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ABSTRACT: The purpose of this article is to identify and assess environmental risks
that may have the greatest impact on the future of humanity. They were divided into
two basic groups, i.e. for natural processes and resources. In addition, climate change is
described as different group. The authors decided, that a holistic approach to this issue is
more desirable than dividing it into two above-mentioned groups.

The comparison of various threats was possible due to the application of identical
assessment criteria, such as: the harmfulness, rate of spread, scope and moment of
occurrence of a given group of threats. Each of the listed criteria has been evaluated on
a five-point scale, where 1 has the smallest and 5 the largest impact force.

The obtained results show the leading importance of natural processes in maintaining
the existing Earth system. In addition, the authors point to a greater risk of problems
related to renewable resources than non-renewable one. As a result, it can be assumed
that the current degradation of natural processes and excessive use of resources is likely
to lead to the risk of global disasters.
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INTRODUCTION!

Studies addressing the future often feature an aspect of threat. For example,
publications of the Polska 2000 Plus Forecasting Committee include a paper on “Global
threats as barriers to development” — Zagrozenia globalne barierami rozwoju (Kleer
2012; Kleer, Kleiber 2015), while foreign studies of this profile are also well known
(Randers 2012; Wijkman, Rockstrém 2012). Among the numerous threats identified,
a key group comprises the environmental threats; although in many cases activity ceases
with the identification process, with no use then made as scenarios for the future are
developed. Acting against that tendency, the authors here advance a thesis that, by
the time the mid-21st century arrives, the natural environment may well be a key factor
bringing about a global breakdown in humankind’s civilisational development.

The aim here hast thus been to point to and assess those environmental threats that
are capable of leading — at least in theory — to catastrophes for civilisational development
even on the world scale. To this end, threats have been divided up into two main parts,
relating to either natural processes or resources. In each of these it was possible to
identify groups defined more precisely — which are the subject of discussion in a further
part of this same study. Beyond that, it was accepted that effects will prove irreversible
in the short or even medium terms, with the result that phenomena of this kind lead to
a permanent “makeover” of human civilisation, with this being a consequence of the
catastrophe, as opposed to a further element thereof.

Beyond that, as they worked to identify the aforementioned threats, the authors set
themselves the goal of introducing a hierarchy of these that would make it possible to
indicate factors potentially likely to prove the most dangerous.

RESEARCH METHODS

The considerations described relate to phenomena of a global (universal) nature,
given that even those environmental disasters that are on a local scale may translate
into issues of relevance to the entire population of Homo sapiens, on account of the
universal nature of their occurrence. This is what justifies the treatment of humankind
as a single collective entity?.

I This article is an abbreviated (and English-translated) version of a text that went into the
publication, in Future: World-Europe-Poland no. 2/34/2016.

2 This kind of approach is a major simplification, but one that is nevertheless justified in this context
on account of the Malthusian limitations that will make their appearance on the scale of the world
as a whole. These will concern all societies, with the result that cultural and political divisions will
lose their significance. A separate issue is decisionmaking in regard to protective action, given the
differentiation or disparities that will most likely typify this.



www.czasopisma.pan.pl P@N www.journals.pan.pl
<D

The risk of catastrophes for civilisational development of environmental origin 59

The results presented here arise out of both a critical analysis of the subject
literature and the authors’ own research. The authors determined to introduce their
own assessment of the phenomena described below, with basic criteria introduced to
facilitate comparisons. In this way, each group of threats has gained appraisal from
the points of view of harmfulness, rate of spread, scope and moment of occurrence.
The last of these criteria denotes a forecast time at which the threats proper arise, or
more specifically in fact the moment at which an impact for the planet as a whole can
be seen to have reached its zenith and become most tangible.

More specifically, each of the criteria referred to gained assessment on a five-point
scale, whereby 1 denotes a very limited threat; 2 a limited threat; 3 a moderate threat;
4 a major threat; and 5 a very major threat. Thus, for example, where the method is
applied to the criterion of moment of occurrence, a 1 is awarded where a problem may
arise around 2050, whereas something foreseen for as early as 2020 gains a 5. Likewise,
the faster the rate of spread or at least the greater the scope of impact, the higher the
value awarded to the assessment.

The authors are here aware that the precise evaluation of studied phenomena may
not prove possible; but they nevertheless consider adoption of the above scale — even
if associated with major simplifications — as offering a comprehensive look at future
catastrophes, with the possibility of a hierarchy for events under study also being
arrived at. Obtained result can then be treated, not as detailed analyses of particular
areas, but as an attempt at a holistic, all-embracing approach to threats to the further
development of human civilisation.

The work has taken in the 2015-2050 timeframe, with the results pointing to the
possible appearance around 2030 (in the 2025-2035 period) of a series of phenomena
important from the point of view of the work carried out. It is thus recognised that
the year 2030 ought to be regarded as a turning point of some kind. In our view, what
takes place here will be, not so much a one-off event, as an interweaving of many
phenomena. For this reason, the work presented here has sought to draw a distinction
between two sub-periods, i.e. from 2015 through to around 2030, and from 2030 to 2050.

Presented results were likewise assigned to the three areas of climate change,
resources and natural processes. Climatic factors have been separated out as an issue,
since these fall within both the resource- and process-related parts.

CLIMATE CHANGE AS A HOLISTIC ENVIRONMENTAL THREAT

Observations being made currently encourage a conviction that current climate
change is of anthropogenic origin (IPCC 2013), with the source considered to lie
in increasing emissions of greenhouse gases. Those taking such an assumption on
board may also accept that the processes of hypothesis-testing and the devising of
scenarios are precise enough to prove suitable for use in broader, multifaceted studies on
the future.
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Over the time perspective under study, the most probable scenario is considered
to entail a rise in global temperature of some 1.5-2.5 degrees Celsius (IPCC 2013).
However, at regional level, there may be far greater changes, not least in Arctic areas
and in the north-east of Europe. The most limited changes are in turn anticipated for
areas by seas and oceans.

From the human point of view, it is the consequences of these changes that are
important. It is assumed that a 2-degree rise in temperature will not of itself give
rise to a global civilisational collapse, even if it may — indirectly and on the regional
scale — have a significant influence on conditions for life on Earth (Cowie 2009), up
to and including increased death rates among human beings (Springmann et al. 2016;
Stern 2006). Among consequences of fundamental importance, it is possible to mention
an increased frequency of occurrence of violent weather phenomena (downpours,
gales, floods and droughts), an acceleration of processes ongoing in vegetation, and
a disturbance of processes involved in the cycling of water in nature.

Some effects of climate change are already observable, but it needs to be recalled
that the consequences will not be uniform. A deterioration of the situation in some
regions may be accompanied by improvements in others. Overall, though, it is
recognised that there is a major risk of conditions for human existence worsening, in
particular when it comes to access to food? (Prandecki 2014a; Prandecki et al. 2014;
Springmann et al. 2016).

In addition, it proves possible to identify links between climate change on the
one hand and ecosystem metabolism or biogeochemical processes on the other. What
emerges from this is a depiction of the ecosphere as an integrated biogeochemical and
meteorological system. The changes ongoing within it are non-linear in character, and
may thus give rise to consequences much greater than has been anticipated.

The international community is seeking to play an active role in counteracting
ongoing climate change. However, the initiatives taken up do not seem effective.
Research points to a steady overall rise in emissions of the greenhouse gases regarded
as the main cause of climate change. Forecasts also confirm maintenance of the trends
noted so far through to around 20302035, at which point there will most probably
be a peak reached for anthropogenic emissions of greenhouse gases. Bearing in mind
a certain inertia and non-linearity to climate-related processes (a time-lag operating
between cause and effect), it is only around 2040 that we might envisage real processes
holding back further climate change. In consequence, the most probable circumstance

3 The period up to 2050 is forecast to witness an increase of the human population to around
10 billion people. In line with the fact that this growth will coincide with ongoing changes in
eating habits, it is forecast that demand for food will end up being at almost twice the level it
is today. However, many studies suggest that the increase would need to be far less than this if
only waste in the course of production, processing, transport and consumption can in some way
be reduced. However, all that is not going to be easy to achieve. Furthermore, changes affecting
the accessibility of the resources needed to be produce food are such that it seems reasonable to
assume climate change exerting a negative influence on food security.
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through to 2030 is a scenario in which a policy of continuation/business-as-usual is
maintained, with protective initiatives only coming on stream later. This also denotes
a crossing of safe global boundaries for climate change in mid-century, with numerous
negative consequence therefore arising.

THE INFLUENCE OF NATURAL RESOURCES ON THREATS
TO CIVILISATIONAL DEVELOPMENT

In the context of analysis of future environmental threats it is the problem of resources
that is raised most often. The literature on natural resources draws a distinction between
five main areas in which civilisational catastrophes have a risk of arising. These relate
to shortages and/or inadequate management of water, degradation of soil and excessive
use of nitrates and phosphorus compounds, the consumption of energetic raw materials,
the consumption of rare earths and the loss and degradation of biodiversity.

By far the easiest aspect to estimate is the exhaustion of non-renewable resources.
Typically, the research method here sets available supplies of a given resource against
current rates of utilisation. To improve the reliability of these estimates, both elements
in the equation can be subject to revised estimates — in line with either the discovery
of new supplies or a change in rates of consumption. And while the analyses involved
remain rather generalised, they do allow for at least an approximate indication
of when a given resource is likely to be exhausted. On this basis, the supplies
needing to be seen as most threatened are those of rare earth metals, silver, gold,
zinc and lead, as opposed to the fuels and energy sources of the popular imagination
(Prandecki 2013).

It needs to be stressed that the above means of estimating resources are very
imprecise, though at least they allow for the determination of the relationship pertaining
to access to given resources. At the same time, a decline in levels of resource extraction
can be accepted as raising market prices, with the potential effect of demand being
reduced (as the poor will not be in a position to meet their needs, but will be forced
to seek out substitutes), while the period of resource accessibility among the rich is
simultaneously extended?.

Moreover, it is still possible to anticipate new deposits being found, as well as more
efficient ways of exploiting existing ones, with this also having its effect in extending
availability (Prandecki 2013, 2014b).

The situation regarding renewable resources looks a little different. For example,
the resource of fresh water suitable for drinking represents just 0.8% of all accessible
water (excluding that locked up in ice sheets). A majority (some 70%) of the water
consumed by people goes on agriculture. Industry accounts for about 20%, households
for ca. 10% (WWAP 2015). However, these estimates are rather generalised, as there

4 Assuming that tensions do not arise, leading to a revolution of the poor against the rich.
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is no one dominant method of calculating water consumption (Gerten et al. 2015;
Jaramillo, Destouni 2015). Today, an estimated 663M people in the world (9% of the
entire population) have no access to improved drinking water (WHO 2015). This is
actually the lowest result recorded in history, making it clear how the situation has
improved. However, other work shows that — as of 2008 — a physical lack of water or
water poverty® was being experienced by around 2.8 bn people (Ercin, Hoekstra 2014).

Water problems may reflect a series of factors, i.e. rising consumption, improper
management, pollution, a lack of water in general, or climate change. And here,
particular attention needs to be paid to improper water management. This is linked
with the wasting of resources or the excessive consumption thereof. The best example
of this is the destruction of the Aral Sea.

Forecasts on access to water leave little room for optimism, with the UN Secretary-
-General assuming that these kinds of problem might even be affecting 3.9 billion people
by 2030 (Lean 2009; RT 2013). That is almost half of the entire forecast population.
Such estimates make clear the growing significance of water to the economy and human
existence. It is anticipated that, by 2050, there will have been a 20% increase in the
amount of water consumed by agriculture (assuming a business-as-usual scenario).
Furthermore, the assumption is that water use will grow even faster than the human
population (UN Water 2015).

Soil is of great importance to human life, given the many functions served in
the environment, and the many services provided. After Gruszczynski (2014), these
can be taken to include biomass production; chemical stabilisation and the filtration
of pollutants (with sorption taking place);the transformation of certain chemical
components and storage of water; the safeguarding of conditions for biodiversity to
exist and flourish (in a range of soils and soil habitats); the accumulation of soil organic
carbon (SOC); the protection of Earth’s geological, palacontological and archaeological
heritage; and the safeguarding of a physical and cultural environment suitable for human
activity.

From the resource point of view, what matters is accessibility of soil in a form that
ensures biomass production, and hence the capturing of energy for the supply of both
fuel and food. However, many means by which people manage the Earth’s surface are
such as to lead to losses of the substances and properties that make the life and growth
of suitable species possible. The processes involved here include erosion of soil by
water and the wind, mass movements, the loss of organic carbon, pollution by noxious
substances (like heavy metals, but also in this context even salt), the sealing-off of the
soil surface and compaction.

To simplify greatly, we can assume that soil matters to people from a production-related
point of view. This ensures the priority status assigned worldwide to measures that limit

5 Water poverty is understood as the lack of capacity (financial means) to obtain water, i.e. by the
digging of wells, the building of transmission systems or the effective management of infrastructure
of these kinds.
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erosion, help maintain the balance of organic substances, and stabilise and uphold the
processes by which nitrogen, phosphorus and potassium all cycle®.

Biological diversity “means the variability among living organisms from all sources
including, inter alia, terrestrial, marine and other aquatic ecosystems and the ecological
complexes of which they are part” (Convention on Biological Diversity done at
Rio de Janeiro on June 5t 1992). It can assume many forms (Prandecki and Sadowski
2010, 30), including “genetic diversity relating to the multiplicity of genes present within
different species; but also species diversity among plants, birds and other animals, as
well as microorganisms; and ecological (ecosystem) diversity — i.e. the configurations
arising out of the co-existence of species forming a multitude of ecosystems and
landscapes; biogeographical diversity — looked at in relation to geographical location
globally; and landscape diversity, with it then being necessary to recall that a landscape
may be a natural one, or a cultural one shaped by human beings”.

Just one of many examples of the significance of biodiversity for humankind, albeit
a key one, involves the presence of pollinating insects. Pollination by animals is key for
87 out of 124 main crop-plant species. This leaves around 35% of human food of plant
origin dependent on pollinators (Klein et al. 2007). Should pollinators be lost, the costs
would thus be absolutely immense (Majewski 2014), and the process would of necessity
drive a fundamental change of human diet, and major changes in the availability of
food. The degradation of biodiversity may also influence other resources, as when
the felling of forests reduces capacity to retain water, and hence people’s access to that
key resource also.

Inthe Living Planet Index 2014 report, it was emphasised that, overall —in comparison
with 1970 — the population of thousands of vertebrate species has declined by 52%.
Furthermore, observations indicate that the process is intensifying (WWF 2014).
The scale of the phenomenon is so great that the ongoing change is now being termed
the “Sixth Great Extinction”. And, unlike in the case of the other 5, this one will
result entirely from the activity of a species — our own. A characteristic feature of this
event is the speed with which it is taking place — quite unprecedented in the Earth’s
history. It is primarily the natural ecosystems — as opposed to those we have shaped
ourselves — that are being lost. Particular problems here relate to the tropical forests
of Latin America and Africa (Petersen et al. 2016), which are of course of immense
importance to biodiversity. Deforestation thus equates closely with biodiversity loss,
and satellite data for 2014 make it clear that around 18 million hectares of forest were
lost in that year alone — an area the size of Portugal (Petersen et al. 2015).

Analysis of literature relating to marine management suggests a lack of studies
assessing the risk of loss of balance where marine resources are concerned
(Béné et al. 2016). However, populations of many different species in the sea are
known to be in decline, and this is particularly true of those exploited by human beings.

6 The first of these elements is of particular significance. It needs to be present in a plant-
-assimilable form.
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Far harder to assess is what this can be said to mean overall for homeostasis in marine
ecosystems.

THE DESTRUCTION OF NATURAL PROCESSES
AS A THREAT TO CIVILISATION

A key aspect of current and future threats to civilisation is what can be seen to
arise from the process-related (dynamic) analysis of the Earth’s ecosphere from the
ecosystem homeostasis point of view. In this article, this kind of homeostasis is
treated as the dynamic equilibrium present globally on the basis of natural positive
or negative feedback processes. When conceptualised as a mathematical function, the
homeostasis in question is seen to be of an absolute nature. Where Earth’s ecosphere
and its component spheres are considered, we should accept that this is a concept of
both modelling and operational significance, which is found to encompass a host of
non-linear natural processes.

Homeostasis can be seen in terms of its properties, of which the most important
include equifinality, constancy, inertia, resilience and elasticity (Richling, Solon 2011).
Equifinality may be boiled down to the idea that an ecosystem achieves a defined final
state having perhaps started off with quite distinct and non-uniform initial conditions,
and then proceeding via a range of different processes. Constancy in turn denotes
ecosystem persistence over a defined time interval. In fact ecosystems change over
periods that differ greatly — from millennia in the case of mountain systems, via
hundreds of years for forest ecosystems to just years when it comes to the biocoenoses
of littoral zones in waters. Of course, ecosystems are never entirely constant in any case,
given the presence of both fluctuation in the shorter term and evolution over the very
long term.

Inertiais associated with delayed onset of change in ecosystem elements and
processes, even in the presence of disturbing or disruptive impacts. Resilience then
relates to threshold values for parameters present in the surroundings of ecosystems,
up to which no change within takes place at all, or else change takes place in such
a way as to remain reversible should disturbing factors dissipate. However, if external
impacts are too great, then one ecosystem transforms into another that is better adapted
to the circumstances faced. Elasticity denotes the rate and/or means by which initial
characteristics of an ecosystem can be returned to. It is thus associated with a rebound
time for the return to the initial state.

The subject literature identifies many natural and anthropogenic factors that influence
ecosystem homeostasis. Crucial among these is ecosystem maturity and diversity, as
associated with numbers and strengths of linkages, as well as external disturbances
(Richling, Solon 2011). Where the maturity of ecosystems is concerned, there is no overall
mechanism by which this can be related to homeostasis. It is stressed that the shaping
of ecosystem maturity is accompanied by changes in the life attributes of species.
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Attention is also paid to increased stability of ecosystem structure as a result of a reduction
or increase in amounts of organic matter.

Research also shows that a more mature (diverse and complex) ecosystem displays
reduced resilience in the face of disturbance and takes longer to rebound. A further
discovery is that a change in the relationship between elements and processes present
in an ecosystem (with high diversity, increased food-chain complexity and lengthened
matter cycling) all lead to the development and complication of feedback systems, and
thus to stability and homeostasis.

In the linkages between maturity and stability it is quite frequent for the key factor
to relate to external disturbance to ecosystems. Many times in the literature it is possible
to see prominence given to some straightforward linkage between homeostasis and
biodiversity in ecosystems. This is simply too great a simplification, however, arising
as it does from a superficial analysis of the 1976 model from M. Tansky. In his model,
constancy of composition and resilience in an ecosystem can be seen to rise with
the number of paths via which energy flows, as well as the number of linkages between
these, and a more even share of different elements among the overall energy resources,
abundance and area. It has further been noted that a direct relationship between
homeostasis and biodiversity cannot exist, as these are controlled by environmental
heterogeneity and dependent upon the density of the network of connections. A further
factor that can exert an influence on ecosystem homeostasis is size. The smaller
the ecosystem, the more its area is subject to external impacts. A reduction in the size
of an ecosystem is also associated with its impoverishment, and hence with a decline
in its capacity to achieve homeostasis.

Where external disturbances are lacking, further conditioning is achieved by the
number and strengths of network connections, though total number is not key here,
given the way ecosystem stability appears to rise where certain functional modules only
more loosely connected to one another have come into existence within the system. In
any case, the influence on biodiversity and ecosystem homeostasis exerted by external
disturbance is not found to be uniform in nature.

In a general sense, disturbance can be classed as spreading within one type of
ecosystem or in a range of different ecosystems. Moreover, in the literature, it is typical
to come across the idea that a moderate level of disturbance can actually bring about
an increase in biodiversity across space. Indeed, it is deemed to be in this way that the
elasticity and resilience of ecosystems in the face of disturbances are shaped. Effect
is given to this mechanism in defined conditions, as disturbance reduces the role of
the commonest elements of an ecosystem, while not exerting an influence on the rare
ones. The impact of disturbances is to leave resources in an ecosystem unused; and
this offers hitherto-untapped opportunities for ecosystem resources to be utilised.
Where these conditions go unmet, the biological diversity of an ecosystem may remain
unchanged or diminish.

The global homeostasis of our planet’s ecosphere can be looked at from the point
of view of a dynamic equilibrium being present in its metabolic processes. This is all
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driven by living organisms whose “motivation” is to produce more copies of themselves.
The utilisation of natural resources, energy and information present in the natural
environment is essential if that is to happen, while evolution over time allows organisms
to develop diverse metabolic strategies to achieve this. However, the resources present
for use in the ecosphere are finite in nature, albeit capable of long-term cycling and
recycling via well-identified biogeochemical cycles, as well as the hydrological cycle.
The use of the resources in question may assume many and varied forms, however,
with carbon compounds for example serving as building material and power source
— sometimes at one and the same time. The metabolic reactions being run by all of
the Earth’s living organisms sum together to constitute the twin global processes of the
production and decomposition of biomass. And a global equilibrium between these
is preserved thanks to the homeostatic workings of a host of negative and positive
feedbacks (Weiner 2015).

There are two reasons why ecosystem stability is a matter of importance for
humankind. In the first place, rapid large-scale changes may cause conditions favourable
for life to be lost. Beyond that, there is the fact that many natural processes are important
for the economy, and thus capable of being regarded as environmental services’.
The latter are treated as externalities from the economic point of view (Prandecki et al.
2015), and are thus not subject to market valuation. This in turn means that they are
often left out when the future of human civilisation is considered. Of course, they are in
fact highly significant for the environment and the economy alike, and more and more
attention to this fact is now fortunately being paid (Buks, Prandecki 2015; Michatowski
2011, 2012, 2014, 2015). Nevertheless, the need remains for analysis to take in these
processes in the context of the risk of disaster arising.

In this study seeking to assess groups of natural processes, a series of factors identified
were deemed to have a major influence on the maintenance of homeostasis on Earth8.
The choice was made in line with fundamental knowledge in the fields of biology
and ecology (see, for example, Begon et al. 1996; Begon, Mortimer 1999; Colinvaux
1993; Cotgreave, Forseth 2002; Krebs 1996; Lomnicki 1988; MacArthur, Connel 1971;
Odum 1977; Remmert 1985; Richling, Solon 2011; Ricklefs 1990; Townsend et al.
2003; Uchmanski 1992; Weiner 2015). For this reason, and on account of the limited
size of this text, as set against a multiplicity of factors®, these did not gain more detailed
characterisation in this study. The factors referred to were assessed using the method
presented in the earlier part of this text; with obtained results allowing for a collective
estimation indicating groups of processes and appraised threats.

7 For a broader treatment of environmental services, see Michatowski (2013).

8 A full list of the factors referred to in the research gained publication in Prandecki,
Michatowski (2016).

9 The assessment related to 35 factors, among which some gained consideration many times, in
the context of different groups.
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RESULTS

The authors’ analyses and considerations have yielded an expert conceptualisation
and assessment of the risk that factors of natural origin will generate a global civilisational
catastrophe. The considerations were twofold — in relation to resources (Tab. 1) and
processes (Tab. 2).

Under the first category, it proved possible to distinguish five groups in which threats
might be present, relating to energy sources, rare earths, water, soil!%and biodiversity. In
the second group, processes considered to occur were sub-divided in relation to threats
posed to the lithosphere, pedosphere, hydrosphere, atmosphere and biosphere. However,
it was decided that — notwithstanding its previous characterisation as a phenomenon
bringing together many processes and resources — climate change would not be the
subject of separate assessment.

Furthermore, in the case of each of the groups of threats, part results were supplied,
as well as an overall indicator of risk (Zp). The principles in line with which assessments
were assigned are as presented in the Methods section applying to the study as a whole.

Table 1. Civilisational threats associated with natural resources

Group Criterions Overallindicator
of resources” | parmfulness | rate of spread | range | time of occurrence of risk
Energy sources 2.5 2 4.0 1.0 9.5
Rareearths 3.0 2 4.0 3.0 12.0
Water 5.0 2 3.0 4.0 14.0
Soil 4.0 1 2.5 3.5 11.0
Biodiversity 3.0 4 2.5 4.0 13.5

* As a given group of resources may face several threats, the authors do not point to particular threats,
but merely to resources with which threats may be associated. In this way, the group called “Water”
is related to threats associated with both the hydrological cycle and pollution.

Source: authors’ own elaborations.

Where non-renewable resources are concerned, the time of appearance of the risk
of exhaustion or peak level of exploitation remains quite a long way away. It is not to
be expected up to the year 2030, even in the case of the rare earths. In turn, where the
non-renewable primary energy sources are concerned, the risk will not have arisen even
by the end of the period under study.

However, a problem with the aforesaid rare earths may be encountered after 2030;
and — furthermore — all of the non-renewables are likely to be associated with problems

10 The group termed “soil” included criteria associated both directly (e.g. the organic matter balance)
or indirectly (e.g. access to resources of nitrogen, phosphorus and potassium).
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appearing quasi-globally. Limitations on supply will appear worldwide, and will have
their impact on prices globally. Then, with a view to safeguarding their own supplies of
raw materials, some countries may restrict trade in resources they possess themselves,
with consequent influencing of the range of impact of the risk in question. In addition,
the process will obviously make the situation faced by importing countries all the more
severe, while reducing the impact on countries that happen to be richer in the given
resource. It can be assumed that resources will not be exhausted at a very fast rate,
though given deposits will come to be worked out steadily, with appropriate pressure
to find substitutes then being exerted. It is thus difficult to assess how harmful this risk
will actually prove to be.

The resources that are of the greatest significance (i.e. sources of energy and
rare earths) are of priority status where the existence of contemporary civilisation is
concerned. Without cheap and universal access to energy it is hard to imagine society
functioning at all — in cities in particular. The existence of many substitutes and the
development of the technologies by which renewable energy can be stored encourage
a conviction that primary non-renewable energy might have its place taken, with the
result that the degree of impact of this risk is assessed at a quite low level. Rare earths
are in turn essential to the manufacture and operation of much modern ICT, including
even that involved in health protection. In this case, the existence of substitutes is not
certain, with the result that the risk is raised. However, a decline in the availability
of resources would seem to go hand in hand with an increased level of recycling, the
effect of this again being to reduce the assessment regarding degree of harmfulness.

There are many fears associated with the degradation of soils, given their status
as a resource indispensable to the production of food. The assessment for the degree
of harmfulness associated with this factor is thus a high-value one. However, this
problem is only likely to spread slowly, while the range already occupied is small. Soil
degradation appears to be ongoing at a steady rate, but real change is only noticeable
over the rather longer term, after say 10-15 years at the least. This problem is also
seen to arise regionally, and is in large measure dependent on agricultural practices.
It is also associated with difficulties with determining time of onset. Soil degradation
has already been ongoing for a very long time, and the spectacular example of the US
“Dustbowl!” in the inter-War period may be recalled. More often, however, this low-rate
process is hardly visible at all, with it proving difficult to determine the moment at
which degradation might be on such a scale that global catastrophe threatens. It would
seem that — should a policy of Business as Usual be applied, there might be such
a moment somewhere around 2030. In this regard, there are particular fears associated
with safeguarding proper disposition of nitrogen, given that the natural cycling of this
element was long ago breached by human activity.

The threats to biodiversity represent a very complex group — to the extent that
unequivocal assessment is difficult. The rate of exhaustion of this resource would seem
to be so high that it is possible to speak of the rapid emergence of problems in this
sphere. However, references to biodiversity also require consideration of matters of
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water retention, the stabilisation of the climate, absorption of CO, and the production
of oxygen. That fact leaves as justified the contention that the current, absolutely
over-exploitative policy threatens visible harm by around 2030. Initially (as today),
the biodiversity issues will be most tangible locally. However, in the longer time
perspective global consequences may arise. Given the high level of complexity of the
factor, an enhanced degree of harmfulness is recognised, but not yet one that capable
of being termed “very great”.

Furthermore, the loss of many species or even whole ecosystems may remain
largely unnoticeable at global, biosphere level. At the same time, there is a risk that the
destruction of some most key factor could give rise to far-reaching, non-linear effects,
up to and including a destabilisation of the Earth system as a whole.

Table 2. The risk of occurrence of threats to civilisation brought about by
the degradation of ecological processes

Criterions
Group - Overallindicator
of processes | parmfulness rate of range time of of risk
spread occurrence

lithosphere 16/6=2.7 14/6=2.3 17/6=2.8 16/6=2.7 63/6=10.5
Q
ﬁo pedosphere | 33/10=3.3 29/10=2.9 30/10=3.0 38/10=3.8 130/10=13.0
% hydrosphere 20/6=3.3 19/6=3.2 19/6=3.2 22/6=3.7 80/6=13.3
[::g atmosphere | 32/10=3.2 29/10=2.9 31/10=3.1 33/10=3.3 125/10=12.5

biosphere 56/18=3.1 54/18=3.0 57/18=3.2 59/18=3.3 226/18=12.6

Source: author’s own elaboration.

The presented results give rise to several conclusions. Above all, it needs to be
noted that the threats associated with the degradation of natural processes prove to be as
important as resource threats. Moreover, in many cases, a moment quite close at hand is
foreseen, at which consequences arise from the ongoing degradation process; and there
may be repeated occasions on which this happens more rapidly than the exhaustion
of non-renewable resources — notwithstanding the fact that the latter have come to be
associated most often with environmental crisis.

The most dangerous threats are seen to be those concerning the hydrosphere. Indeed,
problems in this area are forecast to make themselves known rather rapidly now, most
of all where people’s access to water is concerned. It is worth noting how the threats
linked to the hydrosphere are distributed evenly among the criteria adopted, which
means, not only a non-distant time of appearance of threats, but also considerable harm
done to society where the processes in question start to be lacking, as well as a high
rate of spread and extensive ultimate range of occurrence.

When comparisons are with the threats facing the hydrosphere, only in the case of
the pedosphere are higher indicator values noted — which is to say a still-earlier time
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of onset of the given threat. However, it is foreseen that problems in this regard will
only spread far less rapidly.

The assessment of the aforementioned groups of threats (involving both resources
and processes) gives rise to several conclusions. The first is that processes in the natural
environment underpin the permanent presence of renewable resources on Earth. Drastic
degradation of these processes means impaired access to resources, but may also denote
destabilisation of the Earth system, and thus the disappearance of conditions favourable
to human life.

Secondly, any continuation of the present rate of degradation of renewable resources
has to engender convictions that the risk of exhaustion is actually greater than in the case
of the non-renewables. It might be thought that the moment of arrival of such a problem
can be compared with the imposition of limits on access to rare earth elements. In the case
of the latter, authors are of the view that a crisis situation will arise around 2030.

Thirdly, it is very probable that threats to the environment will not appear in either
an abrupt or universal manner. Rather, we may expect a series of local or regional
phenomena to emerge, that will nevertheless have tangible social consequences.
It is only as society reacts to shortages of defined resources that a cause of dramatic
revolutionary change leading to catastrophe may make its appearance. The change in
question might involve the administrative system, migration, fighting, revolution or
even war over resources. Such cases are not unknown even in our present times, but
the scale of them is sure to increase steadily. On the other hand, it will only be as
a secondary impact that we may encounter serious, large-scale shortages of the resources
people need.

CONCLUSIONS

The above solutions and conclusions give rise to the following general points:

* As environmental factors can shape the future significantly, they should not be
marginalised in scenarios for development;

» Limited access to resources or worsening living conditions in a given area may
prove to be a significant factor underpinning movements in society that combine
with problems occurring on an ever-wider scale to destabilise currently-existing
political balances around the world;

» Environmental problems should be addressed in an integrated manner, i.e. with
account taken of the influence processes exert on the homeostasis of the Earth and
access to resources. The example of climate change makes it clear how interlinked
these issues are;

* Renewable resources and associated natural processes would seem to be of greatest
significance when it comes to a real risk of a global civilisational catastrophe of
environmental origin arising. This is particularly true of problems associated with
water (be these related to shortage, pollution or impaired access);
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e Assessed as the most limited risk is the widespread occurrence of limitations
on access to energy resources. While access to energy represents one of the key
conditions if human civilisation is to prove persistent, it would not seem to be
threatened (on a global scale) through to the end of the period under consideration
at least.

From all of this it must be assumed that environmental threats are capable of bringing
about a permanent and major “remodelling” of conditions for life on Earth. And there is
a high probability that at least some of the changes anticipated will assume catastrophic
proportions. Over a long time perspective at least, that also denotes environmental factors
playing their part in changing the configuration of political forces around the world,
with the result for many regions being a rapid (and revolutionary) deterioration in living
conditions. The pressure societies are then likely to exert may lead to a destabilisation
of economic, political and social relations worldwide. A foretaste of this is already
tangible in Europe, in the form of the migration crisis. The appearance globally of
disturbances relating to resource access, or arising out of disturbances to the natural
balance as certain processes peter out, may give rise to problems on a far larger scale
than we see at present. It is thus easy to imagine the tensions and emotions associated
with any processes by which people adjust to the new situation. History teaches that
periods of change, and of the building of new balances of power, always see the elite
gaining most from an existing setup resisting change, with uncertainty as to the future
then abounding, as well as chaos when and where attempts to adapt are made. Often
these are induced by lack of knowledge, as well as the absence of consent or a mandate
for changes of direction made. The other possibility is of course a lack of the necessary
courage to take decisions that are crucial, but also unpopular. In these circumstances,
even minor environmental changes can serve as factors generating serious global
catastrophes whose result is — quite literally — the end of civilisation as we know it.

In consequence, the ways in which we consider the future should be far more
integrated than they have been, so that account may be taken of environmental elements
most delicate and sensitive where planetarily-imposed limits on development are
concerned. That said, it is worth recalling that the environment and the changes ongoing
in it should not — may not — be analysed in isolation from human activity. By way of the
economy and culture, societies can exert a major influence in shaping local and regional
ecosystems — to the extent that they are simultaneously perpetrators and victims of
environmental crises. Beyond that, it is worth nothing the great complexity that always
characterises environmental issues, as well as the multiplicity of interactions that
pertain between the different ones. These ensure that estimates of the potential effects
of defined actions taken in the natural environment are always burdened by pronounced
risk of error. This remark of course applies to the considerations presented here, despite
the authors’ considerable efforts to present the problem as reliably as they can.
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