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Introduction. The effective monitoring of environment was 
and is the most significant challenge for ensuring of 
environment security and sustainable development. Problems 
in this scope have become particularly complicated due to the 
war of aggression waged by Russia against Ukraine. As a 
result, the problems of the war period caused by military 
actions on the Ukrainian territory were added to the problems 
of the pre-war period, caused mainly by the departmental 
disunity of environmental monitoring. Military operations 
significantly influenced both the state of the environment and 
the ecological and geoecological security of nature 
management. Under such conditions, the main task of this 
paper was to develop an optimized architecture of 
geoecological monitoring in the post-war period and to 
propose criteria for its effectiveness. 

Methods and data. Modern model analytic and 
implementation tools for monitoring of environment were 
developed in our previous publications (Samoilenko et al., 
2018, 2019a, 2019b, 2020, 2021a, 2021b; Bilous et al., 2020, 
2021a, 2021b; Havrylenko et al., 2020, 2021a, 2021b). We 
also used the spatial data bases on nature management 
developed in our publications (Samoilenko et al., 2018, 
2020). These data bases were created by geoinformation 
processing of modern open digital sources (ESA, 2015; 
NGCC, 2011 etc.). On the one hand, the specified analytical 
and implementation background highlighted various 
components of geoecological monitoring in relation to 
various environmental elements and/or technological and 
model features of monitoring. On the other hand, these 
developments have created the basis for their metasystem 
integration. 
 Results. Geoecological monitoring (geomonitoring or GEM) 
is generally considered as a multi-purpose model 
geoinformation system (GIS GEM) with a corresponding 
physical network for observing, evaluating and forecasting 
the state of natural geosystems with the creation and 
maintenance of spatial data bases with factographic 
geoecological information for the purpose of:  
– identification of sources causing geo-negative, in particular 
war-induced, impact on geosystems; 
 – supporting the adoption of post-war geo-rehabilitation and 
environmental decisions; 
– GIS GEM implementation, primarily to improve the 
functioning of monitoring services. 
The geomonitoring architecture is shown in Figure 1. 

Thus, geomonitoring contains, firstly, its functional 
subsystems (GIS GEM units), namely:  
1) unit of observations on the state of natural geosystems in 
quantitative and qualitative aspects (UOS), considering its 
organization, implementation and optimization according to 
the procedure for stochastic assessment of the geoecological 
information validity (Samoilenko, Dibrova, 2019b);  
2) unit for assessing the state of geosystems in time and space 
(UAS);  
3) unit of forecasting this state (UFS);  
4) unit of forecasted state assessment (UFSA);  
5) decision support unit (DSU), both for optimization-
monitoring decisions, and decisions for substantiation of 
effective geoecological-stabilization measures in the post-war 
period;  
6) information unit (data bases) (DB), which is connective for 
the first five functional units and provides information 
support for any relationships between them. 

A specific detail of the geomonitoring architecture is the 
presence of a criterion sub-unit (CSCF) as a sub-unit of DSU. 
CSCF sub-unit contains classification features for choosing 
the composition and priority of any monitoring subsystems in 
the post-war period. These features include the rank and type 
of natural geosystems, dominant sources of anthropogenic, in 
particular, military impact on geosystems, and other 
functional-operational features. According to these features, 
both appropriate specific subordination and generally 
appropriate set of geomonitoring subsystems for a certain 
geosystem are determined. 

Geomonitoring is also divided into taxon subsystems 
according to systematic-structural features (see Samoilenko, 
Dibrova, 2019b). Among them, at the 1st level, geomonitoring 
of (quasi)natural (GEM QNS), natural-anthropogenic and 
anthropogenic subsystems (GEM NAS and GEM AS) and 
framework boundary subsystem (GEM FBC) of natural 
geosystems is distinguished. Further hierarchically 
appropriate detailing of taxon monitoring is realized 
according to the types and features of geosystems, etc. 

Taxon categories of geomonitoring are also distinguished, 
which include national, regional and local GEM. These types 
of geomonitoring are generally determined by the rank, types, 
and features of the natural geosystems being tested. 

The structural subsystems of geomonitoring are differentiated 
by the feature of displaying groups of factors or conditions 
that determine the state of natural geosystems. These 
subsystems are adequate for the structural-hierarchical 
distribution of geosystem parameters' groups during its 
model-parametric (dynamic) formalization (see example in 
Samoilenko, Dibrova, 2019b), as well as types of 
geoecological information. For the 1st level, the structural 
subsystems can, in particular, be divided into: geochemical 
(GC), hydrochemical (HC), hydrometeorological (HM), 
landscape-ecological (LE), ecotoxicological (ET), radio-
ecological (RE), engineering-geological (EG), 
hydrogeological (HG), geoecological security (GS), 
sedimentogenesis (SG) and other subsystems, as well as the 
subsystem of integral and common indicators that relate to 
the natural geosystem (ICI). 

Subsystems of the 1st level can be distributed for lower levels, 
starting with the components of the geomonitoring structural 
subsystems. Components are formalized according to two 
groups of features:  

1) by components of geosystem parameters' groups according 
to the 2nd level of its formalization. For example, the 
hydrochemical (HC) subsystem of geomonitoring can be 
divided into components for monitoring organic substances 
(OSСOM), biogenic substances (BSCOM), gas regime 
(GRCOM), etc.;  
2) according to the principles (methods) of research on taxon 
and structural subsystems of geomonitoring. For example, the 
monitoring of sedimentogenesis, as a structural subsystem, 
will contain lithodynamic (LCOM), mineralogical (MCOM) 
and geochemical (GCOM) components. 

Taxon, functional and structural subsystems of geoecological 
monitoring can be implemented in its functional categories, 
which include:  
1) basic geomonitoring. It means monitoring the state of 
natural geosystems and/or their components;  
2) impact geomonitoring. It is identical to the monitoring of 
sources that cause geo-negative impact on geosystems, 
primarily controllable according to the extent of the 
possibility to limit their impact, with special targeted 
investigations by types and methods. This should include, 
firstly, the system of monitoring military sources of 
ecological and geoecological danger for nature management, 
such as mined territories, burnt areas, militarized agricultural 
lands, destroyed infrastructure facilities, etc. 
According to the approaches to conduct research and provide 
and support its various units, geomonitoring can be 
conditionally divided into types:  
1) instrumental type. It is direct ground-based measurements 
with their coordinate reference using global positioning 
systems (GPS), etc.;  
2) remote type. This type of geomonitoring is differentiated 
into sub-types, namely: 
– surface, using telemetric or radio telemetric methods of 
obtaining geoinformation;  
– aerospace, adequate for remote sensing;  
– specific integral, based on the combination of radio 
telemetry methods with GPS, etc.;  
3) laboratory type;  
4) model-computer type implemented through mathematical 
support and software of GIS GEM units. 

Instrumental type and surface and integral remote types of 
geoecological monitoring can, in turn, be realized by: 
– fixed network; 
– specialized observation points that relate to individual 
components of geomonitoring; 
– in the process of thematic expeditionary or screening 
surveys, which is inherent in the instrumental type. 
Taxon, functional and structural subsystems of geomonitoring 
can be implemented in stationary (basic) or crisis modes, as 
well as the mode determined by special thematic programs 
during scientific research projects, etc. 

It is also possible to formulate the principle and sufficient 
criteria for the geoecological monitoring effectiveness. They 
refer to such monitoring as a complete system in general, as 
well as various subsystems, categories, modes and types of its 
architecture. These criteria include:  
1) methodological uniformity – the use of an integrated 
existing or accepted procedure within each of the 
geomonitoring functional units; 
2) system homogeneity – the compliance of the approach to 
geomonitoring as an integrate valid system concept, for 
example GIS conceptual interface, etc.;  
3) criterion homogeneity – the possibility of using 
scientifically based interconnected criteria for observing, 
evaluating and forecasting the state of natural geosystems;  
4) homogeneity and connectivity of information (as a 
consequence of the first three criteria);  
5) informativeness – the coverage by geomonitoring 
subsystems of all processes in natural geosystems that are 
important for the stability and reliability of these geosystems 
according to the set goals of their functioning; 

6) operability – the availability of a system for timely 
acquisition and evaluation of information and its transfer to 
decision-making authorities; 
7) information validity – the ability to control the compliance 
of the total errors in acquisition of geoecological information 
with the permissible limits; 
8) regular-monitoring uniformity – the ability to form 
information in demanding modes, i.e., stationary, crisis, etc.; 
9) instrumental uniformity – the use of a modern physical 
infrastructure that is uniform in terms of devices, software, 
etc., according to the types of geomonitoring; 
10) completeness of geomonitoring as a tool of the state 
environmental policy in the post-war period. 

 Conclusions. The optimized architecture of geoecological 
monitoring (GEM) was developed for the post-war period. 
Geoecological monitoring is generally considered as a multi-
purpose model geoinformation system with a corresponding 
physical network for observing, evaluating and forecasting 
the state of natural geosystems with the creation and 
maintenance of spatial data bases with factographic 
geoecological information. The purpose of GEM functioning 
is identification of sources causing geo-negative, in particular 
war-induced, impact on geosystems and supporting the 
adoption of post-war geo-rehabilitation and environmental 
decisions. The content of functional, taxon and different-level 
structural subsystems of geoecological monitoring is 
outlined. Peculiarities of taxon and functional categories of 
geomonitoring, as well as its types and modes, are given. 
Criteria for the geoecological monitoring effectiveness are 
formulated. 
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Figure 1 Architecture of geoecological monitoring (GEM) 


