-

View metadata, citation and similar papers at core.ac.uk brought to you byf’f CORE

provided by Scientific Open-access Literature Archive and Repository

IL NUOVO CIMENTO Vor. 27 C, N. 6 Novembre-Dicembre 2004
DOI 10.1393/ncc/12005-10003-y

Monitoring and prediction of natural disasters(™)

K. Ya. KONDRATYEV(!)(**) and V. F. KRAPIVIN(?)(**¥)

() Research Centre for Ecological Safety, Russian Academy of Sciences
Nansen International Fund for Environment and Remote Sensing
St.-Petersburg, Russia

(?) Institute of Radioengineering and Electronics, Russian Academy of Sciences
Moscow, Russia

(ricevuto il 5 Gennaio 2005; approvato il 7 Febbraio 2005)

Summary. — The problems of natural disaster predicting and accomplishing a
synthesis of environmental monitoring systems to collect, store, and process relevant
information for their solution are analyzed. A three-level methodology is proposed
for making decisions concerning the natural disaster dynamics. The methodology
is based on the assessment of environmental indicators and the use of numerical
models of the environment.

PACS 89.60.Gg — Impact of natural and man-made disasters.
PACS 92.60.8z — Air quality and air pollution.
PACS 91.30.-f — Seismology.

1. — Introduction

In the process of the civilization development, problems of forecasting future envi-
ronment changes and relevant changes in the living conditions for people have become
most important. The first problem of interest is the origin and propagation of dangerous
natural phenomena which lead to losses of living beings and cause serious economic dam-
age [1-44]. Such phenomena are called natural disasters [16]. In the course of evolution,
natural anomalies of different spatial and temporal scales are known to have played an
important role in the evolution of nature as mechanisms of natural systems regulation.
Such anomalies can be exemplified by forest fires [22]. With development of industry and
growth of population, these mechanisms have suffered substantial changes and reached
a level of life threat [35,39]. This is, first of all, connected with the growth and prop-
agation of anthropogenic forcings in the environment. Numerous relevant studies have
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Fig. 1. — Dynamics of large-scale natural disasters and economic losses during six decades (1950-
2009) [36].

been recently conducted [1-44]. They show that the frequency of disastrous phenomena
in nature and their scale have grown (fig. 1) increasing the risk of losses in economy and
human lives and violating social infrastructures. So, for instance, only in 2001 about
650 natural disasters occurred taking away the lives of more than 25 thousand people
and causing damage reaching more than 35 billion dollars. The consequences of disasters
depend mainly on readiness of the territory to reduce the risk of losses and change sub-
stantially in time. For instance, in 2002, with the same number of large-scale disasters
(~ 700), 11 thousand people perished, with economic damage estimated at 55 billion
dollars. The heaviest losses are caused by floods. The spatial distribution of disasters is
strongly heterogenous. For example, the amount of human victims in 2002 is character-
ized by the following figures: Africa—51 catastrophes (661 people died), America—181
(825), Asia—261 (8570), Australia and Oceania—=69 (61), Europe—136 (459) [16].

Natural disasters can be classified into different categories. Large-scale disasters in-
clude environmental phenomena that cause the death of thousands of people and ruin
their dwellings with an accompanying economic damage to a given region. Hence, the
scale of natural disasters depends on the level of economic development of the region that
determines the degree of people’s protection from natural disasters. Therefore studies
of phenomena connected with natural disasters should be followed by analysis of the
population poverty level for a given region. The results of studies accumulated during
the last 25 years show that in developing countries the scale of losses from natural disas-
ters is much larger than in the economically developed countries. Bearing in mind that
during the last decade the number and scale of natural disasters substantially increased,
it becomes clear what should be expected in the nearest future. Therefore the forecast
of and warning about crisis phenomena on a global scale should be a subject to worry
about for all countries, independent of their economic development.
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At present the theory of environmental disasters and analysis of risks are well de-
veloped [6]. Their application to the description of events and processes in the actual
environment requires a study of methods of the system analysis for synthesis of a global
model of the nature-society system (NSS) with the use of technical means of the space-
borne monitoring. Solution of the relevant problems is the subject of ecoinformatics
which ensures a combination of analytical simple, semi-empirical and complex non-linear
models of ecosystems with the renewed global data bases [17]. Many international and
national programmes on environmental-problem and space-oriented studies have recently
raised the level of thematic coordination in order to reach a needed level of efficiency.
For instance, it is true for the programmes Global Carbon Project (GCP) and Earth
Observing System (EOS) within which most efficient information and technical means of
assessment and prediction of the NSS dynamic characteristics have been concentrated.

The development of constructive methods to predict natural disasters requires a so-
lution of some problems:

— Adaptation of ecoinformatics methods as applied to the problem of diagnostics and
prediction of natural disasters in all their variety and on all scales.

— Determination of statistical characteristics of natural disasters in their historical
aspect, selecting categories and determining spatial and temporal scales of catas-
trophic changes in the living beings’ habitat. Analysis of the history of disasters is
important for understanding the present dependences between crises both in nature
and in society. The statistical characteristics of natural disasters in their dynamics
enable one to formulate the basis of mathematical theory of catastrophes and to
determine the first-priority directions of studies.

— Development of the concept and the synthesis of the model of survival to use it for
assessing the effect of natural disasters on the humans’ habitat.

— Study of the laws of interaction between various elements and processes in the
global NSS in interrelation with such a notion as biological complexity of ecosys-
tems (biocomplexity) considering it as a function of biological, physical, chemical,
social, and behavioural interactions of the environmental subsystems including liv-
ing organisms and their communities. The notion of biocomplexity is connected
with the laws of the biospheric functioning as a totality of its forming ecosystems
and natural-economic systems of different scales, from local to global. In this con-
nection, it is necessary to give a combined formalized description of biological,
geochemical, geophysical and anthropogenic factors and processes taking place at
a given level of the spatial-temporal hierarchy of units and scales. It is also im-
portant to assess possibilities to use various indicators of an approaching natural
disaster, such as, for instance, biocomplexity.

— Study of relationships between vitality, biocomplexity and evolution of NSS with
the use of the global modelling technology. Development of the units of the global
model, describing the laws and trends in the environment, which lead to an appear-
ance of stress situations and are initiated by human economic or political activity.

— Consideration of demographic premises for the origin of natural disasters and de-
termination of mechanisms that govern the environment and hinder a realization
of these premises.
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— Assessment of the information content for the existing technical means of data
collection on the state of NSS subsystems and available global data bases to allocate
them in solving the problems of assessing conditions of the origin of stress situations
in the environment.

2. — Natural disaster as a dynamic category of the environmental phenomena

Walker [43] has justly noticed that the notion of natural disaster is rather vague, and
its definition depends on many factors. Kondratyev and Grigoryev [16] define a natural
disaster as an “extreme and calamitous situation in the vital activity of population caused
by substantial unfavourable changes in the environment” or as “abrupt changes in the
system as its sudden response to smooth changes of external conditions”. The number
of such critical situations in the environment grows. At present, natural disasters are
floods, droughts, hurricanes, storms, tornadoes, tsunami, volcanic eruptions, landslides,
mudflows, snow avalanches, earthquakes, forest fires, dust storms, bitter frosts, heat
waves, epidemics, locust invasions, and many other natural phenomena [7-16,32,43]. In
the future, this list can be broadened at the expense of new types of natural disasters,
such as collisions with cosmic bodies and those caused by man—bio-terrorism, nuclear
catastrophes, abrupt changes in the Earth’s magnetic field, plague, robots’ invasions,
and others. Therefore it is important to develop efficient quantitative technologies and
criteria which would warn with a high reliability about a dangerous catastrophic natural
phenomenon.

The notion of a natural disaster is associated by many authors with the notion of
ecological safety which appeared in connection with the necessity to assess the danger for
population of a given territory to injure health, buildings or property as a result of changes
in the environmental parameters. These changes can be caused by fluctuations in natural
processes connected with the changing ecological situation, epidemics or calamity. In the
latter case the danger appears as a response of nature to human activity. For instance,
having analyzed the environmental changes in the Himalayas, in the territory of India,
Gardner [13] came to the conclusion that such factors as deforestation and changes in
vegetation cover became causes and amplifiers of instability in this region characterized by
degradation of soil resources and growth of consequences of the environmental destruction
by water flows. Field and Raupach [11] explain changes in the laws of natural disasters
occurrence by the growth of instability in the system “carbon-climate-man”. According

o [12], this instability can enhance substantially in the nearest two decades due to
changes in many characteristics of the World Ocean’s ecosystems. Analyzing the history
of various large-scale disasters, Milne [31] gives a pessimistic prognosis with respect to
the fate of humankind, using the notion of “doomsday”.

In general, a threat of an ecological danger in a given territory results from devi-
ation of the environmental parameters beyond limits where after a long stay a living
organism starts changing in the direction not corresponding to the natural process of
evolution. As a matter of fact, the notions of “ecological danger” or “ecological safety”
are connected with the notions of stability, vitality and integrity of the biosphere and its
elements [16-19]. Moreover, the NSS, being a self-organizing and self-structuring system
and developing by the laws of evolution, creates within itself ecological niches whose
degree of acceptability for population of a given territory is determined, as a rule, by
natural criteria (ambient air standard, religious dogmas, national traditions, etc.).

When considering the prospects for life on Earth, one should proceed from human cri-
teria of assessing the levels of the environmental degradation because in due course, local
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and regional changes in the environment are developing into global ones. The amplitudes
of these changes are determined by mechanisms of NSS functioning which provide opti-
mal changes in its elements. Humankind more and more deviates from this optimality in
its strategy of interaction with surrounding inert, abiotic and biotic components of the
environment. But at the same time, humankind as an NSS element tries to understand
the character of large-scale relationships with nature, directing efforts of many sciences
to this aim and studying the cause-and-effect relations in this system [18].

The human habitat is a complicated dynamic system. Its stability in time is connected
with the structural regularity, material composition and energy balance as well as with
stability of its response to the same external forcings. The system’s stability can be
broken as a result of both passive and active external forcings. In other words, under
present conditions, nature N and human society H constituting a single planetary system
and having a hierarchical structure (|N|, |H|), interact pursuing their aims (N, H).
Formally, this interaction can be considered as a random process 7(x, t) with an unknown
law of distribution, representing the level of tension in relationships between sub-systems
N and H or assessing the state of one of them. Here x = {z1,...,2,} is a set of
identifying characteristics of subsystems N and H which are components of a possible
indicator of the origin of a natural disaster, that is, a deviation of n(z,t) beyond the
limits where the state of the subsystem IV becomes a threat to H. Hence, the aims and
behaviour of subsystems N and H are functions of the indicator 7, depending on which,
their behaviour can be antagonistic, indifferent or cooperative. The main objective of the
subsystem H is to reach a high living standard with the long comfortable life guaranteed.
The goal and behaviour of the subsystem N are determined by objective laws of co-
evolution (in this context, one should concentrate on the concept of biotic regulation of
the environment [20]). In this sense, a division between N and H is conditional, and
it can be interpreted as a division of a multitude of natural processes into controlled
and non-controlled. Clearly, with the growing population density, natural disasters will
intensify the feeling of discomfort, affecting the social and cultural conditions in many
regions.

Without getting deeper into philosophical aspects of this division, we assume the
subsystems N and H to be symmetric and open. The system H disposes of technologies,
science, economic potential, industrial and agricultural enterprises, sociology, size of
population, and others [27]. The N-H interaction leads to a change in 7, the level
of which affects the structure of vectors H and N. In fact, there is a threshold for
Nmax, beyond which humankind ceases to exist, but nature survives. Asymmetry of
subsystems H and N in this sense causes changes in the goal and strategy of the system
H. Apparently, under present conditions of these systems’ interaction, 7 approaches Mmax
rather rapidly, and therefore some components of the vector H can be attributed to the
class of cooperative components. Since the present socio-economic structure of the world
is presented with a totality of states, it is reasonable to consider a country as a functional
element of the system H. The n(x,t) function reflects the result of interaction between
countries and with nature. A totality of results of these interactions can be described
with a matrix B = ||b;|| each element of which has a symbolic semantic load:

+ for the cooperative behavior,
bi; = — under the antoganistic interaction,

0 for the indifferent behavior.

Many theories are dedicated to studies of the laws of interaction of complex systems
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TABLE 1. — A description of the NSSGM units.

Unit identifier (see fig. 3)

Characteristic of the unit’s functions

DEM A set of demographic models that parameterize the population
dynamics with the consideration of the age structure.
CLI A set of climate models with various spatial resolutions.
MRE Model of the mineral resources control.
AGR Model of agriculture production.
MSTP Model of the scientific-technical progress.
DAT Control of the interface between the NSSGM
units and database.
CON Adjustment of the NSSGM units to the simulation experiment
conditions and its control.
REP Preparation of the simulation experiment results to visualized
or other forms of reporting.
MBWB Model of the biospheric water balance.
MGCDC Model of global biogeochemical carbon dioxide cycle.
MGSC Model of global biogeochemical sulphur cycle.
MGOC Model of global biogeochemical oxygen and ozone cycles.
MGNC Model of global biogeochemical nitrogen cycle.
MGPC Model of global biogeochemical phosphorus cycle.
POL A set of models of the kinetics of some types of pollutants
in different media.
BIO A set of models of the aquatic ecosystems in different
climatic zones.
HYD Model of hydrodynamic processes.
SPF A set of models of the soil-plant formations.
MAG Model of processes in the magnetosphere.

of various nature. In the asymmetric case considered here it is a matter of the system
H survival and attempt to find means to assess the future dynamics of the system V.
According to [37], the reflexive behaviour of H will eventually help to humankind to find
a behavioural pattern able “to compare advantages and danger, to understand principal
limitations of our capabilities and in good time to recognize new threats.

3. — The NSS global model as an instrument to predict natural disasters

In connection with various aspects of environmental changes during the last decades,
many authors have brought forth numerous concepts of the NSS global dynamics and
created models of different complexity to parameterize the dynamics of biospheric and
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Fig. 2. — Organization of the global model of the Nature-Society system’s functioning (see
notations in table I).

environmental characteristics [18,21,24]. Availability of a large data base on these charac-
teristics enables one to consider and evaluate the consequences of a possible realization of
various scenarios of the development of the subsystem H. Traditional approaches to the
synthesis of global models are based on consideration of a set of balance equations which
contain parameters {z; } as functions, arguments, coefficients and conditions for transition
between parametric descriptions of the processes in the environment. Other approaches
are also applied, which use the evolutionary and neuronet algorithms [17]. The global
model of the N U H system’s functioning can be presented in the form of a conceptual
scheme in fig. 2. This scheme is realized though an introduction of the geographic grid
{@s, \;} with the step of discretization of the land and World Ocean surface Agp; and A);
in latitude and longitude, respectively, so that within a pixel ;; = {(p, A) 1 ¢; < p < @4
+ A, Aj <A< A+ AN}, all processes and elements of NSS are assumed to be homo-
geneous and are parameterized by point models. The choice of pixels’ sizes is determined
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Fig. 3. — The block-scheme of the NSS global model (NSSGM) (see notations in table I) [19].

by conditions governed by spatial resolution of space-derived observational data and the
availability of the needed global data base [9,19]. In the case of water surface, in the
; pixel there takes place a division of water mass into layers by depth z, that is, 3D
volumes are selected Qi = {(¢, A, 2) 1 (0, A) € Q45,2 < 2 < 2 + Az} within which all
elements are uniformly distributed. Finally, the atmosphere over the €1;; by the height
h is digitized either by levels of atmospheric pressure or by characteristic layers Ahs.

It is clear that the global model can only be created with the use of knowledge and data
on an interdisciplinary level. Among many global models, one of the most sophisticated
is the model described in [19]. The block-scheme of this model is shown in fig. 3.

An adaptive procedure has been proposed [17] to build the global model within the
geoinformation monitoring system. This procedure is schematically demonstrated in
fig. 4.

4. — Search and detection of natural disasters

An approaching of the moment of the origin of a natural disaster is characterized
by the vector {z;} getting into some cluster of the multidimensional phase space Xj;.
In other words, proceeding from verbal reasoning to a quantitative estimation of this
process, we introduce a generalized characteristic I(t) of a natural disaster and identify
it with the calibrated scale =, for which we postulate the presence of relationships of
the type Z1 < Z9, Z1 > E5 or 27 = Zy. It means that there always exists a value
of I(t) = p which determines when a natural disaster of a given type can be expected:
2 — p = f(E), where f is some conversion of the notion of “natural disaster” into a
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formation monitoring.

number. As a result, the magnitude § = |I(t) — p| determines the expected time interval
before the catastrophe occurs.

Let us search for a satisfactory model to transform the verbal portrait of a natural
disaster into notions and indicators subject to a formalized description and transforma-
tion. With this aim in view, we select m of elements-subsystems of the lowest level in
the N U H system, an interaction between which we determine with the matrix function
A = ||ai;||, where a;; is an indicator of the level of dependence of relationships between
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subsystems ¢ and j. Then the I(t) parameter can be estimated as the sum

I(t):ZZa”

i=1 j>i

In general, we have I = I(p,\,t). For a limited territory Q with an area o the
indicator [ is defined as an average value:

To(t) = (1/0) / (0, M £)dgd).

(p,N)EQ

An introduction of the characteristic I enables one to propose the following scheme
of monitoring and predicting natural disasters. Figure 5 demonstrates a possible struc-
ture of the monitoring system with functions of searching, predicting, and monitoring a
natural catastrophe. There are three levels in the system: recorder, decision maker, and
searcher, whose units have the following functions:

1) regular control of the environmental elements to accumulate data about their state
in the regime permitted by the applied technical means;

2) recording suspicious elements of the environment for which the value of the indicator
I (t) corresponds to the interval of a natural anomaly danger of a given type;

3) formation of the dynamic series {I(¢)} for a suspicious element to make a statistical
decision about its noise or signal character and in the latter case the test of the
suspicious element by criteria of the next level of accuracy (getting of the {z;}
vector into the cluster, etc.);

4) making the final decision about the approaching moment of a natural catastrophe
occurrence with the transmission of information to the respective environmental
control services.

5) iterative procedure to locate an anomaly.
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An efficiency of such a monitoring system depends on parameters of the technical
measuring means and algorithms for observational data processing. Here of importance
is the model of the environment used in parallel to the formation and statistical analysis
of the series {In(¢)} and adapted to the regime of monitoring according to the scheme
in fig. 4.

As seen from the introduced criterion of an approaching natural catastrophe, the
form and behavious of Ig(t) are special for each type of the processes in the environ-
ment. One of the complicated problems consists in determination of these forms and
their respective classification. For instance, such frequent dangerous natural events as
landslips and mudflows have characteristic features, such as preliminarily changing relief
and landscape, which are successfully recorded from satellites in the optical range, and
together with data of aerial photography and surface measurements of relief slopes, expo-
sition of slopes and the state of the hydro-system make it possible to predict them several
days beforehand. However, restricted capabilities of the optical range under conditions
of clouds or vegetation cover should be broadened by introducing the systems of remote
sounding in the microwave region of the electromagnetic spectrum. Then, in addition to
the indicators of landslips and mudflows, one can add such information parameters as soil
moisture and biomass, since a soil moisture increase leads to landslips, and an enhance-
ment of biomass testifies to the growth of the restraining role of vegetation cover with
respect to the dislocation of mountain rocks. It is especially important when controlling
the snow-stone or snow avalanches. Compiling the catalogue of these indicators for all
possible natural disasters and introducing it into the information base of the monitoring
system is a necessary stage of raising its efficiency.

Knowledge of a set of information indicators {z]} of a natural catastrophe of the
j-th type and a priori determination of its cluster X7 in the space of these indicators
makes it possible in the process of the space-borne monitoring to calculate the rate v;
of the approaching of the point {x7} to the center of X7 and thus to calculate the time
of the catastrophe occurrence. Other algorithms for predicting natural disasters are also
possible. For instance, a forest fire can be predicted using the dependence of microwave
emission of forest at different wavelengths on the moisture content of the inflammable
materials in the forest, being stratified as a rule. Knowledge of this dependence gives a
real possibility to assess the fire risk in the forest with the moisture content of vegetation
cover and upper soil layer taken into account [24].

Many studies have shown that there is a real possibility to assess the fire risks of
waterlogged and boggy forests considering the water content of vegetation cover and
the upper soil layer, using the microwave sounding in the range 0.8-30 cm. The multi-
channel sounding makes it possible with the use of algorithms of cluster analysis to solve
the problem of classification of forests by categories of fire risks. The efficiency of these
methods depends on a detailed simulation of the forest structure reflecting the state of
canopy and threes’ density. The low fires are most dangerous and difficult to detect.
In this case a 3-layer model of the system “soil-trunks-canopy” [22] agreed-upon with
the fire-risk indicator I(A1, A2) = [Tp(A1) — To(A2)]/[Tp(A1) + Tp(A2)] is efficient. For
instance, at A\; = 0.8 cm and Ay = 3.2 cm the indicator I changes approximately from
—0.25 in the zone of the absence of the danger of forest fire to 0.54 in the zone of fire. In
the zone of appearance of first indicators of the litter catching fire, I ~ 0.23. The I value
depends weakly on the distribution of the layers of the forest inflammable materials such
as lichen, moss, grass rags, dead pine-needles or leaves.

A realization of this 3-layer regime of decision making about an approaching natural
disaster depends on the agreement between spatial and temporal scales of the monitoring
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Fig. 6. — Possible dynamics of the Aral Sea levels (in metres with respect to the World Ocean
level) as a result of the impact of the forced evaporators on the hydrological regime of the
territory of the Aral-Caspian aquageosystem beginning from 1998 [17].

system and the respective characteristics of the natural phenomenon. Most difficult for
decision making are natural catastrophes of “delayed action” which can take place in
decades. Such expected disasters include ozone holes, global warming, desertification,
reduced biodiversity, overpopulation of lands, and others. A solution for the base problem
of a reliable prediction of the occurrence of such disasters or undesirable regional-scale
natural phenomena initiated by them with the use of the NSS global model (NSSGM) has
been proposed [13,24], the input data for which being information put in the renewable
bases of global data as well as current satellite and surface measurements.

The use of NSSGM in a number of studies has shown that this technology enables one
not only to forecast the delayed-action disasters but also to propose scenarios for their
prevention. An example is the scenario for reconstruction of the water regime of the
Aral-Caspian system considered in [23]. Figure 6 shows the final result of the use of the
NSSGM in solving this problem. It is seen that the realized procedure of irrigation of some
lowlands on the eastern coast of the Caspian Sea without the subsequent anthropogenic
interference can sharply change the hydrology of the territory between the Aral and
Caspian Seas. Of course, this result is only a demonstration of the NSSGM capability to
evaluate the consequences of realization of scenarios of the impacts on the environment.
In this connection, many problems appear in the organization of studies, which can be
solved within the complex scientific-technical programme of monitoring the zone of the
impact of the Aral and Caspian Seas.
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5. — Conclusion

The solution of the problem of reliable prediction of natural disasters requires the de-
velopment of an efficient information technology for its use in the environmental monitor-
ing system. This technology should include sections responsible for planning of measure-
ments, development of algorithms for complex processing of data from different sources,
development of methods of decision making on the basis of dynamic information analysis,
and relevant risk assessment. An assessment of the risk of human losses from a natu-
ral catastrophe dependent on the regional parameters is one of the first-priority future
studies. Such a risk is known to be non-uniformly distributed in space. For example,
the annual average risk for certain territories is characterized by the following indica-
tors (ppm): Globe—1, Bangladesh (floods)—50, China (floods and earthquakes)—25,
Turkey /Iran/Turkmenistan (earthquakes)—20, Japan (earthquakes)—15, Caribbean re-
gion/Central America (storms, earthquakes, volcanic eruptions)—10, Europe - < 1, and
USA/Canada—< 0.1. Hence, a consideration of this non-uniformity in the models of
natural disasters will enable one to optimize requirements to future monitoring systems.

The proposed approach is aimed at creation of the technology mentioned above. How-
ever, to achieve this goal, it is necessary to undertake some fundamental studies and to
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solve many organizational and engineering problems. The first-priority task is to point
out the necessity of a ranked systematization of natural disasters with emphasis on their
characteristic features, which is a principal condition for realization of the stages of the
above-mentioned 3-level procedure of making decisions with respect to an approaching
natural catastrophe. The solution for such a problem can be exemplified by maps of dan-
gerous natural zones of the USA territory with indicated types and levels of danger [32].
Another important problem is a modernization of the NSSGM with an adaptation to
problems of predicting natural disasters and its parametric introduction into the existing
and planned systems of the environmental monitoring. Finally, an actual realization of
the ideas discussed here requires the concentration of intellectual, economic and tech-
nical resources at a united Centre of the global geo-information monitoring (UCGGM)
such as the Centre of Aerospace Monitoring Problems (AEROKOSMOS) of the Ministry
of Education and Science of the Russian Federation and Russian Academy of Sciences.
Figure 7 demonstrates a possible functional scheme of this Centre. Its functioning will
provide information on:

— the impact of global changes on the regional environment;

— the role of on-going or potential environmental changes in the region in changes of
the environment and biosphere on Earth and in various regions;

— the state of the atmosphere, hydrosphere and soil-plant formations for the territory
of the region;

— the availability of needed data on ecological, climatic, economic and demographic
parameters of a region;

— the level of ecological safety for a given territory;
— phenomena harmful for people and the environment;

— the trends in changes of the state of forests, marshes, pastures, agricultural crops,
river and lake systems, and other natural complexes;

— risks from measures to change the environment.

The UCGGM can solve the following problems:

— the long-term and timely planning and management of economic activity with due
regard to its ecological expedience and development of strategy of rational nature
use as well as creation of comfortable conditions for human life;

— operational identification and warning about processes beyond and within a given
territory, which can aggravate the ecological situation and cause long-term changes
in the environment with the growing risk for human health;

— identification of the reasons of undesirable changes in the environment in individual
territories with indicated scales of their deviation from natural background;

— assessment of consequences for various territories from realization of anthropogenic
projects;

— working out of first-priority measures to mitigate the causes of ecological catastro-
phes and calamities.
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