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Sta bi li ty of the na tu ral en vi ron ment
as a sub ject of geoe co lo gi cal re se arch

Stabilnoœæ œrodowiska przyrodniczego jako przedmiot
badañ geoekologii

Abs trakt: Sta bi l noœæ œro do wi ska przy rod ni cze go zde fi nio waæ mo ¿ na jako „stopieñ jego trwa³oœci
w wa run kach nie zmien ne go oto cze nia i zdo l noœæ po wro tu do sta nu zbli ¿o ne go do po prze dnie go
po za ko ñ cze niu od dzia³ywa nia ze w nê trz nych czyn ni ków zak³óce nio wych” (Ri chling, So lon 1998,
zmie nio ne). Ba da nia sta bi l no œci œro do wi ska ba zuj¹ na te o rii sy ste mów, zak³adaj¹cej, ¿e œro do wi sko
okre œlo ne go ob sza ru mo ¿ na tra kto waæ jako ge o sy stem lub ze spó³ ge o sy ste mów. Tra ktuj¹c
œro do wi sko przy rod ni cze jako ge o sy stem wa r to zwró ciæ uwa gê, ¿e nie jest to sy stem w pe³ni
iden ty cz ny w sto sun ku do sy ste mów opi sy wa nych jê zy kiem mate ma ty cz nym. Przy ro da, œro do wi sko,
krajo braz – to „byty” dy na mi cz ne, sta le pod le gaj¹ce ró ¿ ne go ro dza ju zmia nom. Sta bi l noœæ
ge o  sy ste mów jest za tem sta bi l no œci¹ dy na miczn¹ – ge o sy ste my sta bi l ne ule gaj¹ ewo lu cy j nym
zmia nom, ale ce chuj¹ siê usta lo nym ro dza jem fun kcjo no wa nia (Wi da cki 1979b). A za tem nie ist nie je – 
na wet w wa run kach nie zmien ne go oto cze nia – pe³na trwa³oœæ przy ro dy czy krajo bra zu; wraz bo wiem
z up³ywem cza su œro do wi sko pod le ga ró ¿ ne go ro dza ju zmia nom. Tym bar dziej nie mo ¿ na mó wiæ
o pe³nym po wro cie do sta nu ory gina l ne go po za ko ñ cze niu od dzia³ywa nia czyn ni ków zak³ócaj¹cych.
Ze w nê trz ne od dzia³ywa nie na ge o sy stem mo ¿ na okre œliæ jako bo dziec; bo dŸ ce mog¹ wywo³ywaæ (ale
wca le nie musz¹) w ge o sy ste mie okre œlo ne sku t ki. Kon kre t ne efe kty tych od dzia³ywañ to zak³óce nia.
Bo dŸ ców nie na le ¿y uto ¿ sa miaæ z zak³óce nia mi cho æ by z tej przy czy ny, ¿e czêsto geosystem nie ulega
bodŸcom („odrzuca” bodziec), a zatem choæ poddawany jest zewnêtrznej presji – nie podlega
zak³óceniom (ryc. 1). Podstawowymi parametrami stabilnoœci s¹ ekwifinalnoœæ, sta³oœæ, bezw³adnoœæ,
odpornoœæ i elastycznoœæ (ryc. 2).

W li te ra tu rze przed mio tu mo ¿ na wska zaæ dwa pod sta wo we po dej œcia do sta bi l no œci œro do wi ska. 
Pie r wsze z nich to po dej œcie „przyrodnicze”; w tym ujê ciu krajo braz sta bi l ny to krajo braz, w któ rym
stru ktu ra i fun kcjo no wa nie nie ule gaj¹ znacz¹cym, nie od wra cal nym zmia nom (Gi gon 1983;
de Fon se ca 1990 i in.). Dru gie po dej œcie mo ¿ na okre œliæ jako „utylitarne”; zgod nie z nim œro do wi sko
sta bi l ne jest przy da t ne do go spo dar cze go wy ko rzy sta nia i stwa rza mo ¿ li woœæ d³ugo ter mino we go,
„bezpiecznego” ko rzy sta nia z jego za so bów (B. Mes se r li 1983, P. Mes se r li 1983, Wi ni ger 1983,
Fu en tes 1984, Ge ta hun 1984, Kien holz, Ha f ner, Schne i der 1984). Nie któ rzy ba da cze po dej muj¹
pró by syn te zy obu tych po dejœæ (Kien holz, Ha f ner, Schne i der 1984). Za rów no po dej œcie
„przyrodnicze” jak „utylitarne” mo ¿ na uz naæ za obie cuj¹ce ba da w czo. Mimo po ten cja l nie bar dziej
uty lita r ne go cha ra kte ru dru gie go po dej œcia, oba stwa rzaj¹ zbli ¿o ne mo ¿ li wo œci wy ko rzy sta nia
uzy ska nych wy ni ków dla po trzeb pra kty cz nych, cze go do brym przyk³adem jest opra co wa nie
A. Gigona (1983).
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Ba da nia sta bi l no œci krajo bra zu win ny po szu ki waæ od po wie dzi na dwa za sad ni cze py ta nia:
o trwa³oœæ œro do wi ska w sy tu a cji, gdy nie wy stê puj¹ znacz¹ce bo dŸ ce ze w nê trz ne oraz o spo sób
re a kcji œro do wi ska na znacz¹ce bo dŸ ce ze w nê trz ne.

Na su waj¹ siê na stê puj¹ce mo ¿ li wo œci ba da w cze:
– Me to da po rów na w cza – okre œle nie sta nu œro do wi ska w ró ¿ nych mo men tach cza so wych (naj le piej

ma ksy ma l nie od leg³ych od sie bie). S³u¿y g³ów nie ba da niom sta³oœci œro do wi ska.
– Prze pro wa dze nie ci¹gu ob se r wa cji sta nu œro do wi ska – okre œle nie kie run ku prze mian œro do wi ska

sta no wi wa¿n¹ przes³ankê dla okre œle nia jego sta bi l no œci.
– Ba da nia po da t no œci œro do wi ska, tra kto wa nej jako prze ciw ie ñ stwo sta bi l no œci. Ba da nia tego typu

po zwa laj¹ na wnio sko wa nie o sta bi l no œci ge o sy ste mów, któ re (je sz cze) nie uleg³y zmia nom.
– Za sto so wa nie wska Ÿ ni ków (miar) sta bi l no œci. Po zwa la na po rów ny wa nie ze sob¹ ró ¿ nych czyn ni ków

za rów no ja ko œcio wych, jak i ilo œcio wych, któ re okre œlaæ mog¹ za rów no „sk³on noœæ” œro do wi ska do
pod le ga nia zmia nom (po da t noœæ), jak i syg na li zo waæ za chodz¹ce rze czy wi œcie – pod wp³ywem
ze w nê trz nych bo dŸ ców – zmia ny stru ktu ry œro do wi ska, jego or ga ni za cji i fun kcjo no wa nia.
Obok wy mie nio nych wy ¿ej me tod, po wa ¿ ne mo ¿ li wo œci wy daj¹ siê tkwiæ – mimo ró ¿ nych

ogra ni czeñ – w eks pe ry men tach ba da w czych i sy mu la cji kom pu te ro wej. Pe³ne za sto so wa nie tych
me tod w ba da niach sta bi l no œci œro do wi ska jest jed nak kwe sti¹ – byæ mo¿e nie od leg³ej – ale jed nak
przysz³oœci.

S³owa klu czo we: geo e ko lo gia, po da t noœæ, sta bi l noœæ, œro do wi sko przy rod ni cze

Key words: geo e co lo gy, sus cep tibi li ty, sta bi li ty, na tu ral en vi ron ment 

The con cept of sta bi li ty

Among the many re se arch pro blems of the wi de ly un de r sto od geo e co lo gy,
re la ti ve ly lit t le at ten tion has been – up till now – paid to the is sue of sta bi li ty of
the na tu ral en vi ron ment. Ri chling, So lon (1998), qu o ting nu me ro us au t hors
(among ot hers, Hurd et al. 1971; Su t he r land 1981; Bu cek, La ci na 1985; Jur ko
1987, Toc co li ni 1991), de fi ne sta bi li ty (from Lat. sta bi lis) of a sy stem as du ra -
bi li ty (i.e. inva ria bi li ty of in trin sic cha rac te ri stics) un der the con di tions of in -
va ria b le sur ro un dings and a ca pa bi li ty to re turn to the ori gi nal sta te af ter the
di stur bing ex te r nal fa c tors have ce a sed. On that ba sis Ma li no wska, Le wan do -
wski, Ha ra si miuk (2004) de fi ne lan d s ca pe sta bi li ty as du ra bi li ty, re si stan ce of
lan d s ca pe to the ac tion of ex te r nal fa c tors and an abi li ty to re turn to the pri me -
val sta te. Ac cor ding to that ap pro ach re se arch upon sta bi li ty of the en vi ron -
ment is ba sed on the sy stems the o ry, as su ming that the en vi ron ment of a ce r ta -
in area may be tre a ted as a ge o sy stem or a set of ge o sy stems. The sy stem ap -
pro ach as su mes that the na tu ral en vi ron ment (lan d s ca pe) con sti tu tes a who le,
be ing so me t hing more that a sum of co m po nents; fe a tu res and re la tions be twe -
en them con so li da te the “who le”, i.e. a ge o sy stem (Cho r ley, Ken ne dy 1971,
Trepl 1993, Pie trzak 1998).

Con si de ring the na tu ral en vi ron ment as a ge o sy stem, at ten tion sho uld be
paid that it is not a sy stem ful ly iden ti cal with sy stems de scri bed by a mat he -
ma ti cal lan gu a ge; sin ce the es sen ce of na tu ral pro ces ses dif fers sig nifi can t ly
from the es sen ce of mat he ma ti cal fun c tions, for which the de fi ni tion of sta bi li -
ty qu o ted abo ve was cre a ted. Na tu re, en vi ron ment, lan d s ca pe – they are dy na -
mi cal “be ings”, con stan t ly un de r go ing chan ges of va rio us kinds. Sta bi li ty of
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ge o sy stems is a dy na mi cal sta bi li ty – sta b le ge o sy stems un de r go revo lu tio na ry 
chan ges, but they are cha rac te ri zed with a fi xed kind of fun c tio ning (Wi da cki
1979b).  Thus a co m p le te du ra bi li ty of na tu re or lan d s ca pe – even un der the
con di tions of in va ria b le sur ro un dings – does not exist; sin ce with the pas sing
of time the en vi ron ment un de r go es chan ges of va rio us kinds. The more we
can not talk abo ut a co m p le te re turn to the ori gi nal sta te af ter the ac tion of di -
stur bing fa c tors have ce a sed. Even pas sing over the pro blem – what is the ori -
gi nal sta te to the en vi ron ment, the en vi ron ment may, at the most, re turn to
a sta te si mi lar to the pre vio us one, exi sting be fo re a di stur ban ce oc cur red. The -
re fo re the sta bi li ty of the na tu ral en vi ron ment may be de fi ned as a de gree of its
du ra bi li ty un der the con di tions of in va ria b le sur ro un dings and a ca pa bi li ty to
re turn to a sta te si mi lar to the pre vio us one af ter the ac tion of di stur bing fa c tors
have ce a sed.

Di stur ban ce fa c tors

Di stur ban ce fa c tors in flu en cing the en vi ron ment or lan d s ca pe are na med with 
se ve ral, pa r t ly ove r lap ping terms. The most fre qu en t ly used one is the term sti -
mu lus, which is most ge ne ral ly ex p la i ned as a fa c tor evo king a re a c tion of “so -
me t hing” (So bol 1995).  The term pres su re may also be used, ma in ly re gar ding
hu man ac tions (an thro po pres sure). Ano t her term be ing used is di stur ban ce; it
may be ex p la i ned as any sin gle event up set ting a ge o sy stem. A si mi lar phe no me -
na, but of a con ti nu o us cha ra c ter, may be te r med as stress (Gri me 1979, Tu r ner
et al. 1988). Ri chling, So lon (1998) ri g h t ly draw at ten tion to the re la ti vi ty of the
terms – di stur ban ce and stress; de pen ding on a time sca le and kind of ge o sy stem
sub ject to an ac tion the same event may be con si de red as sin gle or con ti nu o us.
Hen ce, the au t hors use the uni form term di stur ban ce, de scri bing both con ti nu o -
us and sin gle ac tions. It se ems neve r t he less ne ces sa ry that the con cepts of a sti -
mu lus and a di stur ban ce sho uld be con si de red se pa ra te ly. An ac tion upon a ge o -
sy stem is one thing, the ef fects that it evo kes in a ge o sy stem are ano t her.  An im -
po r tant pro per ty of ge o sy stems is a ca pa bi li ty to put up a ce r ta in re si stan ce to an
ac ting sti mu li i.e. ine r tia. Ine r tia ma kes it po ssi b le to eli mi na te some sti mu li or to 
spre ad the re a c tion over a ce r ta in time (Wi da cki 1979a).

An ex te r nal ac tion upon a ge o sy stem may be then te r med as a sti mu lus; sti -
mu li may (but do not have to) evo ke spe ci fic ef fects in a ge o sy stem. The term
sti mu lus may be iden ti fied with the term stres sor, so me ti mes used in bio lo gi cal 
scien ces. The spe ci fic ef fects of tho se ac tions are di stur ban ces. Sti mu li sho uld
not be iden ti fied with di stur ban ces at le ast be ca u se of the re a son that if a ge o -
sy stem does not sub mit to sti mu li, it does not chan ge (it “re jects” a sti mu lus)
and even tho ugh it is sub ject to ex te r nal pres su re – it does not un de r go di stur -
ban ces (fig. 1). The term pres su re, in turn, sho uld be used exc lu si ve ly as re -
gards hu man ac tions. 
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Pa r tial and ge ne ral sta bi li ty

The re are two dif fe rent ap pro a ches to the con cept of the sta bi li ty of the en vi -
ron ment that can be di stin gui s hed in li te ra tu re. Ac cor ding to one, re pre sen ted,
among ot hers, by Ružièka et al. (1983), only a “pa r tial” sta bi li ty exists, thus
a sta bi li ty in re la tion to so me t hing – spe ci fic sti mu li oc cur ring or po ssi b le to
oc cur in a gi ven si tu a tion. Ac cor ding to that ap pro ach (Ri chling, So lon 1998)
sta bi li ty does not exist as a uni ve r sal va lue, be ing ra t her an ope ra tio nal con -
cept; it can be said that sta bi li ty un de r sto od that way de te r mi nes a re a c tion of
the en vi ron ment to the ma ni fe sta tions of va rio us physi cogeo grap hi cal pro ces -
ses. It is worth po in ting out that sta b le in re la tion to so me t hing in pra cti ce me -
ans re si stant to so me t hing (e.g. a rock re si stant to we at he ring, a spe cies re si -
stant to tem pe ra tu re flu c tu a tions, a lan d s ca pe re si stant to an thro po ge nic chan -
ges). Thus, the ap pro ach be ing de scri bed na rrows the con cept of sta bi li ty, brin -
ging it clo se to the con cept of re si stan ce.
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Fig. 1. A mo del of a ge o sy stem – sti mu lus – di stur ban ce re la tion
Ex p la na tions: A – ge o sy stem, B – sti mu lus, C – sti mu lus ac tion, D – di stur ban ce,
E – sti mu lus re je c tion

Ryc. 1.  Mo del re la cji ge o sy stem – bo dziec – zak³óce nie
Ob ja œ nie nia: A – ge o sy stem, B – bo dziec, C – od dzia³ywa nie bo dŸ ca, D – zak³óce nie,
E – od rzu ce nie bo dŸ ca



The ot her ap pro ach as su mes a po ssi bi li ty to di stin gu ish a ge ne ral sta bi li ty,
so in re la tion to all ac tions po ssi b le (Ri chling 1976). That ap pro ach is re pre -
sen ted by nu me ro us au t hors (Mes se r li 1983, Pfi ster 1983, Fu en tes 1984, Ge ta -
hun 1984, de Fon se ca 1990, et al.). Kon dra cki, Ri chling (1983) sho r t ly de fi ne
lan d s ca pe sta bi li ty as re si stan ce to all chan ges. In that ap pro ach sta bi li ty con -
sti tu tes one of the ge ne ral pro per ties of the na tu ral en vi ron ment – it is “sta bi li ty 
in ge ne ral”, not only “sta bi li ty in re la tion to so me t hing”. That at ti tu de ex tends
sta bi li ty to a rank of a uni ve r sal con cept, a “com pre hen si ve” one, we co uld say. 
Sta bi li ty un de r sto od that way be longs, or at le ast sho uld be long, to ba sic re se -
arch is su es of lan d s ca pe eco lo gy.

Pa ra me ters of sta bi li ty

Ri chling, So lon (1998) po int out five ma jor pro per ties of sy stems, which
make up the con cept of sta bi li ty. They are: equi fi na li ty, con stan cy, ine r tia, re -
si stan ce and ela sti ci ty. We can la bel tho se pro per ties as pa ra me ters of sta bi li ty
(fig. 2).

The most ge ne ral pa ra me ter of sta bi li ty is equi fi na li ty – an abi li ty to achie ve 
the same fi nal sta te wi t hin de ve lo p ment un der dif fe rent sta r ting con di tions and 
in a dif fe rent way (Ber ta lan f fy 1984, af ter Ri chling, So lon 1998). It is worth
re min ding that in ge o sy stems a re turn to a sta te iden ti cal with the sta r ting one
(i.e. equi fi na li ty sen su stri c to) does not oc cur.  Hen ce, in the case of na tu ral re -
se arch, equi fi na li ty de no tes whe t her at all and to what de gree (ful ly, pa r tial ly)
the en vi ron ment is able to re turn to a sta te si mi lar to the ini tial one af ter a di -
stur ban ce has ce a sed (fig. 2, pha ses A–H). Then a qu e stion eme r ges, what can
be de scri bed as a sta te si mi lar to the ini tial one. Ma king use of a the sis by C. de
Fon se ca (1990): A lan d s ca pe is sta b le as long as its pre sent or ga ni za tion lasts
we can as su me that a ge o sy stem si mi lar to the ini tial ge o sy stem ought to have
a si mi lar stru c tu re, way of fun c tio ning and di re c tion of de ve lo p ment. It does
not mat ter whe t her tho se pro per ties su r vi ved the ac tion of a sti mu lus or they
have been “re ga i ned” by a ge o sy stem due to the pro cess of re la xa tion (Wi da -
cki 1979a). Thus, ge o sy stems cha rac te ri zed by a la r ge de gree of equi fi na li ty
ma in ta in the ir or ga ni za tion and are able to re turn to sta tes si mi lar to the ini tial
ones even in spi te of very strong di stur ban ces, fo r med un der the in flu en ce of
strong sti mu li. And the ot her way ro und, ge o sy stems of low equi fi na li ty ea si ly
chan ge the ir or ga ni za tion and do not re turn to sta tes si mi lar to the ini tial ones,
even if the ac tion of a sti mu lus is re la ti ve ly weak and the di stur ban ce, fo r med
due to its ac tion, insi g ni fi cant.

The ot her pa ra me ters give more de ta il to the con cept of sta bi li ty. Con stan cy
de no tes du ra bi li ty (inva ria bi li ty) of a sy stem wi t hin a ce r ta in pe riod of time
(Ma li no wska, Le wan do wski, Ha ra si miuk 2004). As re gards na tu ral phe no me -
na, du ra bi li ty is de fi ni te ly a bet ter term than inva ria bi li ty. That is be ca u se ge o -

Stability of the natural environment as a subject of geoecological... 105



sy stems even wi t hin short pe riods of time are not ful ly in va ria b le (Wi da cki
1979b). Un less trans fo r ma tions oc cur ring in them ca u se a vio la tion of
a geosystem’s or ga ni za tion, it can be de scri bed as du ra b le (not in va ria b le, tho -
ugh). It is worth pa y ing at ten tion to the im po r tan ce of a time sca le. In fi gu re 2
sta bi li ty cha rac te ri zes the ge o sy stem in pha ses A to D; in pha se E it is cha rac te -
ri zed with a com p le te ly dif fe rent or ga ni za tion. Ho we ver, con si de ring a si mi lar 
ge o sy stem from a wi der per spe c ti ve (pha ses A to H), we can re gard it as du ra b -
le (as it is able to re turn to its pre vio us or ga ni za tion), and the di stur ban ces oc -
cur ring in the me an ti me – as epi so des of lit t le sig ni fi can ce. 

Re si stan ce is most of ten de fi ned as a thre s hold va lue for the pa ra me te res of
a system’s sur ro un dings, at which the sy stem does not chan ge or its chan ges are
re ver si b le af ter the di stur ban ce has ce a sed  (Su t he r land 1981, Ha l pern 1988).
In so me de fi ni tions a “system’s sur ro un dings” is re p la ced with a “sy stem” it self
(Ma li no wska, Le wan do wski, Ha ra si miuk 2004); ac cor ding to that tho se thre s -
hold va lu es are in he rent in the ob ject sub ject to a di stur ban ce and not in e.g. the
sti mu lus (e.g. in its in cre a sing fo r ce). It se ems that, as re gards ge o sy stem sta bi li -
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Fig. 2. Pa ra me ters of sta bi li ty
Ex p la na tions: A–H Sta ges of a geosystem’s de ve lo p ment; 1 – equi fi na li ty,
2 – con stan cy, 3 – re si stan ce, 4 – ine r tia, 5 – ela sti ci ty

Ryc. 2. Pa ra me try sta bi l no œci
Ob ja œ nie nia: A–H Sta dia roz wo ju ge o sy ste mu, 1 – ekwi fi na l noœæ, 2 – sta³oœæ,
3 – od po rnoœæ, 4 – bezw³ad noœæ, 5 – ela sty cz noœæ 



ty, tho se thre s hold va lu es, af ter ex ce e ding which a di stur ban ce oc curs, sho uld be 
so ught in the re la tion: stimulus’s fo r ce – ge o sy stem cha rac te ri stics. In fi gu re 2 it
oc curs be twe en pha ses D and E. Hen ce, re si stan ce wo uld be best de fi ned as
a thre s hold va lue of the pa ra me ters of the sti mu lus – ge o sy stem re la tion s hip,
at which the or ga ni za tion of the ge o sy stem does not chan ge or the chan ges are
re ver si b le af ter the ac tion of the sti mu lus has ce a sed. 

Ine r tia is a pa ra me ter oc cur ring only in the case of some ge o sy stems and
some kinds of di stur ban ces. Ine r tia can be de fi ned as a de lay of re a c tion to
a sti mu lus; a chan ge of the or ga ni za tion of a ge o sy stem oc curs af ter some time
af ter the ap pe a ran ce of a sti mu lus and it re sults not from a chan ge in the stimu -
lus- geo sy stem re la tion s hip (e.g. an in cre a se in the fo r ce of a sti mu lus) but from 
the long time of the exi sten ce of that re la tion s hip (fig. 2, pha ses B-D).  It can be 
said that the ap pe a ran ce of a di stur ban ce is then an ef fect of a geosystem’s “fa -
ti gue” (ana lo gi cal to ma te rial fa ti gue in bu i l dings and te ch ni cal ap p lian ces),
ex po sed to lon g - la sting, con ti nu o us in flu en ce. It is worth pa y ing at ten tion that
ine r tia can be de scri bed only in the case of ge o sy stems which re al ly have been
di stur bed; if even a lon g - la sting pres su re does not ca u se an ex ce e ding of the
thre s hold of a geosystem’s re si stan ce, the pa ra me ter ine r tia has no more re a son 
for exi sten ce.  Wi da cki (1979a) uses the term re a c tion time to de scri be the pe -
riod be twe en the mo ment of a stimulus’s ac tion and a geosystem’s re a c tion to
the sti mu lus. Let us note that the end of that pe riod can be both a di stur ban ce as
well as a “re je c tion” of the sti mu lus by the ge o sy stem. 

Ela sti ci ty de no tes the rate, the way and the de gree in which the ini tial cha -
rac te ri stics of a sy stem are re con stru c ted af ter the oc cur ren ce of a di stur ban ce
(Ri chling, So lon 1998). A pe riod, wi t hin which a re turn to a sta te si mi lar to the
ini tial one (fig. 2, pha ses E to H) ta kes pla ce, is cal led a pe riod of re la xa tion
(Wi da cki 1979a). Over that time a ge o sy stem re con structs the or ga ni za tion
it had be fo re the oc cur ren ce of a di stur ban ce. The length of a re la xa tion pe riod
de pends on, among ot hers (Cho r ley, Ken ne dy 1971): the cur rent sta te of a ge o -
sy stem, re si stan ce of pa r ti cu lar parts of a ge o sy stem (e.g. re si stan ce of the
environment’s ele ments) and the geosystem’s de gree of com p le xi ty. A term
 similar to ela sti ci ty is re si lien ce; that con cept is used, among ot hers, by Fu en -
tes (1984) in the re se arch upon the in flu en ce of man on the fun c tio ning of
 ecosystems.

Sus cep tibi li ty of the en vi ron ment

The set of pro per ties di s cus sed abo ve con sti tu tes a fun da men tal, from the
vie w po int of the re se arch upon sta bi li ty, fe a tu re that can be la bel led as sus cep -
tibi li ty of the en vi ron ment. It can be de fi ned as the environment’s ease to sub -
mit to va rio us sti mu li (Ba lon 2001). In a ce r ta in sen se sus cep tibi li ty is the
 opposite of sta bi li ty: more sta b le ge o sy stems are less sus cep ti b le to va rio us
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 stimuli and are cha rac te ri zed with a gre a ter de gree of du ra bi li ty. Less sta b le
ge o sy stems are more sus cep ti b le to sti mu li and the re fo re sub mit to di stur ban -
ces of va rio us kinds with a gre a ter ease (Pfi ster 1983). 

It is worth no ti cing that a geosystem’s re a c tion to a sti mu lus (fig. 3) de pends 
both on the cha rac te ri stics of the ge o sy stem it self as well as on the kind of sti -
mu li in flu en cing the ge o sy stem, the ir fo r ce, way and length of the ir in flu en ce
(Ba lon 2001). A weak sti mu lus may ca u se a si mi lar di stur ban ce in a ge o sy stem 
of lit t le sta bi li ty as a strong sti mu lus in a ge so sy stem of a la r ge de gree of sta bi -
li ty (fig. 3, ca ses B and C). Thus, a ba sic im po r tan ce for sta bi li ty sho uld be at -
tri bu ted to the re la tion be twe en the fo r ce of a sti mu lus and a geosystem’s sus -
cep tibi li ty. 

The con cept of sus cep tibi li ty is si mi lar to sen si ti vi ty and eco lo gi cal la bi li ty
by A. Gi gon (1983), yet both the terms are used ma in ly re gar ding the bio tic
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Fig. 3. A mo del of a re la tion: sti mu lus fo r ce – geosystem’s sus cep tibi li ty
Ex p la na tions: 
A1–A2 Strong sti mu lus – high sus cep tibi li ty
B1–B2 Strong sti mu lus – low sus cep tibi li ty
C1–C2 Weak sti mu lus – high sus cep tibi li ty
D1–D2 Weak sti mu lus – low sus cep tibi li ty

Ryc. 3.  Mo del re la cji: si³a bo dŸ ca – po da t noœæ ge o sy ste mu
Ob ja œ nie nia: 
A1–A2 Si l ny bo dziec – du¿a po da t noœæ
B1–B2 Si l ny bo dziec – ma³a po da t noœæ
C1–C3 S³aby bo dziec – du¿a po da t noœæ
D1–D2 S³aby bo dziec – ma³a po da t noœæ



part of the en vi ron ment, un li ke sus cep tibi li ty used both for the abio tic and bio -
tic co m po nents (Va r sa vo va 2003). 

Na tu ral and uti li ta rian ap pro ach

In the subject’s li te ra tu re it is po ssi b le to di stin gu ish two main ap pro a ches to 
the sta bi li ty of the en vi ron ment. One of them is the “na tu ral” ap pro ach; ac cor -
ding to that at ti tu de a sta b le lan d s ca pe is a lan d s ca pe, in which stru c tu re and
fun c tio ning do not un de r go si g ni fi cant, irre ver si b le chan ges (Gi gon 1983, de
Fon se ca 1990 etc.). The ot her ap pro ach can be de scri bed as “uti li ta rian”; ac -
cor ding to that a sta b le en vi ron ment can be use ful for eco no mic ac ti vi ty and
ena b les a lon g - term, “safe” use of its re so u r ces (B. Mes se r li 1983, P. Mes se r li
1983, Wi ni ger 1983, Fu en tes 1984, Ge ta hun 1984, Kien holz, Ha f ner, Schne i -
der 1984). M. Wi ni ger (1983), for exa m p le, sta tes that the main ra tio na le for
di stin gui s hing sta b le eco sy stems is the ir du ra bi li ty wi t hin the span of at le ast
two - t hree hu man ge ne ra tions. B. Mes se r li (1983) di stin gui s hes four kinds of
eco sy stems as re gards the ir sta bi li ty: a sta b le eco sy stem ena b les a lon g - term
use of the environment’s re so u r ces. A vul ne ra b le eco sy stem also ena b les
a lon g - term use of the environment’s re so u r ces but, to ma in ta in sta bi li ty, re qu -
i res a pa r ti cu lar ca u tion in eco no mic ac ti vi ty and a la r ge in put of “en try ene r -
gy” (in ve st ment by man). In a fra gi le eco sy stem eco no mic ac ti vi ty may be car -
ried out, but, to ma in ta in sta bi li ty, it re qu i res a con stant co m pen sa tion with
“an thro po ge nic ene r gy”. In an in sta b le eco sy stem it is vi r tu al ly im pos si b le to
con duct any eco no mic ac ti vi ty; even small chan ges in tro du ced by man ca u se
de gra da tion of the en vi ron ment. 

Gi gon (1983), re pre sen ting the “na tu ral” ap pro ach, di stin gui s hes eco lo gi cal 
sta bi li ty, op po sing it to in sta bi li ty. He de fi nes eco lo gi cal sta bi li ty as an
ecosystem’s du ra bi li ty along with its ca pa bi li ty to re turn to the ini tial sta te af -
ter a chan ge has oc cur red. De pen ding on the kind of di stur ban ce fa c tors oc cur -
ring and the ap pe a ran ce of di stur ban ce os cil la tions – he di stin gui s hes four ty -
pes of sta bi li ty: con stant, cy c lic, re si stant and ela stic.  Eco lo gi cal in sta bi li ty –
a pro cess of irre ver si b le chan ges in a ge o sy stem tied with a lack of ca pa bi li ty
to re turn to the ini tial sta te af ter the oc cur ren ce of a chan ge – can be sub di vi ded 
into na tu ral en do ge no us,  na tu ral exo ge no us  and  an thro po ge nic. What sho -
uld be no ted is the di stin gui s hing of en do ge no us in sta bi li ty; it im p lies that the -
re exist in sta b le eco sy stems, whe re di stur ban ces oc cur wi t ho ut the ap pe a ran ce
of ex te r nal sti mu li, so to say – by na tu re he a ding for de stru c tion, a chan ge in
the ir own or ga ni za tion. Apart from sta bi li ty and in sta bi li ty A. Gi gon di stin gui -
s hes the al re a dy men tio ned eco lo gi cal la bi li ty, which he de fi nes as an
ecosystem’s di stinct pro ne ness for irre ver si b le chan ges. 

Kien holz, Ha f ner, Schne i der (1984) at te m p ted a syn the sis of the both ap -
pro a ches – the “na tu ral” one and the “uti li ta rian” one. They di stin gu ish the fol -
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lo wing ty pes of are as: sta b le – po ssi b le for per ma nent use, ca pa b le to re turn to
equ i li brium af ter the oc cur ren ce of di stur ban ces, in sta b le – sus cep ti b le to di -
stur ban ces, in ca pa b le to re turn equ i li brium af ter the oc cur ren ce of di stur ban -
ces  “on the ir own” (wi t ho ut hu man in ter ven tion),  con di tio nal ly in sta b le – sus -
cep ti b le to di stur ban ces in ce r ta in si tu a tions, for exa m p le un der a too strong
pres su re by man, qua si- sta b le – po ten tial ly un sta b le, not sub mit ting to di stur -
ban ces thanks to an “an ti ci pa ting” hu man in ter ven tion.   

Both the “na tu ral” as well as the “uti li ta rian” ap pro ach can be re gar ded as
pro mi sing as far as re se arch is con ce r ned. At ten tion sho uld be paid, ho we ver,
that the “na tu ral” ap pro ach is much clo ser to the de fi ni tion of sta bi li ty ad op ted
in the in tro du c tion to the con si de ra tions he re in. Mo re o ver, in spi te of a po ten -
tial ly more uti li ta rian cha ra c ter of the ot her ap pro ach, both of them cre a te si mi -
lar oppo r tu ni ties for the use of ob ta i ned re sults for pra cti cal ne eds. An exa m p le 
of that may be a pa per by Gi gon (1983) de te r mi ning the ru les of ra tio nal eco -
no mic ac ti vi ty in are as cha rac te ri zed sta bi li ty of a dif fe rent kind.

Re se arch upon sta bi li ty – oppo r tu ni ties and me t hods
Ac cor ding to the ad op ted de fi ni tion, re se arch upon lan d s ca pe sta bi li ty

ought to seek an swers to the two cru cial qu e stions: 
– Abo ut the environment’s sta bi li ty (du ra bi li ty of its or ga ni za tion – stru c tu re,

way of fun c tio ning, di re c tion of de ve lo p ment) in a si tu a tion when any si g ni -
fi cant ex te r nal sti mu li do not oc cur.

– Abo ut the way of re a c tion of the en vi ron ment (of its or ga ni za tion – stru c tu re,
way of fun c tio ning, di re c tion of de ve lo p ment) to si g ni fi cant ex te r nal sti mu li.
It se ems that the best way to an swer the first qu e stion is to use the com pa ra ti -

ve me t hod, and thus to de scri be the sta te of the en vi ron ment at dif fe rent mo -
ments of time (at the best, ma xi mal ly di stant from each ot her). It is not si m p le
for va rio us re a sons. First of all, data con ce r ning past sta tes of the en vi ron ment
is dif fi cult to ob ta in, and the ava i la b le data is usu al ly we akly com pa ra b le with
what is po ssi b le to ob ta in at pre sent. That re gards both the com para ti ve ness of
the in fo r ma tion it self as well as its car riers, e.g. the com para ti ve ness of maps. 
Co m pa ring two (or even se ve ral) sta tes, be si des, does not give a co m p le te an -
swer to the real co u r se of events be twe en con se cu ti ve sta tes. 

The re fo re the com pa ra ti ve me t hod can se r ve the re se arch upon sta bi li ty, but
for the dete r mi na tion of ot her pa ra me ters of sta bi li ty a re gu lar re se arch se qu -
en ce is es sen tial. Set ting up such a se qu en ce – as any in ve sti ga tions upon the
environment’s fun c tio ning and dy na mics – re qu i res, in turn, the en ga ge ment
of la r ge re so u r ces and ene r gy. Mo re o ver, re se arch upon sta bi li ty fre qu en t ly
does not have an iso la ted cha ra c ter; they ra t her ought to co m pri se ce r ta in are as
e.g. a se qu en ce of ge o sy stems ar ran ged along a slo pe ca te na; that is sue is di s -
cus sed in de ta il by Osta sze wska (2002). It se ems that com pa ra ti ve re se arch an -
swer ra t her the qu e stion of a geosystem’s du ra bi li ty or its trans fo r ma tion di re c -
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tion, ho we ver not ful ly the qu e stion of its sta bi li ty; a kno w le d ge of trans fo r ma -
tions may only be one of the ra tio na les for the de scri p tion of sta bi li ty.  

It is even more dif fi cult – using the com pa ra ti ve me t hod – to ob ta in a di rect
an swer con ce r ning the environment’s way of re a c tion to a sti mu lus; in ve sti ga -
tions of that type re qu i re a co m p le te se qu en ce of data re gar ding the oc cur ren ce
of a sti mu lus and the geosystem’s re a c tion to it. Yet ob ta i ning data on the
environment’s sta te di re c t ly be fo re the ac tion of a sti mu lus is a rare case. Such
oppo r tu ni ties may and sho uld be used, in ve sti ga tions, tho ugh, can not be ba sed
ma in ly on a scientist’s luck or in tu i tion. For exa m p le, when we in ve sti ga te a
flo od, wi t ho ut a dif fi cu l ty we de scri be in de ta il the phenomenon’s ef fects, with 
some po rtion of luck we’ll ob ta in do cu men ta tion con ce r ning the flo od it self,
yet very se l dom we have data of the same ac cu ra cy con ce r ning the si tu a tion
exi sting be fo re the spa te. Apart from that, sti mu li in flu en cing the en vi ron ment
may be of va rio us kinds and it is dif fi cult to wait with un de r ta king re se arch un -
til all of them have oc cur red. Thus the com pa ra ti ve me t hod may se l dom be ful -
ly use ful in pra cti ce. 

What ap pe ars much more pro mi sing is the re se arch upon the environment’s
sus cep tibi li ty con si de red as the op po si te of sta bi li ty. De te r mi ning a geo -
system’s sus cep tibi li ty “to so me t hing” se ems metho dolo gi cal ly si m p ler than
e.g. an in ve sti ga tion of re si stan ce to wards a spe ci fic sti mu lus. That is at le ast
be ca u se of the fact that the dete r mi na tion of re si stan ce re qu i res, as a mat ter of
fact, the ap pe a ran ce of a di stur ban ce and the oc cur ren ce of tan gi b le chan ges
in a ge o sy stem (or at le ast con du c ting such a si mu la tion); in the case of sus cep -
tibi li ty we can try and de te r mi ne its de gree, even in ge o sy stems that have not
(yet) un de r go ne chan ges. Ap pro pria te ly se le c ted in di ca tors of sus cep tibi li ty
can be used here.

In ge ne ral, using in di ca tors (me a su res) ap pe ars the re se arch pro ce du re cre a -
ting the la r gest chan ce to ob ta in at le ast ap pro xi ma te kno w le d ge of the
environment’s sta bi li ty. It al lows us to co m pa re va rio us qua li ta ti ve and quan ti -
ta ti ve fa c tors. They can de no te both the environment’s “pro ne ness” to sub mit
to chan ges (sus cep tibi li ty, sen si ti vi ty) as well as in di ca te the ac tu al ly oc cur -
ring – un der the in flu en ce of ex te r nal sti mu li – chan ges in the environment’s
stru c tu re, its or ga ni za tion and fun c tio ning. A de ta i led met ho do lo gy of such in -
ve sti ga tions is still to be ela bo ra ted, best of all thro ugh using si mi lar in di ca tors
in are as of po ssi b ly va rio us cha rac te ri stics of the na tu ral en vi ron ment and va -
ried hu man pres su re.

Be si de the com pa ra ti ve me t hod, re se arch upon sta bi li ty and dete r mi na tion
of sta bi li ty in di ca tors, se rio us chan ces ap pe ar to be in he rent – de spi te va rio us
re stri c tions – in re se arch ex pe ri ments and co m pu ter si mu la tion. A full use of
tho se me t hods in the in ve sti ga tions of the environment’s sta bi li ty, tho ugh, re -
ma ins a qu e stion of – per haps not di stant – but still a fu tu re.
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Con c lu sions

– Re se arch upon the environment’s sta bi li ty is of an es sen tial im po r tan ce,
both the o re ti cal as well as uti li ta rian; hen ce sta bi li ty ought to be long to the
ba sic re se arch is su es of geo e co lo gy.

– Re se arch upon sta bi li ty ought to be pre ce ded by set ting the used con cepts in
or der, so that they co uld be uni fo r m ly un de r sto od by scien tists re pre sen ting
dif fe rent dis ci p li nes, and also – which is more im po r tant – by the “re ci -
pients” of our in ve sti ga tions. 

– Both the “na tu ral” as well as the “uti li ta rian” ap pro ach to re se arch upon sta -
bi li ty cre a te si mi lar oppo r tu ni ties to use the ob ta i ned re sults for pra cti cal pu -
r po ses. 

– The fre qu en t ly used com pa ra ti ve me t hod ena b les us to de te r mi ne the de gree 
of the environment’s du ra bi li ty or its trans fo r ma tion di re c tion, du ra bi li ty,
tho ugh, is only one of sta bi li ty pa ra me ters and the di re c tion of trans fo r ma -
tion may only be one of the ra tio na les for the dete r mi na tion of sta bi li ty.

– Pro mi sing oppo r tu ni ties are cre a ted by re se arch upon the environment’s
sta bi li ty, con si de red as the op po si te of – we akly mea su ra b le – re si stan ce.

– The re se arch pro ce du re pre sen t ly cre a ting the la r gest chan ces to ob ta in a k -
now le d ge con ce r ning the environment’s sta bi li ty is using me a su res (in di ca -
tors) of sta bi li ty.

– Si g ni fi cant oppo r tu ni ties in he rent in re se arch ex pe ri ment and co m pu ter si -
mu la tion may be ful ly used no so o ner than in a not di stant fu tu re.
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