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- INTERACTING NATURAL-TECHNICAL SYSTEMS -
IN THE CULTURAL LANDSCAPE '

e

-~ Our contemporary cultural landscape has developed under the in-
fluence of human sociéty on the primary natural landscape complexes
at the choric and topic levels {called geochoras and.geotops.in the Ger-

man landscape school). In addition to primary -natural geocomplexes, Man
has created socioeconomic ‘landscape systems, such as traffic systems,
urban systems, factories etc. At the present stage of the scientific-techno-
logical revolution, Man is also modifying natural landscape complexes
{natural geosystems) by introducing; different substance (e. g. pesticides)
unknown previously into the natural circulatory systems. The primary
natural complexes change into secondary complexes of the cultural land-
scape, which is called ,secondary Nature“. The present human society
forms an integrated part of the cultural landscape, which, at the same
time, provides the immediate ‘living-environment for the society.:

Man has been trying to separate socioeconomic systems from the
natural components of the landscape (e. g. by closed circulation of fluids
in factories, by re-cycling waste products etc.). But in fact the socio-
economic subsystems of the cultural landscape are intimately related
to the natural and quasi-natural landscape subsystems. Relationships
between the natural and socioeconomic subsystems of the cultural land-
scape are of different types and different strength. Two types of rela-
tionships are of special importance, i. e. locational relationships and
relationships changing the environment of the socioeconomic subsystems
(e. g. engineering works]).

Locational relationships always point from nature to the engineering
work to be constructed. It is well known that the present stage of tech-
nology allows water dams to be built almost at any place along a river
valley, their construction being only a problem of capital costs. Never-
theless, the dam site is always chosen very carefully after a thorough con-
sideration of all pertinent natural conditions, i. e. the valley width, slope
stability, etc. Locational relationships are classified according to the state
standards (e. g. Czechoslovak State Standards) which have to be res-
pected by designers of the engineering work in question.

Relationships changing the environment, such as engineering works,
are manifested by their influence on' the neighbouring natural geosys-
tems, on the whole landscape and the living environment of Man. In-
dividual types of socioeconomic subsystems (factories, mines, traffic net-
works etc.) influence the natural base of the landscape in various ways.
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Studies of the spatial aspects of engineering works in relation to the
. landscape revealed individual spheres and zones of their influence. The
spheres of influence around every engineering work are approximately
concentrical. We can map the sphere of influence of a reclamation system
or an open mine on the underground water-table etc. Within the sphere
of influence the following subspheres may be distinguished:

1. A subsphere of direct influence in which the landscape structure is
changed by air pollution, by falling water table etc.; the term ,landsca-
pe structure® indicates a complex of landscape components and their
mutual relationships. For example, the disturbance of the drainage system
will first affect the underground water table, then the soil water content
and the régime of soil humidity; secondarily these changes result in the
changes of biota as well as of the soil type. Another example is the fall
of the water table in the subsphere of direct influence due to an increased
water consumption in open-cast coal mines, which results in the drying
up of streams, in changed soil properties of even altered use of land, etc.
2. In the subsphere of indirect influence in which the course of natural
landscape processes is changed the landscape structure remains stable.

The zones of influence of individual engineering works may be elon-
gated in certain directions, e. g. in an area affected by gas dispersal from
a chimney the zone may be shaped by the direction of prevailing winds.
Another example is the-zone of influence of liquid waste emptied into
a river. Apart from zones of negative influence we can also find zones
of positive influence in the vicinity of engineering works, e. ‘8. zones of
intensive agriculture along irrigation canals.

The influence of individual engineering works and their systems de-
pends also on their location in the landscape. In dependence on their
different spatial relationships the influence of engineering works on
their surroundings will also vary, e. g. the influence of water reservoirs
built in deep incised river valleys in contrast with other water reservoirs
excavated in the lowland, such as the Danube Plain. The influence of so-
me engineering works on the landscape and the living environment may
become apparent in exceptional sifuations, for instance during meteoro-
logical inversions in mtermontane basins or at times of minimum dischar-
ge in rivers.

The strenght of the relationshlp between natural and socioeconomic
subsystems also varies-.in different places of the cultural landscape. An
engineering work in direct contact with the natural or quasi-natural com-
ponents of the landscape is a good example. A factory is built on clayey
ground, its foundation being in a direct contact with the groundwater in
the clay mass. Due to the properties of clay, the movement of groundwater
is very slow and has no influence on the foundation of the factory. In
this case the strenght of relationship is very low. Stronger relationship
may be observed, for instance, when heat is released from a factory in-
to the clay ground bellow its foundation. In the USSR temperatures of mo-
re than 100° centigrade were measured below blast furnaces built on
clayey ground. Volumetric changes took place in the clayey ground
and the foundation subsided by 0.2—0.3 m, in some places even-more
(Kotlov, 1978, p. 160). In this case the relationship was much stronger
than in the first example. The strongest thermal relationship would show
if a factory is built on permanently frozen clays with a high content
of ground-ice. The release of anthropogenic heat can start a thermo-
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karst process, and in extreme conditions may even endanger the whole
construction.

From the point of view of relationship and their strength a special
place is occupied by landscape subsystems controlled by Man. Controlled
geosystems consist of natural, technical and controlling components. As
an example of this type of geosystem a water reservoir system is compo-
sed of technical components (i. g. dam etc.), of natural components (e.
g. water in the reservoir) and of controlling components (e. g. manual
or computer control of the water level in the reservoir). The weight of
water in such an artificial lake can initiate crustal movements and anthro-
pogenic . (artificial) earthquakes. Anthropogenic earthquakes initiated
by water filled to a reservoir have been described from Lake Mead on
the Colorado River, U.S.A.,, Koyna Lake, India, and many others. The
water reservoir system as a landscape subsystem is characterized by very
close relationships between natural and technical components forming
a single system termed natural-technical system. The formation of na-
tural-technical systems and their functioning is enabled by numerous
relationships — on the one hand among the components of natural-tech-
nical systems, on the other among natural-technical systems and other
subsystems of the cultural landscape. I would especially like to stress
some typical features of these systems, including the very close rela-
tionships among natural, technical and controlling subsystems. Conse-
quently, natural-technical systems may be defined as a special type of
system in the cultural landscape, occuring along the boundary-line bet-
ween natural and socioeconomic geosystems.

I have already said that Man has been trying to separate socioecono-
mic subsystems from the influence of the surrounding natural and quasi-
-natural subsystems. A complete separation has been achieved only rare-
ly due to high technological complexity. and high costs. On the other
hand, the complexity and strength of relationships between natural and
socioeconomic components in the cultural landscape has been-increasing.
The unification of natural and socioeconomic landscape subsystems. in
natural-technical systems is therefore a very progressive process. Natu-
ral, -technical -and- controlling- subsystems -united- by relationships - and
feedbacks in natural-technical systems fulfil a social functlon in the
system.

From the standpomt of the type and strength of relatxonshlps we
can distinguish several types of natural-technical systems:

1. Productive systems, serving the purpose of exploitation of natural ma-
terials, energy and information; this group includes mines, quarries,
fields and other agricultural complexes;

2. Enrichment systems, in which certain natural materials are concentra-
ted under the assistance of Man, i. g. salinas where salt is obtained by
evaporation from salt water;

3. Processing systems, which include factories changing natural materials
into final products, e. g. food-processing factories;

4. Transport systems providing natural landscape components for the dis-
tribution and transport of materials, e. g. water in canals, etc.;

5. Storage systems providing storage of natural materials, e. g. under-
ground gas reservoirs, etc.;

6. Regulating systems which control the required level of certain proper-
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ties of the cultural landscape, such as dams, weirs, drainage systems ir-
rigation systems, regulated water courses, etc.

Natural-technical systems have the same properties as natural and socio-
economic geosystems, i. e.

1. a time limited existence comparable with the time of existence of
other geosystems of the cultural landscape,

2. spatial dimensions comparable with those of other landscape geo-
systems,

3. occurence within the landscape sphere.

The spatial structure of natural-technical systems is formed by their
components and their mutual relationship. It is represented by the use of
two basic models,

a) the monosystem model,
b) the polysystem (territorial) model.
In the monosystem model three subsystems are usually distinguished,
i. e. natural subsystem, engineering subsystem and control subsystem.
Using water reservoir systems as an example, we can distinguish:
i) the natural subsystem, including
— natural geocomplexes in the river basin above the reservoir, not
influenced by the Man-made lake nevertheless 1nf1uencmg the
_quality of the water in the reservoir;
— natural complexes influenced by the construction of a reservoir
above the dam (flooded area) or below the dam; '
— water in the reservoir,
ii) the engineering subsystem including the dam and the hydroelectrlc
power station,
ili} the control subsystem including the control room with regulatlng
and control equipment and controllmg staff. In the polysystem model
we can distinguish:
i) the core of the natural- technical system e. g dam hydroelectric p0wer
station, control room and the artificial lake,
ii) areas influencing the natural- technical system (e..g. river basin abo-
ve the reservoir),
iii) areas influenced by the natural-technical system, e. g. the leisure zo-
ne around the reservoir or in the river basin below the dam. _

- The spatial structure of the natural-technical system changes in the
course of time. Apart from stable locational relationships and relation-
ships influencing the background of the technical work, there are also
relationships changing over space and time. This is especially true of
relationships determined by movable landscape components (e. g. water,
air, animals, Man, etc.).

We can distinguish primary and secondary relationships. Primary re-
lationships point from technical components of the natural-technical
systems to the surrounding natural geosystems. Secondary relationships
either point -from natural geosystems to other natural geosystems or
from natural components to technical (engineering) components of the
natural-technical system. For example, air pollution affects a forest; the
resulting changes in the forest may speed up soil erosion or even mud
flows. The products of soil erosion can influence the natural-technical
systems e. g. an accelerated silting of the Man-made lake. The influence
of changing relationships is usually not limited to one process only (even
if it looks like it); in fact, the transformation of the geosystem starting
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from a primary source of disturbance usually takes the form of a chain
reaction of several stages. A chain reaction in the geosystem will usually
continue for a longer period of time. In some reactions, only natural
components take part. Other transformations can include the influence
of certain engineering measures resulting from processes which took pla-
ce in the landscape some time earlier (e. g. engineering constructions
on mountain rivers for the accumulation of gravels, weirs, etc.). The
chain reaction is limited either by natural subsystems with a limited abili-
ty to change or by technical subsystems specially constructed to interrupt
the reactions (e. g. measures to stop soil erosion).

Many relationships within the framework of natural-technical sys-
tems as well as the mutual relationships of these systems and their en-
vironment change according to the landscape dynamics. In Central Euro-
pe the changing relationships can be controlled by seasonal aspects.
The term landscape dynamics is used to determine changes occuring
within the framework of a stable landscape structure (called invariant
structure). For e€xample, there are specific relationships between the wa-
ter surface in a reservoir and its banks in summer but they differ a great
deal in winter when the surface is covered by ice.

Relationships changing over space and time play an important role
in the interaction between natural-technical systems and other landscape
geocomplexes. Forest clearance changing the properties of the soil cover
and the régime of the surface water flows has a direct influence on the
régime of water courses, especially on the discharge and the amount of
sediment transported by water. This, in turn, affect the hydrotechnical
work. On the other hand, barrages constructed to regulate river dischar-
ge may influence the growth of floodplain forests. These examples have
shown that the relationships between natural-technical systems and other
landscape geosystems have a double character — from the system to the
environment and from the environment. to the system. In the landscape,
however, relationships acting in only one direction are prevalent. In the
case of two neighbouring systems, one system will influence the other
(e. g. a reservoir will affect the river below the dam).

I have already said that the influence of natura1~techn1cal systems
on an area can be divided into the primary influences conditioned by the
fulfilling of a planned operation within the frame of the engineering
work, and the secondary influences accompanying. the primary influen-
ces. -

v Prlmary mfluences are due to the fact that at the time of the con-
struction of the natural-technical system other solution to the respecti-
ve problems was impossible. The disturbance of natural geosystems caused
by the primary influence can be regarded as a form of compensation, as
a ,sacrifice“ associated with the use of natural resources by human so-
ciety. These disturbances, however, must not exceed specific limits,:be-
cause in this case they could endanger the function of the natural-tech-
nical system.

Since the secondary changes caused by engineering subsystems in
the landscape can be avoided the aim of designers of an engineering
work is to minimize these changes or to eliminate them completely.
The limitation of these secondary changes is the main- function of the
control subsystems in a natural-technical system. .
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The ‘minimization of changes caused by a natural-technical system
in its vicinity can be achieved in two ways, as follows:

i) by a careful study of the relationships between technical and natu-
ral components within the framework of the natural-technical system,
ii) by the maximization of the strength of relationships between the
natural-technical system and the surrounding natural and socioeconomic
geosystems of the landscape.

At the stage of designing engineering works we usually are not able
to identify all the relationships in the landscape, especially in areas with
a disturbed environment (with air and water pollution, accelerated soil
erosion, etc.). Therefore we have to concentrate on the main controlling
relationships, especially on - feedbacks. By the identification and use of
feedbacks we can direct the structure and function of natural-technical
systems. Attention should be paid to the auto-regulation:of individual
components. In the contemporary cultural landscape of Central Europe
such controlling relationships are bound to the living components (biota)
of the landscape. Only the biomass combines the abiotic base with the bio-
ta in one landscape unit, or with the technical subsystem (for example
in the .case of food industry). Biotic components are also very sensitive
to. changes in the. natural-technical and socioeconomic systems. Biotic
components' therefore can be used as indicators of movable components
of the landscape evoked in it by natural-technical and socxoeconomic
systems.

We also must - remember the cumulative character. of the act1v1ty of
natural-technical systems. It is well known that long-lasting pollution
within the limits of the State Standards can result — due to their cumu-
lativé character — in the crossing of certairi thresholds, resulting in
catastrophes, such as floods, whirlwinds, and so on. Forest in. mountains
have been gradually- damage by :emissions from power stations: Their
catastrophical state shows by a lowered reswtance of trees to storms and
pests e. 8. Zeiraphera diniana.’

our cultural landscape- forming the . 1mmed1ate env1ronment of our
somety is a complex spatial system (geographical system, geosystem),
composed of:natural (quasi-natural}j, natural-technical and socioeconomic
systems, Inthis cultural landscape, -natural-techinical systems represent
a stablhzlng factor, due to_their hybrid- nature approaching the boundary-
-line’ between ‘Nature (,sécondary Nature“) and the technical woriks of
human society. There are still-some problems. of natural technical systems
to be solved in the field of the theory. Geography as a science interested
in the" relationships between Nature and Human Society w111 hdve to
deal w1th them in future . .
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Shrnuti
PRIRODNE TECHNICKE SYSTEMY V KULTURNI KRAJINE

V na3¥f kulturnf krajin& se nachézejl ve vzdjemngch vztazich pfirodnf a socioeko-
nomické Gzemn! (teritoridlni) komplexy. I v komplexech, které tradi&n& oznaujeme
jako pffrodni, obfhajf ldtky, které se v plvodni p¥frod& nevyskytovaly (nap¥. biocidy).
Soutasnéd geografie chépe kulturnf krajinu jako systém (geosystém], v kterém existujf
mezi pifrodnimi (kvazip¥frodnimi) a socioekonomickymi subsystémy vazby rfizného
typu (hmotné, energetické, informaé&nf) a rizné sfly. Z geografického hlediska majf
v ‘kulturnf krajin® zvl4¥tnf v¢znam lokaliza¥nf vazby a vazby m&nicf okoli socioekono-
mického subsystému (nap¥. technického dfla).

- Lokaliza¥ni vazby jsou vZdy zamé&feny od pfifrodnich subsystémé krajiny k tech-
nickému dflu. Je veobecnd zn&mé, ¥e p¥ehradu mii¥eme za dnednfho stavu techniky
postavit prakticky na libovolném mfist® Feky. P¥esto se v8ak p¥ vyb&ru stavebnfho mfis-
ta v&tSinou ¥fdfme pifrodnimi podminkami a vyhleddvdme mfsta zaZen! pFi¥ného pro-
filu ddolf, mista se stabilnimi svahy ap. Na hodnoceni lokaliza&nfch vazeb v#tSinou
existujf normy (nap¥. CSN), které projektant musf p¥i projektovan{ technického -dfla
v krajin& dodrZovat.

Vazby ménfcf okolf technického dfla se projevuji jeho pfisobenim na okolnf pl‘I-
rodn! subsystémy krajiny. na celou krajinu a na Z¥ivotnf prostfed! spoletnosti. Jednotli-
vé typy socioekonomickgch subsystém@ phsobf na pFirodn{ subsystémy a na Zivotn{
prost¥ed! spole&nosti rizngm zplsobem. P¥i studiu prostorového vlivu technického dila
na krajinu mdZeme rozlidit sféry a pésy plsobeni. Sféra pdsobeni se rozkldd4d zhruba
koncentricky ‘kolem technického dfla a 1ze v nf rozli¥it:

a) subsféru p¥fmého plsoben!, v niZ¥ dochézf ke strukturnfm zm&ndm krajiny;

b} subsféru nepFfmého plisoben!, v nf¥ se mé&nf pribsh p¥frodnfch (kvazi-p¥frodnfch)

* krajinotvorngch pochodd, ale struktura krajiny zilstdv4 zachovdna. Strukturou kraji-
ny rozumime prostorové rozmfist&nf sloZek krajiny a vazeb mezi nimi.

. Pasy pidsabeni technického dfla se pak projevujf v urditych smé&rech [nap¥. pte-

vlddajicich v&trd, podél délnice ap.). Plsobent jednotlivgch technickgch d8l i jejich sou-
borll .zdvis{ rovnd% na jejich umfst¥nf v krajind.
’ ‘Rovn¥Z sfla vazeb mezi p¥frodnimi a socioekonomickymi subsystémy v kulturnt
krajin® je rlzn&, ZvlaStni misto z hlediska vazeb a jejich sily pak majl &lovdkem ¥{-
7ené -subsystémy kraiiny. které jsou sloZeny z &&sti pffrodni, technické a Ifdfcf. P¥i-
kladem je napi. p¥ehradn{ geosystém, sloZeny z technického dfla (p¥ehradni hréze),
které vSak nadrZuje p¥frodni sloZku, tj. vodu v pfehradnim jezePe, jej¥ drovefi je ur-
tovéna ¥idicim prvkem (&lovdkem a jeho poti¥ebami). Zati¥en! zemské kiéiry vodou
nadrZenou v piehradnim jezefe miZe vyvolat pohyby ker zemské klry a antropogennt
zemétfeseni. Uvedeny subsystém kulturni krajiny se tak vyznaluje velmi dzkymi vzta-
hy mezi pfirodnfmi a socioekonomick¢mi (technick§mi) sloZkami, které dohromady
vytvédfejl jeden prostorovy systém (tzv. p¥irodn& technicky systém). Vznik p¥frodn&
technickych systémt v kulturnf krajin& a jejich fungovdnf je moZné v dfsledku po-
tetnych vazeb jak mezi subsystémy p¥irodn& technického systému, tak i mezi p¥irod-
n& technickymi a dal3fmi subsystémy kulturni krajiny. P¥edeviim je v3ak t¥eba zdd-
raznit pFiznaény rys téchto systémd, a to velmi silné vazby mezi p¥frodnimi, tech-
nickfmi a rfdfcimi subsystémy, které umoZiiuji vydé&lit p¥irodn& techmcké systémy ja-
ko samostatny typ systémd kulturni krajiny.

Lidské spoletnost se snaZi odd&lit socwekonomxcké subsystémy kulturni krajmy
od piisobeni okolnich pFfrodnich nebo kvazip¥frodnich subsystéméi. Uplné oddé&lenf je
vSak zatim Fidké, protoZe je materidlové a energeticky velmi sloZité a ndro¥né (napf.
zdvody s tzv. uzavi‘enym bezodpadovfm ob&hem). Naopak sloZitost a sfla vzdjemngch
vazeb mezi pFfrodnimi a socioekonomickymi sloZkami v kulturnf krajin& se neustdle
zvy3uje, a proto vhodné spojovdni obou typld sloZek v p¥frodn& technickych systémech
je zejména z hlediska Zivotniho prostFedf velmi Z4douci a perspektivni, P¥irodni, tech-
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nické a Fidici sloZky v piirodn& technickém systému navzdjem spjaté bezprostfednimi
i zpétnymi vazbami se totiZ projevuji jednotou pFi pin&ni spolefenské funkce systé-
mu v kulturni krajiné.

Pro pffrodn& technické systémy kulturni{ krajiny je p¥izna¢nad urditd doba trvéa-
ni, prostorové rozmé&ry a v§skyt v rdmci krajinné sféry. Struktura p¥irodn& technic-
kych systémi neni stdld, nybrZ se méni v ase. Je to dlisledek toho, Ze vedle stdl§ch
lokaliza&nich vazeb i vazeb mé&nicich okolf se vyskytuji i vazby ménici se v prostoru
a ase. MiZeme rozlidit ménici se vazby prvotni a nasledné. Prvotni vazby nejCast&ji
smdfujf od technickych prvkd pfirodn® technického systému k okolnim p¥irodnim geo-
systémlm. Nésledné vazby pak smé&Fuji od jedn&ch pfirodnich geosystémi k druhym
nebo od pfirodnich geosystémi k technickym prvkim p¥irodn& technického systému.

Autor v &lanku dé&lf pfirodn& technické systémy kulturni krajiny na t&Zebnf, obo-
hacujici, zpracovavajici, transportni, skladovaci a regulaéni.

Podle autorova nézoru prév¥ vyuZfvan{ p¥frodn& technickych systéml zaloZenych
na t&sngych (silngch) vazbdch mbZe pomoci re3it problémy Zivotniho prostiedf, s kte-
rymi se setkdvame v CSSR.

(Address: PFirodovédeckd fakulta UJEP, Kotldiskd 2, 611 37 Brno.)

149



