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Abstract

Context The geosystem paradigm emerged in the USSR in the 1960s and offered improved operational
tools for landscape assessment. However, its contributions to integrative environmental studies have yet to
be widely recognized at an international level.

Obijectives The first objective of this paper is to describe the conceptual origins of the geosystem approach
to resource management and its evolution in an international context. The second objective is to discuss its
potential for enriching other methodologies used in integrative environmental studies.

Methods The paper is based on a review of the European and Latin American literature on the geosystem
concept and its use in integrative territorial and environmental studies. It traces the historic, epistemic and
sociocultural trajectories of this paradigm. It also identifies some of the opportunities it offers and some of
its weaknesses, and the problems that the geosystem paradigm can help to identify and resolve in
contemporary integrative environmental studies.

Results The trajectory of the geosystem paradigm in Russia and the USSR and its adaptation in several
countries have demonstrated its usefulness for integrative territorial and environmental studies in different
contexts and its complementarity with other scientific frameworks, such as Ecosystem Services and
Landscape Ecology.

Conclusions Geosystem-based approaches can contribute to international Landscape science and
integrative socio-ecological and territorial frameworks with the theoretical and methodological findings
made over its more than fifty-year history. The lessons learned from the evolution of the geosystem

scientific paradigm will be useful for further studies and actions on environmental sustainability.

Keywords Epistemology, Geosystem paradigm, Integrative territorial approaches, International

perspective, Landscape

Introduction

The concept of geosystem is a central issue in various academic papers and books most of which were
either not published in English (e.g. Sochava 1963; Bertrand 1968; Rougerie and Béroutchachvili 1991;
Bertrand and Bertrand 2002; Frolova 2007) or were only translated into English several decades after they
were originally published (e.g. Wiens et al. 2006). However, despite widespread use of the geosystem’s
scientific paradigm in various scientific schools of geography and Landscape science, its contributions to
integrative environmental studies are not widely recognized internationally.
Recent research in the English-speaking world (Shaw and Oldfield 2007; Angelstam et al. 2013;
Bastian et al. 2015; Oldfield et al. 2015; Oldfield and Shaw 2016) reflects a growing interest in the specific
Russian/Soviet tradition of integrative environmental studies. Both landscape and geosystem concepts were
closely linked to this tradition in Russia. International English-language papers on geosystem usually
present it as a scientific framework that developed within Russian/Soviet and Eastern European physical
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geography (Angelstam et al 2013; Bastian et al. 2015). However, this paradigm was not only characteristic
of Eastern Europe, but was also adapted to integrative environmental and landscape-related studies by
various scientific schools in the Western Europe (in particular in France and Spain due to the influence of
French geographer Georges Bertrand and his school) and in Latin America (inspired by the Cuban and
French schools of landscape studies), making a broader international comparative analysis of the geosystem
paradigm necessary. Western scholars (Shaw and Oldfield 2007; Oldfield and Shaw 2015; Oldfield et al.
2015; Oldfield and Shaw 2016) have examined the origins of Russian Landscape science and compared its
development with Western conceptions of landscape during the first half of the 20th century, although their
research does not explore its relationship with the geosystem paradigm, which emerged in the 1960s.
Bastian et al. (2015) focused their research on the significance of the geosystem paradigm for the
assessment of Ecosystem Services, but paid little attention to the historic, epistemic and sociocultural
trajectories of the Soviet geosystem paradigm.

The first objective of the paper is to analyse the historic, epistemic and sociocultural trajectories
of the integrative scientific framework of geosystems for natural (landscape and territorial) resource
management. The historical and sociocultural dimensions of this paper focus on the evolution of Landscape
science and the geosystem paradigm in different sociocultural contexts, while its ‘epistemic’ focus is linked
to its scientific origins, including Russia’s intellectual traditions of environmental studies, in particular
Russian Landscape science, and the subsequent development of the geosystem paradigm in different
regional scientific contexts. This paper also compares the contributions made by geographers to the study
of geosystem at an international level (Eastern and Southern Europe, Latin America). The second objective
of the paper is to critically examine the advantages and weaknesses of this approach and its potentialities
for integrative environmental resources and landscape studies. It also looks at the lessons that can be

learned.

Methodology

The paper is based on a review of the European (particularly Russian, French and Spanish) and Latin
American (particularly Cuban and Brazilian) literature on the geosystem paradigm and its use in landscape-
related and integrative environmental resources studies. This paper uses the term ‘paradigm’ in the sense
defined by Kuhn (1970), namely as an overarching set of ideas that structures the intellectual work within
a scholarly field, in this case that of landscape and environmental resources studies.

The vision of the role of the geosystem paradigm within integrative landscape studies is
traditionally very positivist. In spite of all its contributions to geography, this scientific model, like many
others, has its limits and has been criticized for quite a few decades by geographical scientists. Thus,
according to Acot (1999), scientists that create models and concepts are not free of ideological influences,
prejudices and ideas disseminated in non-scientific discourses and worldviews. In addition, the appearance
of one or other model is often linked to a social project implemented in a particular place and time. The

study of the epistemic trajectories of scientific concepts can therefore help us to understand better both their



limitations and the contributions they can make. It is therefore important to bear in mind the broad set of
historical, cultural, political and social conditions in which the geosystem paradigm appeared and evolved.

This paper reviews the literature in Russian, French, Spanish, English and Portuguese on
theoretical aspects of the geosystem paradigm in order to trace its historic, epistemic and sociocultural
trajectories. Its opportunities and weaknesses are also identified, along with the challenges that the
geosystem paradigm can help to identify and resolve in contemporary integrative studies of landscape and

environmental sustainability.

The emergence of Landscape science in Russia and USSR

Russia has a long tradition in holistic systems for studying environmental resources and the landscape, as
part of an attempt to understand the interrelations between the different biophysical elements of landscape
and human activity. The first integrative studies within the framework of Landscape science appeared in
Russia at the beginning of the 20th century (Berg 1913; Ramenski 1938), although the Russian soil scientist
V.V. Dokuchaev established the principle of the integrative analysis of a territory some time earlier
(Dokuchaev 1899, 1948).The holistic environmental approach emerged as a response to the challenges for
which Dokuchaev was seeking a solution. These included the devastating effects ofthe droughts of 1877-
1878 in terms of forest regression and soil exhaustion, affecting 29 provinces of European Russia
(Dokuchaev 1948; Valebny 1998). The serious consequences of the drought caused him to reflect on the
best ways to prevent the damage to harvests caused by natural catastrophes. This new approach sought to
clarify the interactions between vegetation, relief, geology, climate and human activity, driving Russian
geographical sciences towards the synthetic analysis of the geographic environment (Dronin 1999). On the
basis of the phenomena observed in the steppes, Dokuchaev proposed a revolutionary theory that
considered the soil as an independent ‘body’ which develops in the process of interaction between the
abiotic and biotic components of a spatial unit that is also influenced by human activity (Dokuchaev 1948;
see also Oldfield and Shaw 2015). He also proposed a historic approach to the study of soils and of natural
‘zones’ in general (equivalent of ‘biomes’). For Dokuchaev, soil is both a natural and a historic element,
with each ‘natural’ zone representing the genesis of each soil type. This novel framework was used for
landscape and integrative resources studies in the 20th century not only by Dokuchaev’s disciples (G.N.
Glinka, A.N. Krasnov, G.F. Morozov, G.I. Tanfiliev, V.l. Vernadsky, G.N. Vysotski), but also in various
physical geography-research studies conducted in Russia (Dronin 1999; Frolova 2000; Shaw and Oldfield
2007; Oldfield and Shaw 2015).

It is paradoxical that even though Dokuchaev did not use the term Landschaft to materialize this
approach, he is generally considered as one of the founders of Russian Landscape science. Around 1910,
in an attempt to promote geography as an independent science, another Russian geographer, L.S. Berg
developed ideas similar to those of Dokuchaev, presenting landscape as an interaction between biophysical
and anthropic characteristics of the environment (Fig. 1). Berg’s ideas were also based on works by the
German geographer Alfred Hettner and his vision of geography as a chorological or place-based science.
He viewed Landschaft as the integrative subject of Geography, which endowed the discipline with a specific
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nature distinct from other disciplines, and which was the purpose or objective of its studies (Berg 1915,
1947; see also Shaw and Oldfield 2007; Oldfield and Shaw 2015). From the second decade of the 20th
century, landscape was gradually established in Russia as the basic objective in studies of Physical
Geography, and Landscape science (Landshaftovedenie) was defined as a sub-field of Geography (Frolova

2006). The geosystem concept became a fundamental part of Landscape science in the 1960s.

Fig. 1 Relation between the integrative environmental approach of V.V. Dokuchaev, focusing on soils and
natural-historic zones (a), and the landscape concept of L.S. Berg of the 1930s (b), in which he included

interaction of people with natural elements of landscape

At the turn of the 20th century, Russian integrative studies of environmental resources and
landscapes were still permeable to all things anchored in the culture and history of the relationship between
society and nature. This was true of Dokuchaev himself, who described the “genetic interaction, which has
always existed between nature and its imaginary ‘master’, man, and all his material and spiritual life"
(Dokuchaev 1899: 19), something which is manifested in ‘natural-historic zones’.

Other Russian natural scientists at that time were also engaged in research into human influence
on the environment. The climatologist Alexandre VVoyeikov (1910) published a series of articles in which
he analyzed the different aspects of the anthropization of nature. Likewise, Andrei Krashov, a noted
geographer and botanist, studied the effects of Russian colonization on the transformation of vegetation
and soils in the subtropical Caucasus in research published in 1895 (Krasnov 1956), in which he suggested
that colonization posed many problems which would nowadays be termed “ecological”. He showed that
instead of implementing their own agricultural methods and experiences imported from the plains of Central
Russia, the colonists should have noticed that traditional agriculture adapted well to local geographical
conditions and analyzed the reasons why. Influenced to some extent by the ideas of environmental
determinism popular at that time he blamed the initial failures of the colonization of the subtropical
Caucasus on a lack of research into the ‘ancestral relationship’ between the local peoples and their
environment (Krasnov 1915; see also Frolova 2006). These approaches were similar to the line of thought
developed in the second half of the 19th century by Italian geologist Stoppani (1973) on the ‘anthropozoic
era’ (Steffen et al. 2011) and by George Perkins Marsh (1864, 1874), although Russian geographers of this
period focused their holistic studies on interlinkages between the different biophysical elements of
landscapes and the analysis of their modification under human influence, in particular Russian colonization.
Finally, in 1920-1930s Vladimir Vernadsky (1924, 1926) in his works (1924, 1926) stated that human
activity played such an important role in the processes of energy and biogeochemical exchange that it
should be considered alongside and on a level with geological and geochemical forces (Vernadsky 1997;
see also Steffen et al. 2011). The creator of biogeochemistry and “long neglected father of the science of
biosphere (later called global ecology)” (Steffen et al. 2011:844) Vernadsky developed the concept of
noosphere originally proposed by Edouard Le Roy (1928) and Pierre Teilhard de Chardin (1966).

Vernadsky defines noosphere as the sphere of knowledge, of reason, of the transformation of the



environment by human civilization, which exists on the same level as the biosphere and the lithosphere
(Vernadsky 1997).

Berg’s conceptualization of landscape also linked natural and cultural elements of landscape: he
introduced the concept of cultural landscape to Russian geographers in 1915 and in his first publications
examined the ways in which patterns of human settlements, activity, customs and ways of life interact with
the environment in different geographical contexts (Fig. 1 (b)) (Frolova 2000; Shaw and Oldfield 2007).
Nonetheless, as the 20th century advanced the role of human activity was pushed progressively into the
background within integrative Russian/Soviet studies of landscape due to due to the ideological changes
that took place after the Russian revolution in 1917 and the appropriation of Landscape science and the
concept of Landschaft by physical geographers in the Soviet Union. The term ‘cultural landscape’, which
had been widely used in Russian landscape geography between the 1920s and the 1950s disappeared from
Soviet geographers’ vocabulary for the following two decades.

The socialist revolution of 1917 brought about significant changes in the development of Russian
and Soviet geography, due in part to the enormous shifts that took place at an economic and an ideological
level. The implementation of a centrally planned economy, the collectivization of agriculture and the
disappearance of the private sector created demands for a science that was oriented towards national goals
(Oldfield and Shaw 2015). The applied nature of Russian research on the environment and landscape was
strengthened during the Soviet period, in which all the resources of Soviet science were “called on to aid
in the great campaign of industrialization and militarization” (Shaw and Oldfield 2007: 118). Soviet
landscape geographers also progressively rejected social analyses and denounced the classical, descriptive
approach to geography, which was especially preeminent in the regional tradition within French geography.
It was within this new ideological and economic context that the study of nature came to the fore in
Landscape science, placing new demands on this discipline to provide analytical tools with which to create
the conditions to ensure the self-sufficiency of the USSR in terms of resources. The need to present Russia’s
geographic space at different scales spurred the development of ideas as to how to fit the landscape units at
different scales into maps for spatial planning and governmental decisions.

At the same time from the 1930s, a materialist conception of science came to the fore, according
to which the basis of knowledge lies in matter -the objective reality perceived by our senses. This doctrine,
which regards our senses as effective means of discovering the objectivity of the material world, had to be
accepted by Soviet geographers as an absolute truth. It is important to make clear however that this doctrinal
shift, which some consider a “result” of communism, coincided in many ways with a general trend in the
evolution of geography and landscape research in the 1960s and 70s, when a deductive, rationalistic and
quantitative approach had dominated (Antrop 2005), although the ‘objectivization' of geography in the
USSR took place earlier and was not questioned until the 1980s (Frolova 2006).

The outcome was that landscape studies increasingly put the emphasis on physical geography,
such that Landscape science, once presented as the core of geography, was no longer able to unite
geographers from the different specialist fields and came to be viewed as a discipline within physical

geography, and human aspects were deleted from descriptions of the landscape. The neglect of the human



dimensions of landscape in favor of an applied, essentially technocratic approach has been considered one
of the most significant gaps in Russian/Soviet Landscape science (Dronin 1999; Shaw and Oldfield 2007).

In this context, a well-known Soviet landscape geographer from Moscow State University, N. A.
Solntsev (1949), carried out research into the morphology of landscape. He and his pupils focused their
studies on mapping natural landscapes at different scales. Although this approach was linked to the earlier
works of Russian geographers it became dominating due to its applied character and its consideration as a
response to the demands placed on Soviet geography for a pragmatic representation of landscape that could
be applied in spatial planning (see Dronin 1999). Solntsev defined landscape as a “genetically uniform
territory, with regular and typical repetition of some interrelated combinations of geological structures,
landforms, surface and groundwater, microclimates, soil types, phytocoenoses and zoocoenoses” (Fig. 2
(a)) (Solntsev 1948; see also Bastian et al. 2015: 1147). Each landscape unit is made up of different
morphological parts: facies (elementary natural territorial complex), podurochishche (spatial comination of
facies), urochishche (series of genetically and dynamically linked facies and podurochishchye), mestnost'
(a part of a landscape with a certain combination of main urochishchya) (Solntsev 1948; Bastian et al. 2015;
GOmez-Zotano et al. 2018). At the same time, landscape is just one part of the higher scale taxonomic units
(regional or planetary) in which landscape is individualized by differentiation criteria.

Although from the 1940s to the 1960s Landscape science in the Soviet Union was dominated by
Solntsev’s morphology of the natural landscape, which viewed landscape as a static, discontinuous concept,
some Soviet scientists began to highlight a more dynamic, more continuous dimension. For example, in the
early 20th century the geochemist V.l. Vernadsky proposed the idea of the continuity of environmental
processes and stressed the importance of the interactions between living phenomena (biosphere) and abiotic
matter (atmosphere, hydrosphere, lithosphere) that take place through flows of energy and matter
(Vernadsky 1926). The geobotanist B.B. Polynov (1925) adapted Vernadsky’s ideas about the interaction
of the different elements in the environment to the landscape scale, introducing the idea of a ‘geochemical
landscape’, which he defined as a natural, territorial complex whose components are related both
genetically and by the migration of chemical elements. As a result, landscape is not merely composed of
visually established static elements and instead its components are joined by the processes at work, which

express the dynamic nature of the environment.

Fig. 2 Relation between the landscape concept of N.A. Solntsev (a) and the geosystem approach (b). V.
Sochava incorporates time and vertical spatial dimension to the static and deterministic horizontal model
of natural landscape as interconnected elements, typically repeated in space. Although in his first researches
he does not include technical and socio-cultural subsystems, in his later works and in approaches developed

in 1980s-2010s they took relevance in the geosystem’s model

This approach met with some resistance within the field of landscape studies and landscape was
generally presented in the works of Soviet landscape geographers as an objective, organized and
deterministic spatial construction with static boundaries that were easily detectable through field studies
(Pedroli 1983; Frolova 2007; Shaw and Oldfield 2007). Although this approach had been widely used for
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natural resource exploration and for planned economic activities and planning within the former Soviet
Union and Russia (Bastian et al. 2015), the Soviet scientific community manifested several methodological
problems relating to its applicability and its practical use in landscape management (Khoroshev et al. 2006).

As A. Reteyum (1977) pointed out, it is difficult to establish divisions between these territorial
units as the frontiers between them are blurred and there are no common criteria to highlight the active
factors responsible for their genesis, except perhaps for the zonal and azonal factors.

In fact, the concept of landscape was addressed by Soviet geographers in a very specific and
contingent context, namely the relatively uninhabited plains in the middle latitudes of European Russia, but
Soviet geographers assumed a priori that the studies of all types of landscapes could be based on the same
principles. The result was that the territorial model they created was very difficult to apply in studies of
other contexts such as mountains (Frolova 2006) or highly urbanized regions. A further problem was that
the model had been conceived for natural landscapes and proved very difficult to apply in environments
that had been severely altered by human activity.

Another difficulty was that relief and geology were considered of crucial importance for landscape
genesis because landscape classifications were originally linked to geomorphological studies, in particular
of quaternary deposits. In addition, the specific character of the Central Russian landscapes analyzed as a
basis for this classification seemed to justify a deterministic vision of a ‘natural territorial complex’ as a
uniform pattern which lies within a single form of relief, with a uniform microclimate and particular
vegetation association (Frolova 2007; Gomez-Zotano et al. 2018). Nowadays this focusis widely applied in
Russia for landscape mapping, land evaluation and management, spatial planning and sustainable use of
natural resources (Angelstam et al. 2013) and is often justified by the low levels of human intervention in
large parts of Russia (Bastian et al. 2015). However numerous other studies have revealed that landscape
genesis could be the product of several different factors acting simultaneously, given that its biotic and
abiotic elements are formed as a result of very different processes and under very different conditions. In
this way, external elements such as water, glaciers, air masses, living organisms and human activity may
be just as important for the landscape as relief, and certain landscape elements may evolve without any
changes taking place in the lithological base (Reteyum 1977).

The methodological problems encountered by Soviet geographers who were studying mountain
landscapes in the 1950s and 1960s are a significant example of these difficulties (Frolova 2006). Shchukin
and Shchukina (1967: 10) emphasized: “Although Soviet geographers have advanced in the regionalization
of plains, we are still at the beginning of resolving problems regarding the regional division of mountain
areas”. Even though many physical geographers considered relief and geology as the most important
mountain landscape differentiation drivers, some empirical studies demonstrated that certain ‘external
factors” were also very important in shaping the character of the landscape, emphasizing that some
landscape elements (such as vegetation) were independent of relief, but were extremely dependent on
factors such as the insolation regime, latitude, slope exposure, valley width and season (Reteyum 1977).

This conception of landscape was considered contradictory to the canons of the pragmatic, applied

studies required by Soviet geographers, several of whom rejected it (Gerasimov 1966). However, the



demand for integrated analyses of the environment and the landscape that were less descriptive and more

applied increased, so leading to a rethinking of research methods.

Paradigm shift: the geosystem theory

The renewal of Soviet landscape science in the 1960s is often attributed to the introduction of geosystem
theory into landscape interpretation by Viktor Sochava (Sochava 1963). A renowned geographer and
botanist, Sochava was the founder of the Siberian geographical school. His interdisciplinary scientific
background and his participation in numerous multidisciplinary scientific expeditions all over Russia in the
1920s and 30s led him to focus his research on integrated analysis of the environment.

In the wake of Sochava’s research, new methods, tools and techniques for studying landscape
began to appear during the second half of the 20th century. These included mathematical modelling, system
and ecological approaches and landscape geochemistry (derived from Vernadsky’s works (1924, 1998)).
These methods opened new perspectives for a holistic approach to the study of landscape and environmental
resources.

Geosystem theory was an original Russian contribution to the integrative, geo-ecological study of
environmental and territorial resources. It was based on General System Theory (von Bertalanffy 1968)
and on certain aspects of geochemistry and geophysics®. It has developed in parallel with an integrated
ecological approach to the landscape proposed by Carl Troll (Troll 1939, 1966), although the geosystem
approach had its own particularities compared to Landscape ecology.

The paradigm of geosystem, a system of spatially localized natural elements, was proposed in the
1960s as a result of a search for solutions to the methodological problems encountered in Russian and later
Soviet Landscape science (Sochava 1963, 1978). Sochava’s approach was closely connected to earlier work
by Dokuchaev and the concept of landscape proposed by Berg, and focused on integrative analysis of the
environment, based on spatial studies of the interactions between vegetation, relief, geology, climate and
human influence (Fig. 2 (b)).

Sochava defined geosystems as “terrestrial spaces of varying dimensions (ranging from the
geographical environment as a whole to an elementary physical-geographical geofacies), where the
individual components of nature are in a system connection with one another and as a definite entirety,
interacting with the cosmic sphere and with human society” (Sochava 1963, 1978). Geosystems are “open,
hierarchically organized dynamic systems, and each level of their hierarchy represents a dynamic integrity
with an intrinsic geographical organization which includes their differentiation, integration, development

and the functioning sustaining them” (Semenov and Snytko 2013: 197-198). The geosystem is characterized

by:

! The term “geosystem” in Russian was suggested by V.B. Sochava in 1963. It appeared in English in
1967 (Stoddart 1967), in French in 1968 (Bertrand 1968) and in German in 1967 (Neff 1967).



e itsmorphology, i.e. its vertical (geohorizon?) and horizontal (geofacies) spatial structures

e itsdynamics, which cover the whole set of transformations linked to solar or gravitational
energy, the cycles of water, the bio-cycles, the movements of air masses and the geo-
morphogenetic processes

e specific changes in its functioning, in other words, an analysis of the changes in state that
affect the geosystem within a particular time sequence (Beroutchachvili and Bertrand
1978; Beruchashvili 1983, 1986).

The geosystem paradigm enriched the methodologies applied in the study of integrative
environmental resources and landscape in the Soviet Union. This paradigm enabled time and dynamics to
be integrated into landscape research and science, and offered improved operational tools for landscape
assessment for the study of landscape scale, landscape classification and landscape genesis (Bastian et al.
2015).

Although both the geosystem approach and the ecosystem approach are applications of general
systems theory and of the systematic modeling of the environment, there are two essential differences
between them. The first difference is that the ecosystem approach is a biocentric one, in which the non-
living elements in the medium are subordinated to the living organisms. By contrast, the geosystem
approach is a territorial one, in which a priori no element, of either biotic or abiotic origin, is treated
preferentially. Another important difference is that in its initial stages of development ecosystems ecology
was site- or species-limited and only shifted its focus onto spatial patterns and scale in the 1980s (Golley
1989), while spatial patterns and scale (ranging from global to local level) have always been the core issues
of landscape research, as based on the geosystem paradigm.

In parallel with the introduction of the geosystem paradigm in research into integrative
environmental resources and landscape in Russia there was an important change in the methodology
deployed. Up until the 1950s the traditional method of landscape study was via scientific expeditions and
fieldwork of relatively short duration. In the 1950s and 60s the first “seasonal” studies were held. These
involved repeated analyses of the dynamism and functioning of landscapes over a long period of time and
focused on identifying the connections between varying physical characteristics of soils and vegetation, on
the one hand, and biological, biochemical, geochemical and hydrological characteristics of geosystems, on
the other (Semenov and Snytko 2012). All these field study approaches were conceived for regions with
very low populations and it was assumed a priori that the landscapes being studied were natural.

The studies that viewed the functioning of the landscape as a group of flows of matter, energy and
information made clear that it was impossible to establish a hierarchically rigid “pyramid”: facies —
urochische — mestnost’ -, etc. (Isachenko 1997). In addition, the new form of Landscape science based on
the geosystem paradigm tried to clarify the ambiguous issue of landscape genesis and of the factors
responsible for its structure. In the 1980s and 90s, V.S. Preobrazhenski (1983) formulated the principle of

the polystructuralism of the geosystem, in other words, its definition as a ‘system of sub-systems’ as

2 Vertical geosystem layers named after their dominant component: lithological, bio-edaphological, bio-
aerial, etc.
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opposed to the ‘system of components’ proposed by Sochava. As a result, there was no longer any point in
the discussions about the factors responsible for the structure of the landscape. The analysis of the dynamics
of the landscape over different periods of time at the Soviet physical geography stations highlighted the
fact that each component of the landscape evolved at different rates of change (Beruchashvili 1983). In this
way, many Russian landscape geographers rejected the deterministic conception of the “absolute
correlation” between the components of the landscape and its genesis as the main criterion for its
differentiation in space. Finally, the geosystem approach also gave rise to the idea of “oscillating” stochastic
relations between the components of the landscape, relations that change over time.

The findings of Landscape ecology research all over the world have also enriched approaches to
geosystems analysis. Several studies have recognized that different environmental processes tend to prevail
in different domains and scalar levels in time and space. This makes the extrapolation of information across
diverse scales more complicated, thus emphasizing the need for a multiscale approach in Landscape science
(Wu 1999; Hay et al. 2001; Khoroshev et al. 2006; G6mez-Zotano et al. 2018)

Nonetheless, certain methodological problems of Landscape science based on the geosystem
paradigm were still unresolved. On the one hand Soviet Landscape science was focused on natural
landscapes, and only rarely and with great difficulty applied their geosystem methods to the study of
anthropic environments such as cities (Preobrazhenski 1983). Any elements of human origin, even if they
were physically present within the landscape, were not included in landscape or geosystem-based maps
which as a result did not show the real landscapes, and instead presented the landscapes as they theoretically
would have been if no human interference had taken place (Angelstam et al. 2013). The impacts of
socioeconomic systems on natural systems were normally studied as a separate issue. At the same time,
geosystem methods excluded all the sociocultural phenomena and the subjective phenomena involved in
the perception of the landscapein spite of the development of the anthropogenic landscape concept® by the
geographer from the University of Voronezh F.N. Milkov (1973). Although Milkov added anthropogenic
elements to the ‘natural’ landscape, his interpretation remained mainly biophysical (Angelstam et al. 2013).
It was not until the end of the 20th century that Russian geographers finally shook off their ideological
doctrines, so allowing them to start looking at the relationship between society and its environment
(Kalutskov 2000; Nikolayev 2003; Vedenin 2003; Frolova 2006), not only from a pragmatic and
ideological point of view but also from a social and cultural perspective. This evolution coincided in many
ways with that of European Landscape ecology, which until the end of 1990s did not consider intangible
elements such as cultural and other values as part of the landscape (Field et al. 2003).

Finally, some geosystem-related methodologies were excessively complicated, demanding and
time consuming (Bastian et al. 2015). They required the collection of large amounts of data, something that
could only be achieved using copious amounts of material resources which although previously available

to Soviet geographic institutions are no longer accessible in Russia today (Frolova 2007).

3The concept of anthropogenic landscape centered on material products of human activities in a landscape
originates in the German Landschaftskunde (Schluter 1920).
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Some of these problems have been resolved. Geographers in several European and Latin American
countries have managed to simplify and adapt geosystem-based methodologies to the needs of landscape
and environmental resources studies and have combined them with different national traditions of

integrative studies to improve their methods and results.

The diffusion of the geosystem approach in Europe and Latin America

The geosystem approach became an important scientific framework in Russia and other post-Soviet
countries (Azerbaijan, Armenia, Georgia and Ukraine) for solving a wide range of problems ranging from
landscape degradation and human impacts on landscapes, to landscape management and forecasts regarding
its future development (e.g. Beroutchachvili 1995; Chistiakov and Kaledin 2010; Bastian et al. 2015;
Merekalova and Khoroshev 2016).

The geosystem approach was also rapidly adapted to the needs of environmental resources and
landscape studies by geographers in several European countries (for Slovakia, France, Germany, Poland
and Spain see Bertrand 1968; Demek 1978; Richling 1983; Mufioz Jiménez 1989; de Bolés i Capdevila
1992; Miklés and Izakovi¢ova 1997; Jiménez Olivencia 2000; Bertrand and Bertrand 2002; Bastian et al.
2015) and in Latin America (for Cuba, Mexico and Brazil see Mateo et al. 1985; Salinas 1994; Garcia
Romero 1998; Figueiredo Monteiro 2000; Salinas Chavez and Franco do N. Ribeiro 2017; das Neves and
Salinas 2017), by underpinning the specific regional and national approaches to the integrated management
of territorial and natural resources by a common scientific and operational framework.

While the geosystem paradigm for integrative studies used in Eastern European countries is very
similar to that applied in Russian and Soviet Landscape science, in Germany national traditions of holistic
environmental research based on natural landscapes units were developed in the 1950s and 1960s (Neef
1967; Bastian 2000) by merging with ecosystem and geosystem-based concepts (Bastian et al. 2015).

In France in the 1960s and 1970s, the geosystem concept was introduced into geographical studies
of the environment within the context of the renovation of physical geography, which until then had been
dominated by geomorphology, which was considered as the physical base of geography, ignoring other
aspects of the natural environment. In France, geography was not a science that studied the physical
environment explicitly and directly, and instead did so through a variety of detailed sectorial analyses which
ran more or less in parallel to each other but which rarely resulted in an overall understanding of the
environment (Bertrand and Bertrand 2002).

Two scientific schools of environmental studies emerged in France during this period, the school
of Toulouse and the school of tropical environment studies®. These were inspired both by the Soviet
geosystem paradigm and by French biogeographical and/or phytosociological studies. The founder of the
Toulouse landscape school, the biogeographer Georges Bertrand, proposed his own methodology for the

geographical study of the environment, which was inspired partly by the Soviet geosystem concept and

“The last one was formed by researchers from Office de la Recherche Scientifique et Technique Outre-
Mer (ORSTOM) and Institute of Tropical Geography of the University of the Ivory Coast.

12



partly by Carl Troll’s Landscape ecology (Bertrand 1968). Although the term and some of its main features
were borrowed from the Soviet quantitative and naturalist model, Bertrand and his scientific school of
geography (e.g. Briane and Cabrol 1986) adapted the concept of geosystem to a different reality, that of
Western Europe, where landscapes were extremely anthropic. He also adapted the methodology to the
limited material resources available in French geography lab sin the 1970s, which at that time were far
inferior to those of the Soviet Union, simplifying it and proposing a more qualitative, open model about the
complex relations between the environment and human society.

In his first publications Bertrand treated the geosystem both as a model for a general approach to
integrative environmental resources studies and as a hierarchical level of a taxonomy of territorial units.
Under this approach the geosystem unit varied in size from a few square kilometers to several hundred
square kilometers. According to Bertrand (1968), most of the interactions between the different elements
of landscape took place at this more local scale, as did their evolution. This meant that the geosystem
provided a good base for studies of territorial organization and planning.

While in his works he presented the geosystem approach as “self-sufficient” for studying the
dynamics of landscape and territorial planning, in his work over the last two decades Bertrand has made
clear that the geosystem paradigm must be used in combination with other frameworks that address
complex historic interactions between society and nature (Bertrand and Bertrand 2002, 2016). In his work
with Claude Bertrand, Georges Bertrand states that geosystem is a naturalist concept that “allows us to
analyse the structure and the biophysical functioning of a geographic space as it functions today, in other
words, with its degree of anthropization”. However, he goes on to add that for the studies of the territorial
impacts and the sociocultural aspects of social and economic systems, other concepts must be used
(Bertrand and Bertrand 2002: 281).

As for the French school of Tropical Environments Studies founded by researchers from Paris,
Montpellier and Abijan in the 1970s, its research was based on phytosociology and several concepts drawn
from Soviet Landscape science, in particular the geosystem concept (Filleron and Richard 1974; Riou 1980;
Richard 1985; Rougerie and Beroutchachvili 1991). Unlike Bertrand’s first works in which the geosystem
concept was used to design a hierarchical level of horizontal morphological units, this school also focused
on the study of vertical structures of geosystems introducing the concept of geohorizons widely used in
Soviet geosystem studies (Rougerie and Beroutchachvili 1991). This concept was especially suitable for
studies of an important element of vegetation of tropical forest and this holistic approach enabled them to
better understand the dynamics and evolution of tropical landscapes under anthropic influence.

Although the geosystem approach was not widely adopted within the French geographic
community, it has been applied in a great deal of landscape research in Spain strongly influenced by the
French geographical school of Georges Bertrand (Mufioz Jiménez 1989; Jiménez Olivencia 1991-1992; de
Bolds i Capdevila 1992; Gomez Zotano 2000; Pérez-Chacdn 2002) and Brazil (Figueiredo Monteiro 2000).
As in Bertrand’s early works the term ‘geosystem’ was used above all to describe a particular hierarchical
level of the taxonomy of territorial units for landscape classification and mapping (Jiménez Olivencia 1991-
1992; Bol6s i Capdevila 1992). During last two decades Spanish geographers have been combining
geosystem framework with land use change analysis in their studies of landscape dynamics or landscape
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assessment for land planning (Jiménez Olivencia 2000; Gémez Zotano 2000; Jiménez Olivencia and Porcel
Rodriguez 2008).

In Latin America, the “geosystem” concept is used in integrated studies of the environment and
territory in a very similar way as it is used today in Russia, due to the fact that it was disseminated by Cuban
geographers who were strongly influenced by Soviet Landscape science or directly educated in the USSR.
For Cuban scientists (Salinas 1994; Mateo 2008; Miravet-Sanchez et al. 2014) geographical landscape is a
synonym of geosystem and is a general scientific category of a transdisciplinary nature which is conceived
as an open, complex, spatial-temporal system that originates and evolves in the interface between nature
and society, in a constant state of exchange of energy, matter and information, in which its structure,
functioning, dynamics and evolution reflect the interaction between the natural (abiotic and biotic),
technical, economic and sociocultural components.

The geosystem approach was applied not only to the study of environments as natural units, but
also to urban landscapes, albeit less frequently (Neves et al. 2015; Martinez Serrano 2017). For example,
Neves et al (2015) showed its usefulness in the analysis of the process of environmental degradation due to
urban expansion in environmentally fragile riverbed areas in the municipality of Urugui-Pi and its
consequences for local landscapes and urban population.

Although there were some variations from country to country, the major accomplishments of the
introduction of the geosystem approach into environmental resources and landscape studies in Latin
America were as follows:

e Orientation of national landscape schools to holistic studies of environmental resources

e Improvement of operational tools for landscape assessment, in particular for landscape
mapping at different scales and landscape classification

e Integration of environmental dynamics into landscape research

e Focus on the interaction between the natural (abiotic and biotic) and socioeconomic
components of geosystems

Therefore geosystem-based approaches were used in many of these countries for environmental
diagnoses and territorial planning. In Latin America the definition, classification and mapping of
geosystems (often used as synonyms for the term “landscape”), complemented with the use of Geographic
Information Systems (GIS) and various other concepts drawn from ecology, became the basis for research
into environmental and territorial administration and planning, frequently referred to as “geoecological
studies” (Silva et al 2007; Marques Neto 2016; das Neves and Salinas 2017; Salinas Chavez and Franco do
N. Ribeiro 2017). In Cuba, for example, environmental and territorial planning is conceived in a similar
way as in the Soviet tradition, “from the study of the properties and characteristics of landscape units, which
enables us to propose the most suitable forms of using them from the perspective of the rational and
diversified use of the territory” (Miravet-Sanchez et al. 2014: 54; see also Salinas 1994). As in Spain,
geosystem methodology was frequently combined in Cuba with analysis of land use change in order to
assess anthropic impacts on landscape changes.

In Brazil the geosystem approach is used above all in studies of the transformation and

fragmentation of landscapes at local and regional scale. The geosystem paradigm was applied in the study
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and mapping of landscapes and territorial units, in particular of river watersheds as a basic unit for public
policies for environmental planning and management in Brazil (e.g. Soares 2006; Silva and Corréa 2007;
Ribeiro et al. 2010; Marques Neto et al. 2014; Souza 2014). The success of geosystemic studies of river
watersheds was attributed both to the close relationship between geosystem theory and the general theory
of hydrological systems and to the fact that it is relatively easy to combine biotic and abiotic environmental
factors and human activity within this scientific framework (das Neves and Salina 2017).

Its main weakness is that it is difficult to study anthropic landscapes with all their technical, social
and cultural elements, using geosystem methodologies derived from physical geography. Therefore,
although the geosystem concept has proved useful for interpreting the dynamics of periurban landscapes in
Brazil and Mexico, and of the changes in flows of matter and energy that take place within them, especially
in their relations with river watersheds (Neves et al. 2015), the results of the study of its anthropic elements
and urban landscape mapping are rather poor (e.g. Martinez Serrano 2017). It is often based on less complex
methodologies that combine data on elevation, soils, waters, biotopes or land cover through the use of
Geographic Information Systems.

Another problem of this framework is that the terms related with the geosystem paradigm are
complex and thus not easy to communicate to practitioners involved in land use and landscape management
in different countries. Therefore geosystem terms were often replaced by the term ‘landscape’ which offers
a much more comprehensible framework than geosystem for most people wishing to interpret the relations
between society and the environment (Termorshuizen and Opdam 2009; de Groot et al. 2010; Setten et al.
2012; Albert et al. 2014).

Geosystems versus other methodologies for integrative environmental studies

How can the geosystem paradigm enrich other methodologies for integrative environmental
resources and landscape studies? In the previous sections it was shown that one of the strong points of the
geosystem framework is its focus on the spatial dimension of environmental systems, which permits
relatively easy mapping of its object of study. In addition, the spatial scale used in the majority of geosystem
studies is more operational than that used in other holistic frameworks such as ecosystem. As J. Wu (2013:
1000) shows while comparing scales of landscape and ecosystem, “local ecosystem-based studies tend to
be too small in spatial extent to incorporate the environmental, economic, and social patterns and processes
relevant for sustainable development”. However, “a landscape or region, consisting of multiple ecosystems,
represents a pivotal scale domain for research and application of sustainability” (Idem.). Similarly, the
geosystem scale covers most of the interactions between the biotic, abiotic and anthropic elements of
landscape and their evolution and offers a solid base for spatial planning and for the management of natural
resources (Bertrand 1968). In addition, the geosystem-based approach is ‘holistic’, i.e. it is not biocentric
and it encompasses the complexity of the biophysical and human components of landscapes and a wide

range of their different characteristics.
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All these qualities mean that the geosystem-based approach is an excellent complement to other
integrative approaches, such as for example Landscape ecology and Ecosystem Services (ES)®. In fact, in
Post-Soviet Russia, some East European and Latin American countries geosystem-based approaches were
successfully combined with Landscape ecology concepts for regional planning and environmental
management (e.g. Diakonov 2011; Miravet-Sanchez et al. 2014; Halada et al. 2016; Marques Neto 2016;
das Neves and Salinas 2017).

While approaches such as geosystem and Landscape ecology contribute to transdisciplinary
environmental research by identifying measurable variables for different pillars of sustainability, they need
to be complemented by social science approaches developed by applied demography, human ecology and
rural community studies (Field et al. 2003; Angelstam et al. 2013) to make the knowledge useful in practice
(e.g. Kates 2011). The different approaches to integrative environmental and landscape studies can be used
as a foundation to combine a suite of theoretical frameworks within human and natural science that enable
certain aspects of landscapes and the environment to be measured from a holistic perspective (Angelstam
et al. 2013).

In this context the important strength of the geosystem-based approach is its close relationship
with landscape-based researches. The previous sections of this paper showed the interrelations between the
concepts of landscape and geosystem, both of them based on the integrative analysis of the environment
and on spatial studies of interactions between vegetation, relief, geology, climate and human influence.

Since one of the weaknesses of the geosystem framework was the difficulty to study non-natural
landscapes with methodologies derived from physical geography it needed to open up to other perspectives
to take into account the social and cultural dimensions of the relation between people and their environment.

The geosystem framework has however shown great potential for integrating the complexity of
human culture and its history into its methodologies. For example, numerous geosystem-based studies of
human-dominated landscapes provided new methodologies that combine the geosystem framework with
other more socioculturally-oriented perspectives, such as historical (e.g. Bertrand 1984; Isachenko 1998;
Jiménez Olivencia and Porcel Rodriguez 2008) or ‘ethno-cultural’ landscape analysis (Kalutskov 2000). In
this way the transdisciplinary, applied and spatial nature of the geosystem approach allows us to shift away
from the abstract theoretical model focused on physical and ecological elements of the environment to more
pluralistic and project-oriented perspectives. These lessons learnt from the evolution of the geosystem-
based approaches show that geo-ecological methodologies must be used in combination with other kinds
of instruments that take into account the complex interactions between society and nature and the
sociocultural perspectives of these interrelations. In fact, the ES framework has recently been undergoing
a process of this kind. For example, the Intergovernmental Platform on Biodiversity and Ecosystem

Services (IPBES) focused its definition of ES on ‘nature’s benefits to people’ (Diaz et al. 2015) and

5 The concept of ES first appeared at the beginning of the 1980s as a pedagogical instrument to raise
social awareness of the wide range of services that ecosystems provide to people, so justifying the need to
protect them. Since the Millennium Ecosystem Assessment (2005), it has become a very widely used and
politicized tool for decision-making processes in the field of environmental conservation.
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included viewpoints from the social sciences in order to strengthen its analytical capacity for understanding
human-nature relations (Berbés-Blazquez et al. 2016).

Another way the geosystem framework can be used to bridge the gaps in integrative environmental
resources studies is with the tools it offers for landscape and ES assessment. For example, Bastian et al.
(2015) detected a gap in ES research in the use of simplistic proxy methods for mapping ES based on land
use and land cover. These methods helped raise policy awareness on ES supply and values but ignored the
more complex ecological reality, posing serious risks in terms of the possible adverse effects of policies.
The geosystem-based approach can therefore be very useful for predicting, monitoring and enhancing
ecosystem services, in that it encompasses the complexity of environmental systems and their abiotic, biotic
and even socioeconomic characteristics, a problem yet unresolved in the ES framework (Norgaard 2010).
In addition, a territorial approach made up of geosystem-based methods is particularly useful for ES
mapping, since ecosystem services are place-based, and could be easy to assess, maintain, enhance and
restore if their location is known (Iverson et al. 2014; Fu and Forsius 2015; Bastian et al. 2015).

Ecosystem services are spatially heterogeneous and interactive (Termorshuizen and Opdam 2009)
and different ecosystem services could prevail in different domains and scales in time and space. However,
the concept of ES focuses mainly on the ecosystem individually and does not consider its spatial contexts
and interactions (Wu 2013). The consideration of spatial interactions between different hierarchical levels
of the geosystem or its sub-systems could therefore be helpful for detecting and “spatializing” ecosystem
services in different environmental and territorial contexts.

Finally, both Soviet Landscape science and Ecosystem services have had difficulties in integrating
time and dynamics into their analysis. Geosystem-based mapping and modelling methods for the analysis
of environmental dynamics offer solid tools based on numerous empirical studies on landscape and
geosystem monitoring, modeling and mapping over the last half century which can help advance ES

research.

Concluding remarks

There is a long tradition in Russian and Soviet Landscape science regarding the use of holistic approaches
to environmental and integrative territorial studies. One of its important contributions was the geosystem
paradigm. This new paradigm enabled geographers to move towards a more interactive, dynamic,
globalizing view of landscapes, leaving behind the static determinist model that had dominated and still
remains important in Russian geography. Geosystem-based methodologies provided operational tools for
spatial planning and studies of environmental resources dynamics not only in Russia but also in several
European countries and in Latin America.

This framework has proved highly adaptable to different geographical, cultural and political
contexts throughout its more than fifty years of history. The trajectories of the geosystem paradigm in
several other countries apart from Russia have demonstrated its usefulness for integrative territorial and
environmental studies in diverse sociopolitical and environmental situations, and its compatibility and
complementarity with other scientific frameworks such as Ecosystem Services or Landscape ecology. Its
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strength lies in its focus on the spatial and temporal dimension of ecosystems and the fact that it
encompasses a wide range of facets, including human elements. The geosystem framework has gradually
evolved over several decades, during which time its close links with landscape-based studies and its
potential for integrating nature-human relations have also become clear.

There is evidence to suggest that Russian Landscape science and the development of the geosystem
framework in different countries have much to contribute to further progress of integrative environmental
studies (Shaw and Oldfield 2006, 2007; Angelstam et al. 2013; Bastian et al. 2015). This is not only due to
the large amount of data on landscape classification, analysis, evaluation, monitoring, modeling and
mapping accumulated since the beginning of the last century, but also thanks to the long Russian tradition
of philosophical and sociological debate regarding the significance of environment and landscape (Shaw
and Oldfield 2007; Oldfield et al. 2017).

Geosystem-based approaches must be combined with other approaches for unravelling the
relationships between human beings and the environment so as to enable the creation of an international
framework of integrative studies on environmental sustainability. This will allowexperts working in the
different traditions of integrative environmental and territorial approaches to combine their interests and

efforts to fill the gap between societal and environmental studies.
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