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Articles and Statements

Some Aspects of Economic — Geographical View
on the Sustainable Development of Mineral Resources

Jelisavka Bulatovié 2 *, Goran Rajovic P

aCollege of Textile Design, Technology and Management, Belgrade, Serbia
bInternational Network Center for Fundamental and Applied Research, Russian Federation

Abstract

Sustainable development involves meeting the needs of human societies while maintaining
viable biological and physical Earth systems. To attract responsible exploration and mining,
governments of mining nations will need to provide: regional — scale geo — scientific datasets as
required to attract and guide future generations of exploration; resource access through multiple
and sequential land use regimes, and frameworks for dealing with indigenous peoples' issues; and
arrangements for consideration of mining proposals and regulation of mines that ensure
responsible management of environmental and social issues. The minerals industry will need to
continue to pursue advances in technologies for exploration, mining, processing, waste
management and rehabilitation, and in public reporting of environmental and social performance
(Lambert, 2001).

Keywords: Sustainable development, mineral resources, aspects.

1. Introduction

Modern urbanization, industrialization, transportation and communication systems are the
achievements of worldwide sustainable mineral resource development and their proper utilization
in various sectors. Sustainable mineral resources have played, and are still playing, a vital role in
shaping the modern civilized industrial world. This means that the sustainable socio-economic
infrastructure of any country is an indication of its richness in natural resources, its technological
knowhow, its ability to explore and exploit mineral resources, and, finally, its wisdom in utilizing
those resources properly in the development activities of the nation. In development activities,
countries of the developing world are generally far behind compared with countries in the
developed world. This is mainly due to a lack of adequate natural resources, properly educated
human resources and good socio — economic conditions (Akhtar, 2005).

Wide — spread environmental contamination associated with historic mining in Europe has
triggered social responses to improve related environmental legislation, the environmental
assessment and management methods for the mining industry. Mining has some unique features
such as natural background contamination associated with mineral deposits, industrial activities
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and contamination in the three — dimensional subsurface space, problem of long — term
remediation after mine closure, problem of secondary contaminated areas around mine sites, land
use conflicts and abandoned mines. These problems require special tools to address the complexity
of the environmental problems of mining — related contamination. Geological knowledge on
mineral resources exploration is essential and should be used for the environmental contamination
assessment of mines. Also, sufficient methodological experience, knowledge and documented
results are available, but harmonization of these methods is still required for the efficient spatial
environmental assessment of mine contamination (see Jordan, 2009).

Assessments of undiscovered mineral resources provide a basis to help society recognize,
discuss, manage, and minimize environmental impacts associated with mineral exploration and
mining while maintaining or expanding mineral supplies. Quantitative assessments are essential
for effective evaluation of the consequences of alternative resource-related decisions. Potential
applications of the global assessment include mineral supply issues, evaluations of tradeoffs
associated with mineral development, and environmental planning. The global mineral resources
assessment will provide a consistent, comprehensive level of information and analysis of
undiscovered global nonfuel mineral resources. The assessment results will provide all nations with
a regional and global context for planning sustainable development, evaluating their known and
undiscovered nonfuel mineral resources, designing new mineral exploration, anticipating and
preventing environmental problems, and making land - use decisions (Hammarstrom et al, 2006).

2. Materials and Methods

The whole information volume in this article was obtained through specific methods for the
selective research, respecting all its stages from the methodological point of view: identification of
the researched issue, research framework delimitation, information collection, data processing,
analysis and interpretation drawing up the conclusions. Research also played an important role in
the article, which consisted, in the identification of other studies and articles from the international
literature on the same subject ( Rajovi¢, 2013; Rajovi¢ and Bulatovi¢, 2013). The research results
are based on a series of mainly qualitative analyses, on the one hand, and on a series of logical
rationales, on the other hand (Rajovi¢ and Bulatovi¢, 2013; Basilashvili, 2016).

Analysis results and their generalizations

One of the greatest challenges facing many national governments is integrating economic
activities with environmental integrity and social concerns. Therefore, on the basis that
a sustainable approach to minerals development is essential to effective and continued wealth
creation and poverty reduction, the industry has been challenged, particularly since 2003,
to address this problem. The application of sustainable development to the industrial minerals
sector is effected primarily through the application of education, technology and a proactive legal
and regulatory framework to uncover new reserves, promote recycling, substitute one mineral for
another, embrace cleaner technology, minimize waste generation, effectively rehabilitate disturbed
lands, ensure acceptable environmental practices and minimize negative impacts on human
populations (Rainford and Richards, 2008). Additionally, it involves the application of visionary
management to invest the proceeds of mineral exploitation in health, education, technology,
physical amenities, good governance, equity, effective environmental management and other areas
of economy in a planned and sustained attempt to improve the well — being of current and future
generations. Agenda 21 outlines several principles to be considered for a country to progress along a
sustainable path. Those of particular significance to the minerals industry include the precautionary
and the polluter pays principles, sustainable patterns of production and consumption, and the
principles relating to social equity and governance (Rainford and Richards, 2008).
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Fig. 1. Elements that create the term of “sustainable development” (Dubinski, 2013).

Thus, sustainable development is, according to Dubiniski (2013) in any case, an ongoing
process, and not a temporary undertaking. It has clearly defined goals and means of achieving
them, in all of the above mentioned key areas by Dubrnki (2013) citing research Dubrniki et al
(2007) highlights yes areas are of equal importance. Hence, the emphasis on one area usually leads
to a crisis across the entire area of mining activity. Economic growth means achieving long - term
sustainability both in regards to planned production volumes, and in meeting the needs of
customers, as well as achieving economic efficiency obtained from the sale of the excavated
mineral. Protection of natural resources and of the environment means concern for the bed and the
protection of its resources by its rational acquisition, which is characterized by savings in its
depletion. This also means taking measures that minimize the negative impact of the different
processes related to the extraction of mineral resources on the various forms of the geological
environment and natural environment on the surface. Social responsibility, taking into
consideration the nature of the mining environment, this means above all ensuring safe working
conditions, but also concern the social aspects of mining, including the families of miners, the
mining environment (Dubinski, 2013).

The European mining industry has a long tradition providing many regions with growth and
employment. However, now in the European Union, consumption of many minerals and especially
metals considerably exceeds the EU mining industry’s internal supply capability. In the last years,
it was pointed out in many EU documents that securing reliable and undistorted access to raw
materials is becoming an increasingly important factor in the EU’s competitiveness and hence
crucial to the success of the Lisbon Partnership for growth and jobs. Therefore, the European
mining industry is faced with a major challenge which is creating appropriate ecological, economic
and social conditions, referring to the idea of “growth through opportunity” (Kulczycka, 2013).

Highly industrialized countries such as those of Western Europe, which import all of their
metallic mineral resources and most of their energy supplies, still produce a large proportion of
their required nonmetallic mineral resources (that is, raw materials for construction and many of
the industrial minerals). In Germany, for example, nonmetallic mineral resources total about
80 percent of mineral commodities consumed. The lifetime curve of nonmetallic resource
production in a country shows a positive time offset relative to the curve for production of metallic
resources and attains a maximum when almost all of the metal mines in that country have been
abandoned (Figure 2) (Wellmer and Becker — Platen, 2000).
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Fig. 2. Comparison of the production trends of metallic ores, industrial minerals, and aggregates

in industrialized countries according to Wellmer and Becker - Platen (2000) and Wellmer and
Lorenz (1999) modified from Bristow (1987).

This lifecycle applies to all mined materials including coal, industrial minerals, metals, and
precious metals. It provides a framework for both understanding and managing the environmental,
social and economic impacts of mining at every stage of the mining project (Table 2). Primary
deposits linked to magmatic and hydrothermal REE-mineral forming processes and secondary
deposits related mainly to sedimentary remobilization and weathering processes of mainly REE-
bearing igneous rocks (Figure 3). Europe - wide REE mineralized belts can be recognized.
Geophysical measurements applying airborne and ground magnetic, electromagnetic and
gravimetric methods have been conducted across Europe on national and regional scales. They
may provide valuable data and offer efficient REE exploration tools at a range of scales, but this is
based more on the interpretation of the responses and signatures received from the wall and host
rocks of the mineralization rather than the REE mineralization it. As yet there is limited
information to show how interpretation of geophysical data may be better used to pinpoint REE
mineralization (see Arvaniditis and Goodenough, 2014).
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Fig. 3. Overview of major REE mineralization types in Europe and Greenland based on EURARE
data and information (Sadeghi et al,2014). There is obvious exploration potential and high
prospective interest for primary deposits in Greenland, the Nordic countries and the British
islands, and secondary deposits in mainly NW France, Greece and west Balkans (Arvaniditis and
Goodenough, 2014).

According to Tiess (2011) citing research EC (2011) highlights yes due to environmental,
societal or economic reasons there are still many unexplored and unexploited resources within
Europe. Europe’s non — energy extractive industry is hindered by a heavy regulatory framework
and competition with other land uses. In the new Communication “Tackling the challenges in
commodity markets and on raw materials” published in February 2011, the Commission considers
the improvement of framework conditions: defining national minerals policies/strategies; setting
up land use planning policies for minerals; authorizing minerals exploration and extraction
providing certainty and streamlining the administrative process. Presently, only three countries of

the EU-27 — Finland, Germany and France - provide a national minerals strategy (see Table 1).

Table 1. Comparison of the raw materials strategies of Finland, Germany and France

National Mineral Strategy

Finland Germany France
Publication Minister of Minister of Economy Minister of State,
Employment and and Minister for
Economy Technology Ecology, Energy,
(2010) (2010) Sustainable
Development and Sea
Metallic, industrial Metallic, industrial Metallic minerals
Minerals and and (additionally sub

construction minerals

construction minerals

strategies for the
other minerals)
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Nine objectives: e.g. Access to strategic
Three strategic Support of economy metallic
Objectives objectives: in the minerals in good
Promoting domestic development of conditions is
growth synergies needed to ensure
and prosperity, through sustainable French industry
solutions for global management conditions of
mineral and increased development and to
chain challenges and material efficiency enable the
mitigating Development of development of
environmental bilateral products more
Impact. commodity virtuous and more
partnerships with competitive
selected countries
Action plan focuses
Strengthening R&D following
capacities issues:
Actions and expertise. Improving knowledge
*Analysis of the of strategic
minerals Actions are contained metals
deposits potential in the Extension of
/discovery context of the geological knowledge
potential objectives by exploration
*Demand/production campaigns
forecasting Development of new
*Analysis of minerals exploration
industry tools
*Improve regulatory Recycling policy.
framework

Source: Tiess (2011) according to Tiess (2011)

Badera (2014) citing research EC (2011) highlights yes many international and national
studies have stated that there are a considerable number of mineral deposits available in Europe.
In 2008 the European Commission initially accepted the new integrated strategy called the Raw
Material Initiative; actual Communication from the Commission on this topic has been published
in 2011. According to Badera (2014) the following key challenges of the EU mineral policy have
been recognized and indicated as main pillars: (1) ensuring a fair and sustainable supply of raw
materials from international markets, (2) fostering a sustainable supply of raw materials from
European sources and (3) boosting greater resource efficiency and promoting recycling. In the 2nd
pillar the issue of public acceptance should be considered without a doubt. One of requirements of
the European mining industry is the improvement of the EU minerals knowledge database. Socio-
environmental issues harmonize with the tasks of Work Package no. 3 (Knowledge management)
within the Minerals4EU project (www.minerals4eu.eu ) conducted within the EU 7th Framework
Programme and they should become a part of the Minerals4EU knowledge data platform. Another
similar 7th FP project is ProMine (www.promine.gtk.fi ), including amongst others Sustainability
Assessment and Exploitation. Summing up, modern approaches to social issues associated with
mineral activities include strategies of bilateral communication, mediation/ negotiation,
cooperation between stakeholders to a larger extent than in the past. However, it is the continuous
need for extensive, in — depth social debates on mineral development projects in the European
Union, as well as in Non — European countries, in both the energy and non — energy branches.
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Table 2. Mining lifecycle stages and impacts at each stage

Actwities
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Source: Kogel (***).

According to Kogel (***) citing research Cutifani (***) highlights yes how do we harness the
value that mining generates and use it to not only solve real social, environmental and economic
problems today but to create a better future for the next generation? The answer is not simple but
there are 4 areas where the industry needs to shift or sharpen focus: (1) people affected by mining
must be treated fairly and with respect; (2) mining companies must create a culture of
transparency by being more inclusive in engaging with stakeholders including NGOs; (3) the
industry must step up efforts to support social and economic development especially in
underdeveloped countries where wealth tends to be concentrated in natural capital (minerals, oil,
gas) while wealth in advanced economies tends to be concentrated in physical and human capital
thus creating disparity between the two and (4) as grades decline and demand for minerals grows,
the industry must change the way it operates through innovation, new technologies and new

processes.
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Fig. 4. Minerals4EU project — Provides tools and expertise to enhance resource efficiency and
minerals supply security and supports sustainable minerals development for Europe
(www.minerals4eu.eu).

The Minerals4EU project is designed to meet the recommendations of the Raw Materials
Initiative and will develop an EU Mineral intelligence network structure delivering a web portal, a
European Minerals Yearbook and foresight studies. The network will provide data, information and
knowledge on mineral resources around Europe, based on an accepted business model, making a
fundamental contribution to the European Innovation Partnership on Raw Materials (EIP RM), as
key for the successful implementation of the major EU2020 policies (Wwww.mineralsg4eu.eu).

Table 3. Operational Strategy — Optimal exploitation of the mineral resource

BUSINESS GOAL OPERATIONAL FOCUS AREA TARGETS OR
UNITS STRATEGY OUTPUTS

Optimize the mineral
resource by executing
the exploration
Exploration strategy /
programmed.

Develop and follow

the formal
The optimal exploration strategy.
exploitation of the
mineral resource: The
optimal exploitation Continuously update
of  the mineral Geomodelling geological and grade
resource by effective models that add most

11
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exploration, the
collection and
processing of
geological
information, mine
design and
scheduling, risk
management, grade
control, mining
methods and the
utilization of the best
available technology
to continuously
satisfy the plant
demand in terms of
ore quality  and
volume.

value to mine
planning exercises.

Geotechnical support

Develop system to
assess the risk of
slope failure versus
the financial benefit
that will add the most
value.

Dewater pit in
accordance with LT
mine plan.

Decrease stripping
ratio.

Pit Design

Evaluate methods for
optimum pit design
techniques by
allowing for ore grade
and the maximum
utilization of the
mineral resource.

Resource Exploitation

Mining Operations

Pit Development
Strategy/Resource
Exploitation Strategy.
Determine
sensitivities
for the following:

1. Ore quality
strategy,

2. Stripping strategy,

3. Selective mining
strategy,

4. Waste rock
dumping strategy,

5. Pit dewatering
strategy,

6. Surface structures,

7. Adjoining
properties,

8. Mining equipment
strategy.

Develop
methods
equipment
for the

mining
and
strategy
maximum

12
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utilization of the ore
reserve.

Develop an efficient
grade control system

Grade Control ensuring that the
short term plan is
followed within

approved norms and
the ore product grade
values are produced
within acceptable
limits.

Source: Bender (2005).

Mineral Resource Management exists out of various functions/elements that need to be
addressed for complete and thorough understanding of the whole process. Mineral Resource
Management is used to optimize the integration of all system components in such a way that the
whole is greater than the sum of the individual components in reaching a common goal. Customer
Relationship Management and Project Management Principles enhance this process to obtain an
integrated resource planning and management approach in the extraction of the mineral reserves
over different time horizons to benefit all customers over the value chain (see Bender, 2005;
Zhakupov et al, 2014).

Conclusion

Sustainability in general is understood in the sense of security of the planet or a country and
that in relation to mineral resources is linked with security of raw material availability. On the
other hand, sustainable development of mineral resources denotes ways and means in which
mining should be carried out and is linked to corporate social responsibility (CSR) and certain
other activities with a view to developing the areas and the peoples around mines. In a sense, the
former is more security-centric while the latter is more welfare-centric (Chatterjee, 2015).

Equity | Natural Capital
Stock

/ \

i

Global Agenda

Integrative

Ethical Paradoxz Management

III {
\ /

Y /

Eco-Form Utopia

Fig. 5. A Conceptual framework for sustainable development (Jabareen, 2008)

The conceptual analysis according to Jabareen (2008) identifies seven concepts which
together synthesize and assemble the theoretical framework of ‘sustainable development’. Each
concept represents distinctive meanings and aspects of the theoretical foundations of
sustainability. In addition, they have interwoven relations as Figure 5 shows. The concept of ethical
paradox rests at the heart of this framework. The paradox between °‘sustainability’ and
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‘development’ is articulated in terms of ethics. In other words, the epistemological foundation of
the theoretical framework of sustainable development is based on the unresolved and fluid paradox
of sustainability, which as such can simultaneously inhabit different and contradictory
environmental ideologies and practices. Consequently, SD tolerates diverse interpretations and
practices that range between ‘light ecology’, which allows intensive interventions, and ‘deep
ecology’, which allows minor interventions in nature. Jabareen (2008) nicely concludes the
concept of natural capital represents the material aspect of the theoretical world of sustainability.
Natural capital represents the environmental and natural resource assets of development and
preservation. The theoretical framework of sustainability advocates keeping the natural capital
constant for the benefit of future generations (see Stymne and Jackson, 2000; Roseland, 2000;
Mozaffar, 2001; Gudkova, 2016).

Finally, according to Titon (1996) citing research Kesler (1994) and Simon (1995): At the end
of the twentieth century, we are faced with two closely related threats. First, there is the increasing
rate at which we are consuming mineral resources, the basic materials on which civilization
depends. Although we have not yet experienced global mineral shortages, they are on the horizon.
Second, there is the growing pollution caused by the extraction and consumption of mineral
resources, which threatens to make earth's surface uninhabitable. We may well ponder which of
these will first limit the continued improvement of our standard of living ... (Kesler, 1994). People
have since antiquity worried about running out of natural resources — flint, game animals, what-
have — you. Yet, amazingly, all the historical evidence shows that raw materials — all of them - have
become less scarce rather than more ... Natural resource scarcity — as measured by the
economically meaningful indicator of cost or price — has been decreasing rather than increasing in
the long run for all raw materials, with only temporary and local exceptions ... The trend toward
greater availability includes the most counter-intuitive case of all — oil ... Concerning energy in
general, there is no reason to believe that the supply of energy is finite, or that the price of energy
will not continue its long-run decrease forever(Simon,1995).

References

Akhtar, 2005 — Akhtar, A. (2005). Mineral resources and their economic significance in
national development: Bangladesh perspective, Geological Society, London, Special Publications,
250(1), 127-134.

Arvaniditis, Goodenough, 2014 — Arvaniditis, N., Goodenough, K. (2014). Unlocking the
potential of Rare Earth Resources in Europe, ERES2014: 1st European Rare Earth Resources
Conference|Milos|, pp. 48-56, 04-07/09/.

Badera, 2014 — Badera, J. (2014). Problems of the social non-acceptance of mining projects
with particular emphasis on the European Union - a literature review, Environmental & Socio-
economic Studies, 2 (1), 27 - 34.

Basilashvili, 2016 — Basilashvili, T. (2016). Geoecological Estimation of Water Resources and
Ways to Optimization of Water Consumption, European Geographical Studies, 10 ( 2), 32-37.

Bender, 2005 — Bender, W. (2005). Mineral resource management principles that need to be
incorporated in AngloGold Ashanti LTD east and West Africa region (Doctoral dissertation),
University of Witwatersrand.

Bristow, 1987 — Bristow, C.M. (1987). Society’s changing requirements for primary raw
materials: Industrial Minerals, 233, 59 - 65.

Chatterjee, 2015 — Chatterjee, K.K. (2015). Sustainability and Sustainable Development of
Mineral Resources. In Macro - Economics of Mineral and Water Resources (pp. 161-188), Springer
International Publishing.

Cutifani, *** — Cutifani, M. (***). "The need to meet Challenges has never been Greater”,

Available from: http://www.csr21.org (22.09 2016).

Dubinski et al., 2007 — Dubinski, J., Turek, M., Wachowicz, J. (2007). Hard coal mining and
the idea of sustainable development, pp. 27 - 38, Proc. Intern. Scientific Conference - School
Underground Exploitation, Dniepropietrowsk.

Dubinski, 2013 — Dubinski, J. (2013). Sustainable development of mining mineral resources,
Journal of Sustainable Mining, 12 (1), 1 - 6.

14



http://www.csr21.org/

European Geographical Studies, 2017, 4(1)

European Commission (EC) 2011 — European Commission (EC) (2011). Communication
tackling the Challenges in Commodity Markets and on Raw Materials.

European Commission, 2011 — European Commission (2011). Communication from the
Commission to the European Parliament, the Council, the European Economic and Social
Committee and the Committee of the Regions — Tackling the challenges in commodity markets
and on raw materials. Brussels, 02.02.2011, COM (2011), 25 final.

Gudkova, 2016 — Gudkova, K.N. (2016). Identification and Ranking of Environmental
Impacts Intensify Geological Processes in the Recreational and Tourist Regions of Southern Russia,
European Geographical Studies, 12 (4), 141 -151.

Hammarstrom et al., 2006 — Hammarstrom, J.M., Briskey, J.A., Schulz, K.J., Peters, S.G.,
Bawiec, W.J. (2006). Applications of a Global Mineral - Resource Assessment for Addressing
Issues of Sustainable Mineral Resource Development, pp. 703-720, In The 7th International
Conference on Acid Rock Drainage (ICARD).

Jabareen, 2008 — Jabareen, Y. (2008). A new conceptual framework for sustainable
development. Environment, development and sustainability, 10 (2), 179 -192.

Jordan, 2009 — Jordan, G. (2009). Sustainable mineral resources management: from
regional mineral resources exploration to spatial contamination risk assessment of mining,
Environmental geology, 58 (1), 153-169.

Kesler, 1994 — Kesler, S.E. (1994). Mineral resources, Economics and the Environment
Macmillan, New York.

Kogel — Kogel, J.E. Sustainable Development Practices and the Minerals Industry, Available
from: http//www.wfeo.org (19.09.2016).

Kulczycka, 2013 — Kulczycka, J. (2013). Sustainable production and consumption of mineral
resources — introduction, Mineral Economics,25 (2),53 - 54.

Lambert, 2001 — Lambert, I.B. (2001). Mining and sustainable development: considerations
for minerals supply, In Natural resources forum, 25, 4, 275 - 284, Blackwell Publishing Ltd.

Minerals4EUProject, 2016 — Minerals4EUProject (2016). The Minerals4EU Project,
Available from: http://www.minerals4eu.eu (20.09 2016).

Mozaffar, 2001 — Mozaffar, Q. (2001). Sustainable development: Concepts and rankings,
Journal of Development Studies, 3, 134-161.

ProMine, 2016 — ProMine (2016). The ProMine Project, Available from:
http://www.promine.gtk.fi (21.09.2016).

Rainford, Richards, 2008 — Rainford, O.B., Richards, R.A. (2008). Sustainable Development
and the Industrial Minerals Sector: Integrating the Principles of Sustainable Development within
Jamaica’s Industrial Minerals Sector, Business, Finance & Economics in Emerging Economies, 3
(1), 89-119.

Rajovi¢, 2013 — Rajovié, G. (2013). Geographical View of Mineral Resources: The Case
Northeastern Montenegro, Journal of Sustainable Development Studies, 2 (2), 229 - 241.

Rajovi¢, Bulatovi¢, 2013 — Rajovié, G., Bulatovié,J. (2013). Some aspects of economic
geographic views at the geological makeup: the case northeastern Montenegro, International
Letters of Social and Humanistic Sciences, 4, 11 -21.

Rajovi¢, Bulatovi¢, 2013 — Rajovié, G., Bulatovié, J. (2013). Natural resources as a factor
socioeconomic development: The case northeastern Montenegro, Journal of Energy and Natural
Resources, 2 (2), 7 - 20.

Roseland, 2000 — Roseland, M. (2000). Sustainable community development: Integrating
environmental, economic, and social objectives, Progress in Planning, 54 (2), 73 - 132.

Sadeghi et al., 2014 — Sadeghi, M., Jonsson, E., Kalvig, P., Keulen, N., Goodenough, K.,
Deady, E., Muller, A., Eliopoulos, D., Cassard, D., Bertrand, G., Vuollo, J., Nysten, P., Bergman,
T., Soderhielm, J., Arvanitidis, N. Eurare WP1 team (2014). Rare Earth Element Resources in
Europe with focus on the Nordic countries- 1st International Symposium on Development of Rare
Earths, Baotou, China.

Simon, J.L. (ed), 1995 — Simon, J.L. (ed) (1995). The State of Humanity Blackwell.
Cambridge, MA.

15



http://link.springer.com/journal/13563
http://www.minerals4eu.eu/
https://www.google.rs/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjdqY6CpeTQAhWC1ywKHYTHD7YQFggaMAA&url=http%3A%2F%2Fpromine.gtk.fi%2F&usg=AFQjCNGcvNbx92_yx5brAxXhl6jBncPGBw&sig2=5319Peqj1bZHyMThdywjiA&bvm=bv.141320020,d.bGg
https://www.google.rs/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjdqY6CpeTQAhWC1ywKHYTHD7YQFggaMAA&url=http%3A%2F%2Fpromine.gtk.fi%2F&usg=AFQjCNGcvNbx92_yx5brAxXhl6jBncPGBw&sig2=5319Peqj1bZHyMThdywjiA&bvm=bv.141320020,d.bGg
http://www.infinitypress.info/index.php/jsds/article/view/64
http://www.infinitypress.info/index.php/jsds/article/view/64

European Geographical Studies, 2017, 4(1)

Stymne, Jackson, 2000 — Stymne, S., Jackson, T. (2000). Intra — generational equity and
sustainable welfare: A time series analysis for the UK and Sweden, Ecological Economics, 33 (2), 219-
236.

Tiess, 2011 — Tiess, G. (2011). EU — Minerals Policy and Indian Minerals Policy: New
Paradigm and Perspectives, pp. 1- 16, 17th Convention of Indian Geological Congress and
International Conference on 'New Paradigms of Exploration and Sustainable Mineral
Development: Vision 2050 (NPESMD 2011).

Tiess, 2011 — Tiess, G. (2011). General and International Mineral Policy, Focus: Europe,
published by Springer Wien New York.

Tilton, 1996 — Tilton, J.E. (1996). Exhaustible resources and sustainable development: Two
different paradigms, Resources Policy, 22 (1), 91-97.

Wellmer et al., 2000 — Wellmer, W. F., Becker—Platen, D.J.(2000). Global Nonfuel Mineral
Resources and Sustainability, Edited by Joseph A. Briskey and Klaus J. Schulz, 1-16, Proceedings
of a workshop that followed the 31st International Geological Congress, Rio de Janeiro, Brazil,
August 18-19.

Wellmer, Lorenz, 1999 — Wellmer, F. W., Lorenz, W. (1999). Von den (Edel -) Metallen zu
den Nichtmetallen — Bodenschitze im Wandel ihrer volkswirtschaftlichen Bedeutung [From metals
and noble metals to nonmetals — Changing economics of our land’s natural resources]:
Schriftenreihe der Georg-Agricola — Gesellschaft, Bochum, Georg — Agricola — Gesellschaft, 24, 97-
116.

Zhakupov et al., 2014 — Zhakupov, A.A., Musabayeva, N.M., Djanalieva, M.G. (2014).
The Natural/Resource Potential of Pavlodar Oblast for the Organization of Leisure and Tourism.
European Geographical Studies, 4(4), 170-176.

16




European Geographical Studies, 2017, 4(1)

Copyright © 2017 by Academic Publishing House Researcher s.r.o.

P x k "y Published in the Slovak Republic
* & »  European Geographical Studies
% * Has been issued since 2014.

ISSN: 2312-0029

E-ISSN: 2413-7197

2017, 4(1): 17-25

DOI: 10.13187/egs.2017.1.17 === |l
www.ejournal9.com

Identificaton and Assessment of Geoheritage Objects
in the Karst Landscape (Niksic Polje, Montenegro)

Dejana burdevic¢?-*, Luka Mitrovi¢?

aUniversity of Montenegro, Montenegro
b Institute of Hydrometeorology and Seismology of Montenegro

Abstract

The presented paper aims at proposing and evaluating potential geoheritage objects in Niksic
polje, a karst field located in western part of Montenegro. According to scientific literature,
cartographic sources and requirements which are set out in the Nature Protection Law, four objects
of geoheritage were sugested: estavelle Gornjepoljski vir, karst spring Vidov brook, hill Trebjesa
and slope Slivlje. Once identifed, objects were evaluated in order to show their significance.
Assessment method integrated scientific, aesthetcal, ecological and morphometric values,
combined with analysis of dangerous natural processes which can influence physical state of
landscape. Based on the evaluation and inventory of potential objects, the first geodiversity map for
research area was accomplished. The interpretation of results allows us to compare sites and use
them to support tourist and management decisions.

Keywords: Montenegro, Niksic polje, geoheritage, asessment, karst.

1. Introduction

Value of a certain area reflects in its richness and diversity of the natural elements. Karst
landscapes are recognized by their unique underground and surface forms of the relief, specific
forms of biocenosis and complex structure of hydrological network (Zhyrnov, 2015). All those
natural elements represent geodiversity, from which representative objects of geoheritage are
selected (Panti¢ et al., 1998). According to Nature Protection Law (Official Gazette of Montenegro,
62/13) geoheritage represents all geological, geomorphological, soil and the special archaeological
values created during the formation of the lithosphere, its morphological shaping and
interdependence of nature and human culture. Most of these objects are located in nature, with the
exception of different mineralogical and paleontological collections that are in the museum
premises (Moscicka, 2011). Geological structure of Montenegro caused a remarkable
geomorphological diversity. The large limestone terrain led to different karst processes that have
contributed to the creation of numerous phenomena and forms of surface and underground relief
(Djurovic et al., 2006).

The data collected by significant institutions shows that some parts of Niksic polje are for
many years among one the most vulnerable areas in Montenegro. A special impact on this situation
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has inadequate application of the adopted laws and underdeveloped environmental awareness of
citizens. Some of the geoheritage objects are partially protected through various levels and forms of
legislation. However, it is necessary to make a new (official) list of objects that will be nominated
for the protection as geological heritage, representative objects of geological diversity.

The presented paper aims at suggesting and evaluating geoheritage objects in Niksic polje,
Montenegro. Methodology includes identification of potential objects, their quantification and
analysis of results. The interpretation of results allows a comparison between sites and is of
particular use in supporting site management decisions (Pereira, Pereira, 2010).

1. Materials and Methodology

2.1 Research area

Niksic polje is the largest karst field in Montenegro, with area of 66.5 km2. Its complex
hydrological conditions and the development of various forms of relief makes it one the most
interesting karst fields (Radoji¢i¢, 2015). Because of its uniqueness, since 2000, an initiative was
launched for the protection and monitoring of natural resources by the Institute for Nature
Protection. As a result, two natural objects, Trebjesa hill and estavelle Gornjepoljski vir, were
protected.

Because of the absence of official list of geoheritage objects in Montenegro, in this paper,
preliminary list of potential objects classified according to international standards of The European
Association for the Conservation of the Geological Heritage (ProGeo) is proposed. The first stage
was to investigate the geological and geomorphological conditions based on available scientific
articles and cartographic sources in order to identify potential objects. Once identified, objects
were outlined on the geological map. In addition to the general requirements which are set out in
the Nature Protection Law (Official Gazette of Montenegro, 62/13), of great importance was that
objects met the appropriate criteria such as representativeness, rarity, the aesthetical value, the
possibility of cost-effective conservation, possibility to use for educational and tourist purposes,
etc. (Reynard, 2005; Pereira et al., 2007; Pralong, 2005).

According to ProGeo, geoheritage sites are classified into nine main groups: historical-
geological and stratigraphically sites heritage, structural sites, petrological sites, geomorphological
sites, neo-tectonic activities sites, speleological sites, hydrological-hydrogeological sites,
pedological sites and archeological geoheritage sites (Wimbledon, 1996; 1999). Of nine given
groups, two are presented in the research area: geomorphological and hydrogeological. Suggested
objects in these groups are: Trebjesa hill (geomorphological group), estavelle Gornjepoljski vir,
intermittent spring Vidov brook and slope Slivlje (hydrogeological).

2.2 The assessment methodology

The possibility of measuring and evaluating geoheritage is unambiguously related to the
effectiveness of the incorporation of geodiversity in land management (Serrano, Purificacion,
2007). Due to that, various assessing methods have been developed. With aim to reduce
subjectivity, most of these methods propose criteria (Reynard, 2007) such as scientific, aesthetical
and ecological value (Zhyrnov, 2015). Because of the nature of karst terrain in Montenegro, author
pays significant attention to analysis of potential threats which can influence physical appearance
of area and/or tourist traffic (Zhyrnov, 2015). According to Zhyrnov (2015) morphometric
characteristics represent an important aspect of assessment because they define visibility,
attraction, variety and passability of the terrain. Applied methodology merges mentioned
estimation values with morphometric characteristics and possible dangerous natural processes
(Zhyrnov, 2015).

2.2.1 Scientific value

It is generally accepted that scientific value represents the essential value of geoheritage
object (Pereira, Pereira, 2010). In the domain of scientific value, criteria like integrity,
representativeness, rareness and diversity are stressed (Table 1) (Zhyrnov, 2015). The last and the
one important is paleogeographical value that allows us to evaluate the importance of the site for
the knowledge of Earth and climate hisroty (Reynard et al., 2007).
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2.2.2 Aesthetical value

Aesthetical value has a significance in touriste valorization. According to literature on
landscape perception, contrasted landscapes, landscapes with pronounced vertical indentation and
color contrasts are considered to be more attractive (Reynard et al., 2007). Its assessment can be
very subjective and it consists from such categories as: uniqueness of landforms, architectonic
composition, visibility, exoticism, attendant effects, compatibility with other elements of landscape,
pictorializm, photogenicy, emotinal perception and ethnic and social significance (Zhyrnov, 2015,

modified).

Table 1. Numerical assessment of scientific value

Scientific value Short characteristic Points
Highly damaged 0
Damage but preserving
essential geomorphological 1
Integrity (State of features
conservation) Slightly damaged but still
maintaining the essential 2
geomorphological features
No visible damage 3
Low representativeness and o
whitout pedagogical interest
With some representativeness
Representativeness but with low pedagogical 1
(Exemplarity) interest
Good example of processes but
2
hard to explane to non experts
Good example of processes and
good pedagogical resource 3
Rareness (Rarity of the object B More than 5doccurrences o
with respect to a reference etween 3 and 5 occurrences L
space) 2 occurrences 2
The only occurrence 3
Diversity (Number of 1 0
different partial features and 2 1
processes whitin the karst 3 2
object) More than 3 3
Absence 0
. Low value 1
Paleogeographical value Weighty value >
Important value 3

Source: Zhyrnov,2015

2.2.3 Ecological value

Ecological value represents the level of protection according to environmental legislation
(Pereira et al., 2007) and any antrophogenic variations presented at the site. The parameters of the

ecological value are:

1. Level of antrophogenic variation of the relief (changes in the original appearance, the

presence of metal or wooden structures, tourism infrastructure, etc.).

2. Presence of anthropogenic garbage such as food waste, grocery containers, used

equipment, etc.

3. Changes of the air, existence of unpleasant smells or evaporations (Zhyrnov, 2015,

modified)
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Aesthetical and ecological values are measured with a tree-point scale. Each criteria is
evaluated with points from 0 to 3, where 3 presents significant intensity (aesthetical
value)/absence of change (ecological value) (Zhyrnov, 2015, modified).

2.2.4 Safety of object

One of the key criteria in the evaluation of any object of geological heritage is the safety of
visitors. The karst landscapes are characterized by a variety of natural processes that can lead to
accidents. Such natural processes include earthquakes, landslides, occurrence of landslides or
avalanches. They can lead to changes in ecosystems, physical state of landscape as well as the
stability of tourist infrastructure. Therefore, it is very important to take account of the potential
risks in the field when evaluating geoheritage objects (Table 2).

In addition to these values, the classification of geological heritage facilities in karst terrain
requires good knowledge of morphometric characteristics, such as elevation, slope, aspect and
diverse of the relief (Table 3). These features greatly affect the possibility of valorization. Height
affects the view that stretches from a certain area, which is connected with the mental and
emotional effects of visitors. The slope of the terrain and exposure determinate the ability of
building recreational and tourist facilities. Diverse relief affects the possibility of building transport
infrastructure, the wealth of the various forms of relief and overall aesthetic experience.

Table 2. Estimation scale of possible dangerous natural processes

Index of natural processes

d Kinds of dangerous processes Points
anger

Earthquakes
Landslides
Avalanches 0
Mudflows

Screes
Failures of the carbonate
breeds roof

Catastrophical processes

Dangerous processes Dissolution of carbonate rocks 1
Aggressive action of karst
groundwater
Negative processes Overcooh'ng 2
Overheating
Absence 3

Source: Zhyrnov, 2015

Table 3. Estimation scale according to morphometric criteria

Absolute altitude Gradient of slopes (°) Depth of relief Points
(m) ruggedness (m)

0-500 0-6 <300 o)
500-1000 6-12 300-600 1
1000-1500 12-45 600-800 2

>1500 >45 <800 3

Source: Zhyrnov, 2015, modified
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2. Results and discussion

Each of suggested objects was assessed with the methodology presented above (Table 4) and
represented on a map.

The scientific value is most pronounced in the estavelle Gornjepoljski vir, one of the biggest
estavelle in the Dinarides, because of its preservation and paleogeographical value. In addition to
this, the site is currently used for educational and tourist purposes. Aesthetical value is most
evident at Trebjesa hill which is directly connected to its expressed morphometric characteristics.
They affect visibility, exoticism and photogenicy of object, and thus the grater emotional perception
of visitors. The greatest ecological value has the slope Slivlje, as the only object that is currently not
available to tourists nor modified by any anthropogenic activites.

Table 4. Assessment of geoheritage objects in Niksic polje

Criteria Gornjepoljski vir | Trebjesahill | Vidov brook Slope
Slivlje
2 Integrity 2 2 1 3
E Represent. 3 2 2 2
Q
g ; 2 2 2 2
?'é Rarity
§ Diversity 2 0 1 0
Paleogeogr. value 3 1 3 3
Total 12 7 9 10
Uniqueness 3 2 2
Composition 3 2 0 0
E Visibility 3 3 1 0
E Exoticism 1 3 Y 3
2]
-% Attendant effects 1 3 1 2
<
7 Compatibility 3 2 0 0
< Pictorializm 2 3 1 3
Emotional perception 3 3 0 3
Ethnic and social sign. 0 2 0 0
Total 19 23 6 13
) ) 3 2 o] 3
= Level of antrophogenic
g variation of the relief
3
B
s 3 1 0 3
S Presence of
anthropogenic garbage
Changes of the air 2 0 2 3
Total 8 3 2 9
Dangerous natural processes 0 0 0 0
o
ﬂa . S | Absolute altitude 1 1 1 1
o <
S~ | Gradient of slopes 1 2 0 3

21




Depth of ruggedness

European Geographical Studies, 2017, 4(1)

Total

2

5

1

7

All

. . X
criteria

41

38

19

39

Based on the analysis of the total value of estavelle Gornjepoljski vir (Fig. 1a), it can be
concluded that scientific and aesthetical values are prevailing. Aesthetic value is reflected in the
landscape contrast of the water surface with karbonant layers in the hinterland, which is, due to
existing protection, minimally modified by anthropogenic activities. The fact that this is the bigest
estavelle in Montenegro gives it greater scientific importance. In accordance with these values
facility has a predisposition to be used for educational and tourism purposes.

A GORNJEPOLJSKI VIR

= Morphom.
value

%
» Ecological » Scientific
value
20% ‘2‘;::
Aesthetical
value
46%
B VIDOV BROOK
® Morphom.
= Ecological v;::e

value
11%

entific
value
50%

m Morphom.

value 13%%

= Ecological
value
8%

= Morphom.

value
18%

TREBJESA HILL

Scientific

SLOPE SLIVLJE

Aesthetical
value
33%

e

Fig. 1. Results of assessment for all four investigated localitations
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1. Gornjepoljski vir
2. Vidov brook
3. Trebjesa hill
4. Slope Slivlje

CIENTIFIC VALUE
MORPHOMETRIC V

ECOLOGICAL V AESTHETICAL VALUE

Fig. 2. Geoheritage map of Niksic polje

Examining the proposed object Vidov brook (Fig. 1b), it can be concluded that minor
aesthetical and ecological value stems from the fact that the object was modified by anthropogenic
activities and has not preserved its original appearance. Nevertheless, intermittent spring has
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greater scientific importance because it is a rare occurrence in karst terrain. Due to the non-
existent protection it is necessary to first declare the object a monument of nature, and then
valorize it for educational purposes.

Pronounced morphometric characteristics of Trebjesa hill (Fig. 1c) appear as a result of
higher slopes and greater segmentation of relief. Thus they contributed to the higher aesthetic
value of the site. The scientific value stems from the preservation of the object and the variety of
processes that have contributed to its formation. It adds to the specific flora and fauna of the area.
All this resulted in a major tourist and educational importance, which is already recognized.

Notable ecological value of the slope stems from its less accessibility for regular visitors.
This has precisely effected on the smaller scientific and aesthetic value. Although not suitable for
tourism development, we should not neglect its educational and scientific importance in the study
of hydrology and hydrogeology in karst terrain. The object has not been fully studied, which leaves
place for further research for domestic and foreign experts (Fig. 1d).

Based on the inventory and assessment of suggested geoheritage objects, by using GIS
techniques, the first geoheritage map of this area was made (Fig. 2). On it, the scientific,
aesthetical, ecological and morphometric values are represented. The distinction of each circle into
four parts represents the contribution of each value.

Proposed map can have its contribution in territorial planning, managing geotouristic
products, process of geoconservatio, etc. (Comanescu et al., 2013).

4. Conclusion

During the last decade, the promotion of geoheritage raised rapidly due to creation of
geoparks and development of geotourism. Despite that, knowledge of geodiversity in Montenegro
needs further progress and promotion. One of the future objectives is creation of the official
inventory of geheritage objects. Systematic research of the Case study area by authors has resulted
in an inventory of four objects: estavelle Gornjepoljski vir, karst spring Vidov brook, hill Trebjesa
and slope Slivlje. Suggested inventory represents only the basis for further research which can
contribute to the promotion of eco- and geo-tourism in the area.

Development of universal evaluation method is very difficult owing to the diversity in
geomorphological environment (Pereira, Pereira, 2010). In this paper, objects were evaluated
according to the scientific, aesthetical, ecological and morphometric criteria, and potential threat of
natural processes which can harm physical state of landscape. As a result of evaluation, geoheritage
map was presented with account of above mentioned criteria.
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Abstract

Based on the materials of observation of 40 meteorological stations of Georgia for the period
between 1936—2013, research has been made of statistical structure of the number of hot days,
when the maximum temperature is higher than 35°C. The change of the annual number of hot days
with the altitude, the repeatability of different grades, the distribution of the number of hot days
with temperatures varying gradations for the summer months, the duration of high temperatures
are studied.

It is established that with the increase of altitude of the site the annual number of hot days
naturally decreases and at an altitude of about 2300 m there are no hot days. In the plain territory
of Georgia, the number of hot days is more than 70, in the low-mountain zone is decreased to 60,
and in the middle mountain zone it is less than 60.

The annual number of very hot days, when the maximum temperature exceeds 35°C, reaches
7 in the Kolkheti lowland, 5 on the plains of East Georgia, and 1-2 days per year in the coastal and
lowland zones.

On the Black Sea coast, high temperatures (more than 25 °C) last for 4-5 hours, in the inner
regions of the Kolkheti lowland their average duration is 9 hours, in the eastern arid part of
Georgia, duration of temperature of more than 25 °C increases to 10-11 hours, and in the lowland
zone The Caucasus is reduced to 3-4 hours.

Keywords: hot days, statistical structure, recurrence, coefficient of determination.

1. BBegenue

Bcemupnas Merteoposiorndeckas Opranusanus (BMO) u skcnepTHas rpyrmna MOHUTOPUHTA
Y UHJEKCOB MeXToCyZJapCTBEHHOU KOMUCCHH HKCIEPTOB MO n3MeHeHHIo kiuMmarta (MIDUK) mis
BBISIBJICHUS DKCTPEMAJIbHBIX SIBJIEHUU KJIMMAaTa PEKOMEHJIOBAJIA 27 KJIUMaTUYECKUX HH/IEKCOB
(Peterson, 2005). NccnenoBanust KJIMMAaTHYECKUX WHAEKCOB B YCIOBUAX I'py3uu ObLIM HAuyaThl
HEJJaBHO U K HACTOSAIIEMYy BPEMEHHU WCCIeAOBaHbl (DOHOBBIE XaPAKTEPUCTHKH HEKOTOPBIX
OCHOBHBIX MHJIEKCOB TEMIIEPATYPhI M OCAAKOB (Dnu3bapamBuid U Jp., 2015; au3bapariBuiId u
Iip., 2016; Elizbarashvili et al., 2012; Elizbarashvili et al., 2014).
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OfHUM U3 IVIaBHBIX KJIMMAaTUYECKUX UHIEKCOB /ISl YCIOBUUN ['py3un sIBJISIOTCSA YKapKHe JTHH.
CoryiacHO OIIpeJIeJIEHHI0 KADKUMU CYUTAIOTCs JTHU, KOT/la MaKCHMaJIbHAsA TeMIlepaTypa BO3AyXa
npesbimiaer 25°(SU25).

B paBHHHHBIX paiioHax ['py3uu B YCJIOBHAX KapKUX JHEW TeMIepaTypa BO3JAyxa YacTo
mpeBbimaer 40° C (Kimmatr w  wimMarudeckwe pecypcbl  ['pysum, 1971; OmnacHble
THIPOMETEOPOJIOTHYECKHe siBJIeHus Ha KaBkase, 1971). YKapkue JHU OTPUILIATEIBHO BO3/IEHCTBYIOT
Ha OPraHU3M YeJIOBeKa U MOTYT CO3/1aTh CTPECCOBBIE TEIUIOBbIE HATPY3KH HA €€ OPraHU3M, KOTOPbIE
HEe MOTYT OBITh CHSTBHI JIa’K€ ITOJTHBIM KOMIUIEKCOM THUTHEHUYECKMX U TI'PaJIOCTPOUTEBHBIX
meponpusaTuil (I'Bacanmus, 1968). Ilpu BBICOKOHN TeMmIlepaType W, XapaKTEpPHOU /I 3amaJHOU
I'py3uu, BBICOKOU BJIQKHOCTH BO3[yXa y YeJOBEKAa BO3HUKAET UYBCTBO AYXOTHI, OKa3bIBAIOIIEE
OTpHUIIATE/IbHOE BJIMSHHE Ha 370pPOBbE, TPYA M OTJbIX YeJOBeKa. B pesysbTarte, skapa CTAHOBUTCSA
HeBbIHOCcHMOH (I'Bacasms, 1986).

[{esbr0 HACTOSAIIEHN CTAaThU OBLIIO KICCIIEOBAHHE CTATUCTUUYECKOH CTPYKTYPBI UHCJIA KAPKUX
JIHEH B CJIOXKHBIX (PU3UKO-TeorpadUUYecKUX YCIOBUSIX ['py3wH, B YacCTHOCTH, HCCJIEJIOBAHUE
pacripe/ieJieHUs1 TOJOBOTO YHCJIA JKAPKUX JHEW, IMOBTOPSAEMOCTH HUX Pa3JIUYHBIX Tpajallyi,
CTaTUCTHUYECKOTO pacIpeie/IeHHsT YKCIIa KapKUX JIHEH ¢ TeMIlepaTypod pas3IMYHOU Tpafalluil U
MIPO/IOJIPKUTEIFHOCTH BBICOKHMX TEMIIEPATYP.

O0BeKT nccjaeg0BaHud

'py3uss 3aHHMaeT KpalHe CEBEPHYI0 YACTh CYOTPOMHYECKOTO KJIMMATHYECKOTO I0sICA U
3/leCb BCTPEYAIOTCA BCE THUIIBI KJIMMATOB XapaKTEPHBIE JUIA JAHHOIO II0ACa, OT KJIUMAaTa BEYHBIX
CHErOB U JIEAHUKOB BBICOKOTOPHH JI0 CTEITHOTO KOHTUHEHTAJIBHOTO KiinMara Bocrounoi I'py3uu u
BJIQYKHOTO CyOTPOITMYECKOTO KIuMaTa YepHOMOPCKOTO ITO0EPEeKbsI.

B ceBepHOU 4YacTu TeppUTOPHMU B HAIPpABJIEHHUU C CeBEpO-3amajia Ha IOro-BOCTOK
npocrupaercs I'yiaBHbrii KaBkasckuii xpeber. B roxkHON uwactu I'py3unm MmouTH mapauiesibHO
I'naBHomy KaBkasckomy xpe6Ty mpoctupaetcs KOxxHO-I'py3nHCKOe Haropbe, sBJIAIOINIEEC YaCThI0
Manoro Kaskasza. I';aBublii KaBkasckuii xpeber coenmunsiercs ¢ FOxkHO-I'py3MHCKMM Haropbem
JluxckuM XpeOTOM, KOTOPBIH fABJIsIeTCS BojiopasesioM b6acceitnoB UepHoro u Kacrnuiickoro mopei
u genut 'py3uio Ha JiBe KIMMaTH4yeckue o0JacTH: 3alajHyl0, C BJIAXKHBIM CYOTPOIHYECKUM
KJINMAaTOM ¥ BOCTOYHYIO, C YMEPEHHO CyXWM KOHTHHEHTAJIbHBIM KIUMaToM. Mexzay bosbimum
Kaskazom u IOxHO-I'py3MHCKHM HaroppeM IIpoJieraeT TeKTOHHUYECKasd Jelpeccus, KoTopas
NpeAcTaBjeHa HU3MEHHOCTAMH, JOJIMHAMHM pPEK, PaBHUHAMU U IUIOCKOropbsaMu — Kosxupckas
HU3MEHHOCTh, VIMepeTHHCKass BO3BbIIIeHHOCTh (3amazuas I'pysus), paBauubl Illuga u KBemo
Kaptiu, Anasanckas moanHa, Flopckoe miockoropbe (Bocrounas I'pysus).

2. MaTepuaJibl U MeTOABI UCCIeJOBAHUSA

B nccstetoBaHMM MCIOIB30BAHBI MaTEPUAIbI HAOTIOAEHUN 40 METEOPOJIOTUUECKUX CTAHITHI
I'pysun 3a nepumopg 1936—2013 roxapl. KapkuMu CYUTaIUCh [JHHU, KOIZ@ MaKCHUMayIbHAsA
TeMIlepaTypa Bo3AyxXa mpeBblmasa 25°(SU25), OdYeHb KAPDKUMH CUYUTAIUCH JIHH, KOI/IA
TeMIlepaTypa IpeBblmana 35°. /s BOCCTAaHOBJIEHHS NPOIYIIEHHBIX JAHHBIX B psAfax ObLIa
WCIIOJIb30BaHa cieyoman mnponenypa. CoCTaBIAJNCh KOPPEIAIMOHHBIe MaTPHUIBl JJIA BCeX
CTAaHIMHU M Ha OCHOBE UX CTATUCTUYECKOTO aHAIN3a, a TAKXKe C yueToM (PU3UKO-TeorpadUIecKux
YCJIOBUM MECTOIIOJIOKEHUsI CTAHIUM BBIABJIAINUCH TPYIIBl BBHICOKOKOPEJIUPYEMBIX CTaHIUH,
K03hPUIIMEHTH KOPPEIALNN MeXAY KOTOPBIMH [ ObLIM 3HAYUMBI Ha YPOBHE 95 % u OoJee.
Jlajsiee BHYTpHM KaKZOM TPYIIIbl NPOIYyIeHHble JaHHble OIpeAesisiiuCh NPHMEeHEeHUEM MeToZa
COOTBETCTBYIOIIMX pa3HocTed. MakcuMasibHasg WHTEHCUBHOCTh JKAapKUX JIHEH BbIpakajach
abCOJIIOTHBIM MaKCHMyMOM Te€MIIEPATYPhI, a CPEIHSSI MHTEHCUBHOCTD JKaPKHX JIHEH BhIPaKayiach
CPEIHUM MaKCUMyMOM TeMIIepaTypbl, YeM OOJIbIlle 3TH BEJIMYUHBI, TEM HHTEHCUBHEE KAPKUU
JIeHb.

[Ipu aHanM3e NMOJIyUYeHHBIX IAHHBIX UCIIOJIb30BAHBI CTATUCTUUECKIE METO/IbI UCCJIETIOBAHUA.

3. O0cy:kaeHue pe3yIbTaTOB

CTpyKTypa roJIoBOro YHCJIa XKapKUX JHEH

B Hameil cratbe (Dm3bapamBmwiIn U Ap., 2015) Obl1a pa3paboTraHa reonH@opManoOHHAA
KapTa TO/I0OBOTO YHCJIA YKAPKUX JHeH /1A Teppuropuu I'py3um 3a 6a3oBbiil nepuos BMO (1961-
1990 IT.), COIVIACHO KOTOPOM MaKCHMyM YHCJIa KapKUX JIHEH oTMedaeTcs Ha 1ore Ksemo Kaptiu u
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B IIeHTPaJIbHOU yacTu KosIXuACKON HU3MEHHOCTH U COCTaBJisieT OoJsiee 130 nHed. Ha AstazaHckoi
JIOJIMHE YHCJIO JKapKUX JHed mpesblmaer 100. Ha YepHomopckoMm mnobepeskbe OHO MeHee
100 fiHed, Ha FOxxHO-I'py3uHCKOM Haropbe KoJsiebiieTcsi B mpezieiax 0—50, a B IIEHTPaJIbHON YacTH
Boabioro Kaskaza cocrasisfeT 0—30 JHEH.

Ha puc. 1 mpezacraBieHa 3aBUCUMOCTb U3MEHEHHS T0/I0BOTO YHCJIA KAPKUX JHEH OT BBICOTHI
MECTHOCTH IT10 JJaHHBIM O0Jiee 30 MeTeOpOJIOTHYECKUX CTaHINH. V3 puc. 1 cyIeayeT, 9YTO C BBICOTOU
MECTHOCTH YHCJIO KAPKHUX JTHEW 3aKOHOMEPHO YMEHBINIAeTCsl M Ha BBICOTE OKOJIO 2300 M JKapKUe
JTHU OTCYTCTBYIOT.

V3meHeHne 4Yucia JKapKUX JIHEH ¢ BBICOTOM MECTHOCTH XOPOIIIO OIHUCHIBAETCS JIMHEHHOU
dyukmen Buga:

150
e*
100 ? .

y=-0.05X+111.9, (1)
TAey — 9uciio XKapKux ,ILHefI, X — BbICOTA MECTHOCTHU Ha/Jl YPOBHEM MOPA B METpPax.

50
L 4
0 T ’ ’I ’ 1
(‘) 1000 2000 3000
-50 Xxm

Puc. 1. I3meHeHMe ¢ BHICOTOH (X) rOI0BOTO YHMCJIA KaPKUX JTHEH ()

B panHOM ciyyae k03bGUITUEHT JleTEpPMUHAIIMA COCTABJISIET 0.71, CJIEAOBATEIbHO BKJIAJ
(haxTOpa BHICOTH B UBMEHEHUH YHCJIA JKAPKUX THEH COCTaBJIAET 71 %.

W3 puc. 1 cjieayer, 4TO B PAaBHUHHOU 4YacTU TeppuUTOpPUH ['py3uu YHCIO KAPKUX JTHEH
cocraBsisier Oojiee 70, B HU3KOTOPHOW 30HE JI0 BBICOTBI 1000 M yMeHbIaercsi 10 60, a B
CpeIHETOPHOU 30HE OHO MeHee 60. B BRICOKOTOPHOU 30HE, IIPUMEPHO C BBICOTHI 2300 M KapKue
JHU He HaOmozaroTcesa. Cyas u3 ypaBHEHHUs PerpecCUy BEPTHUKAIBHBIA T'PAAUEHT YHC/Ia JKapKUX
JTHEH COCTaBJISIET 5 CYTOK Ha 100 M.

Ha pwuc. 2 npezacraBieHbl TOBTOPSAEMOCTH PA3/IMYHBIX TPAJIAllAA TOOBOTO UHCIA JKAPKUX
JIHell B pasjnyHbIX (pu3uko-reorpadmyeckux ycjaoBusax I'pysum 3a mepuos 1936—2013 TOZBIL:
Tounucu, XapakTepU3YIOIINN paBHUHHbBIE paliloHbl BocTounoii I'pysun, barymu, pacrnonoxxeHHOM
Ha YepHOMOPCKOM nobeperkbe U ADacTyMaHH, XapaKTEPU3YIOIIYI0O TOPHbIE PAHOHBI.

U3 puc. 2 cienyer, 4To pacripejiejieHUe YHCIIA KAPKUX JHEW 10 TpajlaliisM CyIIECTBEHHO
3aBUCHUT OT (PUBUKO-TeorpadpuuecKux ycJoBuil MecTHOCTH. B TOmncH, Tak:Ke, Kak ¥ Ha OCTAJIbHOMN
PaBHUHHOU yacTu TeppuTopuu BocrouHoi I'py3un Hanbosiee BEPOSATHBI MOBTOPSEMOCTH 101—120,
a Takke 121-140 XapKux AHed 3a Toj. [loBTOpsSiEeMOCTh 3THUX Tpajlanuii cocraBiisieT 48 %.
Ha Yepuomopckom mnobepesxbe (baTtymu) HauboJbIas MOBTOPSIEMOCTh COOTBETCTBYET I'PaJalluu
61—80 naHelr u cocraBiisieT 40 %. B ropHoii 30He (AbGacTymMaHU) MPe0O0JIAIAIOIUMU SBJISIOTCS
rpajanuu 41—60 u 61—80 JHeH, TOBTOPSAEMOCTh KOTOPBIX COCTABJIsIET 40 %.
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Puc. 2. IToBTopsiemocTu(y) pa3jIMyHbIX IPaZialliii TOZI0BOTO YHCJIA JKAPKUX JHEH(X):
1 — T6uucwy, 2 — barymu, 3 — AbactymaHu

T'omoBoe yuCI0o OUYeHb KAPKUX JHeU, KOoI7la MakcHMasbHasA TeMIlepaTypa IpeBbllaeT 35°,
nocruraet Ha Koaxuickoil HUBMEHHOCTH 7, Ha paBHUHAX BocTouHoit I'py3uu -5, a B IpUOpeKHON
¥ HU3KOTOPHOM 30HAX COCTABJIAET 1—2 JIHA 3a rol. bosiee moipo6HO O CTPYKType ro/I0BOTO YKCIIA
OYeHb JKAPKUX JIHEH MOKHO CYAUTh II0 JAHHBIM TaOJHUIBI 1, B KOTOPOH IIPE/CTaBJIEHBI
BEPOATHOCTU HACTYIUIEHUS OUEHb JKaPKUX JHEU B PA3IMIHBIX (PU3UKO-TeOTPAQUIECKUX YCIIOBHUAX
I'pysun.

W3 Tabnunpe! 1 ciienyer, YTO OYEHDb KAPKHUE JTHU C TeMIepaTypoil 6osiee 35° B paBHUHHOM
yactu Tepputopuu 3amagaHou I'pysum (UepHoMopckoe mobepexbe u Kosxuackas HU3MEHHOCTD)
JUIATCA C ampesisa 1o ceHTA0pb. Vx BepoATHOCTh Haubosbmias Ha KoJxuzckoil HU3MEHHOCTH U
cocTaBJseT B aBrycte 8—9 %, a B utosie — 7—8 %. B uroHe u ceHTsAOpe BEPOSTHOCTh HACTYILIEHUS
OUYeHb JKapKUX JIHEH COCTABJISET COOTBETCTBEHHO 3—4 U 2—3%.

Ha YepnomopckoMm mno0epekbe BEPOATHOCTh OYEHb JKAPDKHUX JIHEH B HIOJIEe-aBrycre
COCTaBJIsIeT B cpefiHeM 1 %, a B OCTaJIbHbIe MeCAIbl OHA MeHbIIe 1 %.

Tao6auna 1. BepoATHOCTH HACTYIUIEHHUA OYeHb KapKUX JHEN %

Paiion Mecsanpl

IY Y YI YII YIII IX
YepHOMOPCKOE MOOEPEKDE MeHeel | MeHeel | MeHeel |1 1 MeHee 1
Kosixuackass HU3BMEHHOCTD MeHee1l | MeHeel | 3-4 6-7 8-9 2-3
PaBuuHbI BocTouHoi I'py3un - - 1-3 1-4 2-5 MeHee 1
Tonmrcu MeHeel |11 12 1
HuskoropHas 30Ha - - MeHee 1 1-3 1-4 MeHee 1

Ha paBamnax Bocrounoii I'py3un u B HuskoropHoil 3oHe Kaskasza u IOxHOo-I'py3uHCKOTO
HAropbs B ampesie U Mae OueHb KapKHue JHU OTCYTCTBYIOT. 3/1eCh B HIOJIE U aBTyCTe BEPOATHOCTD
HACTYIUIEHUsI OYeHb >KapKUX JHel COCTaBjsAeT COOTBETCTBEHHO 2—-5 U 1—4 %. HckimoueHue
cocrapisier TOuncH, I7ie COOTBETCTBYIOIME IIOKA3aTeJIU BEPOATHOCTU CYIIeCTBEHHO OoJIbllle,
COCTaBJIAAS] COOTBETCTBEHHO 12 U 11 %, YTO MOKHO O0BACHUTH 3¢ eKToM ypOaHU3aI[UH.

B Hu3KOropHON 30HE, 70 BBICOTBI 800—1000 M, BEPOATHOCTh OUYEHb JKAPKUX JHeU
cOoCTaBJsieT B aBrycTe 1-4 %, a B uwje — 1—-3 %, B OCTaJIbHBIE K€ Mecslbl OHa MeHbIne 1 %.
B cpengneropHoii 30He, Bblllle 1000 M, OU€HbD KapKHUe THU OTCYTCTBYIOT.

CTrpykTypa 4Hc/Ia KApKUX JHEU C TEMIEPAaTypod pa3NvYHOU rpagamuaui 3a
JIETHUH MIEPUOT,

JKapkue THE 0cOOEHHO OTaCHBI /IS 3/I0POBbsI JIETOM, KOTZ[a TEMIIepaTypa MPEBBIIIAeT 35—
40° u 6osee. IIpu Takux TeMIeparypax 4eJOBEK TepsieT CBbIIIE 100 2 IoTa B 4ac, TeMrepaTypa
TeJla YeJIOBeKa IOBBINIAETCS W HACTyIlaeT rumnepTepmus (meperpeB opraHusma). B pesysbrare
OOJIBIIIOTO TIeperpeBa TeMIlepaTypa Tejla MOMKET IOAHATHCA 0 40°, MPH 3TOM HAOJII0/IaeTcs
aHEeMHU3UpPOBaHHE BHYTPEHHUX OPraHOB. bDOJIBIION TIeperpeB Tejla MOKET COIPOBOKIAATHCS
TEIJIOBBIM yZIapOM.
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Ha puc. 3 mpezcraBieHbl THCTOTPAMMBI YHCJIA JKaPKUX THEH C TEMIIEPATypPOH Pa3InYHOU
rpaialliy 3a JIETHHE MEeCAIbI M X allpOKCUMUPYIOIe QYHKITUH JJIsl IIyHKTOB, PACIIOJIOKEHHBIX B
pasnUHbIX (PU3HKO-Teorpadpuyecknx ycaoBusx I'pysun: UepHomopckoe mobepexbe (Bartymm),
Konxunckas wusmenHocth (Kyrawcw), paBHuHBI Bocrounoit I'py3um (Tommmcu, lupakwm),
npearopHas 3oHa Bocrounoit I'pysuu (TenaBu), Hu3koropHas 3oHa 3amnagHoro Kaskasza (OHm),
Hu3KoropHas 30Ha Bocrounoro Kaskaza (/Iymrerwm), cpemHeropHas 30Ha 3amagHoro Kapkaza
(Mectua).

B ypaBHEHMSAX perpeccuu, Mpe/ICTABJIEHHbIX HA PUC. 3 X ABJAETCS MOPAIAKOBBIM HOMEPOM
rpaganui. Hampumep rpagaiiuvl TeMIepaTypbl 25—30° COOTBETCTBYeT X =1, Tpajjanuu 31—35°
COOTBETCTBYET X =2, a Tpajlaliui 36—40° COOTBETCTBYET X =3.

CorylacHO puc. 3 SMIIUPUYECKOE pacIpesiejieHUe Yucjia JHEH ¢ pa3IudHON rpajiaruen
TeMIIepaTyphbl BO3/IyXa B OOJIBIIIMHCTBE PaiOHAX XOPOIIIO AalIPOKCUMHPYETCS JUHEHHON (PYHKIIHEH,
HCKJIIOUEHHEM SIBJIIOTCSA paBHUHBI Bocrouno#t I'pysuu (Towrucu, lllupaku), rae sMIupudecKoe
pacripe/ieJieHle COOTBETCTBYET IIOJIMHOMY BTODOH crelleHH. [IpHYMHON 3TOrO SBJISAETCA
yBEJIMUEHHE YKCJIa JKAPKUX JTHEH ¢ rpajamuei 31—35° .

Barymu(5m) y =-53x+ 108 y=-18,5x+ 61,667
60 y R2=1 y Kyramcu(114) Rz =0,9998
60
40 40
20 20
0 : \ﬁ
0 - T 1 X
5530 3140 X 25-30 31-40 35-40
Téunucu(404m)  _ 2 } LWupaku(555m)
v y=-17,5x?+56,5x- 5 y =-11,5%2 + 27,5x + 24
60 RE=1 60’
Rz=1
40 40
31 = ks = &
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25-30 31-40 3540 X 25-30 31-40 35-40 X
OHu(783m y=-17x+55
Tenaen(568) y=-21,5x+ 66,667 y ( ) R = 0,0897
6 R*=0,9912 40
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20
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0 T T 1 0 T T __|
25-30 31-40 35-40 X 25-30 31-40 3540 X
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v Rz=1 v Rz=0,9912
60 60
40 40
0 T i 1 0 T T 1
25-30 3140 X 25-30 31-40 35-40
X

Puc. 3. 'ucrorpamMmbl yucsia KapKUX JAHEW C TeMIlepaTypod PasIMYHOU Tpajalluu 3a JIeTHUE
MecANbl U UX allPOKCUMUpYIolie (yHKIUN: X - TPaJaIis TeMIEePaTyphl, Y - COOTBETCTBYIOIIlEE
YUCJIO KAPKUX AHeH, R? - koaddUuiiueHT rerepMuHaIvu.
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U3 puc. 3 cienyet, 4To jieToM Ha YepHOMOpPCKOM IOOEpekbe OTMEUAIOTCs JIBe Tpajjaliiu
YHcsIa KapKux JHeH ¢ TeMIiepatypoil 25—30° u 31—-35°. B mepByto rpajianuio nomnajiaeT 55 JHewH, a
BO BTOpYIO ITomnasaet /Ba AHsA. OueHb KapKue JHU, KOI/Ia TeMIIepaTypa BO3/yxa IPeBHIIIaeT 35°,
Ha 1obeperxbe He OTMEYAIOTCS WX HaOI0a0Tes oueHb pefko. Ha Konxuackoit HU3MEHHOCTH, B
CBAI3U C yAaJIeHHeM OT UepHOTro MOps, B YCJIOBHUAX JKAPKUX JHEH TeMIlepaTypa BO3/AyXa MOKET
IIPEBBINIATH 35°, U TAKUM 00pa30M IOABJIAETCA TPEThs IPa/ialvs ¢ TEMIEPaTypoil B mpezeaax 36—
40°, B KOTOPYIO IIOMa/iaeT 6 CiIydaeB >KapKux AHed. B paBHUHHBIX paiioHax Bocrounoit I'pysuu
TaKKe OTMEYAITCA 3 Tpajlalluu KapKux AHed. V3-3a ycuieHus apujHocTy kiauMata B [llupaknu
HECKOJIPKO YBEJIMUMBAETCA YUCJIO JKAPKUX JHEU ¢ TEMIIEPATYPOH 25—30° U yMEHBIIAETCA IUCIIO
JIHEH ¢ TeMmIepaTypoir 36—40°. B TOwnucu , B OTJIMUUM OT OCTAJbHBIX CTAHIHNA, MOJa
pacripezieJieHUs1 COOTBETCTBYeT Tpajamuu 31-35°. B mpearopuoit 30He Bocrounoit I'py3unm
YBEJIMUNBAETCS MOBTOPSAEMOCTh UHCJIA KAPKUX JIHEH ¢ TeMIepaTypod 25-30°. B HuU3KOropHOM
30He 3amasHoro KaBkasa Takike mpeobJafjaloT JHU TeMIEpaTypoil 25—30°. B BepxHell yacTu
HU3KOTOpHOM 30HBI Boctounoro KaBkaza m B cpengHeropHoil 3oHe 3amajgHoro Kaskasa
OTMEeYal0TCs JIUIIB IIePBbIe JIBe TPafialluy YHCJIa JKapKUX THEH.

CyTOouHBIII XOJ U HeNpepbIBHAS MPOJOIKHUTEIbHOCTh BBICOKHX TEMIIEPATYyP
(0oJ1ee 25°)

Ha puc. 4 npeicTaBieH CyTOUHBIA X0/ BBICOKUX TEMIIEPATYP, O0JIee 25°, B UI0JIe-aBryCTe JIJIs
pa3INIHBIX GU3UKO-Teorpadpuueckux ycsaoBuil I'pysuu.

U3 puc. 4 cienyer, yto Ha YepHOoMopckoM nobepexbe (KoOysieTrn) BbICOKHE TEMIIEPATYPHI
(bosee 25°) maATCS B CpegHEM B TeUeHHE BCErO0 4—5 YacoB, B OCHOBHOM C 12 IO 16 YacoB.
Bo BHyTpeHHux paiioHax KoJIXHACKONH HHU3MEHHOCTH OC/IA0JsAeTcs BiUsHHE YepHOTro MOps U
YBEJIMYHUBAETCA JJTUTEILHOCTh BBICOKUX TemIleparyp. Tak, B Kyramcwm ux Npopo/LKUTEIBHOCTH
COCTaBJISIET B CPEIHEM Q YACOB, OHM HACTYMAIOT B 10 4 U 3aKaHYMBAIOTCA B 18 4. B BocTOuHOMU
apugHoi yactu I'py3un (Fapmabann) ere 6oJiee yBeTMYHUBAETCA TPOIO/KUTEIHHOCTD TEMIIEPATYD
Oosee 25° U COCTaBJIsAET B CpeJHEM 10—11 Yac, ¢ 10 mo 20 vac. B HuskoropHoil 3oHe KaBkaza
(dymetn) mpoI0JKUTEIBHOCTD BRICOKUX TEMIIEPATYP YMEHBIIAETCs 710 3—4 vac (¢ 13 1o 16 Jac).

35 °0¢
30 —
25 4

m Kobynetun
20

B Kytaucu
15 +

Fappabanu
10 1 H lyweTtn
5 _
0 _
yac
10 11 12 13 14 15 16 17 18 19 20

Puc. 4. CyTogHBIH X0/ BRICOKUX TEMIIEPATYP B HIOJIE-aBryCTe

HpeZLCTaBHeHHbIﬁ Ha puc. 4 CYTOQHbeI XOo4 TeMIlepaTypbl YAOBJIETBOPUTE/IIbPHO OIIMCBIBAETCA
IIOJINHOMOM BTOpOﬁ CTEeIlEeHU.
y=ax2+bx+c, (2)
I7le y — TeMIepaTypa BO3/yXa, X- BpeMs B Te4eHHHu CyTKu (uac), a, b, ¢ — koadpPUIEHTHI,
KOTODpBbIE ITPEACTABJIEHDI B Ta6.TII/IIIe 2.
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Tao6auna 2. KoaddurueHTs! 1151 ypaBHeHU (2)

Paiion a b c R2
YepHOMOPCKOE TOOEPEIKDE -0.214 2.042 20.97 0.619
Kosxuackast HUBMEHHOCTD -0.136 1.363 23.83 0.954

Bocrounag I'pysusa -0.194 2.199 24.57 0.969
HuskoropHas 30oHa KaBkasa -0.25 2.85 17.45 0.4

B rtabune 2 R2 —koadUIUeHT qeTepMUuHaIIIH.

ITo ypaBHeHUIO (2) U MpeJICTaBJIEHHBIM B Ta0suile 2 KoddgduureHTaM MOKHO PacCUUTATh
CYTOUHBIH XOJi BBICOKHX TEMIIEPATYP B Pa3JIMUHBIX (PU3UKO-TeorpadHIYecKuX YCJIoBUU ['py3um.
Cyns no xo3dduipeHTam AeTeEpMUHAIIMN HAWIYUIlIne Pe3YJIbTaThl MOJIYYalOTCs 11 PABHUHHBIX
paitonoB Bocrounoii I'pysuu u Kosixujckoil HU3BMEHHOCTH.

NHTEeHCUBHOCTH KaPKHUX JTHEH

MakcuMasibHasi WHTEHCUBHOCTh JKapPKHUX JIHEH BbIpakajiach abOCOJIIOTHBIM MaKCHMyMOM
TeMIIEPATypPhl, a CPEeAHAS WHTEHCHBHOCTh KApPKUX JHEH BbIpa’kajach CPEIHHUM MaKCHMyMOM
TeMIIEPATYPhI, YeM OOJIbIIIE STH BEJIMYNHBI, TEM UHTEHCHUBHEE KapKUH /IeHb.

Ha puc. 5 mpeacraBieHbl TrpaUKH TOJOBOTO XO0/la MAKCHMAaJbHOH U CpeaHei
WHTEHCUBHOCTH JKaPKUX JTHEH ¢ Mas 110 OKTAOPS /1A Pa3INYHbIX yCI0BUH ['py3un.

60 C batymmn 60 Ufﬁﬂwaneui

40—% 40 gl ———0
ZO-JJ.—.Q.\If 20_%

0 T T T T T 1 0 T T T T T 1
5 6 7 8 9 10 5 6 7 meaust 10
Merdllkl
600¢C— Téuamen ——— | 40°€C ’_lVO"J_.J—Q\‘
- 30 +
40 _W‘ﬁ
ﬂ 20 +
20 -+ 10
0 T T T T T 1 0 T T T T T 1
5 6 7 M%CHLI,%I 10 5 6 7 Me8c5|u,b|9 10
40 °¢ C———HuxoumuHga
1 40 °C
30 - 2 30 O’J'/‘ ’-—‘T
20 _A 20 ‘ﬁ
10 10 -
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Puc. 5. I'of10BO# X071 MAaKCUMaJIBHOH (1) ¥ cpeiHel (2) HHTEHCUBHOCTH JKapKUX JTHEH

W3 puc. 5 caeayer, 9YTo CpeHsisi HHTEHCUBHOCTb JKapKUX JIHEH Ha YePHOMOPCKOM Mo0Oepeskbe
I'pysun (bBatymu) B urOJe-aBrycTe He IpeBbiliaer 28-27°, Ha Koaxujckoli HU3MEHHOCTU
(Kyraucu) cocrasisier 28°, B paBHUHHOI YyacTu BocrouHoit I'py3uu (TOmrcu) Bo3pacraer A0 31—
32°, B HU3KOrOpHOW B3oHe bosbmoro Kaskaza (Onu, [lymiern) ymeHbImaercsa a0 27—28°,
a B HIDKHEM I105ICEe BBICOKOTOPHOM 30HbI (HUHOIIMUH/IA) OHA MeHbIIIe 21°.
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MaxkcruMasbHas THTEHCUBHOCTD JKapKUX HeH Ha YePHOMOPCKOM Io0epeskbe U Ha paBHUHAX
BocTouHOU I'py3mu cocraBiser 41°, Ha Koixo/ickoif HU3MEHHOCTH -42°, B CpPeJHETOPHOI 30He
cocTaBsAeT 35—38°, a B HIDKHEM MOsICe BBICOKOTOPHOM 30HBI OHA MEHBbIIIE 30°.

4. 3aRJaioueHue

1. C BBICOTOM MECTHOCTH TO/I0BO€ YHCJIO JKapKUX JHEU 3aKOHOMEDHO yMEHbIAaeTcsd U Ha
BBICOTE OKOJIO 2300 M KapKHe JIHU OTCYTCTBYIOT. B paBHUHHO yacTu Teppuropuu ['py3un uncio
JKapKUX JHEH cocTaBiisieT OoJiee 70, B HUBKOTOPHOM 30HE YMEHbIIIaeTcs 0 60, a B CPeTHETOPHOU
30He OHO MeHee 60. I3MeHeHMe YncCiIa JKapKUX JHEH ¢ BBICOTOM XOPOIIIO OIMMCHIBAETCSA JIMHEHHON
dyukIelt. BepTukaabHBIN rPaJIUeHT YMCIA JKaPKUX THEN COCTABJIAET 5 CYTOK HA 100 M.

2. Ha paBHuHHOM uactu Teppuropuu Boctounoii I'pysum Haubosiee BepOSTHBI
IIOBTOPSAEMOCTH 101-120, a TakXe 121—140 TOJ0BOrO 4ucia »kapkux aHei. Ha YepHoMopckom
nobepekbe HAuOOJIbIIAsA MOBTOPSEMOCTh COOTBETCTBYET Ipajjaniuu 51—-80 JHel. B ropHoil 30He
IpeobJIaTAT0IUMHU SIBJISTIOTCS Tpafaliui 41—60 u 61—80 JHeH.

3. T'omoBoe umc/I0 OUeHb KAPKUX JIHEH, KOIJla MaKCUMaJibHasA TeMIlepaTypa IpeBBIIIaeT
35° npocturaer Ha Kosxuickoii HU3MEHHOCTH 7, Ha paBHMHax Bocrounoil I'pysum -5, a B
IpuOpeKHOU ¥ HU3KOTOPHOM 30HaX COCTaBJIAET 1—2 JIHA 3a FOJI.

4. OMIUpUYECKOe paclpesesieHHe Yucila JHeW ¢ pas3jInyHOM Tpajanuell TeMmIilepaTypbl
BO3/lyXa B JIETHHE MeCAII B OOJIBPIIMHCTBE PaWOHAX XOPOIIO ANMPOKCUMHUPYETCS JIMHEHHOU
dyHKIIMEN, UCKIIOUEeHUeM SBJAIOTCA paBHUHBI Bocrounoit I'pysum (Towmmucu, Illupaku), rme
SMIINPUYECKOe paclpefiejieHe COOTBETCTBYeT IOJIMHOMY BTOPOM cremeHU. IIpuumHOU 35TOrO
SIBJISIETCS YBEJTMUEHME YHCIa JKapKUX JHEH ¢ rpajanued 31—35° .

5. Ha YepHoMOpckoM mobepeskbe BEICOKHE TEMIIEPATYPHI (0oJiee 25°) AJIATCS B TE€UEHUE 4—
5 4acoB, BO BHYTPeHHUX paiioHax KoJxujckoil HUBMEHHOCTH UX IIPO/IOJKUTEIHBHOCTD COCTABJISAET
B CpeJIHEM Q YacoB, B BOCTOYHOM apuHOH yacTu ['py3un Ipoi0/KUTeIbHOCTD TeMIepaTyp OoJiee
25° Bo3pacTaer /10 10—11 4ac, a B HU3KOropHoil 3oHe KaBkasa ymensblaercs 0 3—4 4ac.

6. CpenHsAs UHTEHCHUBHOCTD JKapKUX JIHEH HA YePHOMOPCKOM Iobepeskbe I'py3un B uiose-
aBrycre He mpeBblliaeT 28-27°, Ha Kosaxujckoil HU3MEHHOCTH COCTaBjseT 28°, B paBHUHHOU
vactu Bocrounoil I'pysum Bo3pacraer /10 31—32°, B HU3KOrOpHOU 30He Bosbinoro Kaskaza
yMeHbIIIaeTcs 710 27—28°, a B HU>KHEM I0sice BHICOKOTOPHOM 30HbI OHAa MeHblIIe 21°

7. MakcuMasibHass WHTEHCUBHOCTh JKapKHUX JIHEH HA YEPHOMOPCKOM TO0O€epekbe M Ha
PaBHUHAX BOCTOUHOU I'py3um coctaBiseT 41°, Ha Koxoickoil HU3BMEHHOCTH -42°, B CPeZTHETOPHOU
30He cocTaBisgeT 35—380, a B HIXKHEM I0sICe BBICOKOTOPHOU 30HBI OHA MeHblIIe 30°.
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AnHoramua. Ilo matepunanaMm HaOIIOEeHUH 40 METEOpOJIOTHUUeCKUX cTaHIui ['pysuu 3a
nepuoy; 1936—2013 rofipl HCCJIe/IOBAaHA CTATHUCTUYECKAsA CTPYKTypa YMCJIa KapKuX JHeH, Korja
MaKcHUMaJIbHasA TeMIlepaTypa BO3/lyxa IpeBbllaeT 25°. MceienoBaHbl U3MeHeHHe I'0/I0BOr0 YHCIIa
JKapKHUX JHEeU C BBICOTOM MeCTHOCTH, IOBTOPSAEMOCTH UX Pa3jIMUYHBIX I'PA/Iallui, paclpejiesieHue
yucja  JKapKUX JHed ¢ TeMIepaTypou pasjIMuHOM rpajaluu  3a JIeTHHEe MecCsIlhl,
MPOJOIKUTEIBHOCTDh I THTEHCUBHOCTD BBICOKUX TeMIIEPATYP.

YCTaHOB/IEHO, YTO BBICOTOM MECTHOCTH TOJIOBOE YHCJIO KAPKUX [JHEW 3aKOHOMEPHO
YMEHBIIIAETC U HA BBICOTE OKOJIO 2300 M KapKHe JHU OTCYTCTBYIOT. B DaBHMHHOU dYacTH
TeppuTopuu ['py3um 4YHCI0 JKapKUX JHEU cocraBisgeT 0Oosee 70, B HU3KOTOPHOM 30HE
yMeHbIIIaeTes 7o 60, a B CpeIHETOPHON 30He OHO MeHee 60.

TomoBoe YKCIIO OYEHB KAPKUX JHEU, KOr/la MaKCUMaJbHAasA TeMIlepaTypa IpeBbIIaeT 35°,
nocruraet Ha Kosxuickoll HUBMEHHOCTH 7, Ha paBHUHAX BocrouHoii I'py3un -5, a B mpubpekHOH
Y HU3KOTOPHOH 30HAaX cocTaBJisAeT 1—2 JIHA 3a To/l.

Ha YepHomopckoM mobepekbe BBICOKHE TeMIepaTyphl (6ojiee 25°) JJIATCA B TeUeHUE 4—
5 4acoB, BO BHYTPeHHUX pailoHax Kosxu/ickoll HUBMEHHOCTU UX MPOAOJIKUTETBbHOCTh COCTaBJIAET
B CpeJIHEM Q 4acoB, B BOCTOYHOI apuiHOH yacTu ['py3un Ipo/i0/KUTeIbHOCTD TeMIepaTyp OoJiee
25° Bo3pacTaer /10 10—11 4ac, a B HUBKOropHoil 3oHe KaBkasa ymeHsblaercs 0 3—4 4ac.

KialoueBble cjioBa: JKapKuil JleHb, CTATHUCTUYECKass CTPYKTYpa, IIOBTOPSEMOCTD,
K03 ULNEHT JeTepMUHAIIUY.
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The Dynamics of Air Temperature and Precipitation in the Chui Basin
M.G. Sukhova 2:", O.V. Zhuravleva ®

a Gorno-Altai state university, Russian Federation
bTnstitute for Water and Environmental Problems, Barnaul, Russian Federation

Abstract

The study of the regional manifestations of climate change in mountain areas is of special
significance, because it can refine the planetary picture. The dynamics of climate change has been
studied through the use of long-term meteorological data (60 years). Chui basin considered as an
object. Established a steady warming trend, with a slight cold snap of the last decade, as well as the
absence of significant changes in precipitation. This fact shows a clear trend of increased aridity of
the territory, since the air temperature observed increase is not accompanied by a corresponding
increase in precipitation.

Keywords: climate change, Chui basin, aridity of the territory.

1. BBenenue

AKTyaJIbHOCTh HCCJIEJOBAHUN COBPEMEHHBIX HM3MEHEHHU KJIMMAaTa, K COKAJIEeHUI0, He
BBI3bIBAET HUKAKUX COMHEHHH. MupoBOoe cOO0OIIEeCTBO Bcepbe3 00ECIIOKOEHO POCTOM YHCIa
CTUXUHHBIX O€ICTBUIH, OTPOMHBIMH yIepbaMu OT HABOJAHEHHH 3acyX U II0XKAapOB, KOTOPBIE
SIBJIAIOTCA CJIEAICTBUEM IIPOMCXOAAIINX U3MEHEeHUU B OKpy:Karwleid cpene (3assienme BMO...;
N3menenne knumata; VI3mMeHeHue Kiumara...; Poranosa u ip., 2012; CpIpOMATHHA | Ap., 2010).
B 3asByiierne BMO o cocTrosiHMY TJI00aJIbHOTO KJIMMaTa B 2015 IOy OTMEYaeTcs, YTO "OJAHUM W3
caMbIX JIEUCTBEHHBIX CPE/CTB /I aJlaliTalliUd K IMOCJIE[CTBUAM H3MEHEeHUs KJIMMaTa SBJIAeTCHA
YKpeIUIeHHe CHCTeM 3a0J1arOBpeMEHHBIX IPENYIpPEexRAeHUNH O OeICTBUAX U KJIMMATHIECKOTO
obenyxkuBanusa” (3aseienre BMO...: 3). B cBsA3u ¢ 3TUM u3ydyeHHEe PETHUOHAJIBHBIX MPOSBIEHUN
W3MeHeHUN KJIMMaTa B TOPHBIX TEPPUTOPUAX HpUoOpeTaeT OCOOBIN CMBIC/I, TaK KaK CIIOCOOHO
JleTaJIN3UPOBATh OOIIYI0 KAPTUHY.

O0bekT U MeToabI. B Takux pernoHax kak Pecrybinka Antail MeXropHble KOTJIOBUHBI —
9T0 HauboJsiee 3acesieHHbIEe U OCBOEHHbBIE B XO3SHCTBEHHOM OTHOIIEHHWH TeppuTopuu. Uyiickas
KOTJIOBHMHA, wiu Yylickas crenb — OAHA U3 HUX, Haxozautcss B IOro-Bocrounoit Anraiickoiu
MPOBUHIMHU. [IHUIIEe KOTJIOBUHBI PACIIOJIOKEHO HAa BBICOTE 1750-1850 METPOB HAJl YPOBHEM MOPS U
CO BCEX CTOPOH OTPaHHUYEHO TOpHBIMU xpebramu: Kypaiickum Ha ceBepe, CeBepo-UyHCKUM U
IO:xHO-UytickuM Ha 3amnajie, xpedbrom CaiitoreM Ha ore 1 XxpeOToMm UnxayéBa Ha BOCTOKE.

Penved ouenp cnenmdurueH — 37ech NPaKTUUECKU OTCYTCTBYIOT HAKJIOHEHHBIE YYaCTKHU
paBHUH. l3-3a Mayloro KOJIMYECTBA OC3JIKOB 0CO00 IIpe/ICTaBjIeHa IJIOCKOCTHAsA 3SPO3Us.

* KoppecoHupytonuii aBTop
Anpeca 371eKTpoHHOH mouThl: mar_gs@ngs.ru (M.I'. Cyxosa)
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NmMeronuecss KOHYChI BBIHOCA U JIETIOBHAJIbHBIE ITUIEH(HI OUeHh HE3HAYUTEIbHBI U HE CIIOCOOHBI
chopMHUpOBaTh HAKJIOHHYIO pPaBHHUHY. J/[HHUINE KOTJIOBUHBI B OCHOBHOM CJIOJKEHO O3EPHBIMHU,
QJUTIOBUAJIPHBIMHU U TTPOJTIOBHAILHBIME OTJIO3KeHUsAMH (Muxaiios, 1961).

Pe3kass KOHTHHEHTAJIBHOCTh KJIMMaTa OOycsiOBJIeHAa reorpadUuecKUM PacIoJIOKEHHEM B
IIeHTpe MaTepuka U OporpaduYecKON H30JUPOBAHHOCTHIO. KimMarnueckre 0OCOOEHHOCTH
3HAYUTEJIbHO OTJMYAIOTCS OT KJIMMAaTa JOJMH ¢ BOJOpas3/ieJioB. B  3uMHHE MeCsIbl
BBIXOJIQ’KMBAHUE BO3/yXa Ha JIHUINAX KOTJIOBUH OOYCJIOBJIEHO TOCITOZICTBOM aHTHUITUKJIOHAJIBHBIX
YCJIOBHH, CTOKOM BO3/yXa CO CKJIOHOB U €0 3aCTOeM. 3UMbI CYPOBbIE€ I MaJIOCHEKHbIE. B TerbIii
IIepuo/i C BOCCTAHOBJIEHMEM 3allaIHOTO TEepeHOca BO3AYIIHBIX MacC NpPU IepeBAJTMBAHUU
HaBETPEHHBIX CKJIOHOB XpeOTOB BO3HUKaeT OaphepHbIM 3(hGEeKT, ¥ Ha MOJIBETPEHHBIX CKJIOHAX
00JIAYHOCTh PA3MBIBA€TCSA, IIOATOMY OCAJIKOB BBINIalaeT Masio. Ha IOABETPEHHOU CTOpPOHE
obpasyercss OGapbepHas TeHb. [IpW OIyCKaHWUU BO3JyX aauabaTHYeCKHW HarpeBaeTcs, oOJiaka
Pa3MbIBAIOTCA U BO3PACTAET YHCJIO YacoB cotHeuHoro cusHus (Cyxosa u ap., 2012).

JluHaMUKA KJIMMaTHYeCKUX U3MEeHEHNH N3yJaiach Ha OCHOBE HCITOJIb30BAaHUS MHOTOJIETHEN
MeTeopoJIoTHYecKkor uHpopmanuu (60-1eTHUN nepruon). [ KOppeKTHOTO aHAIM3a BPEMEHHOTO
pacrpejieJieHHsI OCHOBHBIX METEOPOJIOTHUUECKHX IIOKa3aTesJied Ha Teppuropuu UyHcKou
KOTJIOBUHBI ~ OBUTM  HCIOJIb30BAaHBI  €KeJHEBHbIE JlaHHble HAOJIIOJIEHUNA  OIepaTUBHO-
HabsmofaTeNbHbIX ToApasaeneHuit [opHo-Asratickoro II'MC - ¢uwinana OI'BY “3anano-
Cubupckoro YI'MC” mo merteocrannuu Komr-Arad, jaHHbIe, pa3MellleHHble Ha OQUIIHATIHBHOM
catite BHUMTMU MII/JI (URL: http: www.meteo.ru.climate.sp_ clim.php), /11 mpoaiesus: psiaos
HCIIOJTb30BAJIMCH JIAHHBIE TT0 KOJIMYECTBY OCAJIKOB II0 CPOKAM HAOJIFOIEHUH ¢ caliTa OTIepaTHBHBIX
MeTeoposiorndyeckux JaHHbIx (URL: http: rp5.r).

2. Pe3yabTaThl HCCIAEA0OBAHUA U UX 00CYyKAeHUE

B pesysibTare MpOBEAEHHOTO aHAIN3a MMPOIOIKUTETFHOCTH COJTHEUHOTO CHUAHUSA 32 TEILIbIN
nepuoy; (Maii-ceHTsA6pb) (PHic. 1) ycTaHOBJIEHA CTAaTHCTHYECKH He 3HAUMMAs II0JIOKUTEIbHAs
JIMHAMHUKa — B CPEIHEM YBEJIMUEHUE COCTABJISIET 10 YaCOB 3a BECh aHAIU3UPYEMBIH MEPHO]] ¢ 1961
o 2012 rT. OJTHaK0, HAYHUHASA ¢ 1997 IOJ]a, OTKJIOHEHUS OT HOPMbI UMEIOT MEHBIITHUH /Thana30H, HO
OOJIBIIYI0 U3PE3aHHOCTh rpaduKa, YTO OOBACHIETCS U3MEHEHHEM IUPKYJISIIHOHHBIX IIPOIIECCOB,
MIPUBOJISIIIUX K YBEJTUYEHHIO 00JIaUHOCTH.

320

315 + —
310 + A A

305 Tt -
- - -
ol 1 /AN B G -

280 %‘
|
|

Yacsel

275 *
270
265 ¥
260 =
255
250

1963 _

1965 _

1967 _

1969 _

1971 _

1973

1975 _

1977

1979 _

1981 _

1983

1985

1987

1989

1991 |

1993

1995

1997

1999 |

2001 _

2003 |

2005 _

2007 |

2009 |

1961 THHH
2011 |

=~ -~ Jluneiinas (Paal) MosnHomuanbHbIH (Pagl)

Puc. 1. [Ipo10/>KUTETLHOCTD COJTHEYHOTO CUSHUS 32 TEIUIbIN repuo (Mai-ceHTssops) MC Korr-
Arau
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IIpoBeneHHBIE pacUeThl FO/IOBOM TeMIIEPaTyPhl BO3/AyXa B KAJIEHAAPHBIX paMKax ITO3BOJIAIN
YCTAHOBUTb 3HAYUTEJIbHBI ITOJIOKUTEJbHBIA JIMHEHHBIA TpeH[A. BeawynHA MOBBIIIEHUS
CPeIHEroI0OBOM TeMIlepaTyphl Bo3ayxa 3a 60 JieT (1955-2015 IT.), HA OCHOBE JIMHEHHBIX TPEH/IOB,
cocraBmia 3 °C (Puc. 2), mpu cpe/iHell MHOTOJIETHEN TeMIlepaType 3TOro mepuoja -4,7 °C, 4ro Ha
2 °C Bblllle KJIUMAaTAYECKOH HOPMBI II0 CIIPABOYHBIM JIaHHBIM, OJIHAKO Ha 0,9 °C HUKe
aHaJIOTUYHOTO IIOKAa3aTess 3a IocjaemHHe 30 JieT. ITO OObsACHAETCd HauOOJBIIMMU TeMIIaMU
MOTENJIEHUA Ha4rHad ¢ 1997 roja.
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Puc. 2. /lunamuka cpefiHerozoBoii rTemneparypsl Bo3yxa, MC Komr-Arau

OnHako OTKJIOHEHHs TeMIIEPAaTypbl OT HOPMBI B CPEIHUX TOJOBBIX IIOKA3aTesAX He
OTPa’KAIOT MOJTHYIO IMTHAMUKY TEPMUYECKOTO PEKHUMA B Te€UE€HME TO0BOTO ITUKJIA.

I[To ce3oHam roma MecCTHbIE UHMPKYJIAIMOHHBIE YCIOBHS MOTYT H3MEHSTHCS JIOBOJIBHO
3HAYUTEIBHO: OT IPeobJIaJlaHus aHTHITUKIOHAIIBHOHN, MaJI000JIa4HON M CyXOU ITOTOABI 3UMOH 10
HEYCTOMYHBOH ITMKJIOHAJIBHOW MOTO/bI C YepeJOBaHUEM BOJIH TeIljIa U X0JIOJIa, OCAJIKaMH BECHOU
U OCEHBIO.

B yci10BUAX TOPHOU TEPPUTOPUH ITOTOHBIE (M KJIUMaTUYECKHE) XapaKTEPHUCTUKH elre OoJiee
nuddepeHIUpYIOTCA T0JT BJIUSAHUEM pebeda, YTO HAXOJUT OTpPa’KeHHe U B OCOOEHHOCTAX
TEPMUYECKOTO pekuma. Takum ob6paszoM, Hambosiee OOBEKTUBHAsA KapTHHA OTKJIOHEHWUS
TeMIIepaTyphl BO3/yXa OH HOPMbI paCKpPbIBaeTCs MpHU ce30HHOM aHasu3ze (Puc. 3).

AHaIM3 JWHAMHUKU CpPE/IHECE30HHBIX U3MEHEHUH TeMIlepaTypbl BO3/yxa, IOKa3asl
HEOTHOPOCTh U3MeHeHUH B TeueHuu roja (Puc. 3). Tak, HanboIbIast MOJIOKUTEIbHAS TEHAEH NS
HabJTIoZ1aeTcs B 3UMHHUU mepuoj, U cocrasiseT 3,2 °C. U, xotsa 3a mociennue 60 JIeT CpemHss
TeMrepaTypa 3UMbl IOBBICHJIAaCh, U3MEHEHUE ee JaJIeko He OJHOpoAHO. Tak B 60-e rojbl B
Uyiickoi KOTJIOBHHE CpEeIHSsI TeMIlepaTypa 3uMbl cocTaBysiia -23,1 °C, B 90-e roasl -18,5 °C.
OzHako B mocjaensHue ToAbl (2006—2015 IT.) HAOJIOZAIOCh 3HAUYUTEIBHOE IOHHMKEHUE
TeMIepaTypbl, TPU CpeHEH TeMmIepaType 3uMHero Iiepuoga — -20,3 °C. Mbl BIpaBe
KOHCTATUPOBATh U 3HAUYUTEJIbHBIE (DIYKTyalluu 3HAUYEHWH, TaK HaIpuMep B 2008 rojay cpemHsis

TeMIlepaTypa 3UMbI cocTaBisaa -17,3 °C, B 2015 T. -15,7 °C, B 2006 1 2009 IT. 0koJio -23 °C, a B
2011T. — 24,4 °C.
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Puc. 3. [lunamuka cpeHece30HHOHN TeMmepaTtypsl Bo3ayxa, MC Komr-Arau

J111 BECEHHETO Ce30Ha XapaKTepHa OueHb O0JIbIasi K3MEHYHUBOCTh TEMIIEPATYyp: Ha rpaduke
JINHUM WMEIT IJIyOOKO W3pe3aHHbI BuA. OTHOCHTEJHHO TeIUIble BECHBI CMEHSIOTCs 0osiee
XOJIOJTHBIMH. B 11€710M 32 60-JIETHUI NIEPUO]T BECHOM OTKJIOHEHHE TEMIIEPATYPhI BO3/IyXa OT HOPMBI
B CTOPOHY IOBBIIIIEHUS TEMIIEPATYP COCTABUIIO 2,2 °C.

B oTsimune oT Apyrux ce30HOB, MEKTOJ0BOE PacIipe/ieJieHUe CPeIHECE30HHBIX TEMIIEPATYP
Jieta uMeeT OoJiee IUIAaBHBIM XOJl, UTO CBHIETEILCTBYET 00 OTHOCUTEIPHON YCTOHYUBOCTU JIETHHUX
1moroJi. BepTuKasibHAsA IMOSICHOCTH TEMIIEPATYPhl BO3/yXa JIETOM BBIpakeHa HamOoJiee UYETKO.
[IpeBblllIeHNE TEMIIEPATYPHI OTHOCUTEIHFHO HOPMBI JIETOM COCTaBJIsIeT 0K0JI0 1 °C.

3a mociennue 60 JieT HanboJiee XOJIOMHBIM OBLIO JieTo 1968 roma, Korja cpemHe JIETHSS
TeMIeparypa cocrasuia 11,3 °C, 4To Hu:Ke HOpMHI Ha 1,2 °C.

JluHaMUKa W3MEHEHHUs CpeJHe OCEHHHUX TeMIlepaTyp II0 OOJIbIIIed YacTH CUHXPOHHO
BECEHHHUM, B IPOTHBOGAa3e HAXOAUTCA 1968 T. Korja cpefHss TeMmIlepaTypa OCEHU COCTaBMJIA —
7,1 °C, 2001 rox 0,8 °C npu HopMme 0,7 °C. OTKJIOHEHUS TEMNEPATYPHI B CTOPOHY NMOHMKEHUS HE
CTOJIb TJTyOOKME U ITPOJOJIKUTEIbHbIE KaK 3UMOM.

AHan3 u3MeHeHUs ro/IOBOr0 KOJIMYECTBa OCAJKOB 3a MEPHUOJ ¢ 1956 Mo 2015 I'. HE BBISABUII
CTATUCTHUYECKH 3HAUMMBIX OTKJIOHeHuH (Puc. 4).
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IIpu paccMOTpeHUM Ce30HHOU crenudUKN Ha OCHOBe JIMHEHHBIX TPEHJIOB BBIABUJINCH
HeKkoTopble oTyinausA (Puc. 5), Tak BeJIMUMHA MTOBBIIIIEHNS JIETHIX CYMM OCa/JIKOB COCTABIJIA 12 MM,

BeJIMYMHA IIOHUWXKEHHUA 3HUMHHX CyMM 10 MM. OZ[HaKO, oba STHX 3HAUEHUSA HE SABJISIOTCA
CTaTHCTHUYECKHU 3HAYKNMbIMH.
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3. 3aKjIIoueHue

Takum 06pa3zoM, TpoOaHAIM3UPOBAB JUHAMUKY U3MEHEHHS TEMIIEPATYPhI BO3/yXa U 0CAJIKOB
Ha Tepputopun Yyickoil KOTJIOBUHBI, Mbl YCTAHOBWJIN YCTOMUMBYIO TEH/IEHIIUIO K MOTENJIEHUIO,
IpU HE3HAYUTEJIBHOM IIOXOJIOIAHUU TIOCTETHETO JECATHIETUSA, a TaK)Ke OTCYTCTBHE 3HAUHUMBIX
W3MeHEeHUHN B peKuMe 0Ca/IKOB. JlaHHBIA (AKT CBUIETEIBCTBYET O UETKOU TEHAEHIIUU YCUJIEHUS
apuau3aniyl  TEPPUTOPUU, IIOCKOJIbKY HAOJIIOAAaeMbIi IPUPOCT  TeMIIeEpaTyp  BO3/AyXa
HE COITPOBOXK/IAETCS COOTBETCTBYIOITUM YBEJIMUEHUEM aTMOC(EPHBIX 0CAJIKOB.

baarogapuaocTu
PaboTa BeITIOTHEHA B paMKax ['oczaganusa Munob6pHayku PO N2440, a Takxke rpanta POOU
16-45-040266 p_a.
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JAuHaMuKa U3MEHEHUs TEMIIEPATYPhI BO3AyXa U 0CaAKOB B UylICKOI KOTJIOBHHE
M.T. CyxoBa 2-*, O.B. JKypassieBa P

a T'opHO-AJITAWCKUH rOCYZapCTBEHHBIN YHUBepCHUTET, Poccuiickas ®enepamust
b ®I'BY Hayku MHCTUTYT BOJHBIX U 9KOJIOTHUECKUX ITpobsieM Cubupckoro otyenenus PAH,
r. bapnays, Poccuiickas ®eneparus

AnHOTamuA. l3yuyeHHe peruoHAJIbHBIX IPOSABJIEHUM H3MEHEeHUH KJIMMaTa B TOPHBIX
TEPPUTOPUAX MpHoOpeTaeT OCOOBIA CMBICI, TaK KAaK CHOCOOHO AETATM3HUPOBATH IUIAHETAPHYIO
KapTuHy. JIlMHaMMKa KJIMMAaTHYeCKUX HU3MEHEeHUU u3ydajach Ha OCHOBE WCIOJIb30BAHUA
MHOTOJIETHEH MeTeOpoJIoTUYecKOU uHopmamuu (60-JIeTHUH Iepuona). B kadecTBe oOBeKTa
paccMaTpuBasiach BBICOKOTOpPHasA Yylickasd KOTJIOBMHA. YCTAaHOBJIEHA YCTOMYMBAs TeHJIEHIUA
K IOTEIVIEHUIO, TPU HEe3HAUYUTEJIbHOM IIOXOJIOJAHUU IIOCJIeJTHETO JeCATHIEeTUA, a TakKxkKe
OTCYTCTBHE 3HAUMMBIX U3MEHEHUU B pekKUMe 0CaJIKOB. J[aHHBIN (PaKT CBUETEIbCTBYET O YeTKOMN
TEH/IEHIIUN YCWIEHUA apUAN3aIllil TEPPUTOPHH, ITOCKOJIbKY HAOJI0aeMbIN IIPUPOCT TEMIIEPATYD
BO3/IyXa He COIIPOBOK/IAETCA COOTBETCTBYIOIIUM yBeJIMUeHreM aTMOCGhEPHBIX 0CA/IKOB.

KiioueBble c10Ba: n3MeHeHUe KiauMarta, Uylickas KOTJIOBUHA, apU/IU3alis TEpPUTOPHUH.

* KoppecnnoHAUPYIOLIUHI aBTOP
Anpeca 371eKTpOHHOH mouTsl: mar_gs@ngs.ru (M.I'. Cyxosa)
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Abstract

The paper describes a 300-year history of thematic cartography in Russia, which began in the
first half of the XVII century. Special attention is given to atlas mapping that was first implemented
at end of the XIX century. The most prominent examples are the Great Soviet World Atlas and
Physical Atlas of the World. The National Atlas of Russia (in four volumes) is described in detail.
The role of integrated regional atlases of the country is demonstrated. The modern thematic
cartography in the country is focused on mapping seas, oceans, and environment, and creation of
maps for higher educational institutions.

Keywords: Russia, thematic mapping, history, atlases.

1. Introduction

Thematic mapping is multifaceted and covers all areas of the environment, demography, and
economics, as well as all territorial levels — the world, as a whole, continents, countries, and
individual regions; it is a comprehensive representation of geographical phenomena and processes.
Comprehensive mapping involves creation of systems of interrelated (interconnected) thematic
maps that reflect natural and/or socio-economic territorial complexes. The concepts of territorial
complexes laid a foundation for methodological principles that allow creation of systems of
interconnected maps (Evteev et al., 1997a). These principles require modeling of relationships
between elements, presentation of characteristics and relationships of the mapped territorial
systems with the help of charts, creation of functional mapping types (base, derivatives,
independent) that determine sequence of mapping stages, and reconciliation of the methods
(i.e., semantic and graphic [contour, network, etc.]) (Integrated regional atlases). Comprehensive
mapping is the cornerstone of system mapping, which places stricter requirements on temporal
relationships of mapped data, scales, generalization approaches, etc., when establishing
characteristics of various types of systems. Computer mapping should be specifically emphasized.
Thus, a computer version of a comprehensive atlas, in terms of the systemic approach, is a system
of interrelated thematic layers, which allows one to readily superimpose, change, update, and
enhance them, which, in turn, allows developing new maps and new knowledge on structure,
interrelationships, and dynamics of phenomena. The informational content of a comprehensive
atlas may be broken into several functional types:
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multifaceted — these layers are the basic layers for general geographical maps and thematic
layers for other maps (hydrographic and transportation networks, populated locations and
administrative boundaries);

inventory — these layers, including the basic layers, are thematic layers that are included in
other maps completely or partially (e.g., landscape, soils, land use, unsettled territories);

assessment and assessment-forecast — these layers are based on expert comprehensive or
specific assessments (e.g., environmental conditions of natural environment — terrain, surface
water, soil, vegetation, etc.);

monitoring — these are the actual thematic layers that require continuous updates (e.g.,
emissions, effluents, radiation, forest fires, etc.) (Evteev et al., 1997b).

These principles are embodied in comprehensive thematic maps and atlases, and more
recently, in atlas information systems.

The purpose of this paper is not the analysis of the entire array of cartographic products of
various periods in the Russian history but the presentation of the most significant cartographic
works, especially those that are not readily available to specialists who do not possess knowledge of
the Russian language, though we have considered some works on the history of the Russian
cartography published in English (e.g., Postnikov, 1996; Postnikov, 1999, Postnikov, 2005).
This paper also does not discuss the contribution of foreign prominent scientists (such as
Alexander von Humboldt) to the Russian thematic mapping, which can be a subject of separate
analysis.

2. Discussion

The first thematic maps of Russia. A consistent mapping of the country began in the
middle of the XVIII century; however, certain mapping efforts had been made much earlier (the
XVII century).Academy of Sciences played the major role in mapping of the country from the 1740s
to the end of the XVIII century; in 1739, the Department of Geography was established specifically
for this purpose. Since 1797, systematic scientific mapping work was carried out mainly by the
Mapping Depot of the General Staff, transformed in 1822 into the Corps of Military Surveyors.
Production of marine (nautical) maps concentrated in the Cartographic Drawing Office of the
Admiralty Board, established in 1777.

From the middle of the XIX century, many agencies, institutions, organizations, and private
companies were involved in mapping activities, among which was the largest private mapping
company in Russia founded in1859 “A. Ilyin’s Mapping Surveying”; another prominent company
was “Marx Publishing House.” The Russian Geographical Society was also actively involved in
mapping work; it published a large number of maps and took part in creation of many cartographic
products.

Though most areas of thematic mapping were developed in the XX century — the time of the
most intensive advancement of thematic mapping — mapping of rivers’ networks, forests, and
mining industry started in the XVII century (Yanvareva, 2012). The history of these cartographic
areas is presented in this paper only briefly.

Hydrographic charts. Rivers have been the main transportation routes in Russia since
ancient times. In the XVII century, map sketches identified navigable routes, which were not only
the transportation ways but played an important military role. Rivers connect Russia with all the
seas: the Baltic, White, Black, and Caspian. On sketches, rivers were reflected in most possible
detail and showed navigation features. The sketches from all over Russia were stored in the Senate,
the Siberian and the Ambassadorial Prikazs (i.e., offices or boards). In the XVIII century, the first
collections were compiled; the collections included atlases and general maps at small scales (the
classification of scales in Russian cartography is generally as follows: 1:200 000 and larger — large-
scale; 1:200 000 - 1: 000 000 — medium-scale; and 1: 000 000 and smaller — small-scale).
The first general map was created in 1782.

During the rule of Peter the Great, construction of water systems connecting water basins of
the main European Russian rivers (Mayinskyaya, Vyshnevolotskaya, and other systems) began.
In 1832, the General Directorate of Railways issued the “Hydrographic Atlas of the Russian
Empire” and a series of general maps at scales of 1: 1680000 and 1:3260 000. At the end of the
XIX century, “Lists of Inland Waterways of European and Siberian Parts of Russia” that catalogued
all the rivers with their length and other characteristics, were compiled.
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Forest mapping. The first forest map of the Russian forests was the “Drawing of Forest
Surveys” (1701; approximate scale 1: 400000). The forests were broken by species.

From this time on, under the orders of Peter the Great, and until the XIX century, drawings
and, later, land-maps of timber mast suitable for construction of ships, galleys, boats, and sloops
were compiled.

The forest maps covered only strips along rivers. Wood was rafted to the shipyards where the
ships were built. The maps indicated the size of forest area. The Forest Department of the
Admiralty Board kept thousands of such maps. The first “Forest Atlas” was compiled from these
maps in 1733-1782. In the 1841-1842, the “General Map of Forests and Forest Industry” was
created. It showed four levels of forested land, species, and forest-industry facilities. After the
introduction in Russia of the German land administration system (the land was subdivided into
sections by strips), statistical atlases, e.g., “Forest Statistical Atlas of European Russia” (1878), were
compiled only at small scales.

Mining industry. By the XVII century, Russia had substantial knowledge on proven mineral
resources. The construction of mining plants began (iron foundries, iron works). The first two
mining-plant regions formed in Russia. The first one was around Tula and Moscow and the second
one, the northern, worked with Swedish ore and was near Belogorsk, Vologda, and Velykyi Ustyug.
At the end of the XVII century, the construction of facilities began in Urals. In 1700, at the
initiative of Peter the Great, the Ore Prikaz (it managed construction of plants) was established
(and the Berg-Collegia, in 1719).

Examples of thematic maps of the end of the XIX century — beginning of the XX century
(Fig. 1 and 2).

Fig. 1. Ethnographic Map of Slavic Peoples, St. Petersburg, 1877. Scale 1:4200000
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Fig. 2. Soil Map of the Nezhinsk County of the Chernigov Province compiled based on research of
B. Polynov and K. Belousov conducted in 1904. Scale 1 inch = 3 verst

Examples of thematic maps of the first half of the XX century (Figs. 3 and 4)
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Fig. 3. Vegetation Map of the European Part of the USSR, 1927. Scale 1: 7000000
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Fig. 4. Soil Map of the European Part of the USSR, 1927. Scale 1: 7000000

Atlases. At the end of the XIX century, a series of atlases was created in Russia: “Forest
Statistical” (1873), “Economic Statistical”, (by the Department of Agriculture; 1851), and
“Statistical of the Most Important Sectors of the Manufacturing Industry of the European Part”
with by-name lists of factories and plants of the Department of Trade and Manufactures (1869).
They provided information in statistical format. Representation of true geographical locations of
the objects was not required.

Russia was transitioning from the feudal and industrial-serfdom relationships to the
industrial-capitalist system. Feudal relationships impeded economic development and division of
labor. Serfdom workhouses were transforming into plants. It was necessary as quickly as possible
to be able to obtain information about the current state of affairs. At approximately same time
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(1861) serfdom was abolished in Russia. According to the law of 1906, peasants received the right
to leave the communities to establish farmsteads. The prior existing form of peasant land tenure
had led to fragmentation of farms in the central provinces of the European part of Russia and the
lack of available land. P.A. Stolypin’s reform was aimed at solving the problem of land shortage
through resettlement of peasants in Siberia.

In 1914, a fundamental comprehensive “Atlas of Siberia” was published by the Resettlement
Division of the Main Department of Land Development and Agriculture. The atlas contained maps
of natural land conditions in Siberia, the existing forms of land use, and a series of sectoral maps of
locations of various types of agricultural activities, resettlement conditions, and land-use types.
Prior to the release of the atlas, the Resettlement Division in 1911, 1912, and 1913, created maps for
the settled areas of the part of the Urals at a scale of 1:1680000. In addition to the maps on
resettlement and economic sectors (farming, life stock breeding, fishing, hunting), the atlas
contained three volumes of text on geography and economics. This was the first scientific reference
atlas in Russia in the beginning of the XX century.

The “Great Soviet World Atlas” (GSWA) represented a special stage in the development of
thematic mapping. It was created by the decision of the Central Executive Committee and the
Council of People's Commissars from December 17, 1933.

For this purpose, a special institute was established, whose function was to develop a
program of the atlas, identify agencies and organizations that had to provide information, and
involve in work on the atlas the best scientists of the country.

The original design of the atlas included three volumes. The first volume contained maps of
the world. The second volume contained maps of Russia. The third volume contained maps of
foreign countries.

The first volume had the following maps:

geographical representations of the Earth (the V century BC map of Hecate, the II century BC
Ptolemy map; hemispheres from the 1492 M. Behaim’s Atlas; maps of expeditions and discoveries
[from 1200 to 1918]); a series of physical maps of the hemispheres; bathymetric maps of the oceans
(Atlantic, Pacific, and Indian) with data on the temperature at the water surface (February and
August), atmospheric pressure, wind, and salinity at the surface of the water;

the Arctic (with the routes of scientific expedition from different countries);maps of the Kara
and Barents Seas. A map of Atlantic;

maps of the world (the magnetic declination, gravimetric, volcanic activity, epicenters of
catastrophic and devastating earthquakes);

a series of maps on deposits, climate (atmospheric pressure, wind, precipitation,
temperature), and the Képpen climate classification.

a series of global maps on soils (135 types), vegetation, zoography (with the distribution of
animal species);

a series of maps on population density, nationalities, tribes, and religion;

economic mapson electrification (the world and Western Europe), maps on coal and oil
industries, ferrous and nonferrous metals, machinery, chemical industry in the capitalist countries,
as well as maps of rubber and chemical raw materials;

maps of forest and paper industry; textile raw materials, and food products;

Makarov’s point-map on farming (point weight is 50 thousand ha);

mapson fisheries;

a series of transportation maps: water and rail.

The GSWA contained maps on financial leverage of capitalist countries (export of capital and
capital investment spheres, markets and raw materials markets) and political maps (1785) ,world’
division of 1784-1876 and 1877-1914, maps on competing powers before the first world war of 1914-
1918, the first world war — the military operations and the theater of war; the political map of the
world (in 1933), the map of the pacific ocean, and the map on economic cooperation of the pacific
nations.

Such a detailed description of the subjects of the first volume of the GSWA, which was
created in just three years, demonstrates how multifaceted and original the themes of the maps
were. It also explains the reaction of the scientific community to the Atlas when it was shown at the
World Exhibition in Paris in 1937 and where it was awarded the “Grand Prix” diploma.
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The second GSWA volume contained economic and natural-environment maps of the USSR
and its regions; it was published in 1940 and was presented at the International Fair in New York
where it also sparked great interest in the scientific community.

The third GSWA volume has not been published because of the outbreak of the Second World
War.

Almost simultaneously with the GSWA, several cartographic products were released: “Atlas
of Industrial Sectors of the USSR” in five volumes (1929-1935) and “Atlas of Energy Resources of
the USSR” (1933-1935).

The next scientific-information atlas created in Russia was the atlas on physico-geographical
conditions of the world.

The Physico-Geographical Atlas of the World (PGAW). Twenty five years had passed since
the publication of the GSWA. A large volume of information on natural environment had been
accumulated over this period. Comparison of the GSWA and the PGAW legends show the increase
in the volume of the accumulated information; specifically, the volume of information had
increased in the areas of geology-geomorphological and soil and vegetation sciences three-, two-,
and four-fold, respectively. The principles and methods of mapping of the natural environment had
changed also.

The main purpose of the PGAW (Gerasimov, Leontiev, 1967) was to reflect as best as possible
a complete and precise situation in the natural environment of the world using modern theories of
geography and cartography. In terms of its content, the atlas was unrivaled at the time.

An example of thematic map of the second half of the XX century (Fig. 5).

Fig. 5. Geomorphologic Map (in: Physico-Geographical Atlas of the World), Moscow, 1964. Scale
1:60000000
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The atlas was created at the initiative of the Institute of Geography of the USSR, together
with the Geological Committee of the USSR, the Hydrometeorological Service of the USSR, and the
Ministry of Higher and Specialized Secondary Education of the USSR. Hundreds of experts in the
field of geology and geography and the leading scientists of the country were involved in the
creation of the atlas. The atlas included three main regional levels: world, continents, and the
USSR.

The atlas had eight sections and included maps of the world; the Arctic and Antarctic;
Europe, including the territory of the USSR to the Urals and part of West Siberia; Asia, Africa,
North America, South America, Australia; and several maps of the USSR.

The maps of these eight sections described the relief, tectonics, geology of mineral resources,
geomorphology, climate, vegetation, and fauna. Each section ended with physico-geographical
zoning maps. The section on the USSR had the largest number of maps. Climate and surface- and
groundwater were presented in great detail. At the end of the atlas, there was a textual part on the
natural conditions of the continents and oceans.

The main scales of the PGAW were: world — 1:80 000 000 and 1:60 000 000; Europe — 1:7
500 000; Asia — 1:25 000 000 and 1:40 000 000; Africa, North and South America — 1:20 000000
and 1:30 000 000; Australia — 1:25 000 000 and 1:30 000 000; USSR- 1:15 000 000, 1:20 000
000 and 1:35 000 000 (climate).

It should be noted that the PGAW, for the first time in the history of atlas mapping, has
emphasized map adjustment and reference. This greatly increased the value of information and,
above all, scientific credibility of the atlas (demonstration of genetic links of the mapped objects).
The atlas improved assessments (in comparison with the World Atlas of 1962) of the land areas of
Asia (+1.25 %), Africa (+0.31 %), Australia (-3.39 %), North America (+0.96 %), South America
(-0.76 %), and Europe (-7.68 %).

Among the major atlas products, several other atlases should be mentioned: “Climate Atlas of
the USSR” (1960-1962), “Atlas of Earthquakes in the USSR” (1962), “Atlas of the World” (1964),
“Physical Atlas of the World” (1964), “Atlas of the Antarctic” (1966, 1969), “Atlas of the Economy
and Culture of the USSR” (1967), “Agroclimatic Atlas of the World” (1972), “Atlas of the Oceans” in
five volumes (1974, 1977, 1980, 1993, 1996, and 2005), “Geologic- Geophysical Atlas of the Indian
Ocean” (1975), “Atlas of the Arctic” (1985), “Geologic- Geophysical Atlas of the Atlantic Ocean”
(1990), and other products. This is far from the complete list but it demonstrates the breadth of
scientific research and high level of utilization of thematic mapping in fundamental research.

The end of the XX century in Russia was marked by the publication of the major fundamental
atlases: “Atlas of Snow and Ice Resources of the World” (1997), “Our Earth” (1997), “The Nature
and Resources of the Earth” in two volumes (1998), and “Atlas of the World” (1999). These atlases
continued the traditions of the Russian school of geographical cartography and are the products of
a new generation in terms of thematic presentation, the character of information used, and
application of remote sensing and methods of creation and publication. The digital comprehensive
atlas of the continents “Our Earth” was developed as an active geographical information system
with the use of ArcInfo and ArcView and became the first interactive atlas of the Earth. The “Atlas
of Snow and Ice Resources of the World” won the highest Prize of the Government in the Field of
Science and Technology.

Several thematic atlases cover the entire country’s territory: “Agricultural Atlas of the USSR”
(1960), “Atlas of Economy and Culture of the USSR” (1967), “Forest Atlas” (1973), “Atlas of Ranges
and Resources of Medicinal Plants” (1976), and many other products.

Thus, a scientific school of comprehensive atlas mapping has formed in Russia;
M.V. Lomonosov Moscow State University (MSU) and the Institutes of Geography of the Russian
Academy of Sciences (IG RAS) and the Siberian Branch of the Russian Academy of Sciences (IG SB
RAS) played the leading roles. Scientific experience of these and other organizations and scientific
and technological potential of the enterprises of “Roskartographiya” and other institutions
supports the statement that Russia at that time had accumulated sufficient scientific and
technological potential to produce its own national atlas discussed at the end of this paper.

Influence of traditions on the modern state of thematic mapping. Mapping of the
seas and oceans. Marine cartography represents a special epoch in thematic mapping. First of all,
we should mention the “Naval Atlas” (1950-1953). This atlas became an outstanding cartographic
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product. It was created by the Naval General Staff and commissioned by the Council of Ministers of
the USSR. Many organizations participated in its creation: research institutes of the USSR
Academy of Sciences, universities, the General Directorate for Hydrometeorology, All-Union
Geographical Society, etc. The atlas was based on a large volume of factual data. The first volume
was published in 1950 and contained general navigation-geographical characteristics of the oceans
and seas and showed the main world’s ports. The atlas maps presented similar detailed
topographic description of the seas and land (isobaths and contours), i.e., the maps rendered the
global surface.

The second volume (1953) included maps of the natural conditions of the World Ocean.
The maps also presented characteristics of water and land. For example, sea currents were shown
on a supplemental map together with wind directions on land, which influence the currents.
The relationships and interactions were reflected on a set of hydrological and climatic maps:
reconciled maps on thermal balance and atmospheric circulations, climate and hydrography, etc.

The third volume of the atlas described the history of naval theory and battles from the
ancient time to the present day.

The next fundamental work was a five-volume “Atlas of the Oceans”: Pacific Ocean (1974);
Atlantic Ocean (1977); and Arctic Ocean (1980).

The first three volumes of the atlas had the same structure and contained seven sections:
history of oceanic research, oceanic floor, climate, hydrology, hydrochemistry, biogeography, and
reference navigation-geographical maps.

The maps “History of Oceanic Research” described expeditions from 1872 to 1970.

The section “Oceanic Floor” had maps on oceanic floor relief, epicenters of earthquakes,
volcanoes, tectonics, geomorphology and types of shores, types of precipitation, and a series of
bathymetric maps of the oceanic floor. It also had information on morphometry of the oceans and
seas (volume, area, maximum depth) with updated calculations based on large-scale nautical naval
maps. There were also detailed data on tsunamis and the amount of thermal energy emitted by the
oceanic floor — the most important energy characteristic of the Earth.

The basic map scales of the atlas were 1:10 000 000, 1:16 000 000, and 1:12 000 000. In the
1960s-1980s, two more comprehensive fundamental atlases were published (“Atlas of the
Antarctic” [1969] and “Atlas of the Arctic” [1985]). The atlases had nearly 300 maps on the natural
conditions associated with ice regime and history of exploration of the circumpolar regions.

Environmental mapping. Environmental mapping developed rapidly in the 1990s when data
on human impact on the environment became readily available. Approximately at that time, the
maximum permitted concentrations (MPC) of pollutants in the atmosphere from industrial and
transport emissions — dangerous to human health level — have been established.

Also at that time, the methods for studying pollution and the most efficient sequence of
research have been identified: 1) the impact on the natural environment; 2) changes in the natural
environment by human activities; and 3) methods of protection of the environment as human
habitat. Spatial changes of the state of the environment were presented on environmental maps.
Methods of their creation have been developed in Moscow, St. Petersburg, Saratov, and other
research centers.

Differentiation of environmental maps took place rather rapidly. The objects of mapping
were the ecological state of the atmosphere in the cities; pollution of rivers and other water bodies;
contamination of soils and mining sites; the environmental state of forests; etc.

In 1997, the first comprehensive environmental and geographical map of the USSR (scale 1:
4 000 000) was created. Its legend represented a system of tables that assessed the stateof forests,
soils, and rivers.

Maps for Higher Education. The Decree of the Ministry of Higher and Secondary Special
Education of November 10, 1974, marked the beginning of a new period in development of
thematic mapping — maps for higher education. The Decree stated the need for establishment of
the Scientific-Editorial Board (SEB).

The MSU Faculty of Geography was charged with the implementation of the work. Prof.
K.A. Salishchev, Head of the Department of Cartography and Scientific Advisor of the Fundamental
Research Integrated Mapping Laboratory (FRIML), was appointed the SRB Head.
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The purpose of the maps for higher education was to provide scientific-informational support
of instruction on general fundamental courses in all areas of geography and geology, which was
offered at approximately 100 institutions of higher education in the nation, and to create a pool of
highly educated experts who possess knowledge on a wide range of subjects.

Prior to the beginning of work, FRIML had defined a preliminary list of thematic and general
geographical maps through polling and systematization of the responses form institutions of higher
education. This list was discussed and approved by the SEB. It was decided to compile thematic
maps of the world (1:15 000 000), of the USSR (1: 4 000 000), and the regions of the USSR (1:10
000 and 1:6 000 000). General geographical maps of the continents were compiled at these scales
also. A special basis and projections have been developed for the general geographical maps.
A group of homolographic projections with small distortion of angles was selected: the CSRI-GAC
arbitrary polyconic projection (M. Urmaeyev) for the world with insert maps of the Antarctic Basin
and the Antarctic, which were used for the world map on modern tectonics sand climate.
The equidistant conic projection was used for the maps of the USSR. The azimuthal projection was
used for the general geographical maps of the continents (scale 1:10 000 000).

A number of internationally renowned scientists were involved in this work:
M.A. Glazovskaya, I.P. Zarutskaya, V.I., Fridland, G.V. Dobrovolskyi, O.A. Mazarovich,
N.V. Bashenina, O.A. Leontiev, V.E. Khain, R.S. Chalov, A.G. Isachenko, A.N. Rakitnikov, and
many others.

Most of the thematic and geographical maps had been created for the first time ever. Among
them: “Geographical Zones and Zonal Types of Landscapes of the World”; “Landscape Map of the
USSR”; “Soil and its Main Structures of the World”; “ Water Balance of the USSR”; “Channel
Processes (Morphology and Dynamics of Riverbeds) of the USSR”; “Climatic Zones and Zones of
the World”; “Neotectonics of the World”; “The USSR Cryolithozone”; “Nature Protection of the
USSR”; “Land Use of the World and the USSR”; “Natural Forage Lands”; “Functional Types of
Settlements”; and a number of other maps.

The FRIML and its scientists were the maps’ authors and editors. The work on the maps in
1983-1987 and 2000-2001 resulted in creation of over 50 maps, primarily of the world and the
USSR, and many general geographical maps of the continents and the USSR and its regions
(I.P. Zarutskaya, [Ed.]). A number of maps have been reprinted several times since their creation
(Maps for higher education; New maps for higher education).

The work on the maps for higher educational institution represents a separate epoch in
thematic mapping and became part of the “golden fund” of the history of thematic cartography of
Russia, suggesting its high scientific and methodological level. These maps have made an
unprecedented contribution to the development of thematic mapping in Russia. All the wealth of
information contained in the maps of the time, existed only as hard copies or as non-vectorized
electronic versions. In order to preserve the maps for higher educational institutions, it was
necessary to create a system of interconnected databases that use geo information technology and
modern media.

At present, the work on a series of maps for higher educational institutions has been
resumed. In 2014, several maps were published: “Landscape Geochemistry”; “Peoples and
Religions” and “Population of Russia”. Several maps have been prepared for publication: “Biomes”;
“Mudflows in the World and Russia”; “Metallurgy, Oil, and Gas Industries”; “Transport Network of
the World” and “Agriculture of the World” (Tikunov et al., 2014).

Integrated regional atlases. These types of atlas products are similar to the national atlases.
The first atlases of this kind in the USSR were the “Atlas of the Moscow Oblast” (1933), “Atlas of
the Leningrad Oblast” and “Atlas of the Karelian Autonomous Soviet Socialist Republic” (1934).
In the late 1950s, development and publication of comprehensive atlases of the republics,
territories, and oblasts of the Soviet Union resumed (“Integrated Atlases of the Republics,
Territories, and Oblasts of the USSR,” 1961). The 1960s-1980s experience of development of
regional atlases gained by the MSU Faculty of Geography has been especially valuable. In terms of
their depth and detailed design, these atlases match modern national atlases. A fundamental work
“Comprehensive Regional Atlases” (1976) summarized this experience. Atlases of the former Soviet
republics (Belarus, Ukraine, Moldova, Kazakhstan, Uzbekistan, Kyrgyzstan, Tajikistan, Georgia,
Armenia, Azerbaijan, Lithuania) published in these years can now be considered the national
atlases of these states.

53




European Geographical Studies, 2017, 4(1)

In the middle of the XX century along with comprehensive atlases, several sectorial and
problem-oriented atlases were published. They include “Atlas of Ranges and Resources of
Medicinal Plants” created by the All-Union Institute of Medicinal Plants (1983), “Climatic Atlas of
the USSR” (1960-1963), “Atlas of Agriculture of the USSR” (1960), and a number of other industry
atlases; these map products represented fundamental works and contributed greatly to the
development of thematic mapping in the USSR.

“Forest Atlas of the USSR” (1973) consisted of three sections: 1. Overview of Forests and
Forest Industry (maps of the state of knowledge of forests, forest cover, ranges, main tree species,
yield class, timber resources, forest groups); 2. Timber Enterprises and Forest Reserves (reserves of
wood in ms3per 1 ha for coniferous and deciduous species); Forest Exploitation and Wood
Processing Enterprises; 3. Forests: Location and Species Composition of the Forest Reserves.

In the XX century, comprehensive regional mapping was developing intensely. During this
time, a number of regional atlases of the republics, territories, and oblasts were created.
The importance of comprehensive multipurpose regional atlases for studies of the national
territory and its resources has been recognized by the national geographers; the USSR
Geographical Society at its III Congress on 30 January — 7 February, in Kiev, decided to call a
special meeting to review the state of affairs in this area of thematic mapping. Such a meeting was
held in 1961 at the MSU Faculty of Geography by the Ministry of Higher and Secondary Special
Education of the RSFSR co-jointly with the USSR Geographical Society, the Head Office of Geodesy
and Cartography (GUGIK), and the Ministry of Geology and Mineral Protection of the USSR.
The participants shared their experience of creating atlases of Armenia, Azerbaijan, Georgia,
Kyrgyzstan, Uzbekistan, Estonia, Tatarstan, Komi Autonomous Republic and Vologda, and the
Voronezh, Irkutsk, Kiev, Kustanai, Moscow, Ryazan, and Yaroslavl oblasts.

The meeting started with reports by K.A. Salishchev “Integrated Atlases of Republics,
Territories, and Regions” (objectives and content), I.P. Zarutskaya “Methods of Creation of
Comprehensive Regional Atlases” and G.V. Artamonov “Prospects for Work on Comprehensive
Atlases of the USSR” (GUGIK).

There were several presentations by faculty members of various departments from the MSU
Faculty of Geography and of other organizations on climatic, geologic, hydrologic, relief,
geobotany, forest, population, industry, transport construction, agriculture, economic land use,
and culture. Comprehensive regional atlases of the1970s-1980s turned to be fundamental
multivolume cartographic products. They laid a foundation for new directions of thematic
mapping, e.g., assessment cartography (“Atlas of the Tyumen Oblast and the Altai Krai”).

Among the more modern regional atlases, we should note the “Atlas of Khanty-Mansi
Autonomous Okrug—Yugra” (Gubanov et al., 2009; Kotova et al., 2002). It was commissioned by
the Governor of the Autonomous Okrug A.V. Filipenko and was published in two volumes that
characterize the history, demography, economy, nature, and environment of the territory. The atlas
was created by the MSU Faculty of Geography and the Scientific and Production Center
“Monitoring” (Khanty-Mansiysk) in collaboration with a number of leading research and
production facilities of the country and the territory and with the active support and participation
of the local administration.

The atlas, for the first time ever, presented the territory in a comprehensive way.
This territory had been studied relatively well, however, inconsistently, i.e., only for some of its
parts and certain themes. The new atlas systemically described the territory with the help of maps,
texts, and illustrations using the latest scientific-methodological and technological achievements.
The atlas analyzed and generalized long-term research of the territory conducted in the course of
oil and gas exploration. These data were not used in the previous atlases of the Tyumen oblast
(1971, 1976) and of the Khanty-Mansi Autonomous Okrug (1980).

Two volumes of the atlas contained more than 500 maps, grouped into 26 thematic sections.
The conventional map-sections’ sequence was inversed. The atlas started with the presentation of
the history, population, and economy of the territory, and only then the characteristics of its
natural resource potential and current environmental conditions were given; this approach is
described in (Tikunov, 2002). Time will tell if this approach is accepted in regional atlas mapping;
however, it is clear that it is flexible and applicable in the situations when the object of research in
an troposphere is the role of humans in deformation of the integrity of the surrounding
environment.
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The atlas utilized the sophisticated methodological procedures: 1) multi-level presentation of
phenomena and objects on the global, federal, regional, and local levels (and, therefore, at different
scales); in some cases, they were presented as anamorphoses; 2) comparative-geographical, for the
purpose of presenting features within the county in comparison with other subjects of the Russian
Federation. Certain maps were unique and made the users appreciate rather unique natural
conditions, and more precisely, adverse living conditions in the region (the highest in the Russian
Federation ratio of paludal land to the population density, presence of permafrost, transportation
inaccessibility, etc.)

The concept and all its subsequent implementation were built on the idea of sustainable
development of the territory. The address of the Governor to the population of the territory and,
thus, to all users of the atlas, at the beginning of the atlas, was permeated with the idea of the need
to inform and educate the public as an essential condition of its conscious participation in solving
the problems of the region and the country in the transition to a balanced development. The atlas
can facilitate management decision making process, which would require its transformation into
an information system (Tikunov, Yanvareva, 2002).

As was mentioned previously, a special area — assessment cartography — has formed within
comprehensive regional atlas mapping. Assessment maps rendered prospects of construction of
roads, pipelines, and civil engineering facilities, irrigation of arable land, and favorable living
conditions in terms of the natural environment. The natural environment could favor the
construction, raise the price of it, or generally be unsuitable for construction. The themes of
assessment maps include types of construction or other impacts on the environment. Obstacles to
the implementation may include relief, mechanical properties of soils, depth of groundwater, soils
strength characteristics, climatic parameters, etc.

Small scale of the maps in the atlases (smaller than 1: 1 000 000) restricted their use to the
front end of engineering design. First assessment maps were compiled for the Tyumen and the
Altai territories. The Atlas of the Altai Territory (Volume I; 1980) contained a full set of assessment
maps: construction of roads, irrigation of arable land, mechanized tillage; living conditions of the
population with climatic parameters of temperature and precipitation regime. The “Khanty-Mansi
Autonomous Okrug—Yugra” atlas had also a number of assessment maps.

The first “Environmental Atlas of Russia” was published in 2002. It contained environmental
assessment of water bodies, forests, soils, and atmospheric air in cities; this atlas won the Prize of
the Government of the Russian Federation in the Field of Science and Technology. The atlas
consisted of six sections: 1) Conditions of the Formation of the Environment; 2) Anthropogenic
Impact on the Environment; 3) Changes in the Natural Environment; 4) the State of the Natural
Environment; 5) Medical and Environmental Conditions; 6) Environment and Nature Protection.
The atlas was published in electronic and paper versions. Its 128 pages had 93 maps with
explanatory texts. The prevailing scale was 1:20 000 000. The environmental-geographical map
(scale 1: 4 000 000) and environmental atlas were created at the MSU Faculty of Geography with
participation of 11 other organizations. Currently, a new environmental atlas of Russia is in the
process of preparation for publication.

The National Atlas of Russia (NAR). Russia and then the Soviet Union in the first half of the
last century were close to creating a national atlas, but it did not happen for a number of reasons.
In 1914, the comprehensive “Atlas of Asian Russia” was published; its content was close to the idea
of a national atlas. However, this atlas did not cover the entire territory of the Russian Empire.

The idea of the creation of the national atlas of the USSR was intensely developing beginning
in the late 1950s — early 1960s. However, real steps have been taken only in the late 1980s, when
the MSU Faculty of Geography was commissioned by the Production Cartographic Enterprise
“Kartographiya” to prepare a scientific report on the issue of the national atlas creation.

The implementation of the NAR project began in 1993, when the Federal Service on Geodesy
and Cartography of Russia instructed the Central Scientific Research Institute of Geodesy, Aerial
Surveying, and Cartography (CSRI-GAC) to assess the prospect of setting the theme of research
work “Development of the Concept, Structure, and Program of the Creation of the National Atlas of
Russia.” In early 1994, CSRI-GAC prepared the specification of requirements. Due to lack of the
necessary financial resources, the effort failed. In 1994, the Government of the Russian Federation
adopted the Resolution “On the Federal Target Program for 1994-1995 and until 2000 ‘Progressive
Technologies of Cartographic-Geodesic Support of the Russian Federation’, in which the creation
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of the NARwas identified as one of the most important tasks. In reality, the project implementation
began only in 1995, when the Federal Center “Priroda”, with participation of researchers and
cartographers of 11 scientific and educational institutions, various ministries, and entities,
developed a draft concept of the NAR (The basic concepts...; The concept of the National Atlas...)
and proposals on the development of the federal target program “The National Atlas of Russia.”

The concept defined the main goals, objectives, and scope of the NAR, its structure, content,
and organizational issues. According to this concept, the NAR represented a fundamental
comprehensive cartographic work designed to provide a holistic view of nature, population,
economy, environment, history, and culture of Russia, a body of scientifically processed and
coordinated spatial and temporal information on the national scale that is applicable in all sectors
of economy, management, science, education, and national defense.

It was decided that the NARwould consist of 10 volumes: “General Geography”, “Nature and
Resources”, “Population and Social Life”, “Economy”, “Environment”, “History,” "Culture and
National Heritage”, “Russia and Space”, “Regions of Russia,” and the cumulated volume.

All that, being part of the NAR, intended to be an independent cartographic work, which has
its own information and cognitive value. The NAR, as a whole, and its individual volumes had to
include maps, aerial and satellite images, textual content, references, references to geographical
names, etc.

The reference nature of the NAR demanded the use of large-scale maps (for the territory of
Russia as a whole, a scale of 1:10 000000 was used), detailed information, reliance on modern
scientific concepts and knowledge, and exploratory research. The scientific-reference nature of the
NAR and the basic scale of its maps have defined the format (45 x 57 cm). There were supposed to
be two versions of the NAR, i.e., a traditional printed and a digital. The use of the same initial
information would allow linking processes of creating these two versions.

Beginning in 1997, the work on the NAR was resumed, but as a four-volume edition of the
official governmental publication. Its new concept was developed. The NAR came to be regarded a
fundamental comprehensive cartographic work designed to give a holistic view of nature,
environment, population, economy, history, and culture of the country; each of the volumes
represented a separate finished work.

Thus, after five years of work, the NAR was published in four volumes: Volume 1 “General
Characteristics of the Territory”, Volume 2 “Nature. Environment”, Volume 3 “Population.
Economy” and Volume 4 “History. Culture.”

The first volume “General Characteristics of the Territory” (A.N. Krayuhin [Ed.]) was
published in 2004. It was intended to serve as a scientific and cartographic reference source for a
wide range of consumers. It contained, in addition to general geographical and reference maps, a
significant block of physico-geographical and social-economic characteristics of the country;
satellite images were also used. The traditional publication of the first volume of the atlas was
supplemented with its electronic version on CD/DVD.

The second volume “Nature. Environment” (V.M. Kotlyakov [Ed.]), was published in 2007.
It mapped natural conditions, resources, and the state of the natural environment of Russia.
The volume, besides thematic maps, contained a large volume of text, supplemental graphs,
photographs, and space images.

The third volume “Population. Economy” (V.S. Tikunov [Ed.]) was published in 2008.
Its structure was more complex hierarchically. Thus, its first section “General Characteristics of the
Russian Federation” described contemporary Russia's place in the world in regard to various socio-
economic parameters, changes of its geo-economic position, spatial aspects of the country’s
organization, as well as geographical factors of settlement and economy. The second section of the
volume was devoted to the characterization of the population, social environment of its habitat,
and social development. Accordingly, there were three subsections: the population and
resettlement, social sphere, and socio-political development. The third section of the volume
“The Economy and Economic Development” include done introductory and four main sections.
The structure of the section was based on a logical transition from the general characteristics of the
economy (introductory subsection) to a consistent characterization of the main sectors of the
economy: Production — Infrastructure - Investments. The themes of the “Production Sphere” were
basically related to the “primary” (agriculture, forestry, fishing, and hunting) and “secondary”
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(industry and construction) sectors of the economy (which is close to the internationally accepted
classification of the economy). Finally, the fourth section “Regions and Regional Development” was
dedicated to the regional component. Its first part contained a series of comprehensive socio-
economic maps for large geographical areas (in some cases, maps of individual entities were
included), which reflected their socio-economic structure and the main features of the regional
economy.

The final, fourth, volume “History. Culture” (Yu.A. Vedenin[Ed.]) was also published in
2008; it had two sections, on history and on culture. The first section described the main periods of
the history of formation and development of the country, starting from characteristics of the
ancient peoples and tribes inhabiting the present territory of Russia and ending with the situation
at the beginning of this century. The second section provided information not only on the
culturebut also on the conditions of formation of the cultural and natural heritage of Russia.

3. Conclusion

Mapping in the XXI century differs radically from the classical cartography of the XX century
and earlier periods. It incorporates modeling, GIS technology, electronic mapping, and systemic
approach. In all of this, we believe that at the present time, Konstantin Salishchev and Irina
Zarutskaya were and still remain the ideologists of modern cartography.

The works of K. A. Salishchev (Integrated atlases...; Salishchev, 1968; Salishchev, 1990 and
other) analyzed emerging new ideas and views on the cartography. Having deep understanding of
geography, he always argued the need for close connection between cartography and geography.
As President of the International Cartographic Association and Chairman of the Commission on
National Atlases of the International Geographical Union (during 15 years, from 1956 to 1972),
created on his initiative, he promoted his ideas in the country and abroad. K.A. Salishchev
participated directly in the creation of fundamental cartographic works (GSWA, PGAW, Naval
Atlas, and Atlas of the Oceans) that have always aroused great interest in the scientific community.

I.P. Zarutskaya (Zarutskaya, 1966) created the map adjustment and reconciliation theory and
developed methods of its implementation; the theory was also based on the idea of a close
connection between cartography and geography. The theory clearly revealed a genetic link between
elements of the environment: geology and tectonics; hydrology and climate; soils and vegetation;
topography, geology, and tectonics; sea currents, the relief of the ocean floor, and motion of
atmosphere; etc.

The current state and prospects of development of Russian thematic cartography are
associated not only with revolutionary changes in electronic technologies, but in many respects
with the wealth of knowledge, traditions, methodologies, and techniques of mapping and map
compilation, which have developed over more than a 300-year history of cartography in Russia.
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