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ZONING OF KURSK MAGNETIC ANOMALY REGION ON
THE BASIS OF SUSTAINABLE DEVELOPMENT INDICATORS

Kazakow S. G., Czernyszew A. A. Regionalizacja obszaru Kurskiej Anomalii Magnetycznej na podstawie wskazni-
kow zréwnowazonego rozwoju. Omawiany jest problem opracowania regionalnych wskaznikow zrownowazonego
rozwoju obszaru na podstawie wybranych czynnikéw. Obiektem badan jest region Kurskiej Anomalii Magnetycznej, le-
zacej w granicach dwu jednostek administracyjnych Federacji Rosyjskiej: obwodu kurskiego i bielgorodzkiego. Obszar
ten jest od dawna zagospodarowany i cechuje sie wieloma problemami ekologicznymi, zwigzanymi z przemystem wy-
dobywczym oraz intensywnym rolnictwem. Opracowany przez autoréw integralny wskaznik zréownowazonego rozwo-
ju, taczacy wskazniki spoteczne, ekonomiczne i ekologiczne, pozwolit na przeprowadzenie regionalizacji badanego
obszaru.

Kasakos C. I'. , Uepnsiies A. A. Pasionuposanme pernoxa Kypckoii MarHMTHOV aHOMAaAnM Ha OCHOBe MHAMKA-
TOPOB yCTOMYMBOIO pasBuTus. Paccmarpusaercs mpobaeMa pa3pabOTKU pernoHaAbHBIX MHAMKATOPOB YCTOMYMBOTO
pasBUTHA M paliOHMpPOBaHME TEPPUTOPMM Ha OCHOBE BhlJeAeHHBIX (aKTOpos. B Kayecrse oObekTa Mccae OBaHNA BbI-
crynaeT perroH Kypckoit MarHuTHOI aHOMaAuM B Ipejeaax AByx cyobekTos Poccuiickon ®egepanym: Kypcekoit u bea-
ropoAckoit obaacreii. JaHHas TeppPUTOPUS ABAAETCS CTaPOOCBOEHHBIM PETMOHOM C PSAOM CAOXKHBIX DKOAOTMYECKUX
1po6aeM, BbI3BAaHHBIX AeATeAbHOCThIO TOPHOAOOBIBAIOIIell ITPOMBIIIAEHHOCTY U BEICOKOMHTEHCUBHBIM CeAbCKUM XO-
3s11cTBOM. PaszpaOoTaHHBIN aBTOpaMm MHTErpaAbHBIN MHAEKC YCTOMYMBOCTY, BKAIOYAIOIIMII COlMaabHble, DKOHOMU -
YyecKe ¥ 9KoA0rndecKkye roka3aTean, 0350414 IIPOBECTY palioHMpOBaHNe 1 TUTIOAOTUIO U3yJdaeMOoli TeppUTOPUMN.
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Abstract

The authors review the issue of developing a set of re-
gional sustainable development indicators and propo-
se zoning based on the selected factors. The object of re-
search is the region of Kursk Magnetic Anomaly within
the two subjects of the Russian Federation: Kursk and
Belgorod regions. The area is a long ago developed re-
gion with a number of complex environmental problems
caused by mining activities and high-intensity agricul-
ture. An integral index of sustainability, including so-
cial, economic and environmental indicators, that was
developed by the authors, allowed us to conduct zo-
ning and typology of the area under consideration.

INTRODUCTION

Since 1992, after a conference in Rio de Janeiro, which
adopted the strategy of transition to a new way of
development of the world community, international
organizations have developed and proposed a va-

riety of approaches and indicators to measure susta-
inable development at different territorial levels. At
the international (global) level, the most methodi-
cally designed, in our view, is the project of indica-
tors by the Commission on Sustainable Development
of the UN which includes 134 indicators (Indicators
of Sustainable Development..., 1996). Nationwide indi-
cators have to be aligned with the strategic objec-
tives of sustainable development and take into
account its specificity (the political situation, geo-
graphical features, use of natural resources and other
development priorities). Among many indicators the-
re stand out the most important ones characterizing
the dynamics of the transition to sustainable deve-
lopment (SD) and enabling some course corrections
to ensure achievement of the objectives of this deve-
lopment. The structure of SD factors can be summa-
rized as follows:
- The economic potential, which includes a resour-
ce component (the volume of reserves and their ex-
traction), a manufacturing component (percentage



of the gross regional product) and an investment
component (amount of investment and the overall
"investment climate" in the region, based on va-
rious factors and risks).

- The social potential is determined by a number of
indicators that characterize the quality of life of
the population. Primarily these include natural
growth, life expectancy, health, and education le-
vel of the population, as well as the average wage
as an indicator of the consumption level.

- The ecological potential includes climatic factors
(especially the level of environmental comfort and
possibilities for farming and production); the level
of anthropogenic load, which can be deduced from
the emissions of various sources and the amount of
arable territory; and the environmental framework
elements (this includes indicators such as the pro-
portion of protected and strictly protected areas,
as well as the extent of forest cover in the region).

One of the main objectives of this study was to
determine the level and the extent of sustainability
in a specific territory. We chose to analyse the region
of the Kursk Magnetic Anomaly (KMA) — the most
powerful iron ore basin in the world. Its territory
can be defined not only in the geological sense of the
term, i.e. according to the boundaries of iron ore de-
posits, but as the entire territory of Kursk and Bel-
gorod regions of Russia. This is due to the presence
of very close cooperation between the iron ore quar-
ries and the adjacent areas, especially ecologically,
but also taking into account the administrative and
economic subordination of these areas.

Kursk Magnetic Anomaly region covers an area
of 56.9 thousand sq. km of which 29.8 thousand sq.
km belong to Kursk region, and 27.1 thousand sq. km
to Belgorod. The area is located on the Central Russian
Upland in the forest-steppe zone. An important ro-
le is played by the presence of the richest iron ore re-
serves and fertile black soil lands combined with fa-
vorable agricultural and climatic conditions and con-
venient economic and geographical position. The re-
gion borders with the leading industrial region of the
country — the Central one, and it is conveniently lo-
cated in relation to the resource bases of Volga and
the North Caucasus. After the collapse of the Soviet
Union, this territory became the state border, which
due to today's political crisis in Ukraine turned into
new risks and challenges, primarily of social cha-
racter.

The main environmental problem in the region
is a conflict of interests between the mining indus-
try enterprises (which alienate for their needs vast
areas of land not only for ore open-pit quarries, but
also for "tailing" — refuse heaps) and the high-value
agricultural production sector, which is short of cul-
tivated land and uneroded land at the level of tilled
area of more than 70%. Some authors have described
cases where the land taken out of agricultural use
for hydraulic mine dumps became distinctive ele-
ments of the ecological framework of the territory
(phot. 1), but such precedents are rare and do not
reduce the level of environmental problems in the re-
gion (CHERNYSHEV, KAZAKOV, 2009).

Photo 1. Hydraulic mine dumps near
the Mikhailovka Mining and Processing
Plant. Water is supplied through pipes
to flood the waste rock. Otherwise aeo-
lian processes can lead to contamina-
tion of the territory. After a while, wa-
ter birds can settle in these wetlands
(phot. by A. A. Chernyshev)

Fot. 1. Zwatowiska hydrauliczne (wod-
ne) pola gérniczego koto Michajtowki.
Woda jest tu dostarczana rurociggiem
w celu ,zatopienia” skaty ptonnej.

W przeciwnym przypadku procesy
eoliczne moga prowadzi¢ do zanie-
czyszczenia obszaru. Po pewnym czasie
ptaki wodne mogga zasiedli¢ ten obszar
wodny (fot. A. A. Czernyszew)

®or. 1. I'mapoorsaas: Muxaitaosckoro 'OKa. Boaa 1o Tpybam rogaeTcs 4451 TOTo, 4TOObI 3aTOIMTD ITyCTyIO ITopoay. B rmpo-

THUBHOM CAy4ae 50A0BbI€ IIPOIEeCChl MOTYT IIPMBECTU K 3arpsA3HEHNIO TEPPUTOPUIL. CHyCT}I HEKOTOpOe Bpe MsI BOAOILla-

BaIOLIye IITUIIBI MOTYT 3aCeAATh DTU BOAHBIE YroAbs (PpoT. A. A. UepHsbiesa)



We define sustainable development of the studied
areas we as "controlled balanced ecological, social
and economic development, the priority of which is
the maintenance and restoration of natural systems
and their vital functions subject to rational use of na-
tural resources to meet the needs of present and fu-
ture generations, which ensures environmental secu-
rity and improvement of living conditions in the re-
gion" (URSUL, 1998; GLAZOVSKY, 2002).

To effectively assess the sustainable development
of the KMA region and ensure prompt strategic ma-
nagement decisions we developed an integral indi-
cator — sustainability index, which is a synthetic in-
dicator deduced from the sum of the development
sustainability values for separate administrative dis-
tricts or regions in general, established due to the ba-
sic priority indicators in the environmental, econo-
mic and social spheres (KAzAKOV, KAZAKOVA, 2008).

RESEARCH METHOD

As the initial data for the development of a stability
index for administrative districts of Kursk and Belgo-
rod regions we took the statistical indicators of so-
cio-economic development, the results of the popu-
lation census, the unemployment rate, the average wa-
ge, the environmental performance of industry and
transport, medical statistics (the spread of social di-
seases, the main causes of death, average life expec-
tancy), and others. The identified parameters are re-
presentative of Kursk and Belgorod regions, and the-
re have been only a few insignificant fluctuations in
the recent years, which makes them relatively con-
stant for all administrative regions and excludes ran-
domness of their choice.

The initial figures were translated into points on
the principle of "relying on the better". Reliability of
the integrated model was analyzed visually on the ba-
sis of its comparison with the cartograms on indivi-
dual indicators. Data obtained after automated pro-
cessing were expressed in relative units (points) to gi-
ve an idea of territorial differentiation of sustaina-
ble development indicators for Kursk and Belgorod
regions.

The authors examined 49 administrative districts
of the KMA region, calculating indicators of sustai-
nable development (R1, ..., Rn). For each area a set
of parameters of comparison (16 items) has been de-
fined. There were three groups of parameters: eco-
nomic — Ei, ..., Ei; environmental — Pi, ..., Pim and
social — Hi, ..., His. (Where k is the number of eco-
nomic parameters, m — number of environmental pa-
rameters, s — number of social parameters, respec-
tively, i is the area number.

These parameters have been normalized, i.e. tran-
slated from their original units into certain univer-
sal units — virtual "scores" ranging from 1 to 5.

Based on the information above, the formula
for the calculation of sustainable development is:

R =izk_f E, +QZT p+Cn ° H.

k =11 m =11 S =1l
where Ce is the weight of the group of economic pa-
rameters, Cr — environmental parameters, Cu — so-
cial parameters.

Sustainability of administrative regions develop-
ment was assessed in 4 categories. We introduced
their classification according to resistance to anthro-
pogenic loads and suitability for human habitation
and economic activities:

— highly stable;

— relatively stable;
— hardly stable;

— unstable.

The types were distinguished as follows.

Based on the given formula we calculated the ma-
ximum theoretically possible sustainability index, ta-
ken as 100%. Unstable assigned administrative re-
gions, where the index rate was less than half that
of the theoretically possible. Indicators of the susta-
inability index with a value of more than 50% of the
maximum possible were divided into three equal
parts, making it possible to identify hardly stable
(50-66.5%), relatively stable (66.5-83%) and highly
stable (over 83%) areas (fig. 1).

Location analysis of certain types and combi-
nations of key sustainable development indicators
allowed the authors to identify areas within Kursk
and Belgorod regions which reflect the basic charac-
teristics of sustainable development in this territory.

RESEARCH RESULTS

As aresult of zoning, we distinguished 11 districts
(combined into 4 groups), two of which are un-
stable (depressed), 2 hardly stable, 3 relatively stab-
le and 4 highly stable (fig. 2).

In general, the types can be characterized as
follows:
A — Unstable depressed areas

Areas of this type are located in the North-West
(A1) and North-East (A2) of Kursk region. The den-
sity of the rural population in these is small (about
one-third below the regional average), and citizens
live in small mono-functional urban settlements. The
level of depopulation is quite large, primarily be-
cause of the extremely high mortality and intensive
migration of people of working age.
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Fig. 1. Sustainability of KM A administrative regions development:
1 - highly stable, 2 — relatively stable, 3 — hardly stable, 4 — unstable
Rys. 1. Stopien zréwnowazonego rozwoju rejondw administracyjnych Kurskiej Anomalii Magnetycznej
1 - wzglednie wysoki, 2 — éredni, 3 — staby, 4 — niezréwnowazony
Puc. 1. YcroiumsocTs pa3BuTIs aAMUHMUCTpaTUBHEBIX parioHoB KMA:
1 — OTHOCUTEABHO yCTOIYMBhIE, 2 — CpeAHeyCTOIIIBhbIe, 3 — CA1a00yCTOIuMBLIe, 4 — HEeYCTOUMBbIe
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Fig. 2. Zoning of Kursk Magnetic Anomaly region on the basis of sustainable development indicators
(the explanations of the legend in the text)
Rys. 2. Rejonizacja obszaru Kurskiej Anomalii Magnetycznej na podstawie wskaznikéw zréwnowazonego rozwoju
(objasnienia legendy w tekscie)
Puc.2. Paitonuposanue pernona Kypckoit MarHuTHOV aHOMaAUM Ha OCHOBE MHAMKATOPOB YCTOMYMBOTO Pa3BUTIAS
(0OBbsICHEHUST A€TEHADI B TEKCTE)



The North-Eastern part of this territory type is
characterized by over-plowed areas with virtually no
environmental framework. In the North-Western part
of Kursk region, despite a higher percentage of forest
cover, the situation is complicated by environmen-
tal contamination with cesium-137 from the "Cherno-
byl trace".

B — Hardly stable areas

Areas of this type are located in the North (B1)
and South (B2) of Kursk region and have a sufficien-
tly dense network of gullies and ravines, valleys and
rivers. Plowing the area is above the average regio-
nal index, which in turn affects the intensity of wa-
ter erosion.

The Southern part of Kursk region is the agri-
cultural region within the KMA with urbanization
rate of less than 25%. Even some regional centers
are rural settlements.

In this regard, the area clearly experiences a
shortage of social infrastructure development, which
is reflected in such important sustainability indica-
tors as infant mortality, life expectancy and the natu-
ral population increase. The migration of people of
working age due to unemployment even further
exacerbates the depopulation of the area.

However, a small number of industrial enterpri-
ses and the presence of several departments of the
Central Black Soil Biosphere Reserve with areas of
pristine wilderness have a beneficial effect on the en-
vironmental dimension of development in the area.
C - relatively stable areas

This type includes all of the administrative dis-
tricts of the studied area bordering with Ukraine (C1),
as well as areas in the North (C2) and the South-East
(CB3) of Belgorod region. A feature of the population
of the area is the increased share of Ukrainians in the
national structure. Large rural areas prevail, the pro-
portion of citizens is small, but small towns, located
relatively evenly over the area, successfully perform
the function of "central places" in the social field
and act as centers for the processing of agricultural
raw materials.

Numerous broad river valleys and a low percen-
tage of tilled area, even with a large share of row crops
(sugar beet and maize) within the arable area, provide
low levels of soil erosion.

However, the development of processing industry
has caused a number of environmental problems.
First of all it concerns the increase in the share of
polluted waste water (especially from sugar mills)
discharged into the water bodies of the region.

D - Highly stable areas

These areas are confined to the agglomerations

around the regional centers (D1 and D2) or to the

centers of iron ore and metallurgical industries (D3
and D4). This group of regions, on the one hand, is
characterized by significant environmental problems
caused by industrial activities in the regional cen-
ters and their satellites, or methods of open (pit) iron
ore mining.

Nevertheless, it is this group of districts which is
characterized by the lowest rates of depopulation (or
even stable population growth in Kurchatov) and the
lowest infant mortality rate — thanks to good health
care. There is a maximum of investment which can be
observed and the highest level of wages that allows
the investigators to attribute these areas to highly
stable developing regions, where high economic po-
tential has been able to minimize the effect of a suffi-
cient number of pressing environmental issues, pro-
viding a relatively high level of development in the
social sphere.

CONCLUSION

Thus, the study helped us conclude that sustainable
development, above all, should be determined by the
level of development of social indicators. This group
of indicators has the advantage over the others because
they reflect the "desirability" and "comfort level" of
habitation in the area. Favorable trends in terms of
natural movement and "quality of life" of the popu-
lation, despite the presence of certain environmen-
tal and economic problems, in our view, are crucial
in determining the sustainability of the territory.
And, on the contrary, good environmental condi-
tions are certainly important for the sustainable de-
velopment of future generations, but due to signifi-
cant problems in social development they cannot be
the only determinant factor.

Cmambvs nanucana 6 pamxax ymeepxroentozo nAaHa
HAYUHO-UCCACO06AMeAbCKOT pabombl Kadedpol IKOHOMU-
ueckotl u coyuarvoi zeozpaguu Kypciozo zocydapcmeett-
nozo yrueepcumema (nanpasienue "Onmumusayus 63a-
UMOOMHOWEHUTI NPUPOOHOIL Cpedbl U X03STLCINGA 6 pezuoHe
KMA”)".
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