t u r a l i n v e s t m e n t . Clear ly , if t h e d e g r e e of an t i c ipa t ion of u r -
b a n d e v e l o p m e n t is h i g h t h e an t i c ipa t ed " l i f e " of a n i n v e s t m e n t could be m u c h 
sho r t e r t h a n " n o r m a l " ; consequen t ly , t h e costs of a g r i c u l t u r a l p r o d u c t i o n in 

37 Based on data from the Recensements de la Population of 1954 and 1962. 
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t h a t locat ion wou ld be m u c h h ighe r t h a n no rma l . T h e i m p o r t a n c e of th is cost 
d e p e n d s essent ia l ly u p o n t h e an t i c ipa t ed " l i f e " f o r a g r i c u l t u r a l p roduc t ion in 
a specif ic location and on the i m p o r t a n c e of costs wh ich h a v e long ampr t i za t ion 
per iods u n d e r n o r m a l condi t ions fo r a specif ic en te rp r i se . 

F r u i t p roduc t ion f r o m o r c h a r d s r e p r e s e n t s an e x t r e m e case, g iven the n o n -
p roduc t ive per iod of ca re and a t t e n t i o n las t ing a n y w h e r e f r o m t h r e e to t en 
years . Thus , gene ra l l y the t y p e of i n v e s t m e n t a f f e c t e d by th is f ac to r inc ludes 
those whose p r o d u c t i v e l ife covers seve ra l years , p a r t i c u l a r l y if it r e p r e s e n t s 
" s u n k " i nves tmen t . T r a n s p o r t costs can still be i m p o r t a n t fo r some a g r i c u l t u r a l 
en te rp r i ses ; in the p r e s e n t s tudy , w h e r e one is dea l ing w i t h inc reases in t h e 
p r o d u c t i v e capac i ty of a l r e a d y ex is t ing uni ts , i n t e rna l t r a n s p o r t costs m a y be 
cons idered as t h e l imi t ing f ac to r in t h e locat ional decision of t h e f a r m e r of 
w h e r e to acqu i re e x t r a land. A n u m b e r of s imple hypo theses can n o w be deve -
loped concern ing v e r y gross changes in f a r m s t r u c t u r e over t h e la te 1950's and 
1960's. In such an a rea , w h e r e m a r k e t forces would t end to encourage t h e 
expans ion of t he p r o d u c t i v e capac i ty of t h e f r u i t f a r m i n g c o m m u n i t y , w h e r e 
gene ra l social change and technologica l change wou ld t end to encourage and 
p e r m i t r espec t ive ly ce r t a in f a r m e r s to inc rease the p r o d u c t i v e capaci ty of t he i r 
o w n units , and w h e r e p iecemea l u r b a n d e v e l o p m e n t has been r ap id ly e x p a n d -
ing, t he fo l lowing obse rva t ions m i g h t be expec ted : 

(a) f a r m ho ld ings should become m o r e f r a g m e n t e d , 
(b) land acqu i r ed fo r n e w o rcha rds should inc rease in d i s t ance f r o m t h e 

f a r m s t e a d s and t h e o r ig ina l core of t h e ag r i cu l t u r a l c o m m u n i t y , and a w a y f r o m 
the u r b a n a rea genera l ly ; a n d ag r i cu l t u r a l land use should become m o r e d i v e r -
s i f ied and in tens ive f u r t h e r a w a y f r o m t h e agg lomera t ion . 

2. M E T H O D O L O G Y 

I t should be emphas i zed t h a t t he d a t a collected and descr ibed be low f o r m e d 
b u t p a r t of a m a j o r and de ta i led inves t iga t ion of changes in al l t he s t r u c t u r a l 
e l e m e n t s of a g r i c u l t u r e in t h e a r e a in t h e p o s t - w a r period.3 8 

The data 

F o r the p r e s e n t p rob l em, t w o sources of da t a a re used. F i rs t , a ques t i onna i r e 
s u r v e y w a s m a d e of a s ample of f a r m e r s f r o m the t w o c o m m u n e s ; t he s a m p -
l ing f r a m e used w a s t h e list of f a r m e r s p r e p a r e d by t h e Min i s t ry of Agr i cu l -
t u r e fo r t he E n q u é t e C o m m u n a u t a i r e in 1967-1968. Tab le 2 shows the s t r a t i f i ed 
s t r u c t u r e used (conforming w i t h t h e M i n i s t r y des ign in the a r ea in o rde r to 
h a v e c o m p a r a b l e da t a fo r pu rposes o t h e r t h a n those of t he p r e s e n t analysis) , 
and the n u m b e r s t a k e n in the sample . A l t h o u g h t h e r e w a s a h igh non- re sponse 
r a t e f r o m s t r a t u m C, s u p p l e m e n t a r y da t a was ob ta ined f r o m Min i s t ry sources 
t h a t w a s su f f i c i en t for p r e s e n t purposes ; indeed, mos t of t h e non- re sponse 
w a s due to t h e inclus ion on t h e Min i s t ry l ists of f ic t ic ious or non-ex i s t ing f a r m 
u n i t s (gardens, f a r m s whose ope ra to r had died and whose ho ld ings h a d b e e n 
s u b s e q u e n t l y a m a l g a m a t e d w i t h o thers , and so fo r th ) so t h a t it w a s e s t ima ted 
t h a t only 53% of the r eg i s t r a t ions in s t r a t u m C w e r e of r ea l f a r m e r s (full or 
p a r t - t i m e f a r m e r s ) and 78 pe r cen t fo r s t r a t u m B. 3 9 I n th is su rvey , all t r a n s a c -
t ions of l and since t h e w a r w e r e noted, t oge the r w i t h the da te , size, location, 

38 Bryant, 1970, op. cit., pp. 57-175. 
39 A detailed study of changes in farm registrations was made elsewhere (Bryant, 

op. cit., pp. 67-76). 
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p r e a n d pos t - t r ansac t ion use of t h e parcel(s) of land . Whi l e concern ove r po ten-
t ia l u r b a n d e v e l o p m e n t w a s expres sed as a f ac to r in a cqu i r i ng po t en t i a l o rcha rd 
l a n d e l sewhere , it w a s dec ided t h a t because of t h e d i f f i cu l t i e s of assess ing de-
cis ions m a d e as m u c h as 20 y e a r s ago ana lys i s wou ld c o n c e n t r a t e on f o r m or 
s t r u c t u r e , changes in w h i c h could t h e n be assessed accord ing to w h e t h e r or not 
t h e y c o n f o r m e d to t h e concep tua l f r a m e w o r k ou t l ined p rev ious ly . A second 
source of d a t a concerns t h e d i s t r ibu t ion of l and cu l t iva ted by each f a r m e r in 
each c o m m u n e . F o r 1955, th is i n f o r m a t i o n w a s abs t r ac t ed f r o m f i les he ld at 
t h e I n s t i t u t Na t iona l de la S t a t i s t i que et des E t u d e s Economiques (collected 
in c o n j u n c t i o n w i t h the A g r i c u l t u r a l Census a t t h a t date) for all t h e regis te red 
f a r m e r s in the t w o communes ; f o r 1967, t he s a m e i n f o r m a t i o n w a s collected 
jus t fo r t he s ample un i t s ' f i les he ld in t h e d e p a r t m e n t a l p r e f e c t u r e of f ices a t 
C e r g y - P o n t i o s e , owing to t h e f ac t t h a t l e n g t h y h a n d ca lcu la t ions w e r e needed 
ten a b s t r a c t th is da ta . 

TABLE 2. Structure of the questionnaire survey, Groslay and Deuil, 
in 1967-1968 

Size class D C B A Total 

in hectares 1 1-5 5-20 20 
Total numbers of farms 

registered 35 80 36 4 155 
Number in sample 8 17 8 3 36 

The Selection of Analytic Techniques 

O n e set of hypo these s r e l a t e s to changes in t h e d i s t r i bu t ion of l and fa rmed 
by these f a r m e r s , and h e n c e d e m a n d s some t e c h n i q u e of locat ional analysis 
Essen t ia l ly , t h e d i s t r i bu t ion of l and f a r m e d by a n y one f a r m e r is a two-d imen-
s ional d i s t r ibu t ion ; it is possible to descr ibe changes in such p a t t e r n s over t ime 
by t h e c e n t r e of g rav i ty , or a r i t h m e t i c m e a n cent re , and t h e s t a n d a r d dis tance, 4 0  

t h e spa t i a l ana log ies of t h e m e a n and s t a n d a r d dev ia t ion . Br ie f ly , f o r a system 
of po in t s w i t h i n a gr id f r a m e w o r k w i t h o r thogona l axes , t he c e n t r e of gravi ty 
is r e p r e s e n t e d by t h e in te r sec t ion of t h e a r i t h m e t i c m e a n s of t h e x and y coor-
d ina tes , such t h a t x = £ xjn and y = £ Vjn w h e r e x.j and a r e t h e two 
coord ina tes of po in t j, and n is t h e n u m b e r of po in t s (or in th i s case the num-
b e r of c o m m u n e s in wh ich the specif ic f a r m e r h a s f a r m l a n d ) . In t h e present 
p r o b l e m , each poin t is t h e c e n t r e of a c o m m u n e (see F i g u r e 3), and is associated 
w i t h t h e a r e a cu l t iva ted in t ha t c o m m u n e by each f a r m e r ; w i t h a re la t ively 
l a r g e n u m b e r of points , t h e e r r o r s i n t roduced by r e p r e s e n t i n g a r eas by points 
t e n d to cancel each o t h e r ou t . 4 1 T h e n , t h e cen t r e of g r a v i t y is at t h e intersec-
t ion of the w e i g h t e d m e a n s of t h e x and y coord ina tes , so t h a t x = £ ejX/I e) 
a n d y = y, e jVj /E Cj w h e r e e, is t h e a rea f a r m e d on c o m m u n e j (i.e. e} is :he 

40 See R. Bacchi, Statistical analysis of geographical series, Bulletin de l'Insttut 
International de Statistique, 36, 1957, pp. 229-240; and D. S. Neft, Statistical Analysis 
for Areal Distributions, Monograph Series, 2, 1966 (Regional Science Research Insti-
tute, Pennsylvania), pp. 27-29 and pp. 55-58. 

41 Neft, op. cit., p. 23. 
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"b lock" of land f a r m e d in c o m m u n e j by t h e specif ic f a r m e r u n d e r cons ide ra -
tion). 42 

T h e c e n t r e of g r a v i t y is ve ry sens i t ive to changes in the d i s t r i bu t ion , a n d 
toge the r w i t h t h e s t a n d a r d dis tance, p r e s e n t s a c lear desc r ip t ive s t a t e m e n t , 
w i t h q u a n t i t a t i v e s ignif icance, of t he c h a n g e s in a geograph ic d i s t r i b u t i o n over 
t ime. Us ing these t w o measures , t he c h a n g e s in d i s t r ibu t ion of e a c h f a r m e r ' s 
land over t ime can be analysed , as wel l as changes in the d i s t r i bu t i on of land 
f a r m e d by t h e t w o communi t i e s as a who le or by s t ra ta . 

T h e o the r expec ta t ion concerns changes in t h e deg ree of f r a g m e n t a t i o n of 
f a r m s , and for th is a n u m b e r of d i f f e r e n t indices of f r a g m e n t a t i o n is used . 
F r a g m e n t a t i o n is a re la t ive concept , and it is necessa ry to cons ider seve ra l 
aspec ts such as t h e n u m b e r of b locks of l and f a r m e d (again, in th i s analys is , 
t h e land f a r m e d b y each f a r m e r is g r o u p e d by c o m m u n e , such t h a t if f a r m e r 
X has 5 ha on c o m m u n e A and 2 ha on c o m m u n e B, he is cons idered to h a v e 
t w o blocks of land of 5 ha and 2 ha respect ive ly) , t h e sizes of those blocks, and 
t h e d i s tances b e t w e e n them. Each index used re la tes to a d i f f e r e n t aspect of 
f r a g m e n t a t i o n ; t hey a re noted here , and c o m m e n t e d upon f u r t h e r d u r i n g t h e 
analys is . F i rs t , s t a n d a r d d is tance is used; th i s is an index of d i spe r s ion a r o u n d 
t h e c e n t r e of g rav i ty . Thus, a v e r y l a rge m o v e m e n t in the cen t r e of g r a v i t y can 
be obse rved wh i l e a t the same t i m e t h e s t a n d a r d - d i s t a n c e dec reases (e.g., if t h e 
acquis i t ions of land a re of v e r y l a rge b locks of land). Secondly , S y m o n ' s F r a g -
m e n t a t i o n I n d e x 43 w a s also used. This i n d e x is ca lcula ted fo r each f a r m as: 

w h e r e a^ is the a r ea f a r m e d by a specif ic f a r m e r on c o m m u n e j, A is t h e to ta l 
a r ea f a r m e d by t h a t specific f a r m e r , and n is the n u m b e r of b locks or n u m b e r 
of c o m m u n e s in wh ich t h a t f a r m e r cu l t iva tes land. A lower v a l u e of t h e i n d e x 
ind ica tes a g r e a t e r deg ree of f r a g m e n t a t i o n . Clear ly , no d i s t ance f ac to r is 
invo lved he re ; t h e index is v e r y m u c h in f luenced by t h e n u m b e r of b locks 
involved . Wi th a f a r m of 20 ha, fo r e x a m p l e , if t h e r e a r e t w o b locks of l and , 
m a x i m u m f r a g m e n t a t i o n would ensue if each block w e r e 10 ha g iv ing F.I . = 0,5; 
if t h e same f a r m h a d fou r blocks, m a x i m u m f r a g m e n t a t i o n wou ld e n s u e if each 
block w e r e 5 ha, g iv ing F.I . = 0.25. T h e r e f o r e , t he r e l a t ionsh ip b e t w e e n the 
m i n i m u m va lue of F.I . ( r ep resen t ing t h e m a x i m u m degree of f r a g m e n t a t i o n t h a t 
could be ob ta ined g iven t h e n u m b e r of blocks) and t h e ac tua l F.I. is a lso i n v e s t -
iga ted ; if t he ra t io is 1.0, t h e n the f a r m has the m a x i m u m deg ree of f r a g m e n t a -
t ion; if less t h a n 1.0, t hen the f a r m is less f r a g m e n t e d t h a n t h e m a x i m u m pos-
sible. 

Essent ia l ly , t hen , the a im is to obse rve changes in ce r t a in of t h e aspec ts of 
a g r i c u l t u r a l s t r u c t u r e in the a rea , and to see w h e t h e r these obse rva t i ons a r e 
cons i s ten t w i th t h e s imple hypo theses or expec ta t ions ou t l ined above . 

42 The standard distance is calculated as: 

43 J. Symons, An index of farm structure, with a Nottinghamshire example, 
E. Midlands' Geogr., Vol. 3, No. 21. 

n 

I a) 
;= 1 
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3. T H E A N A L Y S I S 

T h e to ta l a r ea f a r m e d by the Deui l and Gros l ay f a r m e r s has de f in i t e ly 
increased; hence , t h e to ta l l and cont ro l led by f a r m e r s r eg i s t e r ed in these two 
c o m m u n e s w a s 536 h a in 1955 (337 and 199 a t Gros l ay a n d Deui l respect ively) , 
whi le in 1967 th is had increased to 622 ha (396 and 226 respec t ive ly) . T h e over -
all ne t inc rease of 86 ha accords w i t h t h e i n f o r m a t i o n p r o v i d e d by t h e sample 
su rvey . W i t h i n th i s inc rease of t h e to ta l a rea cu l t iva ted , t h e r e h a s also been 
an u p w a r d sh i f t in the size d i s t r ibu t ion of f a r m s 44. W h i l e t h e accent in t h e la te 
1940's w a s in t h e class of 1 to 5 ha , in t h e la te 1960's in t e r m s of n u m b e r s of 
f a r m s the emphas i s h a d become e v e n l y d iv ided b e t w e e n th i s class and t h a t of 
b e t w e e n 5 and 20 h a ( the mos t i m p o r t a n t in t e r m s of to ta l a r ea f a r m e d ) . T a -
ble 3 shows the in te rc lass m o v e m e n t s fo r f a r m e r s w h o s e f a r m s w e r e reg i s t e red 
in the t o w n ha l l s in bo th 1955 a n d 1967, t oge the r w i t h t h e n u m b e r t h a t have 
been t a k e n off t h e l ists and those t h a t h a v e been a d d e d to t h e lists in the per iod 
1955 to 1967. T h e overa l l inc rease in land f a r m e d by f a r m e r s of these t w o com-
m u n e s h a s been accompl i shed fo r t he mos t p a r t by t h e acquis i t ion of a r ab l e 
land on w h i c h n e w o r c h a r d s h a v e been p lan ted . 

TABLE 3. Changes in size-structure of registered farms, 
by size-class in hectares, between 1955 and 1967 for Groslay and Deuil 

Entries 
since 

Exits 
1955 

1 
3-2.5 

1968 class 
2 

2.5-5 

or subsequent class 
3 4 

5-7.5 7.5-10 
5 

10 
Row totals 

1955 1 29 53 32 5 2 39 
class 2 16 17 7 14 7 3 1 32 
or 3 4 5 5 2 6 3 3 19 
initial 4 3 2 2 2 3 7 
class 5 2 1 1 1 
Column 

totals 54 78 44 23 17 6 8 98 

T h e m o v e m e n t s in t h e cen t r e s of g rav i ty , 1955 to 1967, f o r t h e s a m p l e un i t s 
a r e shown in F i g u r e 4, and fo r each s t r a t u m , the o r i en t a t i on of t he m o v e m e n t s 
is g iven in p e r c e n t a g e s by q u a d r a n t ; here , an o r i en t a t i on of m o r e t h a n 180° 
ind ica tes a m o v e t o w a r d s t h e agg lomera t ion . F o r s t r a t u m A, the m o v e m e n t s 
a re l a rge a n d all o r i en ted to t h e no r th - ea s t . Th is r e f l ec t s two t r ends : (a) t h e 
loss of a ce r t a in a m o u n t of land, by exp rop r i a t i on , fo r hous ing d e v e l o p m e n t 
schemes, especia l ly in the c o m m u n e s i m m e d i a t e l y a r o u n d t h e h o m e c o m m u n e s 
(e.g., M o n t m o r e n c y , Ep inay , and Deuil) in the ea r ly 1960's, and (b) t he acquis i -
t ion of l a rge a m o u n t s of land (a gross add i t ion of a p p r o x i m a t e l y 73 hec ta res 
fo r th is s t r a t u m ) a t a l a rge d i s t ance f r o m t h e f a r m s t e a d s . T h e reasons f o r such 
land p u r c h a s e s w e r e l a rge ly connec ted w i t h t h e loss, a c tua l or potent ia l , of 
land to n o n - a g r i c u l t u r a l uses. T h r e e t ransac t ions , conce rn ing 28 ha w e r e m a d e 
in 1962 i m m e d i a t e l y a f t e r exp rop r i a t i on , and r e p r e s e n t e d a m e a n s of secur ing 
this i n v e s t m e n t , w h i l e locat ing in an a rea u n l i k e l y to u n d e r g o u r b a n e x p a n -
sion. Fo r s t r a t u m B, on ly 62.5% of t h e moves a r e f o u n d in the n o r t h - e a s t quad -
ran t , a l t h o u g h all t h e i m p o r t a n t ones a r e the re . T h e un i t s t h a t increased thei r 

44 Bryant, op. cit., pp. 67-76. 
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p r o d u c t i v e capac i ty l a rge ly did so in o r d e r to i m p r o v e t he i r l iv ing s t a n d a r d s 
or s i m p l y as a response to the e x p a n d i n g m a r k e t oppor tun i t i e s f o r f r u i t d u r i n g 
th i s pe r iod . Of the gross 27 ha acqu i r ed by these f a r m e r s , 66 p e r cen t w a s 
a c q u i r e d beyond the r ing of i m m e d i a t e l y enc i rc l ing c o m m u n e s a t Domont , 
Ecouen , At ta inv i l l e , Ezanvil le , Vi l la ines-sous-Bois and Ro i s sy -en -F rance . O t h e r 
acquis i t ions w e r e m a d e nea r the i r f a r m s t e a d s , b u t these a r e d i s t i ngu i shed f r o m 
the f i r s t ones men t ioned in t h a t t h e y r e p r e s e n t a m a l g a m a t i o n s (via leasing) 
w i t h ex i s t ing o rcha rd uni ts , so t ha t t he g e n e r a l hypo theses wou ld no t be con-
t r a d i c t e d , such land a l r eady h a v i n g been amor t i zed fo r t h e mos t pa r t . T h e 

y coordinates in kilometres 

N.B Only those on both lists have shifts in centres of gravity. The point 
with farm number attatched is the 1967 centre. 

Fig. 4. Movements of the mean arithmetic centres of land farmed for each sampk 
unit between 1955 and 1967 
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m o v e m e n t s t o w a r d s the agg lomera t ion a re expl icab le e i t h e r in t e r m s of t h o s e 
un i t s be ing r u n b y p a r t - t i m e f a r m e r s , or, in one case, a u n i t whose o p e r a t o r 
n a d acqu i red a n o t h e r f a r m in a n o t h e r d é p a r t e m e n t . In such cases, c o n s t r a i n t s 
imposed by o t h e r i n t e r e s t s l a rge ly p r e v e n t ex tens ions of p r o d u c t i v e c a p a c i t y a t 
a n y cons ide rab le d i s t ance f r o m the f a r m s t e a d s themse lves . S t r a t u m C p r e s e n t s 
a v e r y h e t e r o g e n e o u s p ic ture , w i t h t h e m a j o r i t y of t h e m o v e s be ing f o u n d in 
q u a d r a n t 4, r e p r e s e n t i n g s imi la r s i tua t ions to those jus t m e n t i o n e d above (espe-
cial ly p a r t - t i m e f a rmer s ) , or un i t s w h i c h a r e l i t t le m o r e t h a n ga rdens ; s i m i l a r l y 
w i t h s t r a t u m D. 

F i g u r e 5 s h o w s overa l l m o v e m e n t s fo r t h e sample un i t s g r o u p e d by s t r a t u m , 
w i t h t h e s t a n d a r d - d i s t a n c e s associated w i t h each cen t r e 4 5 , t h e o r i e n t a t i o n of 
t h e m o v e m e n t s a n d t h e m a g n i t u d e of t he m o v e m e n t s (in k i lometres) . G e n e r a l l y , 
t h e u n i t s n o w p r e s e n t in s t r a t a A and B h a v e been d o m i n a t e d by a m o v e m e n t 
t o w a r d s the n o r t h - e a s t , wh i l e C h a s b e e n d o m i n a t e d by a m o v e m e n t to t h e 
n o r t h - w e s t ( re f lec t ing l a rge losses of l and a t Sarce l les a n d Gros lay f o r con -
s t ruc t ion purposes 4 8 ) ; t h e d i s t r ibu t ion of l and u n d e r t h e cont ro l of s t r a t u m D 
has w i t h d r a w n t o w a r d s t h e u r b a n zone. T h e d ispers ion of t h e cen t res of g r a v i t y 
h a s decreased f o r A and B (which r e f l ec t s t h e add i t ion of l a rge blocks of l a n d 
to these f a r m s — see below), b u t inc reased fo r C. S ince these m e r e l y r e f l e c t 
s ample resul ts , f u r t h e r ana lys i s w a s u n d e r t a k e n to see w h e t h e r , fo r ins t ance , 
t h e r e w a s a s ign i f i can t d i f f e r e n c e b e t w e e n the popu la t ion , s t r a t a cen t r e s of 
g r a v i t y in 1955 and those p e r t a i n i n g to the s a m p l e in 1967, i.e. the q u e s t i o n 
posed w a s w h e t h e r , a t a g iven level of s ignif icance, t h e s a m p l e c e n t r e of g r a v i t y 
fo r each s t r a t u m could h a v e been t a k e n f r o m popula t ions ' whose rea l c e n t r e s 
w e r e those of t h e 1955 da t a se t . 4 7 T h e analys is is no t r e p r o d u c e d h e r e fo r lack 
of space, b u t one notes , a t a l°/o level of s ignif icance, a s ign i f i can t d i f f e r e n c e 
b e t w e e n s t r a t u m B (Deuil, 1955) and B (sample, 1967), a n d b e t w e e n A (sample , 
1967) and B (Deuil , 1955). Gene ra l ly , t h e d i f f e r ences b e t w e e n s t r a t u m A ( sam-
ple, 1967) and B (both Gros l ay and Deuil , 1955), and b e t w e e n B (sample, 1967) 
and B (Deuil, 1955) a r e s ign i f icant , p rov id ing f u r t h e r ev idence of a s u b s t a n t i a l 
increase in p r o d u c t i v e capac i ty a t cons iderab le d i s tances f r o m the o r ig ina l 
f a r m s t e a d s . 

F r o m these resu l t s , it wou ld a p p e a r t h a t it has been t h e l a rge r f a r m s of 
1955 t h a t h a v e t a k e n p a r t in t h e m o v e t o w a r d s inc reas ing the i r p r o d u c t i v e 
capaci ty over t h e 1955 to 1967 per iod. This is r e l a t ed bo th to t he i r f i n a n c i a l 
s t a tus and to t h e d i f f e r e n c e in i n t e r e s t in m a i n t a i n i n g f a r m income as b e t w e e n 
f u l l - t i m e f a r m e r s and the o f t en p a r t - t i m e f a r m e r s of s t r a t a C and D. T h e f a c t 
t h a t t he process of f a r m - s i z e expans ion has not been d i s t r i bu t ed equa l ly a m o n g 
t h e f a r m s is w i tnes sed by the fo l lowing mu l t i p l e regress ion ana lys i s of c h a n g e s 
in fa rm-s ize , 1955 to 1967, and ce r t a in f ac to r s cons idered i m p o r t a n t in th i s 
process. This is p e r f o r m e d on 21 obse rva t ions (those s a m p l e un i t s in s t r a t a A, 
B and C t h a t w e r e also p r e s e n t on t h e 1955 lists); t he d e p e n d e n t va r i ab l e (X4) 
is t he pos i t ive c h a n g e in a rea pe r f a r m (calculated on the basis of t h e pos i t ive 
ne t changes p e r c o m m u n e fo r each f a r m e r , i.e., fo r each f a r m e r , w e k n o w t h e 
a rea cu l t iva ted pe r c o m m u n e fo r t h e two dates ; thus , t he s u m of the ne t c h a n g e s 

45 The standard distances here refer to the dispersion of farm centres of gravity 
around the centre of gravity for a particular stratum, and hence are smaller than 
if the "blocks" themselves had been used. 

46 This illustrates the fact that it is only possible to interpret such changes in 
these statistics with a knowledge of the local situation. 

47 See Neft, op. cit., p. 140, for an explanation of the procedures to use in such 
a situation. 
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D.G: the centroids of Deuil and Groslay respectively. 
A.B.C.D: refers to the respective strata ( s e e text). 
67,55: refers to date of the respective stratum cenire 

N.B. The radii are the respective standard distances l not standard errors ) 
and refer to the distribution of farm centres of gravity. 
The centres for 1955 are not the 1955 population strata centres, for they 
refer to units at present in the respective strata in the sample and which 
consequently need not have been in the same strata in 1955 

Fig. 5. Standard distances and mean arithmetic centres for the sample units com-
bined by strata between 1955 and 1967 

( a ) R e a d i n g c l o c k w i s e , a r e a d i n g o f g r e a t e r t h a n 1 8 0 ° i n d i c a t e s a c o n t r a c t i o n t o w a r d s t h e 

u r b a n a r e a . O b v i o u s l y , t h e s e r e a d i n g s a r e n o t i n v a r i a n t w i t h t h e g r i d - o r i e n t a t i o n . 

b e t w e e n these two da tes t h a t a r e posi t ive is cons idered as t h e to ta l posi t ive 
change in area , wh ich is used as a s u r r o g a t e fo r gross add i t ions of f a r m l a n d ) . 
T h e i n d e p e n d e n t va r iab les a re : nega t ive c h a n g e in f a r m a rea p e r f a r m ( X ^ 
ca lcu la ted in a s imi lar f a sh ion to va r i ab l e X4); t h e r eg i s t e red f a r m - s i z e in 1955 
(X2), and f a r m e r - s t a t u s (X3; 1 if t h e r eg i s t e red f a r m e r is in f ac t a f a r m e r , f u l l 
or p a r t - t i m e ; and O otherwise) . T h e resu l t s of a s t epwise r eg ress ion show tha t 
va r i ab le s X 2 and X 3 a r e s ign i f ican t . T h e s imple cor re la t ion coef f ic ien t s a re : 
r 1 2 = 0.56; r1 4 = 0.29; r1 3 = - 0 . 2 7 ; r2 4 = 0.68 and r3 4 = 0.46. T h e r2 va lue fo r 
t he mos t s ign i f ican t v a r i a b l e (X2) is 0.45 w i t h an F va lue s ign i f i can t a t t h e 

S h i f t s i n t h e s t r a t a c e n t r e s 

S t r a t u m 

A 

B 

C 

D 

D e g r e e s ( a ) 

118 

120 
5 9 

3 1 6 

D i s t a n c e ( k m s . ) 

3 . 8 9 

1 . 3 3 

0 . 5 2 

0 . 3 0 
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0.1% level of s igni f icance . T h e second v a r i a b l e in t e r m s of s ign i f i cance is X 3 , 
and toge the r w i t h X 2 , y ie lds a n r2 v a l u e e q u a l to 0.60, a va lue s ign i f i can t a t 
t h e same level of s igni f icance . T h e equa t i on becomes: 

Xt = - 4 .33 -(- 1.12X2 + 5 . 3 2 X , 

T h e ana lys i s t h u s ind ica tes t h a t the mos t i m p o r t a n t f ac to r in accoun t ing fo r 
inc rease in f a rm-s i ze h a s been the " in i t i a l " f a rm-s ize , w h i c h can be cons ide red 
as ac t ing as a s u r r o g a t e fo r f i nanc ia l v iab i l i ty (pa r t i cu la r ly g iven t h e r e l a t i v e -
ly homogeneous e n t e r p r i s e s t r u c t u r e of t h e region), and w h e t h e r the reg i s -
t e r ed f a r m e r is a bona f ide f a r m e r or not is also i m p o r t a n t . X1 w a s inc luded to 
ac t as a n ind ica tor of f i nanc i a l ga ins c o n s e q u e n t u p o n loss of l and w h i c h m i g h t 
be expec ted to act as a ca ta lys t fo r f u r t h e r l and acquis i t ion; a l t h o u g h speci f ic 
cases of th is w e r e f o u n d in the su rvey , th is does no t a p p e a r to h a v e been g e n -
e ra l ly so in th is a rea , con t ra s t ing w i t h f i n d i n g s in o t h e r r eg ions . 4 8 

Thus , cons ide rab le sh i f t s in the locat ion of o r c h a r d s cu l t i va t ed by t he se 
f a r m e r s in t h e 1955 to 1967 per iod h a v e been in ev idence , t h e g e n e r a l d i r ec t ion 
of w h i c h h a v e s u p p o r t e d the s imple h y p o t h e s e s conce rn ing sh i f t s in l and f a r m -
ed. F u r t h e r , a r a p i d inves t iga t ion of t h e d i s t ances b e t w e e n t h e h o m e c o m m u n e s 
and the locat ion of these acquis i t ions of " v i r g i n " a r a b l e land f o r o r c h a r d s ove r 

distance in kilometres of the centroid of the 
commune where the transaction took place to 

that of the respective home commune. 

x transaction of a Groslay farmer 
• transaction of a Deuil farmer 

Fig. 6. Land acquisitions of arable land of more than 1 ha between 1955 and 1966 
by the sample units: date of acquisition against distance of acquisition from the 

"home" communes 

48 C. R. Bryant, L'Agriculture Face à la Croissance Métropolitaine: le Cas des 
Exploitations de Grande Culture Expropriées par l'Emprise de l'Aéroport Paris-Nord, 
Econ. Rur., No. 95, 1973, pp. 25-35. 
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t i m e shows t h a t they h a v e become g r e a t e r (see F i g u r e 6). All these pa r t i cu l a r 
conclusions have been suppor t ed b y i n d e p e n d e n t analys is of t he reg ion 49, us ing 
for t h e region b e t w e e n Gros lay and Gonesse , and f r o m B o n n e u i l - e n - F r a n c e to 
St. M a r t i n du T e r t r e (an a r ea of a p p r o x i m a t e l y 170 s q u a r e k i lomet res ) da ta 
d e r i v e d f r o m air pho to coverage fo r 1949, 1950, 1955 and 1968. A s imula t ion 
mode l was cons t ruc ted to s imu la t e the convers ion of a rab le to o rcha rd land; 
wh i l e i t was d e m o n s t r a t e d t h a t d i s tance f r o m t h e f a r m s t e a d s is a l imi t ing f ac -
tor , and tha t size of parce l s ava i l ab le fo r convers ion is also impor t an t , it was 
also ev iden t t h a t a comple te i n t e r p r e t a t i o n of t he convers ion process could not 
be m a d e w i t h o u t in t roduc ing t h e i n f l uence of po ten t ia l u r b a n deve lopmen t . 

T h e ques t ion of h o w th is m o v e m e n t h a s a f f ec t ed f a r m f r a g m e n t a t i o n is 
a d i f f i cu l t one owing to the va r ious d imens ions of f r a g m e n t a t i o n . Clear ly , i t 
should be noted t h a t a n y increase in f a r m size could resu l t in a g r e a t e r d e g r e e 
of f a r m f r a g m e n t a t i o n ; u n f o r t u n a t e l y , it is d i f f i cu l t to f ind a con t ro l s i tua t ion . 
T h e f i r s t i n d e x appl ied is t he s t a n d a r d d i s t ance m e a s u r e of d ispers ion. I t is 
i n t e r e s t i ng to no te h o w the r e l a t ionsh ip b e t w e e n s t a n d a r d d i s tance and f a r m 
size h a s changed over t ime. In 1955, f a r m size accounts fo r 54°/o (r = 0.74; 
n = 66) and 39% (r = 0.63; n = 111) of t h e va r i a t ion in the s t a n d a r d d i s tance 
va lues pe r f a r m for Deui l and Gros l ay respec t ive ly , showing t h e t e n d e n c y fo r 
l a rge r f a r m s to h a v e a g r e a t e r deg ree of d i spers ion of t he i r ho ld ings re la t ive 
to t h e cen t res of g rav i ty . Bu t in 1967, fo r t he 36 sample uni ts , r2 is on ly 0.22 
(r = 0.47); g iven t h e f ac t t h a t s eve ra l of these f a r m s h a v e increased in size 
cons iderab ly , one m u s t conclude t h a t t he inc rease in f a r m size h a s not neces-
sa r i ly led to an inc rease in s t a n d a r d d is tance , and t h a t even t h e r eve r se has 
occur red . Th i s is easily exp la inab le ; in fac t , t he process of f a r m size increase 
h a s o f t e n been accompl ished by t h e acquis i t ions of pa rce l s of l and whose sizes 
r e p r e s e n t a cons iderab le p ropo r t i on of t h e " n e w " uni t s ; consequent ly , t he degree 
of d i spers ion re l a t ive to t h e n e w c e n t r e of g r a v i t y has decreased . 

Us ing S y m o n ' s F r a g m e n t a t i o n I n d e x (F.I.), a s ign i f i can t r e l a t ionsh ip exis ts 
b e t w e e n this i n d e x and f a r m size fo r Deui l in 1955 (r = —0.67; r2 = 0.45) indi -
ca t ing a t endency fo r l a rge r f a r m s to be m o r e f r a g m e n t e d ; b u t no such re la -
t ionsh ip exis ts fo r t h e Gros lay f a r m s a t t h a t da t a (r = 0.004; r2 = 0.00001). T h e 
d i f f e r e n c e is r e l a t ed to t h e f ac t t h a t t he Gros l ay f a r m e r s had a l r eady acqu i red 
subs t an t i a l b locks of l and p r io r to 1955 wh ich c louds the re la t ionsh ip b e t w e e n 
f a r m size and f r a g m e n t a t i o n . F o r t h e s a m p l e da ta , r = —0.49 and r2 = 0.24. 

TABLE 4. Relationship between increase in farm size and fragmentation 
for sample units identifiable in both 1955 and 1967 

Tendency 
towards 

consolidation 
Stable 

Tendency 
towards 
greater 

fragmentation (a) 

Total 
number 
of units 

Increase in farm size 
Stable 
Decrease in farm size 
Totals 

10 
13 

3 

3 

10 

6 
16 

17 
32 

14 

(a) I. e., a decrease in Symons' Fragmentation Index between 1955 and 1967. 

49 Bryant, 1970, op. cit., pp. 129-169. 
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The d i f fe rence be tween the levels of explanat ion for Deuil in 1955 and the 1967 
results may well be affected by the fact tha t the two communes have been 
combined at the la t te r date. Nevertheless, the signs and coeff ic ients for Deui l 
and the sample data indicate that there is a t endency for the degree of f r a g -
menta t ion to increase wi th increase in f a r m size. This is conf i rmed by Tab le 4. 

Thus, general ly, according to this index, f a r m s which have increased t he i r 
f a r m size have become more fragmented. However , this is biassed to an ex ten t , 
given that the index is influenced considerably by the n u m b e r of blocks of 
land on a f a r m and tha t larger farms migh t be expected to h a v e a g r ea t e r 
number of blocks t h a n the smaller f a rms . Hence, ano the r index (min imum 
possible value of F.I. divided by the ac tual value of F.I.) was calculated, and 
its re lat ionship wi th f a r m size investigated over t ime. The re la t ionship seems 
to have changed considerably: for the sample uni ts , r — —0.52 and r2 = 0.27; 
for Deuil, 1955, r = - 0 . 5 9 and r- = 0.36; and for Groslay, 1955, r = 0.36 and 
r2 = 0.13. Thus, despi te the combination of the two communes at the l a t t e r 
date, the re la t ionship is now definitely an inverse one, indicat ing tha t in t h e 
process of f a r m size increase here, some of the land acquisi t ions have been 
very large and have had more influence on this f r a g m e n t a t i o n index than the 
increased n u m b e r of blocks. These larger parcels a re pa r t ly re la ted to a g rea t e r 
degree of mechaniza t ion and, given tha t the f a r m e r s have had to acquire land 
at considerable dis tances from the f a r m owing to p rob lems associated w i th 
potent ial u rban development , the addi t ional parcels have had to be l a rger to 
make the ex t ra t ravel l ing time wor thwhi le . These resul t s again appear com-
patible wi th the s imple hypotheses out l ined ear l ier . 

4. C O N C L U S I O N S 

In t e rms of the ac tual mechanisms th rough which the ant ic ipat ion of u r b a n 
deve lopment a f fec ts agricul tural land use practices, much w o r k clearly r ema ins 
to be done at the level of the individual f a r m uni t . This pape r has t aken a more 
t radi t ional geographical approach, by fo rmula t ing s imple hypotheses re la t ing 
to change in agr icu l tura l §tfUCtUre in a reas undergo ing u r b a n deve lopment , 
and by evaluat ing whethor or not the observat ions a re compat ib le wi th the 
hypotheses and the conceptual f r amework presented . U r b a n expans ion has led 
to an increased m a r k e t for f rui t produced in this area . But , in o rder to increase 
the product ive capaci ty of their units, cer ta in f a r m e r s have had to acqui re t he 
necessary "v i rg in" a rab le land at considerable dis tances f r o m thei r or iginal 
farms. The evidence presented above is compat ible wi th the conceptual f r a m e -
work; a sh i f t in o rchard cultivation was observed a w a y f r o m the u r b a n area , 
and the ex ten t of the shif t increased over t ime. Essential ly, th is has led to 
a diversif icat ion and intensification of ag r i cu l tu ra l land use at some dis tance 
f rom the immedia te u rban fringe. Fur the r , this would appea r to have led to an 
increase in f r agmen ta t ion , a t least in absolute t e r m s (using Symon ' s F r a g m e n -
tation Index); on the other hand, re la t ive to the n e w cent res of gravi ty , t he 
larger f a r m s appear in effect to have a smal ler degree of dispersion, and f u r -
ther, in re la t ion to the maximum possible degree of f r a g m e n t a t i o n given the 
number of blocks per fa rm, it appears t ha t the l a rger f a r m s have the least 
degree of f r agmen ta t ion . These latter observat ions do not contradic t the hypo-
theses for reasons outl ined above; it means r a the r t ha t care mus t be t aken w h e n 
discussing f r agmen ta t i on owing to the var ious d imens ions of the phenomenon . 
It would now seem wor thwhi le to invest igate the ac tual mechan i sms by which 
the ant icipat ion of u r b a n development a f fec t s ag r i cu l tu ra l land use, and to 
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a t t empt to subs tant ia te the a r g u m e n t s outl ined in this and other papers by 
under t ak ing micro-s tudies of f a r m e r s and thei r inves tment decisions in u r b a n 
f r inge areas. 

Univers i ty of Waterloo, Canada 
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G E O G R A P H I A P O L O N I C A 28, 1974 

A M O D E L O F T H E I N T E R N A L S T R U C T U R E O F T H E M E D I U M - S I Z E D 
P O L I S H C I T Y 

ANDRZEJ WERWICKI 

A m o n g the theor ies conce rned w i t h t h e i n t e r n a l s t r u c t u r e of ci t ies t h e fo l -
lowing t h r e e seem to be bes t k n o w n : E. W. Burgess ' s t heo ry of t h e concen t r i c 
s t r u c t u r e (1925, 1929), H. H o y t ' s sector t h e o r y (1939) and t h e t h e o r y of t h e po ly -
nuc lea r s t r u c t u r e worked out by Ch. D. H a r r i s and E. L. U l l m a n (1945). Each 
has i ts o w n spa t ia l model . T h e f i r s t t w o theor ies a r e concerned w i t h t h e e x p l a -
na t ion of social d i f f e r e n t i a t i o n in u r b a n a reas , w h e r e a s t h e t h i rd is a n a t t e m p t 
to e x p l a i n the d i s t r ibu t ion of ce r t a in p h e n o m e n a occur r ing in towns . Al l t h r e e 
theor ies r e f e r to two types of f u n c t i o n a l zones, n a m e l y the c e n t r a l bus iness 
d is t r ic ts and the res iden t i a l zones; o the r d is t r ic ts a r e dea l t w i th on ly i nc iden t -
ally. This app roach seems to be connec ted w i t h an impl ic i t belief t h a t bus iness 
(service) and res ident ia l d i s t r ic t s a r e the basic e lements , condi t ion ing t h e i n t e r -
nal s t r u c t u r e of cities, and t h a t t he i n f l uence of t h e r e m a i n i n g f u n c t i o n a l zones 
is u n i m p o r t a n t . 

T h e p r e s e n t s tudy of m e d i u m - s i z e d Pol i sh cit ies was ca r r i ed ou t in t h e D e -
p a r t m e n t of S e t t l e m e n t and P o p u l a t i o n G e o g r a p h y of the Geograph ica l Ins t i -
tu te of the Pol ish A c a d e m y of Sciences. Resea rch was s t a r t ed in 1965 w i t h t h e 
f o r m u l a t i o n of cer ta in no t ions p a r t i c u l a r l y of the i n t e r n a l s t r u c t u r e of towns . 
T h e l a t t e r was de f ined as the ove r l app ing of and in te rac t ion b e t w e e n t h e p a t -
t e rn of t h e d i s t r ibu t ion of t h e va r ious t ypes of ac t iv i t ies ( including t h e i r f i xed 
assets) and t h a t of the d i s t r i bu t ion of popu la t ion ( including housing) . T h e p a t -
t e r n s w e r e ana lysed aga ins t t h e b a c k g r o u n d of the t o w n layout . Thus , al l 
f u n c t i o n a l zones found in Pol i sh t o w n s w e r e t a k e n in to cons idera t ion . T h e 
f i nd ings h a v e been descr ibed in t h r e e s tud ies (A. Je lonek , A. W e r w i c k i , 1971; 
A. Werwick i , C. Guzik, 1971, A. Werwick i , 1973). A l toge the r e igh t t o w n s w e r e 
inves t iga ted , of wh ich seven a r e r eg iona l a d m i n i s t r a t i v e and services cen t r e s 
(Białystok, Kielce, Koszal in , Olsztyn, Opole, Rzeszów and Zielona Góra) w i t h 
a r e l a t ive ly low level of indus t r i a l i za t ion , and t h e e igh th — T a r n ó w — is an 
i n d u s t r i a l city. 

T h e ana lys i s included not on ly u r b a n a reas sensu stricto, i.e., ly ing w i t h i n 
the c i ty ' s a d m i n i s t r a t i v e bounda r i e s , b u t also its ou te r zone, w h i c h can also be 
r e f e r r e d to as the zone of d imin i sh ing u rban iza t ion . T h u s the w h o l e s e t t l e m e n t 
sys t em of t h e t o w n was t a k e n in to cons idera t ion . 

T h e r e sea rch t e c h n i q u e w a s as fol lows. U r b a n a reas of t he inves t iga t ed 
t o w n s w e r e d iv ided into basic squares , wh i l e t h e basic spa t ia l un i t s in t h e ou te r 
zone w e r e vi l lages. All t h e d a t a w e r e collected fo r each uni t . T w o m e t h o d s w e r e 
used to ana lyse the d i s t r i bu t ion of t he s t r u c t u r a l componen t s . T h e f i r s t one 
used t h e Lorenz cu rve to d e t e r m i n e t h e concen t ra t ion of t he t o w n ' s f unc t i ona l 
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Fig. 1. Concentration curves for the population (1960) and for the area of residential 
districts (c. 1970) http://rcin.org.pl
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components . The second one was a classif ication of the basic squares according 
to the concentrat ion of the analysed components (types of use). 

Cumula t ion series were made fo r e v e r y town except Ta rnów, and concen-
t ra t ion curves of the separate components w e r e d r awn . The i r comparison re-
vealed that the concentrat ion curves tend to fal l into two groups which a lways 
contain the same cities (Fig. 1), and tha t each group of curves corresponds to 
ano the r type of the concentrat ion of components . The curves for Białystok, 
Kielce, Opole and Rzeszów were longer and less s teep t h a n the others. They 
corresponded to the pa t te rns of the d is t r ibut ion of the components found almost 
eve rywhere in the city; such s t ruc tures w e r e t e rmed " f i l l ed-up" . The remain ing 
curves (for Koszalin, Olsztyn and Zielona Góra) corresponded to the pa t t e rns 
of the dis tr ibut ion of the components occurr ing only in cer ta in par t s of the 
city. This phenomenon was character is t ic of those cities in which open areas 
account for over 50% of the admin is t ra t ive area. This s t r uc tu r e was the re fo re 
t e rmed "island-l ike", taking into considerat ion also some o the r f ea tu res charac-
ter izing the dis tr ibut ion of the analysed components . In o rde r to invest igate 
the d i f fe rences be tween the two d i f f e ren t i a t ed types of i n t e rna l s t ruc ture in 
g rea te r detail a synthet ic index, called the concentra t ion degree Sk, was cal-
culated. This index shows the contras t w i th in the city 's admin i s t ra t ive bounda-
ries be tween 10% of its area (comprising squares w i th the h ighes t concentra-
tion of a given phenomenon) and the r emain ing par t . The index was obtained 
by the fol lowing formula : 

whe re A = £ at, a n d B = £ b t t=i i = i 

The indices for the f i l led-up s t ruc tu re w e r e m u c h lower t h a n for cities wi th t he 
is land-l ike s t ruc ture . 

Th rough these methods of a r rang ing the squares according to the concentra-
tion of the components it is possible to de t e rmine the var ious func t iona l dis-
tricts, main ly those wi th specialized funct ions . The p rocedure w a s based upon 
a comparison of data assembled for the basic squares w i th t he accepted spe-
cialization indices, established dur ing detai led analyt ical and compara t ive s tu-
dies. As fa r as services were concerned the specialization index was 60 service 
es tabl ishments to the basic square. All the squares which had more than 60 and 
those whose area occupied by services was bigger t h a n 10% of t he total square , 
w e r e classified as specialized in services. For o ther func t ions t he specialization 
index was 25%, of the area used for a pa r t i cu la r func t ion . 

Groups of squares specialized in a g iven func t ion w e r e t rea ted as func t iona l 
distr icts , and groups of such distr icts as func t iona l zones. The three types of 
func t iona l distr icts d i f fe ren t ia ted wi th in the admin is t ra t ive boundar ies of the 
t own w e r e service, res ident ia l and indust r ia l . Service dis t r ic ts w e r e f u r t h e r sub-
divided into cent ra l and special (i.e., adminis t ra t ive , academic and heal th ser-
vice districts). As none of the invest igated cities had any la rger a rea used for 
t r anspo r t no corresponding district was d i f fe ren t ia ted . The above distr icts fo rm 
the fol lowing four func t iona l zones: I — centra l , II — t rans i t ion III — in te rna l 
indus t r ia l and residential , and IV — m a r g i n a l (or per iphera l ) . 

The cent ra l zones account for only 0.6 to 3.7% of the a rea u n d e r the set t le-
m e n t system, b u t are the most densely popula ted and h a v e s ignif icant percent -
age of the town 's populat ion (Table 1 a t the end of the volume). The average 
densi ty is be tween 9100 and 16,000 people per km2 . At the same t ime the main 
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service centre, wi th usual ly over 50% of all service es tabl ishments , is also 
s i tuated in the cent ra l zone, and the re fo re fu l f i l s t w o funct ions , t ha t of a service 
and tha t of a res ident ia l distr ict . 

The t ransi t ion zone is not a lways found as its deve lopment is connected wi th 
one of two opposed processes, (1) the ageing of f ixed assets, and (2) the i r de-
s t ruct ion dur ing hostili t ies. The t rans i t ion zone does not appear in those towns 
which w e r e badly damaged dur ing the war (Rzeszów) or those which have been 
recent ly developed (Kielce). The area of the t ransi t ion zone depends on the 
size of the city core as well as upon the age and type of the bui ldings. The 
func t ions of the t rans i t ion zone in the medium-sized city a re mixed; they com-
bine residential , service and indus t r ia l funct ions, the biggest role being played 
by the f i rs t , which accounts fo r the high densi ty of popula t ion ( f rom 5100 to 
9700 people per km2). 

The in te rna l indus t r ia l and res ident ia l zone occupies the largest pa r t of the 
core of every se t t lement system and has the highest percen tage of its popula-
tion (Table 1). Two or th ree districts, wi th d i f f e r en t size of indust r ia l and 
s torage areas, as well as single specialized service districts, m a y be found in 
this zone. 

Most indust r ia l and s torage areas a re s i tuated in the indus t r ia l sector. The 
popula t ion living in tha t area is however small, and its densi ty is t he re fo re 
also low (f rom 300 to 1900 people per km2). The indus t r ia l sector is an area 
fu l f i l l ing highly specialized funct ions , bu t it is not found in every town. 

The indus t r ia l and res ident ia l sector occurs more f r equen t ly . W h e r e indus-
t r ia l es tabl ishments and werehouses a re found only wi th in the core of the 
city, be tween 50% and 90%) of all industr ia l and s torage areas of a par t icu lar 
se t t lement system are s i tuated in this sector. If, however , they are found along 
wi th an indus t r ia l sector, the pe rcen tage falls to about 25. The indust r ia l and 
res ident ia l sector also fu l f i l s a res ident ia l funct ion, and f r o m 17% to 32% of the 
city 's populat ion live t he re (or f r o m 13.6% to 24.0% of the total populat ion 
of a par t icu la r se t t lement system); the average densi ty of popula t ion varies be-
tween 1200 and 3000 people per km2 . The sector m a y occupy u p to 45% of the 
city 's total area, or up to 22.7% of the a rea of a se t t l ement system. 

The res ident ia l sector is the most common type. Housing is its main funct ion 
a l though this m a y be combined wi th some other much less impor t an t funct ions . 
I r respect ive of the uni la te ra l ly developed housing funct ions, the densi ty of 
populat ion is lower than in the indust r ia l and res ident ia l sector (Table 1). The 
size of bo th sectors a re howeve r ve ry similar. Somet imes special service dis-
t r ic ts have developed wi th in the res ident ia l sector. 

The last of the func t iona l zones occurr ing wi th in the city 's adminis t ra t ive 
boundar ies is the pe r iphera l zone. Its size is re la ted to the degree of concen-
t ra t ion of its in te rna l s t ruc ture . In the " f i l l ed-up" s t ruc tures (Werwicki 1973) 
the pe r iphera l zone does not ex tend over more than 40% of the city 's adminis-
t r a t ive area (22.3% of the a rea of the total se t t l ement system) and does not 
appear in the fo rm of a cont inuous belt su r rounding the in t e rna l indust r ia l 
and res ident ia l zone. I n the " is land- l ike" s t ruc tures t h e per iphera l 
zone is m u c h larger and accounts for 55-69% of the city 's admin i s t ra t ive area 
(25.8-58.0% of the total area of the se t t lement system). Its m a i n components 
a r e a bel t of open area, and the per iphera l indus t r ia l and res ident ia l zone 
(Table 1) which m a y also have separa te resident ia l distr icts and separa te s t ruc-
tu ra l uni ts . The populat ion inhabi t ing these two components of the per iphera l 
indust r ia l and resident ia l zone is smal l ( f rom 2 to 5% of the populat ion of the 
total se t t l ement system); so too is the dens i ty of popula t ion (a f e w hundreds 
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per km2). H o w e v e r the indus t r i a l and s to r age a reas of t he s e p a r a t e s t r u c t u r a l 
un i t s somet imes account fo r as m u c h as 36°/o-64% of t he i r to ta l i n t h e who le 
city. 

T h e f i f t h fuc t iona l zone of e v e r y s e t t l e m e n t sys tem, cal led t h e o u t e r or 
s u b u r b a n zone, lies outs ide the a d m i n i s t r a t i v e b o u n d a r i e s of t he ci ty . I ts size 
va r i e s according to type 1. T h e area of t he o u t e r zone w i t h i n a n o p e n sys t em is 
m u c h la rger t h a n t h a t of all the o the r s t r u c t u r a l componen t s t o g e t h e r . T h e 
undeve loped types account for on ly 15°/o of t he to ta l a r ea of t h e s e t t l e m e n t 
sys tem. In e longated ou te r zones, s i tua ted usua l ly a long m a i n t r a n s p o r t l ines, 
two types of a r ea s a re found . S e m i - u r b a n i z e d r u r a l a reas , i n h a b i t e d b y ag r i -
c u l t u r a l and n o n - a g r i c u l t u r a l popu la t ion ( the n o n - a g r i c u l t u r a l p o p u l a t i o n jus t 
exceed ing 50% of the total), a r e the mos t c o m m o n type . T h e second, m u c h less 
f r e q u e n t type, a r e ne ighbour ing i n d e p e n d e n t p roduc t ion centres , s m a l l t o w n s 
and indus t r i a l towns . The a v e r a g e dens i t y of popu la t ion in t h e o u t e r zones 
is b e t w e e n 100 and 400 pe r km2 . 

W h e n the deg ree of concen t ra t ion of t h e i n t e r n a l s t r u c t u r e and of t h e f u n c -
t iona l zones in medium-s ized Pol ish cit ies is k n o w n , spat ia l i n t e r r e l a t i o n s be-

5 — r e s i d e n t i a l s e c t o r , 6 — s p e c i a l s e r v i c e d i s t r i c t s , 7 — o p e n a r e a s of t h e m a r g i n a l z o n e , 8 — 
s e p a r a t e r e s i d e n t i a l d i s t r i c t s of t h e m a r g i n a l z o n e , 9 — s e p a r a t e s t r u c t u r a l u n i t s of t h e m a r -
g i n a l z o n e , 10 — s e m i u r b a n i z e d r u r a l a r e a s of t h e o u t e r z o n e , 11 — i n d e p e n d e n t p r o d u c t i o n 

c e n t r e s of t h e o u t e r z o n e 

1 The author differentiated three basic types of outer or suburban zones: open, 
closed and undeveloped. In type I the outer zone of one town merges with the 
outer zone of another similar urban centre and can therefore not easily be delimited. 
In type II the outer zone is an easily differentiated complex, surrounded on all sides 
by non-urbanized agricultural land. 
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t w e e n the s e p a r a t e zones can be ana lysed ; in o the r w o r d s a mode l of t h e i r i n -
t e r n a l s t r u c t u r e can be cons t ruc ted . 

Resea rch ca r r i ed out so f a r h a s inc luded on ly those ci t ies wh ich a re r e g i o n -
al se rv ice cent res , and one i ndus t r i a l t own . Recen t ly , inves t iga t ions h a v e b e e n 
s t a r t ed in to a t w o - f u n c t i o n a l town , Inowroc ł aw , w h i c h is an i ndus t r i a l c e n t r e 
and a h e a l t h resor t . E v e n f r o m t h e l imi ted a m o u n t of d a t a g a t h e r e d t o g e t h e r 
so f a r one can v e n t u r e tha t , i r r e spec t i ve of i ts economic base, t he p a t t e r n of 
t h e f u n c t i o n a l zones can be r e p r e s e n t e d in one model , n a m e l y the concen t r i c -
sec to ra l -po lynuc lea r mode l (Fig. 2). I t s concent r ic c o m p o n e n t s a re : I. c i ty cen -
tre, II. t r ans i t i on zone, III . i n t e r n a l r e s iden t i a l and indus t r i a l zone. IV. p e r i p h -
e ra l zone, and V: o u t e r zone. Sec to ra l componen t s occur only in the i n t e r n a l 
i ndus t r i a l and r e s iden t i a l zone a n d inc lude 1. indus t r i a l , 2. m i x e d indus t r i a l and 
re s iden t i a l and 3. r e s iden t i a l sectors . T h e indus t r i a l sec tor is t he only one w h i c h 
is typ ica l ly sectoral , w h e r e a s t h e o t h e r two a r e o f t e n shaped as in te r laced r ings . 
Serv ice d is t r ic t s and p e r i p h e r a l s e t t l e m e n t cen t r e s of t h e p e r i p h e r a l a n d o u t e r 
zones m a k e u p t h e p o l y n u c l e a r e l emen t s . T h e genes is of t he i r po lynuc l ea r c h a r -
ac ter is h o w e v e r comple te ly d i f f e r e n t . I n t h e case of serv ice d is t r ic t s it h a s 
been caused by local izat ion tendenc ies , typ ica l of serv ice e s t ab l i shments , w h e r e -
as t h e p o l y n u c l e a r c h a r a c t e r of t h e m a r g i n a l i n d u s t r i a l and re s iden t i a l zone is 
d u e to the h i s t o r y of t h e s e t t l e m e n t sy s t em of t h e a r e a in wh ich the c i ty lies, 
and in p a r t i c u l a r to t h e r a t e of i ts spa t i a l expans ion . T h e cha rac t e r of t h e p e -
r i p h e r a l zone in a deve lop ing t o w n r e semble s a p ro top l a sm, as it is a p a r t of 
t he t o w n in statu nascendi. T h e g r a d u a l f o r m a t i o n of n e w dis t r ic ts t a k e s p lace 
w i t h i n i ts b o u n d a r i e s ; t h e d is t r ic t s m a y a p p e a r as be l t s s i tua ted along t h e t r a n s -
por t l ines or deve lop as p l a n n e d locat ions of n e w i n d u s t r i a l w o r k s a n d res i -
den t i a l es ta tes . T h e po lynuc l ea r c h a r a c t e r of t he p e r i p h e r a l zone is t h e r e f o r e 
ident ica l w i t h t h a t associated w i t h t h e e l e m e n t s con ta ined in the m o d e l con-
s t ruc ted by Ch. D. H a r r i s and E. L. U l l m a n (1945). 

T h e mode l p r e s e n t s t h e idea l p a t t e r n , and t h e i n t e r n a l s t r u c t u r e of t h e m e -
d ium-s ized Pol i sh ci t ies ana lysed so f a r , is s imi lar . D i f f e r e n c e s in the economic 

TABLE 2. Relative size of functional zones in industrial and service cities 

Industrial city Service city 
Zone (Tarnów) (7 voivodship cities) 

area population area population 
% y /0 V /0 V /0 

Total settlement system 
(zones I-V) 100 100 100 100 

I. Central zone 0.6 18.1 1.8 29.0 
II. Transition zone 2.4 9.8 
III. Internal industrial 

and residential zone 7.6 36.2 21.3 38.2 
IV. Marginal zone, total 31.8 22.5 24.3 2.3 

of which: (A) separate 
structural units 6.7 9.7 2.0 1.2 

(B) separate 
residential districts 10.0 12.8 0.7 1.1 

City within its administrative 
boundaries, total (zones 
I-IV) 40.0 76.8 49.8 79.3 

V. Outer zone 60.0 23.2 50.2 20.7 
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base do n o t cause any g rea t dev ia t ion f r o m t h e model , b u t m a k e t h e f u n c t i o n a l 
zones or the i r componen t s (Table 2) v a r y in size. This p h e n o m e n o n is i l lus-
t r a t e d in Fig. 3, and is compi led on the a s s u m p t i o n tha t t he a rea and n u m b e r of 
i n h a b i t a n t s a r e equa l in bo th types of t h e cities. F r o m the p i c tu r e obta ined one 
can see t h e d i f f e r ences in t h e i n t e r n a l s t r u c t u r e s of t he cities, r e su l t ing f r o m 
the i r v a r i e d economic bases. 

Fig. 3. Relative size of functional zones in industrial and service cities 
I — i n r e l a t i o n t o t h e a r e a s : A — i n d u s t r i a l c i t y , B — s e r v i c e c i t y , I I — i n r e l a t i o n t o t h e p o p u -
l a t i o n : A — i n d u s t r i a l c i t y , B — s e r v i c e c i t y , 1 — c e n t r a l z o n e , 2 — t r a n s i t i o n z o n e , 3 — i n t e r n a l 
i n d u s t r i a l a n d r e s i d e n t i a l z o n e of t h e i n d u s t r i a l c i t y , 4-6 — i n t e r n a l i n d u s t r i a l a n d r e s i d e n t i a l 
z o n e of t h e s e r v i c e c i t y : 4 — i n d u s t r i a l a n d r e s i d e n t i a l s e c t o r , 5 — i n d u s t r i a l s e c t o r , 6 — r e s i d e n -
t i a l s e c t o r , 7-9 — m a r g i n a l z o n e , 7 — o p e n a r e a s , 8 — s e p a r a t e r e s i d e n t i a l d i s t r i c t s , 9 — s e p a r a t e 

s t r u c t u r a l u n i t s , 10 — o u t e r z o n e 

T h e mos t s t r i k ing d i f f e r e n c e is t h e m u c h l a rge r a r ea of t h e ci ty cen t r e in 
se rv ice t o w n s t h a n in i n d u s t r i a l towns . T h e p e r c e n t a g e of popu la t ion in the 
c e n t r e w a s h o w e v e r a lmos t t he s ame in b o t h t ypes of towns . 

T h e serv ice t o w n s a r e cha rac te r i zed by a m u c h l a rge r i n t e r n a l i ndus t r i a l 
and r e s iden t i a l zone and by a g r e a t e r p o p u l a t i o n in th is zone. Th i s is p a r t i c u -
l a r ly ev iden t in the r e s iden t i a l sector . T h e i r p e r i p h e r a l zone (Table 2), the sepa-
r a t e s t r u c t u r a l un i t s and res iden t i a l d i s t r ic t s (Fig. 3) in pa r t i cu l a r , a r e smal le r . 
In the indus t r i a l t o w n s the above m e n t i o n e d componen t s of t h e p e r i p h e r a l 
i n d u s t r i a l and res iden t i a l zone a re m u c h l a rge r , especia l ly t he i r s epa ra t e s t r uc -
t u r a l u n i t s w h e r e big indus t r i a l w o r k s h a v e been located. T h e p e r c e n t a g e of 
p o p u l a t i o n in t h e p e r i p h e r a l zone is also m u c h h i g h e r in indus t r i a l t o w n s t h a n 
in se rv ice towns . 

D i f f e r e n c e s in the size of t h e ou te r zone in b o t h f u c t i o n a l types , covered by 
the descr ibed analysis , a r e negl igible . H o w e v e r , t h e i ndus t r i a l t o w n has a s l ight -
ly l a rge r o u t e r zone; i ts popu la t ion is also m o r e n u m e r o u s (Table 2). 
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To comple te these r e m a r k s on t h e mode l of t he med ium-s i zed Pol ish t o w n 
it seems w o r t h wh i l e po in t ing ou t t h a t th is s t u d y w a s based upon comple te ly 
d i f f e r e n t da t a to those used in t h e A m e r i c a n mode l s m e n t i o n e d a t t he b e g i n n i n g 
of t he pape r . In t h e concen t r i c s c h e m e the m a i n e m p h a s i s is laid on t h e social 
d i f f e r e n t i a t i o n of u r b a n areas , and not on economic d i f f e r ences . T h e m a i n ob-
jec t ive in the sectora l s cheme is t he de l imi ta t ion of r e s iden t i a l sectors, co r re -
sponding to res iden t ia l d i s t r ic t s i nhab i t ed by va r ious social classes. T h e poly-
nuc lea r scheme m a i n l y se rves to exp l a in the genes is of t he s e t t l emen t sys t em 
of the s tud ied cities and not to d e t e r m i n e the i r c u r r e n t i n t e r n a l s t r u c t u r e . 

Because of t he d i f f e r e n t a p p r o a c h to the p r o b l e m of the i n t e r n a l s t r u c t u r e 
of cit ies t h e Pol ish mode l does not r e semble the A m e r i c a n . A l t h o u g h t h e r e a re 
s imi lar i t ies in the t e r m i n o l o g y of t h e f u n c t i o n a l zones, those t e r m s a r e h o w e v e r 
semant ica l ly d i f f e r en t , wh ich is c lear ly ev iden t f r o m Tab le 3 (cf. t h e de f in i t ions 
of the zones). 

TABLE 3. Functional zones in Tarnow and the 7 studied cities 
compared with the Burgess model 

Tarnów 7 voivodship cities | E. W. Burgess 

Ce
nt

ra
l 

zo
ne

 
(A

) 

Centre proper (1) Central zone (I) Central business 
district 

Ce
nt

ra
l 

zo
ne

 
(A

) 

Mixed industrial 
and residential 
ring (2) 

Transition zone (II) Zone of (in) 
transition 

Ce
nt

ra
l 

zo
ne

 
(A

) 

Industrial and 
storage sector (3) 

Residential sector (3) 
Mixed industrial and residential 
sector (2) 
Industrial sector (1) 

Internal 
industrial and 
residential 
zone (III) 

Zone of 
independent 
working-men's 
homes 

Ne
w 

ur
ba

n 
zo

ne
 (

B)
 

Intermediate ring Belt of open area (1) Marginal 
zone (IV) 

Zone of better 
residences 

Ne
w 

ur
ba

n 
zo

ne
 (

B)
 New industrial 

and storage zone 
(6) 

Separate struc-
tural units (a) 

Marginal in-
dustrial and 
residential zone 
(2) 

Marginal 
zone (IV) 

Zone of better 
residences 

Ne
w 

ur
ba

n 
zo

ne
 (

B)
 

New residential 
and service zone 
(5) 

Separate resi-
dential districts 
(6) 

Marginal in-
dustrial and 
residential zone 
(2) 

Transition zone (C) 
Outer zone (D) 

Outer zone (V) Outer zone (Com-
muters' zone) 

The mode l of t he i n t e r n a l s t r u c t u r e of the med ium-s i zed Pol i sh ci ty is nei-
t h e r p u r e l y concentr ic , sec tora l or po lynuc lea r . T h e e l emen t s of al l t h e t h r e e 
p a t t e r n s a r e r e f l ec t ed in t h e mode l a n d th i s is ev idence t h a t t he s e p a r a t e f u n c -
t iona l c o m p o n e n t s a r e d i s t r i bu t ed w i t h i n the ci ty accord ing to va r ious spa t ia l 
schemes . H o w e v e r the d o m i n a n t f o r m is t he concent r ic p a t t e r n r e su l t i ng f r o m 
the d i s tance s e p a r a t i n g such a r e a s f r o m t h e c e n t r e of t h e s e t t l e m e n t sys t em. 
The shor t e r t h e d i s t ance t h e g r e a t e r t h e concen t r a t i on of i ts f u n c t i o n a l com-
ponen t s and t h e g r e a t e r t h e i n t e g r a t i o n of t h e i nd iv idua l d i s t r ic t s of t h e city. 
Consequen t ly t h e r e a re f e w e l e m e n t s of t h e po lynuc l ea r p a t t e r n w i t h i n t h e core 
of t h e s e t t l e m e n t sys tem, b u t t h e y occur m o r e f r e q u e n t l y in t h e p e r i p h e r a l 
a reas of t h e city, i.e. in t h e p e r i p h e r a l i ndus t r i a l and r e s iden t i a l zone. Sec to r s 
(in zone III , see Tab le 1) a r e r e l a t e d to local izat ion tendencies , cha rac te r i s t i c 
of t h e s e p a r a t e f u n c t i o n a l c o m p o n e n t s of t h e city. 
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T h e Pol i sh mode l is t h e r e f o r e based u p o n the same m a i n p r inc ip le as the 
mode l cons t ruc ted b y P . D. Sal ins (1917), n a m e l y u p o n the co -appea rance of 
t he t h r e e so f a r k n o w n f o r m s of the c i ty ' s i n t e r n a l s t ruc tu re . 

I n s t i t u t e of G e o g r a p h y 
Pol i sh A c a d e m y of Sciences, W a r s a w 
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T H E S P A T I A L I N F L U E N C E O F T H E G D A Ń S K A G G L O M E R A T I O N 

JERZY DĘBSKI 

INTRODUCTION 

P o r t t o w n s h a v e the i r o w n speci f ic t y p e of p roduc t ion , r e su l t i ng f r o m the 
concen t r a t i on of seve ra l aspects of economic l i fe a r o u n d the load ing a n d s to rage 
ac t iv i t ies of seapor ts . Most of t h e e n t e r p r i s e s concerned w i t h t h e economy of 
t h e sea a r e located in the po r t or i ts h i n t e r l a n d and inc lude p r o d u c t i o n and 
r epa i r dockyards , f i sh ing and f ish process ing ( industry) , bu i ld ing a n d a s sembly 
e n t e r p r i s e s (building), sea nav iga t ion , e n t e r p r i s e s concerned w i t h load ing and 
un load ing , cus toms contro l and despa tch of goods, and sea a d m i n i s t r a t i o n ( t rans-
port) , and t h e h e a d q u a r t e r s of agenc ies for f o r e ign t r a d e ( t r ade t u rnove r ) . In 
add i t i on w e also f i nd en t e rp r i s e s w h i c h a r e p a r t l y or not at al l conce rned w i t h 
t h e sea. T h u s one can speak of a p o r t - o r i e n t e d economy and an u r b a n - o r i e n t e d 
economy (or " n e u t r a l " w i t h respec t to t h e port) and also an i n t e r m e d i a t e econo-
my . This division, which emphas izes t h e charac te r i s t i c p r o d u c t i o n of por ts , 
d i f f e r s f r o m t h e classical divis ion in to exo- and endogenic g roups . O n e m u s t 
emphas i ze at th is po in t t h a t e n t e r p r i s e s w h i c h a re p o r t - o r i e n t e d a n d n e u t r a l can 
equa l ly be long to bo th groups . In con t r a s t w i t h t h e concepts used in t h e t h e o r y 
of t he economic base t h e economy of a po r t wi l l be d iv ided not in to g r o u p s 
b u t in to sectors w i t h a d e f i n e d o r i en ta t ion . I n t e r m e d i a t e t y p e e n t e r p r i s e s m a y 
also be inc luded in t h e n e u t r a l sec tor s ince t hey can be located b o t h a t t he 
coast and f a r in land . T h e f low of goods w h i c h l inks t h e economy of coasta l cen-
t r e s w i t h t he i r h i n t e r l a n d s de f ine t h e size of t h e po r t and n e u t r a l func t ions . 
Not e n o u g h has been w r i t t e n abou t t h e charac te r i s t i c f u n c t i o n of p o r t s us ing 
this a p p r o a c h G e o g r a p h e r s h a v e c o n c e n t r a t e d m a i n l y on m o n o g r a p h s and on 
the i n f l u e n c e of po r t s on the i r h i n t e r l a n d s and f o r e l a n d s 2. T h e f u n c t i o n a l s t r uc -
t u r e of seapor t s has rece ived f a r less s tudy , and t h e n m a i n l y b y economis t s 
r a t h e r t h a n geog raphe r s . T h e s tudy of th i s topic w a s f i r s t t a k e n u p b y P. de 
Rous ie r s and con t inued by J . Cour to is , A. Bown, J . Toneg ra i s a n d o t h e r s w h o 
con t inued us ing his concept b u t i n t r o d u c e d ce r t a in addi t ions and m o d i f i c a -

1 The terminology was borrowed from the work of D. Krafft (1966), who studied 
the spheres of economic life in selected towns in West Germany. In the port oriented 
spheres he included those branches which have a much faster rate of development 
in port towns than in towns which are not port oriented. E. Adrjanowska (1971) 
studied the spatial productive links of the Gdańsk shipyards. Her work showed that 
2/3 of the supplies to these shipyards come from southern and central Poland. 

2 For example A. J. Sargent (1938), G. G. Weigend (1958), A. Piskozub (1961), 
J. Mikołajski (1964), W. Barczuk (1966) and K. Piotrowski (1969). 
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t ions 3. I n gene ra l t h e ava i l ab le l i t e r a t u r e has been l imi ted to t h e a f f a i r s of 
t h e p o r t and its i n f l u e n c e on t h e h i n t e r l a n d and fo re l and , and h a s isola ted t h e s e 
ques t i ons f r o m t h e to ta l i ty of t he po r t ' s ac t iv i ty . T h e r e f o r e t h e p u r p o s e of t h e 
p r e s e n t s t u d y is to inves t iga te t h e spa t ia l l inks in the economy of t h e G d a ń s k 
A g g l o m e r a t i o n 4 a n d its h i n t e r l a n d . To do this w e looked at t h e f l o w of goods. 
T h e choice of t h e G d a ń s k A g g l o m e r a t i o n as our objec t of s t u d y w a s d i c t a t e d 
b y i ts be ing the la rges t s e t t l e m e n t s t r u c t u r e on t h e coast and t hus t h e p o r t 
and n e u t r a l f u n c t i o n s could be m o r e easi ly compared and con t ras t ed . 

INTRODUCTORY MATERIALS AND THE METHOD USED 

T h e s ta t is t ical inves t iga t ion r e q u i r e d by our topic necess i ta ted g a t h e r i n g d a -
ta on the fo l lowing: 1. e m p l o y m e n t in t h e socialized economy of t h e G d a ń s k 
Agg lomera t i on , in 1965, 2. i ncoming and ou tgo ing goods in the a rea of t h e s e t -
t l e m e n t g r o u p men t ioned . 5 F o r b o t h of these t h e basic s ta t i s t ica l u n i t w a s t h e 
p lace of work . T w o q u a n t i t a t i v e c r i t e r i a w e r e looked at : e m p l o y m e n t and goods 

TABLE 1. The objects and field of the statistical 
investigations (1965) 

No. Unit Features studied 
Field of 

investigation 

1 Socialized economic units Number of employed The 7 towns of 
of the Gdansk Agglomera- Factory excluding apprentices the agglomera-
tion tion 

2 Goods sent out from the Tonnage above 1 ton Poland by voi-
Gdansk Agglomeration and Value above 100,000 zl vodships 
goods brought in Factory per factory 

3 According to P. de Rousiers the port fulfills three functions: (a) a regional 
function, in relation to incoming and outgoing goods, which represent the size of 
the production and the consumption potential of the surrounding region, (b) an in-
dustrial function, in relation to raw materials and semi-manufactured goods arriving 
by sea to factories located in the port, to be processed and refined, (c) a trade 
function, in relation to goods arriving by sea, and which after several trade proce-
dures are re-exported to other ports. T. Szczepaniak looks at this in detail (1967, 
pp. 12-16), and also distinguishes a transport function of a port concerned with 
loads. 

4 The Gdańsk Agglomeration includes the core, i.e., Gdańsk, Sopot, and Gdynia, 
and an internal zone taking in Pruszcz Gdański, Reda, Rumia and Wejherowo. An 
external zone (according to E. Iwanicka-Lyra 1969, p. 70) was excluded from 
this study. 

5 The statistical data on goods flows (for 1965) was collected from 25 despatch 
centres and regions of the Polish National Railways, from 5 centres of the National 
Despatch Company, and from 8 public and trade car transport enterprises within 
the Gdańsk Agglomeration. The loads transported, which were investigated using 
estimates, make up 92-95% of all incoming and outcoming external flows. Since the 
lowest goods flow figure was 102,000 zl for one factory for one year, any economic 
unit with a value exceeding 100,000 zl was assigned to the group of external facto-
ries. 
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tonnage, the la t te r being converted into mone t a ry uni ts (W. Morawski 1967). 
Goods flow presented in these uni ts most accurately expresses the economic 
charac te r of the l inks be tween towns and por ts and their h in te r l and (Table 1). 

Our method of invest igat ion requi red us to def ine the ex ten t of the ex te rna l 
economy of the Gdańsk Agglomerat ion, i.e., to establish the n u m b e r of en te r -
prises (according to employment) involved in one way or two-way links w i th 
the a rea of the country. We could establish the size of the port or neu t ra l orien-
ted sectors wi th in the f r a m e w o r k of the ex te rna l economy, only a f t e r we had 
carr ied out such a division. One must emphasise tha t the ex te rna l group can-
not be identif ied wi th the economic base of a town. It is mere ly a par t of the 
exogenic group wi th in our unders tand ing of the theory of the economic base, 
since only the Gdańsk Agglomerat ion 's goods l inks wi th its h in te r land and 
not its whole ex te rna l inf luence were invest igated. 

The nex t step was to calculate the ex ten t of the spatial l inks of both sec-
tors; as our s ta r t ing data the fol lowing quant i t ies were used: 

(a) the average distances ("weighted") of each voivodship f r o m the "zero 
point" , i.e., the geometr ic centre of the agglomerat ion (Dlf D2 D17); 

(b) the values of the goods f low (t2, t2 t17); 
(c) the total mass in each voivodship involved in the l inks w i th the agglom-

era t ion (zlt z2 z17). 
S tandardized f lows were established according to the equat ion: 

(n = 1,2, ... 17); (1) 
Zn 

A f t e r calculat ing the l inear distances of the voivodships f r o m the "zero 
po in t " we calculated the index of f low weight ing (V): 

Vn = Dn-kn (2) 

The variable kn can be in terpre ted as the potent ia l genera ted in the n - t h 
voivodship by the total mass of the agglomerat ion. Taking the gravi ta t ion po-
tent ia l model fo rmula ted by J . Q. S t ewar t (see Z. Chojnicki 1966, p. 25). 

w h e r e G is a constant , M is the mass of the object genera t ing the potent ia l 
and d is the distance f rom the point to this object, we than have: 

Pa-d = GM = a c o n s t a n t , (4) 

In our case: 

V„ = kn-dn = a c o n s t a n t . (5) 

Under these condit ions all the points (n,V„) mus t lie on a s t ra ight l ine which 
has the equat ion V = a constant. 

We took the a r i thmet ic average (m) of the var iable V as the value for com-
parison, and for measur ing the dispersion — the variat ion. To measure the dis-
pers ion we used the coeff icient of var iance (W2) which is an approx imate 
measure : 

W = M 
m 
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Next , us ing the C h i - s q u a r e t e s t 6 we es tab l i shed t h e r e l a t i onsh ip b e t w e e n t h e 
size of t he l inks of each vo ivodsh ip and the d i s t ance of each vo ivodsh ip f r o m 
t h e G d a ń s k Agg lomera t i on . 

T h e last s tage w a s to tes t t h e cor re la t ion b e t w e e n t h e ac t ive a n d pass ive 
l inks for each sector . 

DEFINING THE ECONOMY OF THE GDAŃSK AGGLOMERATION BY GOODS 
FLOW 

T h e economic ac t iv i ty of a l a rge po r t l ike t h e G d a ń s k A g g l o m e r a t i o n r e -
q u i r e s t h e t r a n s p o r t of a ce r t a in mass of goods, connec ted w i t h w i d e p r o d u c t i o n 
a n d consumpt ion . T h e v o l u m e of the t r a n s p o r t e d goods d e p e n d s on t h e t y p e 
of economic ac t iv i ty of t h e p r o d u c t i o n a l and n o n - p r o d u c t i o n a l un i t s w h i c h act 
as cus tomers fo r t h e t r a n s p o r t en te rp r i ses . T h e pa r t i c ipa t i on of t hese e n t e r -
pr i ses in t h e to ta l v o l u m e of goods var ies and p a r t l y d e p e n d s on t he i r t y p e of 
t r a n s p o r t . Thus i n d u s t r i a l e n t e r p r i s e s located in t h e p o r t a g g l o m e r a t i o n t a k e 
in above al l fue l , r a w mate r i a l s , s e m i - m a n u f a c t u r e d goods, m a c h i n e r y and 
e q u i p m e n t , w h i c h a r e t h e n used fo r t h e f ina l p r o d u c t (the sh ipbu i ld ing i n d u s t r y 
f o r ins tance) . F in i shed goods and local s e m i - m a n u f a c t u r e d goods m u s t be t a k e n 
out , as m u s t also u s e f u l and u n w a n t e d p r o d u c t i o n a l b y - p r o d u c t s going to o t h e r 
i n d u s t r i a l e n t e r p r i s e s and w a r e h o u s e s s tor ing sc rap and b y - p r o d u c t s . I t m u s t 
be po in ted ou t t h a t s ince w e a r e s t u d y i n g only t h e spa t ia l l inks b e t w e e n t h e 
G d a ń s k A g g l o m e r a t i o n a n d i ts h i n t e r l a n d we a re omi t t ing t h e end e f f e c t (ships) 
of t h e p roduc t iona l ac t iv i ty of the dockyards . 

T h e n e x t b r a n c h of the economy, bu i ld ing , l ike i n d u s t r y e m b r a c e s d i f f e r e n t 
f i e lds of w o r k , b u t un l ike i n d u s t r y the e l emen t s of p r o d u c t i o n in bu i ld ing m u s t 
be b r o u g h t to t h e bu i ld ing si te and not t h e en te rp r i se . Bu i ld ing ac t iv i ty in 
a t o w n r equ i r e s : 

(1) A supp ly of m a c h i n e r y and e q u i p m e n t , bu i ld ing a n d p r e f a b r i c a t e d m a -
ter ia ls , ins ta l l a t ion e q u i p m e n t a n d va r ious o the r u s e f u l ma te r i a l s . 

(2) R e m o v a l of e a r t h f r o m the site and of t he m a c h i n e r y and bu i ld ing e q u i p -
m e n t a f t e r t h e y h a v e been used. Also t h e site m u s t be c leared and t id ied a f t e r 
bu i ld ing has b e e n comple ted . A charac te r i s t i c f e a t u r e of supp ly in b u i l d i n g is 
t h e l a rge t o n n a g e of t h e loads, a r i s ing no t out of economic e x c h a n g e b u t h a v i n g 
t h e c h a r a c t e r of t echnologica l t r a n s p o r t . 

T h e e x t e r n a l t r a n s p o r t l inks of t h e n e x t b r a n c h of t h e economy of the 
G d a ń s k A g g l o m e r a t i o n is de f ined by t w o types of goods f low. 7 F i r s t , t h e r e is 
t h e f l o w connec ted w i t h t h e p roduc t iona l ac t iv i ty of t he t r a n s p o r t u n i t s and 
w i t h the m a i n t e n a n c e and ex t ens ion of r a i lways and roads . These un i t s i nc lude 
t h e despa tch sect ion of t he Pol i sh Na t iona l Rai lways , eng ine sheds, e n t e r p r i s e s 
w h i c h u p k e e p t r a n s p o r t and communica t ions , car agencies , po r t a d m i n i s t r a -
t ions, d is t r ic ts o p e r a t i n g publ ic roads etc. Second, t h e r e is t h e f low e m b r a c i n g 
goods d i rec ted to and f r o m t h e por t . Rec ip ien t and sende r in b o t h cases a r e the 
despa t ch en te rp r i ses . 

(M. Fisz, 1967, pp. 473-476). 
7 Excluding postal communications, because we exclude parcels which are typical 

of this division. 

n=l;=1 T l i - T l ) 
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A d i f f e r e n t k ind of f low ar ises ou t of t he ac t iv i ty of fo re ign t r a d e agencies . 
These agenc ies a re a l located to t h e divis ion of "goods t u r n o v e r " in the classi-
f ica t ion of t h e Na t iona l E c o n o m y ( K l a s y f i k a c j a . . . 1967, p. 29). T r a d e e n t e r p r i s e s 
w h i c h s u p p l y ships w i t h commes t ib l e and indus t r i a l a r t ic les o rde r goods 
s t r a igh t f r o m the p roducer , f r o m t h e who lesa le r and f r o m in l and warehouses . 
P a r t of t h e f low is der ived f r o m t h e i m p o r t and e x p o r t of goods, w h i c h is t he 
concern of t h e h e a d off ice of f o r e i g n t r a d e and of t h e e x p o r t agencies of i n t e r -
na l t u rnove r . 8 To this d ivis ion of "goods t u r n o v e r " be long also those e n t e r p r i s e s 
of i n t e r n a l t r a d e f o u n d w i t h i n t h e G d a ń s k Agg lomera t ion , w h o s e ac t iv i ty is 
connec ted w i t h t h r e e types of f low. T h e f i r s t t y p e of goods t r a n s p o r t r e su l t s 
f r o m the c e n t r a l m a r k e t w h i c h suppl ies i ndus t r i a l en te rp r i ses , bu i ld ing sites 
and o t h e r p roduc t i ona l un i t s w i t h essen t ia l e q u i p m e n t and ma te r i a l s . T h e 
second t y p e is t h a t connected w i t h t h e s u p p l y of c o n s u m e r goods to t h e p o p u l a -
t ion of t h e Agg lomera t ion . This f l o w is m a d e u p of t h a t f r o m places w h e r e 
p r o d u c t s can be b o u g h t and of t h a t f r o m who lesa l e r s and indus t r i a l en t e rp r i s e s 
to the w a r e h o u s e s in the G d a ń s k Agg lomera t i on . This f l o w is f u r t h e r e x t e n d e d 
f r o m t h e w a r e h o u s e s to the re ta i le rs , r e s t a u r a n t s , etc. ( in te rna l t r a n s p o r t is no 
longer w i t h i n our f ie ld of in teres t ) . Who le sa l e r s no t only r ece ive b u t also 
despa t ch a l a rge p a r t of t he i r goods, fo r e x a m p l e t h e C e n t r a l F i sh E n t e r p r i s e 
w h i c h supp l ies local cen t res t h r o u g h o u t t h e c o u n t r y w i t h f i sh and f ish p roduc t s . 
T h e t h i r d t y p e of f low ar ises f r o m t h e se rv ic ing of t he e n t e r p r i s e s invo lved in 
the i n t e r n a l t u r n o v e r . T h e y o rde r f r o m o t h e r t o w n s e q u i p m e n t , packag ing , fue l 
a n d o t h e r essent ia l m a t e r i a l s fo r t he cor rec t f u n c t i o n i n g a n d d e v e l o p m e n t of 
t h e en t e rp r i s e s . 

T h e f o u r divis ions so f a r m e n t i o n e d , i ndus t ry , bu i ld ing , t r a n s p o r t and goods 
t u r n o v e r , de spa t ch and rece ive f r o m in land 99.7% of the to ta l goods t u r n o v e r 
of t h e e c o n o m y of the G d a ń s k Agg lomera t i on . 

Divisions of t h e economy P e r c e n t a g e va lue 
I n d u s t r y 32.7 
Bui ld ing 1.7 
T r a n s p o r t 52.5 
Goods t u r n o v e r 22.8 
O t h e r 0.3 

To ta l 100.0 
Those sphe re s of t he economy whose s h a r e of t he to ta l f l o w did not exceed 

0.1°/'o w e r e inc luded in the " o t h e r " ca tegory . These a re : a g r i c u l t u r e and f o r e s t r y 
f r o m the s p h e r e of m a t e r i a l p roduc t ion , and al l those outs ide the s p h e r e of 
m a t e r i a l p r o d u c t i o n 

As T a b l e 2 shows, t h e d iv is ions of " t r a n s p o r t " , " i n d u s t r y " and "goods t u r n -
o v e r " h a v e the la rges t s h a r e of t h e t r a n s p o r t of goods. " T r a n s p o r t " eas i ly 
occupies f i r s t place, and this is connec ted w i t h the e x t e r n a l l inks w h e r e the 
t u r n o v e r of po r t s is t he chief i n f luence . 

165,000 or 66.4°/o of t he to ta l n u m b e r of 247,000 people employed in t h e 
socialized economy of the G d a ń s k A g g l o m e r a t i o n a re w o r k e r s in f ac to r i es in -

s For example: CSO Export-Import Agency, The Meat Industry Export Services 
Agency, The Central Sea Supply Agency, The Circulation of Imported Commestibles 
Enterprise (POSTI) and so on. 

9 This sphere includes: communal economy and housing, education, science and 
culture, health, social security and physical culture, public administration and justice, 
finance and insurance institutions, political, social, religious and other organizations 
(Klasyfikacja..., 1967, p. 11). 
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volved in the goods l inks w i t h the h i n t e r l a n d . Th i s p a r t of t he e x t e r n a l econo-
m y w a s d iv ided in to t w o sectors: po r t o r i en t ed a n d n e u t r a l . 

To t h e f i r s t sec tor w e r e inc luded all those fac to r i es h a v i n g d i rec t l inks w i t h 
po r t ac t iv i t ies a n d whose locat ion outs ide t h e a rea of t he agg lomera t i on is 
economical ly unsu i t ab le . In the case of i n d u s t r y these wil l be: (1) fac to r ies con-
ce rned w i t h sh ipbu i ld ing , i.e., cons t ruc t ion d o c k y a r d s and some un i t s b e l o n g i n g 
to the Union of Sh ipbu i ld ing Indus t r i e s w h i c h ac t w i t h i n a f r a m e w o r k of so-
called i n t e r n a l co-opera t ion ; (2) fac to r ies conce rned w i t h nav iga t i on a n d sea 
f i sh ing , i.e., r e p a i r d o c k y a r d s and un i t s s u b o r d i n a t e to the U n i o n of Sea R e p a i r 
Dockyards , and e n t e r p r i s e s concerned w i t h f i sh ing and f i sh process ing; (3) 
fac to r ies connec ted w i t h un load ing and loading, w h i c h inc lude u n i t s t h a t r e p a i r 
and h i re out t h e necessa ry equ ipmen t , cold s t o r age uni ts , p laces w h e r e s o u t h e r n 
f r u i t s can r i p e n and fac to r i es wh ich process eas i ly pe r i shab l e goods u n l o a d e d 
a t por t . 

TABLE 2. Number of employed and the value of the flow for each economic division of the 
Gdansk Agglomeration (1965) 

Flow in million zl 
Employed in factories , «• . c * • \ K (according to factories) Index 

Division External External 6/3 
Together Together 

Number % Number % 

industry 94,253 86,608 91.9 17,289.1 14,310.1 82.7 165.2 
Building 24,617 19,325 78.5 1,518.8 1,109.5 73.0 57.4 
Transport 43,380 31,765 73.2 33,802.6 33,360.9 98.7 1050.2 
Goods turnover 26,389 20,434 77.4 16,240.3 14,519.6 89.4 710.5 
Other 58,405 7,051 12.1 294.7 217.9 73.9 30.9 

Total 247,044 165,183 66.4 69,154.5 63,518.0 91.8 384.5 

In the case of bu i ld ing we inc luded in the p o r t o r i en ted sector those bu i ld -
ing-assembly e n t e r p r i s e s wh ich c a r r y ou t special ized p o r t and sea d o c k y a r d 
work . In t r a n s p o r t w e inc lude those e n t e r p r i s e s conce rned w i t h sea t r a n s p o r t 
and despa tch ing (port admin i s t r a t ions , ship b roke r s , cha r t e r e r s , f r e i g h t cons ign-
ors, l i feboat poin ts , etc.), b u t only if t hey a re d i r ec t l y involved in the e x t e r n a l 
l inks. A p a r t f r o m en t e rp r i s e s concerned w i t h fo r e ign t r a d e and agencies of sea 
t r a f f i c goods, to t h e po r t o r i en ted sector of t h e "goods t u r n o v e r " d ivis ion w e 
also inc lude f r o m an o rgan iza t iona l po in t of v i e w those agencies be longing to 
t h e c e n t r a l d i rec t ion of buy ing , m a r k e t i n g and wholesa l ing . 

Those r e m a i n i n g economic un i t s u n c o n n e c t e d or on ly ind i rec t ly connec ted 
w i t h po r t ac t iv i t ies w e r e inc luded in t h e n e u t r a l sector . T h e w h o l e g r o u p of 
" r e m a i n i n g " ac t iv i t ies be long to th is sector . A n e u t r a l c h a r a c t e r is f o u n d in 
a g r i c u l t u r e and fo re s t ry , c o m m u n a l economy a n d hous ing , a d m i n i s t r a t i o n l u 

ins t i tu t ions of jus t ice and o the r s (political, social and re l ig ious organizat ions) . 
On ly educa t ion , science and cu l tu re and hea l th and social secur i ty can be in 
a n y w a y por t o r ien ted , b u t the i r of f ices do not h a v e (mass) goods l inks wi th 

10 According to the Central Statistical Office (Klasyfikacja..., 1967, p. 58) sea 
administration belongs to the division of transport. 
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t he h in t e r l and . T h u s all the en t e rp r i s e s be long ing to the " r e m a i n i n g " spheres 
m u s t be considered as neu t r a l . 

T h e division of t he economy of t h e G d a ń s k Agg lomera t ion done above 
shows tha t : 

— In the por t o r i en ted sector t he t r a n s p o r t and i ndus t ry d iv is ions h a v e by 
f a r t h e mos t w o r k e r s . 

— In the n e u t r a l sector t h e bu i ld ing and goods t u r n o v e r d ivis ions easi ly 
e m p l o y the most n u m b e r of people . 

TABLE 3. Number of employed and size of flow in the port oriented and neutral sectors in 1965 
(in absolute values) 

Port oriented sector Neutral sector 

Division 
Employment 

Flow 
in million 

zl 

Index 
3/2 

Employment 
Flow 

in 
million zl 

Index 
6/5 

1 2 3 4 5 6 7 

Industry 53,598 6,039.7 112.7 33,010 8,270.4 250.5 
Building 1,825 63.5 34.8 17,500 1,046.0 59.8 
Transport 21,386 33,066.2 1,546.2 10,379 294.7 28.4 
Goods turnover 2,859 7,795.5 2,726.7 17,575 6,723.9 382.6 
Other — — 7,051 217.9 30.9 
Total 79,668 46,965.1 589.5 85,515 16,552.9 193.6 

TABLE 4. Number of employed and size of flow in the port oriented and neutral sectors 
in 1965 (in %) 

Employment . Flow 

Division Sector Sector 

port 
oriented neutral 

Total port 
oriented neutral 

Total 

Industry 61.9 38.1 100.0 42.2 57.8 100.0 
Building 9.4 90.6 100.0 5.7 94.3 100.0 
Transport 67.3 32.7 100.0 99.2 0.8 100.0 
Goods turnover 13.9 86.1 100.0 53.7 46.3 100.0 
Other — 100.0 100.0 — 100.0 100.0 

Total 48.2 51.8 100.0 73.4 26.6 100.0 

— T h e " o t h e r " ca tegory is n e u t r a l in r e l a t ion to the por t . T h e size of t he 
e m p l o y m e n t in bo th sectors is s imi lar , w i t h t h e n e u t r a l sector h a v i n g a s l ight ly 
more . T h e va lues of t he e x t e r n a l l inks of bo th sectors (a r r iva l and despatch) 
a r e a r r a n g e d r a t h e r d i f f e r e n t l y . 

— P o r t o r i en ted i n d u s t r y h a s w e a k e r l inks w i t h t h e h i n t e r l a n d t h a n n e u -
t r a l o r i en ted indus t ry . 

— E n t e r p r i s e s concerned w i t h goods t u r n o v e r and t r a n s p o r t wh ich a re por t 
o r i e n t e d h a v e s t r onge r l inks w i t h the h i n t e r l a n d t h a n those n e u t r a l l y or iented 
e n t e r p r i s e s be long ing to the s a m e divis ions. 

9 G e o g r a p h i a P o l o n i c a http://rcin.org.pl
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— T h e r e v e r s e s i tua t ion occurs in the bu i ld ing and " o t h e r " ca tegor ies w h e r e 
n e u t r a l o r i en t ed e n t e r p r i s e s h a v e t h e s t ronge r l inks. 

— T h e p o r t o r i en ted sector h a s by f a r t h e s t ronge r t w o - w a y l inks w i t h t h e 
h i n t e r l a n d . 

T h e d iv is ion in to t r a n s p o r t and goods t u r n o v e r so f a r used in the f i r s t sec tor 
is not su i t ab le f o r t h e n e x t s tages of th is s tudy . E n t e r p r i s e s be long ing to these 
t w o d iv i s ions a r e connec ted w i t h the loading and un load ing ac t iv i ty of s eapo r t s 
a n d should t h e r e f o r e be cons idered toge the r s ince the i r spa t ia l l inks d e f i n e the 
size and e x t e n t of t h e h i n t e r l a n d . A p a r t f r o m th is t h e r e a re s imi la r i t i es in p r o -
duc t ion b e t w e e n t h e i n d u s t r y and bu i ld ing divisions, w h i c h H. H. M c C a r t y and 
J . B. L i n d b e r g d r e w a t t en t ion to (1969, p. 241). 

In bu i l d ing goods f l o w is n e a r l y comple te ly t ied u p w i t h the ac t iv i t i es of 
bu i ld ing and essembly en te rp r i ses , and t hus t h e genera l i za t ion used ea r l i e r is 
still su i tab le . F i n a l l y bo th sectors of the G d a ń s k Agg lomera t i on w e r e d iv ided 
as fo l lows : 

N e u t r a l o r i en ted sector P o r t o r i en ted sector 
(1) S p h e r e s of p roduc t ion of m a - (1) S a m e as u n d e r n e u t r a l 

t e r i a l s ( indus t ry , bui ld ing) 
(2) S p h e r e s of t r a n s p o r t and t u r n - (2) S a m e as u n d e r n e u t r a l 

ove r of m a t e r i a l s ( t r anspor t and 
goods t u r n o v e r ) 

(3) O t h e r s p h e r e s 
T h e spa t i a l l i nks of t h e p o r t and n e u t r a l o r i en ted sec tors wil l n o w be con-

s ide red w i t h th i s mod i f i ed divis ion of t h e economy into g r o u p s of s p h e r e s and 
not s p h e r e s in m i n d , t s ing t h e m e t h o d s of m e a s u r e m e n t descr ibed b e l o w w e 
w a n t e d to e s t ab l i sh w h e t h e r t h e s t r e n g t h of t h e l inks increases or n o t w i t h 
i nc r ea s ing d i s t ance f r o m the agg lomera t ion . 

THE SPATIAL LINKS OF THE PORT AND NEUTRAL ORIENTED SECTORS 

B e f o r e t h e spa t i a l l inks of t h e por t and n e u t r a l o r i en ted sectors could be 
inves t iga t ed a c e n t r a l (zero) po in t f r o m wh ich m e a s u r e m e n t s could be m a d e has 
to be f ixed . Th i s " ze ro p o i n t " is the geomet r i c c e n t r e of t he G d a ń s k A g g l o m -
era t ion , a n d is located b e t w e e n K a m i e n n y Po tok in Sopot and O r ł o w o in G d y -
nia . To m e a s u r e d i s t ances f r o m th is point s t r a i g h t l ines w e r e d r a w n l ink ing 
each s e t t l e m e n t c e n t r e in P o l a n d wh ich h a d goods l inks (one-way or t w o - w a y ) 
w i t h t h e agg lomera t i on . This m e a s u r e does no t of course co r re spond to the 
ac tua l r o u t e s of t h e t r a n s p o r t a r t e r i e s b u t is t h e s ame fo r all s e t t l e m e n t uni t s . 
Us ing t h e d i s t ances of each c e n t r e f r o m the agg lomera t i on the a v e r a g e dis-
tances of each poviat and the a v e r a g e (weighted) d i s tances of each vo ivodsh ip 
w e r e ca lcu la ted . T h e " w e i g h t " w a s t h e a r e a of a poviat t ak ing p a r t in t h e goods 
f low; t h e a v e r a g e w a s t h e d i s tance of t he n - t h voivodship . 

N e x t t h e a v e r a g e d i s tances of t h e vo ivodships w e r e a r r a n g e d in o r d e r of 
i nc rea s ing d i s t ance f r o m the zero point.11 T h e size of t h e goods f l o w b e t w e e n 

11 The voivodships arranged by average distance D are: 1. Gdańsk (52 km), 2. Ko-
szalin (148 km), 3. Olsztyn (152 km); Bydgoszcz (154 km), 5. Szczecin (264 km), 
6. Poznań (270 km), 7. Warszawa (278 km), Białystok (302 km), Łódź (316 km), 
10. Zielona Góra (334 km), 11. Wrocław (404 km), 12. Kielce (414 km), 13. Opole 
(428 km), 14. Katowice (456 km), 15. Lublin (458 km), 16. Kraków (508 km), 17. Rze-
szów (548 km). 
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TABLE 5. The goods links of the port oriented sector by voivodships (in million zl) in 1965 

Voivodship 
No. 

Industry and building 
Transport and goods 

turnover Together Voivodship 
No. 

receiving despatch receiving despatch receiving despatch 

1 626.0 120.2 715.3 97.8 1,341.3 218.0 
2 190.5 154.6 125.0 556.9 315.5 711.5 
3 700.0 112.9 225.0 534.7 925.0 647.6 
4 211.5 132.2 1,955.5 831.5 2,167.0 963.7 
5 116.6 63.9 374.0 317.5 490.6 381.4 
6 313.4 236.2 1,522.6 1,466.9 1,836.0 1,703.1 
7 85.4 104.7 1,348.3 2,033.8 1,433.7 2,138.5 
8 14.5 21.0 173.7 171.0 188.2 192.0 
9 91.5 94.4 2,144.5 4,351.6 2,236.0 4,446.0 

10 61.9 49.9 262.8 541.1 324.7 591.0 
11 191.9 106.5 988.7 1,633.0 1,180.6 1,739.5 
12 137.6 34.2 661.2 549.0 798.8 583.2 
13 69.5 37.9 334.7 737.2 404.2 775.1 
14 943.9 114.9 1,071.0 3,729.6 2,014.9 3,844.5 
15 75.4 32.5 377.5 460.0 452.9 492.5 
16 374.8 118.8 1,615.4 764.9 1,990.2 883.7 
17 171.6 75.2 389.8 319.6 561.4 394.8 

Total 4,376.0 1,610.0 14,285.0 19,096.1 18,661.0 20,706.1 

TABLE 6. The goods links of the neutral sector by voivodships (in million zl) in 1965 

Voivod-
ship 
No. 

Industry and 
building 

Transport and 
goods turnover Other Together 

receiv-
ing 

des-
patch 

receiv-
ing 

des-
patch 

receiv-
ing 

des-
patch 

receiv-
ing 

des-
patch 

Total 

1 645.6 347.0 623.4 271.6 12.4 10.8 1,281.4 629.4 
2 170.5 305.1 89.7 25.8 6.8 3.8 267.0 334.7 
3 241.9 209.9 368.6 215.6 8.4 0 618.9 425.5 
4 295.5 421.3 407.3 208.8 28.3 0.5 731.1 630,6 
5 144.2 210.5 259.1 25.4 2.2 2.6 405.5 238.5 
6 224.5 421.4 204.8 111.3 6.1 0.1 435.4 532.8 
7 537.1 644.8 284.7 132.8 10.4 0.5 832.2 778.1 
8 183.2 81.5 49.4 110.3 11.9 5.3 244.5 197.1 
9 274.8 288.0 576.4 42.0 12.8 0.2 864.0 330.2 

10 93.1 97.7 80.2 16.3 1.6 0 174.9 114.0 
11 272.9 410.6 420.5 72.9 9.4 0 702.8 483.5 
12 100.5 95.2 260.1 110.7 0.7 0.5 361.3 206.4 
13 132.9 36.2 178.9 13.7 3.0 0 314.8 49.9 
14 573.9 415.2 738.5 215.2 46.5 4.1 1,358.9 634.5 
15 108.2 114.3 81.7 105.6 8.9 0.2 197.8 220.1 
16 410.1 249.0 421.8 39.5 7.6 5.4 839.5 293.9 
17 80.7 127.9 74.9 47.9 3.4 0 159.0 175.8 

4,489.6 4,475.6 5,119.0 1,765.4 180.4 34.0 9,789.0 6,275.0 

9* http://rcin.org.pl
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each vo ivodsh ip a n d the sectors and economic d iv is ions of t h e G d a ń s k A g g l o m -
era t ion is set ou t in Tab l e s 5 and 6, and on F igs 1-4. 

Because each vo ivodsh ip wh ich has l inks w i t h t h e agg lomera t i on has a d i f -
f e r e n t mass t h e abso lu te sizes of t h e f lows canno t be c o m p a r e d . T h e f l o w s 
w e r e t h e r e f o r e s t a n d a r d i z e d (using equa t ion 1) us ing the n u m b e r emp loyed in 
t h e socialized e c o n o m y of t h e n - t h voivodship 12. In se lec t ing a n index of mass 
t h e fo l lowing w e r e t a k e n in to account : 

(a) t h e size of t he employed in t h e socialized economy of each vo ivodsh ip 
cor responds to t h e mass of a voivodship . 

Fig. 1. Passive links (received goods) of the port oriented sector with each settlement 
centre in Poland 

1-, 2, 3, 4, 2 0 — i s o l i n e s of 10, 20, 30, 40 a n d 200 m i l l i o n z l . N u m b e r s s t a n d i n g c l o s e t o t h e n a m e s of 
t h e b i g g e s t t o w n s e x p r e s s t h a t t h e p a s s i v e l i n k s of t h e p o r t o r i e n t e d s e c t o r r e a c h t h e i r h i g h e s t 

v a l u e s . G O P = U p p e r S i l e s i a n I n d u s t r i a l D i s t r i c t 

12 The number of employed in the socialized economy of each voivodship in 1965 
(in thousands): Gdańsk 171.1, Koszalin 192.8, Olsztyn 213.6, Bydgoszcz 438.4, Szcze-
cin 264.7, Poznań 643.0, Warszawa 1037.2, Białystok 194.4, Łódź 674.3, Zielona Góra 
243.5, Wrocław 782.9, Kielce 352.6, Opole 291,6, Katowice 1357.0, Lublin 318.4, Kra-
ków 683.0, Rzeszów 329.5. 
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(b) a m o r e accu ra t e i ndex would be to w e i g h t t he popu la t ion of a vo ivod-
ship by looking a t na t iona l income pe r person , b u t th is would b e d i f f i cu l t to 
obta in . 

(c) it wou ld be confus ing to use o the r indices, such as the v a l u e of indus -
t r ia l p roduc t ion or t he size of i nves tmen t , s ince each voivodship h a s a d i f f e r -
en t economic s t r u c t u r e and level of i nves tmen t . 

(d) t h e m o v e m e n t of goods b e t w e e n each sector and t h e res t of t he c o u n t r y 
is ca r r i ed ou t t h r o u g h the socialized economy. This also inc ludes ag r i cu l tu ra l 
p roduce despa tched by socialized agencies (buying enterpr ises) . 

One should po in t out t h a t the n u m b e r employed in t h e G d a ń s k voivodship 
was r educed by 247,044 people who w o r k w i t h i n the agg lomera t ion , since t h e 
l inks inves t iga ted w e r e the e x t e r n a l ones. 

W h e n the f lows had been s t anda rd ized and t h e d is tances of each voivod-
ship f r o m the zero point w e r e known , it w a s possible to ca lcu la te we igh t ed 
indices of f l o w (equat ion 2). U n d e r ideal condi t ions, i.e., w h e n t h e s t r e n g t h of 

Fig. 2. Active links (despatched goods) of the port oriented sector with each settle-
ment centre in Poland 

1, 2, 3, 4, 20 — i s o l i n e s of 10, 20, 30, 40 a n d 200 m i l l i o n z l . N u m b e r s s t a n d i n g c l o s e t o t h e n a m e s of 
t h e b i g g e s t t o w n s e x p r e s s t h a t t h e a c t i v e l i n k s of t h e p o r t o r i e n t e d s e c t o r r e a c h t h e i r h i g h e s t 

v a l u e s 
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t h e l inks dec rease w i t h inc reas ing d i s t ance f r o m t h e agg lomera t ion , t h e va lues 
of th is i n d e x wi l l lie on t h e s t r a i g h t l ine accord ing to t h e equa t ion V" = a con-
s tan t . 

T h e course of t h e va r i ab l e V is s h o w n on Fig . 5. T h e f i r s t two g r a p h s show 
t h e ac t ive (despatch) and pass ive (receiving) l inks of t h e po r t o r i en ted sector , 
a n d the last t w o t h e s a m e l inks in t h e n e u t r a l sector . 

T h e l ines l ink ing u p t h e i nd iv idua l poin ts on the g r a p h s should be used only 
as an aid because of t h e d iscont inui t ies in t h e p h e n o m e n a s tudied. T h e con-
t i nuous l ine shows t h e va lues f o r t h e who le sector, wh i l e the long b r o k e n l ines 
s h o w t h e va lues f o r t r a n s p o r t and goods t u r n o v e r and the shor t e r b r o k e n l ines 
t h e va lues f o r i n d u s t r y a n d bu i ld ing . In our inves t iga t ion , as t h e level of com-
par i son of t h e va r i ab l e V" w e took its ave rage , and to m e a s u r e d ispers ion — its 
va r i a t i on (equat ions 6 a n d 7). Because the p h e n o m e n a looked a t a r e f o u n d on 
d i f f e r e n t levels, w e used the coef f ic ien t of va r iance , w h i c h is a n a p p r o x i m a t e 
m e a s u r e of t h e d ispers ion , to m e a s u r e i ts d i s t r ibu t ion (equat ion 8). Ze ro v a r i a -

Fig. 3. Passive links (received goods) of the neutral sector with each settlement 
centre in Poland 

1, 2, 3, 4, 20 — i s o l i n e s of 10, 20, 30, 40 a n d 200 m i l l i o n z l . N u m b e r s s t a n d i n g c l o s e t o t h e n a m e s of 
t h e b i g g e s t t o w n s e x p r e s s t h a t t h e p a s s i v e l i n k s of t h e n e u t r a l s e c t o r r e a c h t h e i r h i g h e s t 

v a l u e s 
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t ion occurs w h e n al l t h e dev ia t ions f r o m the a v e r a g e a r e zero. T h i s is possible 
if all va lues of t he va r i ab le V" a r e equa l and these va lues a r e t h e s a m e as t he i r 
averages . W e m a y speak of a to ta l lack of va r i a t ion in the v a r i a b l e V. H o w -
ever , t he l a rge r t h e va r ia t ion and t h u s t h e l a rge r t h e coe f f i c i en t of var iance , 
t h e g r e a t e r wi l l be the d i f f e r en t i a t i on of t he i n d e x s tud ied and t h e g r e a t e r wi l l 
be the dev ia t ion f r o m the l inks wh ich become w e a k e r w i t h inc reas ing dis tance . 

F r o m Tab le 7 one can see t h a t t h e ac t ive l inks of t h e po r t o r i e n t e d sector 
h a v e the la rges t coef f ic ien t of v a r i a n c e (59%). This is exp l a ined b y the l a rge 
pos i t ive dev ia t ion of the va r i ab l e V f r o m its m e a n (see Fig. 5). T h e pass ive 
l inks of th i s sector h a v e a s o m e w h a t smal le r coef f ic ien t of v a r i a n c e (41%). 
P o r t o r i en ted t r a n s p o r t and goods t u r n o v e r have a h i g h e r dev ia t ion for des-
p a t c h ( s / m = 67%) t h a n for rece iv ing (s/m = 56%); p o r t o r i en ted i n d u s t r y and 
bu i ld ing shows t h e opposi te s i tua t ion . This is because the pass ive l inks of 
i n d u s t r y (and also of po r t o r i en ted bui ld ing) r e a c h f a r in to the coun t ry . This 
is ev idenced by t h e posi t ive dev ia t ion of t h e va r i ab l e V" for a r e a s a t some dis-

Fig. 4. Active links (despatched goods) of the neutral sector with each settlement 
centre in Poland 

1, 2, 3, 4, 20 — i s o l i n e s of 10, 20, 30, 40 a n d 200 m i l l i o n z l . N u m b e r s s t a n d i n g c l o s e t o t h e n a m e s of 
t h e b i g g e s t t o w n s e x p r e s s t h a t t h e a c t i v e l i n k s of t h e n e u t r a l s e c t o r r e a c h t h e i r h i g h e s t 
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Fig. 5. Active and passive links of the port oriented sector (1-2) and active and 
passive links of the neutral sector (3-4) 

N — v o i v o d s h i p s (1-17) a r r a n g e d i n o r d e r of i n c r e a s i n g a v e r a g e d i s t a n c e s ( " w e i g h t e d " ) f r o m t h e 
" z e r o p o i n t " , V — c o e f f i c i e n t of p o t e n t i a l c r e a t e d i n n - t h v o i v o d s h i p b y t h e m a s s of G d a n s k 

A g g l o m e r a t i o n m u l t i p l i e d b y t h e a v e r a g e d i s t a n c e ( " w e i g h t e d " ) 

TABLE 7. The average values of the variation and coefficient of variance of the variable V 

Sectors and groups 
s/m of division m s2 s/m 

Port oriented sector 
Industry and building r 157.8 14,509 0.764 

d 62.8 837 0.460 
Transport and goods r 511.7 81,375 0.558 
turnover d 663.7 200,942 0.675 

Total for the sector r 669.4 79,546 0.412 
d 723.9 182,621 0.590 

Neutral sector 
Industry and building r 162.8 2,889 0.329 

d 157.1 2,013 0.286 
Transport and goods r 184.0 7,463 0.469 
turnover d 68.9 2,590 0.739 
Other r 6.4 23 0.750 

d 2.0 5 1.150 

Total for the sector r 353.2 12,846 0.321 
d 227.4 3,636 0.265 

r — receiving, d — despatch 
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t ance f r o m t h e zero point (the Katowice , K r a k ó w and Rzeszów voivodships) . On 
t h e o ther h a n d the act ive l inks of these two divisions, omi t t i ng t he i r i n f l u e n c e 
on the f o r e l a n d of course, a r e p a r t l y local in cha rac t e r (co-opera t ive l inks). 
Because of th is t h e coef f ic ien t of va r i ance fo r rece iv ing is a lmos t doub le t h a t 
fo r despa tch . In the n e u t r a l sector t he coef f ic ien t s/m is m u c h sma l l e r b e c a u s e 
of the smal l posi t ive and nega t ive dev ia t ions of the va r i ab l e V f r o m i ts m e a n . 
This is t r u e m a i n l y of despa tch w h e r e the coef f ic ien t of v a r i a n c e is half t h a t 
of the p o r t sector (26°/o : 59%). P a r t i c u l a r l y no tab le is t h e h igh coe f f i c i en t fo r 
t r a n s p o r t a n d goods t u r n o v e r (which h a v e f a r r each ing links), w h i c h is n e a r l y 
t h r e e t imes g rea t e r t h a n t h a t fo r i ndus t ry and bu i ld ing w h i c h h a v e m a i n l y 
local l inks. T h e " o t h e r " ca tegory has v e r y h i g h s/m va lues . Th i s is a r e su l t of 
t h e d i scon t inu i ty of t he l inks of th is g roup , s ince only 12 voivodships h a v e a n y 
ac t ive l inks. 

T h u s on ly in the n e u t r a l sector, wh ich h a s smal l va lues of t he coe f f i c i en t 
s/m, can one expec t to f ind some re la t ion b e t w e e n the size of t he l inks of each 
vo ivodsh ip and d is tance f r o m the agg lomera t ion . To test t h e va l id i ty of th i s 
p h e n o m e n o n we used the C h i - s q u a r e s ta t is t ic d iv id ing the vo ivodsh ips as fo l -
lows: close ones, whose a v e r a g e d i s tance is be low 200 k m (zone I); m e d i u m , 
f r o m 201 to 400 k m (zone II); d i s t an t voivodships , over 401 k m (zone III). T h e y 
w e r e also d iv ided by the ac t iv i ty of the i r l inks into h igh (1), m e d i u m (2) and 
low (3). 

(1) H i g h l y ac t ive vo ivodships a re those fo r which : 

2 
3-min "yi^max ^min) < ^ ^ •''max ( 

(2) M e d i u m act ive voivodships : 

1 2 
"I 2~( '̂max ^"miii) < ^min + y (^max -^min) 

(3) F o r l i t t le ac t ive voivodships : 

^ m i n < X ^ ^ m i n + " Q " ( : r m a x — ^ m i n ) 

Using t h e Ch i - squa re tes t we t hen tes ted the d e p e n d e n c e b e t w e e n t h e d is -
t ance and ac t iveness of t he l inks (see foo tno te 6). 

A f t e r subs t i t u t i ng the da t a : 

rij = 4, n , ! = 6, nIU = 7 

rij = 8, n2 = 1, n3 = 8 

F o r the rece ived goods we get : yJ4J = 3.19 
Because t h e n u m b e r of deg rees of f r e e d o m is (3—1) (3—1) = 4, t h e n us ing 

the tables : 

P ( X w ^ 3.19) » 53.0°/o 

S imi la r ly , a f t e r subs t i tu t ion w e ob ta in for t h e despa tched goods: 

7ij = 4, nu = 6, n m = 7 

nx = 7, n2 = 4, n:) = 6 t hen : 
Xl , = 4 .67 

> 4.67) ^ 33«/o 
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T h e r e is a l a rge p robab i l i t y of n o n - d e p e n d e n c e (g rea te r t h a n 1/2) in the 
case of rece ived goods, and t h u s t h e r e a re no g r o u n d s fo r be l i ev ing t h a t the 
size of t h e l inks of each vo ivodsh ip in the n e u t r a l sec tor of t he G d a ń s k Ag-
g lomera t i on in a n y w a y d e p e n d s on the d i s tance f r o m t h e zero poin t . F o r des-
pa tched goods (act ive l inks) t h e r e is such a d e p e n d e n c e ; t h e p robab i l i t y of t h e r e 
be ing no d e p e n d e n c e is sma l l e r (33%), bu t is m u c h g r e a t e r t h a n t h e 5 % leve l 
of s ign i f icance g e n e r a l l y used in stat is t ics. In r e l a t ion to t h e p o r t o r i en ted 
sector the i n c r e m e n t of t h e n e u t r a l sector is u n d o u b t e d l y of a m o r e local c h a r -
acter . 

T h e r e f o r e w e m a y say t h a t t h e r e is no d e p e n d e n c e b e t w e e n t h e a r r a n g e -
m e n t of t h e ac t ive spa t i a l l inks of bo th sectors and b e t w e e n t h e pass ive l inks . 
In s ta t is t ics a m e a s u r e of th is d e p e n d e n c e is t h e co r re l a t ion coef f ic ien t (wi th 
va lues — 1 ^ Q ̂  1), w h i c h can be ca lcula ted by t h e equa t i on g iven by M. Fisz 
(1967, p. 98)13 . 

In ca lcu la t ing t h e cor re la t ion coef f ic ien ts fo r t h e pass ive l inks t h e fo l lowing 
symbols a r e emp loyed : 

Nn — r ece ived goods to the n e u t r a l sector f r o m t h e n - t h voivodship , 
P„. = rece ived goods to the p o r t o r i en ted sector f r o m t h e n - t h vo ivodsh ip . 

Cov(N.P.) 2348681 
Thus: = SN.SP. = + 2 9 1 5 Ï 5 T = + ° - 8 6 5 

T h e co r re l a t ion coef f ic ien t f o r t he ac t ive l inks can be s imi la r ly ca lcu la ted : 
Nn< = despa t ched goods f r o m the n e u t r a l sec tor to t h e n - t h voivodship , 
P n = despa t ched goods f r o m t h e po r t sector to the n - t h voivodship . 

_ , Cov(N,P,) 128624 ftv.P. = S w . S p - - ÎÔ58Ô70 = - 0 1 2 2 

F r o m t h e above w e can see t h a t t he cor re la t ion coef f ic ien t f o r the pass ive l inks 
is h igh (posi t ive corre la t ion) , and fo r t he ac t ive l inks ve ry low (negative) . T h u s 
w e can say t h e r e is no d e p e n d e n c e w h a t e v e r . 

SUMMARY 

The inves t iga t ion shows t h a t al l t h e economic d iv is ions of t h e G d a ń s k 
Agg lomera t ion , a l t hough not al l t h e fac tor ies , h a v e e x t e r n a l l inks . M o r e o v e r 
over 9 9 % of the goods f low is connec ted w i t h f o u r p roduc t iona l d iv is ions : 
indus t ry , bu i ld ing , t r a n s p o r t and goods f low. 

T h e " e x t e r n a l " u n i t s be long ing to these divis ions m a y be cons idered as t h e 
basis of t h e m a t e r i a l ac t iv i ty of t h e agg lomera t i on s tudied , since t h e y a r e t h e 
cause of t h e or ig in and f low of goods. T h e y h a v e 64% of t h e to t a l emp loyed 
in the socialized economy of the G d a ń s k Agg lomera t ion . 

D iv id ing the e x t e r n a l economy in to t h e two sectors, and t h e n c o m p a r i n g 
them, s h o w e d t h a t t h e n e u t r a l l y o r i en ted factor ies , h a v i n g mos t of t h e e m p l o y -
men t , n e v e r t h e l e s s h a d a w e a k e r spa t ia l i n f luence t h a n t h e po r t o r i en ted f a c -
tories. This is expressed by t h e p e r c e n t a g e ra t io of 26.6 : 73.4. In these l inks 

1 yi (Nn-mi)(Pn-m->) 
" 17 ¿ , Si-S, ' 

where mi, m2, S2, S\ are the appropriate average values, and the variations of the 
variables N and P, having values for both the port and neutral oriented sectors. 
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t w o zones of i n f luence m a y be d is t inguished . T h e f i r s t zone h a s a v e r y local 
c h a r a c t e r and concerns l inks of t he n e u t r a l sector, a l t hough only in despa tch ing 
can one f ind a m o r e or less con t inuous decrease in the s t r e n g t h of t h e f low 
w i t h increas ing d is tance f r o m t h e zero po in t (see t h e resu l t s of t h e C h i - s q u a r e 
test). This is ma in ly t r u e of i ndus t ry , w h o s e p roduc t s la rge ly go to sa t i s fy the 
r eg iona l m a r k e t . Bui lding, h o w e v e r , uses local r a w ma te r i a l s and suppl ies . T h e 
second zone has l inks of a na t iona l c h a r a c t e r and concerns those l inks w i t h the 
po r t o r i en ted sector. Typica l of these l inks is t he w ide d i sp ropor t i on b e t w e e n 
t h e i n f luence of t he seapor t and t h a t of po r t i n d u s t r y and bui ld ing . If one takes 
the va lue of the f lows b e t w e e n the po r t and its h i n t e r l a n d as 100, t h e n the 
va lue s for t h e o ther divisions of the po r t o r i en ted sector a r e 14.7°/o f o r indus t ry 
and 1.5% for bui ld ing. This is because the po r t s of G d a ń s k and G d y n i a supply 
needs to the whole coun t ry , as opposed to the m a i n l y one-s ided pass ive l inks 
of i n d u s t r y and bui ld ing . 

T h e cor re la t ion coeff ic ien ts show t h a t t h e r e is a l a rge d e p e n d e n c e b e t w e e n 
the pass ive l inks of the po r t and n e u t r a l l y o r i en ted sectors ( + 0.865), t e s t i fy ing 
to a common source of r a w ma te r i a l s and suppl ies . At the s ame t ime , m e a s u r e -
m e n t s of t h e in tens i f i ca t ion of t he goods f l o w showed s imi lar va lue s fo r bo th 
sectors , i.e., h i g h va lues of t he coef f ic ien ts of va r iance . T h e r e f o r e t h e source of 
r a w m a t e r i a l s could be common to both sectors, and a t some d i s tance . 

T h e ac t ive l inks p resen t t he r eve r se s i tua t ion. T h e coef f ic ien t s of va r i ance 
s h o w d i f fe rences , be ing la rge fo r t he po r t sector and smal l fo r t he n e u t r a l sec-
tor . The i r cor re la t ion is ve ry w e a k (-0.122), and so one can ta lk abou t a comple te 
lack of d e p e n d e n c e b e t w e e n t h e p h e n o m e n a looked at. T h u s the m a r k e t s fo r 
bo th sectors a re d i f f e r e n t ; t hey a r e d i s t an t in t h e case of the p o r t o r i en ted 
sector and close for t he n e u t r a l sector. T h e above poin ts to the f ac t t h a t specia l -
ized func t ions , t h a t is t he por t act ivi t ies and i n d u s t r y (port or iented) , h a v i n g 
d ispersed c o u n t r y — wide l inks, d o m i n a t e the economy of the G d a ń s k A g g l o m -
e ra t ion . Equa l ly t h e typical f u n c t i o n s of l a rge t o w n s (goods t u r n o v e r and 
t r a n s p o r t of the p o r t - n e u t r a l sector) a r e no t m e r e l y regional . A p a r t f r o m t h e 
b u i l d i n g of houses only i ndus t ry wh ich is no t po r t o r ien ted has s imp ly a local 
s p h e r e of in f luence . This can be t a k e n as ev idence of its smal l p r o d u c t i o n a l 
po ten t ia l , w h i c h is concen t ra t ed w i t h i n the agg lomera t ion w i t h w e a k l inks 
w i t h t h e res t of t h e coun t ry . 

I n s t i t u t e of G e o g r a p h y 
Po l i sh A c a d e m y of Sciences, W a r s a w 
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