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Abstract. Today, Strategic Environmental Assessment (SEA) of Socio-Economic Systems exists in 
micro, meso and macro environments.  A complicated process is required to �nd a rational solution 
that would include a large number of problems and criteria. �erefore, existing MCDM methods 
must be used as well as new ones developed. Notwithstanding SEA of Analysis of Socio-Economic 
Processes, there is little research examining factors of use of MCDM methods; thus, a more in-depth 
analysis should be undertaken.  �is study applied a systematic search of literature. A total of 73 pa-
pers from the academic literature containing such  terms as ‘Strategic Environmental Assessment 
(SEA)’, ‘Socio-Economic Processes (SEP)’, ‘Socio-Economic Systems (SES)’, ‘Social Systems (SS)’, 
‘Economical Systems (ES)’, ‘Decision-Making (DM)’ and ‘Multi Criteria Decision-Making (MCDM)’ 
were identi�ed and reviewed. As to the eligibility problem in Strategic Environmental Assessment 
(SEA), criteria included studies on both Social and Economic Systems & Processes that examined 
development and trends related to SEA of Socio-Economic Processes. MCDM methods, assessment 
processes, data extraction and analysis were completed in all relevant studies. General activity �elds 
in Strategic Environmental Assessment (SEA) of Socio-Economic Systems were analysed. �e key 
issues of SEA in micro, meso and macro environment, Socio-Economic Systems and Socio-Eco-
nomic Processes factors were prominent across all researched categories. As far as the analysis 
of Socio-Economic Systems & Processes, decision makers should be aware of the problem in its 
complexity and undertake multi-stage decision-making. To honour the contribution made by Prof 
Valentinas Podvezko contribution in the �eld of Decision-Making (DM) to Strategic Environmental 
Assessment (SEA) of Socio-Economic Systems using MCDM methods, and to commemorate his 
70th anniversary, this article also highlights his academic career and research.
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Introduction

Strategic Environmental Assessment (SEA) for identifying and assessing potential impact is 
used worldwide. SEA covers many areas, and one of them is the Analysis of Socio-Economic 
Systems and Processes. �e analysis of SEA systems with principles of sustainability and 
complexity of outlook has become an integral part of decision-making. 

�e paper presents the development of Strategic Environmental Assessment (SEA) of 
Socio-Economic Systems in Quantitative Complex evaluation of Socio-Economic Pro-
cesses during last eighty years. A systematic analysis of literature on the aspects of SEA and 
Decision-Making (DM) were identi�ed and reviewed, as well as the eligibility problem in 
Strategic Environmental Assessment (SEA). �e criteria included studies of both Social and 
Economic Systems & Processes that examined development and trends related to SEA of 
Socio-Economic Processes. MCDM methods, assessment processes, data extraction and 
analysis were completed in all related studies. Development trends of Quantitative Complex 
evaluation of SEA of Socio-Economic Systems & Processes are presented in this paper.

In the seventies, most e�orts were focused on practical research results and their practical 
application. �e paper shows traditions, development and application of MCDM methods 
for Quantitative Complex evaluation of Socio-Economic System and Processes during the 
period under study. 

1. �e Strategic Environmental Assessment (SEA)  
of Socio-Economic Systems using MCDM methods

Strategic Environmental Assessment (SEA) is evolving as a mechanism that attempts to assess 
systematically the environmental impacts of decisions made at, what is conventionally called, 
levels of strategic decisions (Partidario 1996). SEA aims to incorporate environmental and 
sustainability considerations into strategic decision-making processes, such as the formulation 
of policies, plans and programmes. In order to be e�ective, the assessment must take the real 
decision-making process as the departure point (Nilsson, Dalkmann 2001). Such diversity 
of approaches to SEA, while enriching debate, is critically confusing the relationship of SEA 
with other planning and impact assessment tools. SEA should be conceptualised as a frame-
work, de�ned by core elements that are incrementally integrated into policy and planning 
procedures and practices, whatever decision-making system in place (Partidario 2000). Spa-
tial and temporal scales in SEA can be used are considered. Some arguments underline that 
other dimensions in temporal scales, which are crucial for SEA, may need to be considered: 
the generational time scale (the temporal scale across generations) and the decisional time 
scale (the temporal scale that is relevant for making strategic decisions) (Partidario 2007).

SEA has been the focus of considerable dialogue, increasing regulatory attention and emer-
ging evidence of application together with decision-making processes (Nitz, Brown 2001).

Strategic Environmental Assessment (SEA) is argued to provide a sound basis for in-
formed decision-making toward sustainability (Geneletti 2013). Good management of the 
environment and natural resources protects health, reduces vulnerability to natural disasters, 
improves livelihoods and productivity, spurs economic growth based on natural resources, 
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and enhances human well-being (Ahmed, Sanchez-Triana 2008). No one SEA methodology 
will apply to all strategic actions and in SEA contexts: we must begin to think in terms of an 
array of SEA tools from which the appropriate one(s) can be selected to meet the needs of 
the particular circumstances (Brown, �érivel 2000; Stoeglehner et al. 2009).

In terms of environmental assessment, decision-making theory ensures appropriate 
practical use of Strategic Environmental Assessment (SEA) for ‘real’ decision-making and 
procedural �exibility. While it is acknowledged that a purely professional and technological 
paradigm to SEA is something of the past, it is proposed that leaving the design of ‘�exible’ 
SEA to the will of proponents and stakeholders might ultimately render it incapable of pro-
tecting the environment (Fischer 2003, 2007).

SEA follow-up is complex because of the complicated nature of strategic decision-making: 
follow-up to SEA is needed and useful to ensure the key objectives of controlling, learning 
and informing on strategic planning processes (Partidário, Arts 2005).

�e traditional and new development of MCDM methods in the �eld of Quantitative 
Complex evaluation of Socio-Economical System and Processes, together with development 
aspects, including complexity, and application in the Quantitative Complex evaluation of 
Socio-Economical Processes under dynamic and risky conditions, micro (Marzuki et  al. 
2012), meso (Ren et al. 2012) and macro environment are presented in this research. In terms 
of analysis, information is of most importance. Information dependency may be the most 
important key for managing information exchange to reduce project risks (Ke et al. 2012).

�e Social & Economic Systems emerged in the ��h decade of the twentieth century. At 
�rst, Social & Economic Systems were analysed separately (Table 1). �e economic development 
of socio-economic systems (SES) largely depends on our understanding of their nature and 
formation mechanisms. Quantitative evaluation of the state of such systems is also important, 
as it determines e�ective management ensuring their e�ective performance. Quantitative eval-
uation of socio-economic systems and processes may be performed using MCDM evaluation 
and DM methods. �ese methods help generating an integrated criterion re�ecting various 
SES aspects observed in reality. Given quantitative methods of SES evaluation, such important 
problems associated with the economic development of a country can be solved as the determ-
ination of enterprise development strategy, the formation of �exible enterprise organizational 
structures, etc. (Kapliński, Peldschus 2011). Nowadays, quantitative SES evaluates and imple-
ments aspects of micro, meso and macro environments. A strategic goal for the next decade: 
to become the most competitive and dynamic knowledge-based economy in the world capable 
of sustainable economic growth (Dalal-Clayton, Sadler 2005). SEA aims to provide a process, 
by which the policy is developed based on a much broader set of perspectives, objectives and 
constraints than just those initially identi�ed by the proponent (Brown, �érivel 2000).

�e realm of sustainability has o�en been depicted as the intersection of social, economic 
and ecological interests and initiatives. One possible solution is to take sustainability as an 
essentially integrative concept and to design sustainability assessment more aggressively as 
an integrative process. �is would entail a package of regime and process design features 
(Gibson 2006). �e second aim is to discuss the relevance of context consciousness and sens-
itivity in relation to one of the main aims given to SEA implementation (Hilding-Rydevik, 
Bjarnadóttir 2007). In theories of limited rationality, attention is seen as a scarce resource: 
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decision-makers – like all other people – have a natural limited mental capacity and are 
therefore only able to cope within these limits and with a limited volume of information 
(Kornov, �issen 2000).  

SEA methodology and practice is to advance, then a common understanding of its de�n-
ition and characteristics must �rst be achieved (Noble 2000).

Most of the work in SEA seems to be based on the assumption that the provision of ra-
tional information will help improving decision-making, but the literature points to other 
characteristics of real decision-making processes, including cognitive limitations, behavioural 
biases, ambiguity and variability of preferences and norms, distribution of decision-making 
between actors and in time, and the notion of decision-making as a process of learning and 
negotiation between multiple actors (Kornov, �issen 2000).

�e development of a formalised legal basis for SEA has been an important social in-
novation. While procedures for the assessment of various forms of impact existed before the 
evolution of legalisation of  SEA, for example, in the context of land use planning, and there 
have been general demands on the assessment of economic e�ects of public policies, plans 
and programmes, SEA procedures are more detailed and also provide criteria, by which im-
plementation can be judged. It is therefore important to explore its roots and its connections 
to other legislation (Marsden 2008).

Evaluations of the use of EIA (Morgan 2012) are positive in terms of improvements to the 
planning and design of projects, in the quality of decision-making and of cost-e�ectiveness: 
some de�ciencies have also been identi�ed.

Sustainable development requires the setting of environmental quality goals; institution 
strengthening; greater use of economic instruments; and the strengthening of procedures 
and assessment methods (Lee, Walsh 1992).

Strategic Environmental Assessment (SEA) is seen as an important tool for integrating 
the environment into decision-making (Sheate et al. 2003).

Despite similarities between SEA and EIA processes, there are some di�erences, largely 
stemming from SEA being applied at an earlier stage in the planning process than EM, which 
has practical signi�cance. 

If SEA is to advance in application and e�ectiveness, then appropriate SEA methodologies 
need to be established. Despite calls for SEA to develop more independently of project-level 
assessment, existing SEA methodologies tend to be based on project-level EIA principles. 
It is argued here that while SEA can perhaps utilize many of the existing methods from 
project-level EIA, it requires a di�erent, more broad-brush, but structured methodological 
approach. Noble and Storey (2001) present state-of-the-art of SEA methodology, and a generic 
SEA methodological framework and an example based on the notion of the “best practicable 
environmental option”.

If SEA is to facilitate ‘strategic’ changes, it needs to focus on shaping the ways, in which 
strategic initiatives are implemented, not just formulated. �is is why follow-up, which refers 
to post decisional activities of SEA and strategic initiatives, is increasingly seen as crucial 
(Gachechiladze-Bozheskua, Fischer 2012).

It should be emphasised that the focus of this discussion is speci�cally on the integration 
of the environment into strategic decision-making, i.e. it attempts to integrate the environment 
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into all policy sectors and policy-making (while recognizing that this is occurring, if at all, 
only in some sectors and with widely di�ering levels of success).

�e focus is not on the wider integration associated with sustainable development, i.e. 
integration of environment, social and economic factors. However, sustainable development 
mechanisms are o�en driven by the need to integrate the environment into decision-making 
processes from which it had previously been absent, and so there is an important link between 
the two types of integration. ‘Sustainability appraisal’ and ‘integrated impact assessment’ 
(i.e. impact assessment covering social, economic and environmental aspects) are just two 
examples of terms used to describe strategic assessment that goes beyond Strategic Environ-

mental Assessment (SEA) in the parameters covered (Fig. 1).
�e analysis, application and creation of new instruments for the DM, formalisation of 

the models, criterions, analysis of hierarchical systems and processes including macro, meso 
and micro environments is still important. 

Fig. 1. SEA increasing integration of environmental, social and economic consideration
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Every SEA process should achieve certain goals, or ‘principles’: de�nition should take 
place in discussion between SEA and decision-making experts worldwide, representing dif-
ferent cultural/traditional backgrounds and level of decision-making (Verheem, Tonk 2000).

Over the years, SEA has been subjected to several interpretations, o�en resulting from 
di�erent views on democratic processes and social considerations in decision-making. More 
than strictly a technical tool, as in its original form, SEA has the potential to act as a mediating 
instrument, bridging problem perceptions with technical solutions, steering the assessment to 
facilitate the integration of environmental values into decision-making processes, in�uencing 
decision-makers’ capacity of acceptance (Vincente, Partidario 2006).

Research activity is evident in a number of publications. In technology and social sciences, 
more than 23 thousand publications were issued over the period of eighty years. �e dynamics 
of decision-making in technology and social sciences are presented in Table 1. �e themes are 
topical, and in the research �eld, developments were presented in a large number of journals 
at a high recognition level, mentioned and located in ISI Web of Knowledge database. 

Table 1. Dynamics of the research papers in Socio-Economic Systems Socio-Economic and Decision-Making 
in technology and social sciences

Year of 

publication

Research domains, area and keyword

TECHNOLOGY SCIENCES

SEA SES SS ES SEP SES & DM SEA & DM SS & MCDM ES & DM SES & DM 

(MCDM)

SEA& DM 

(MCDM)

2010–2013 324 25 31036 4181 44 2 105 19 6 2 21

2000–2009 404 116 49725 8346 75 7 – 22 3 8 24

1990–1999 77 34 18602 3138 20 4 – 2 1 4 3

1980–1989 4 8 5577 367 2 – – – – –

1970–1979 – 1 2209 176 4 1 – – – 1

1960–1969 – – 321 29 2 – – – – –

1950–1959 – – 60 – – – – – – –

≤1950 – – 5 – – – – – – –

Total 

approximately

809 221 107555 16251 147 14 105 29 11 15 34

Year of 

publication
SOCIAL SCIENCES

2010–2013 89 12 20083 391 23 3 25 3 1 1 25

2000–2009 131 27 33725 1673 20 4 45 4 – 2 46

1990–1999 42 10 1603 285 11 2 6 2 1 2 6

1980–1989 2 6 5430 76 2 – – – – – –

1970–1979 – 1 2464 42 4 – – – – – –

1960–1969 – – 497 3 2 – – – – – –

1950–1959 – – 80 – – – – – – – –

≤1950 – – 2 – – – – – – – –

SEA – Strategic Environmental Assessment; SEP – Socio-Economic Processes; SES – Socio-Economic Systems; 
SS – Social Systems; ES – Economic Systems; DM – Decision-Making; MCDM – Multi Criteria Decision-Making.
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Prof Valentinas Podvezko was the �rst to undertake  research of problems pertaining to 
theory of Socio-Economic systems, analysis of Quantitative Evaluation and complexity as well 
as decision-making instruments – MCDM methods; also, formalisation of Socio-Economic 
system models, analysis of quantitative evaluation models, analysis of used MCDM methods 
and their application  in the Socio-Economic system.

2. Research and academic career of Professor Valentinas Podvezko

�is year, Professor Valentinas Podvezko is celebrating his 
70th anniversary. He was born to an upper-level management 
and clerical family employed at a railway system. In 1960, he 
graduated from a secondary school of the city of Simfero-
pol. In 1961, he enrolled in the Department of Mechanics 
and Mathematics of Lomonosov Moscow State University, 
specializing in Applied Mathematics. He graduated in 1966. 
Immediately a�er graduation, he started his career in the 
Vilnius branch of Kaunas Technical Institute, which later 
became Vilnius Gediminas Technical University (VGTU), as 
an Assistant Professor. From 1970 to 1975, he was employed 
as a Deputy Head of the Computing Centre of VGTU; from 
1975 to 1986, he was a Senior Professor; from 1986 until 
present, he has been an Associate Professor at the Department 
of Mathematics (later renamed to Department of Mathematical Statistics); from 2003, he has 
been a Senior Research Fellow. In 1984, he was granted a PhD (Podvezko 1984) in Science 
at Scienti�c Research Institute of System Studies of the Academy of Science of the Russian 
Federation (Academic Supervisor: Prof Dr habil. Kazimieras Antanavičius).

In 1989, he was awarded a diploma of Associate Professor. In 1993, the diploma in 
mathematical sciences was rati�ed by the Research Council of Lithuania. On 14 September 
2006, Professor V. Podvezko published his research survey entitled “Complex Evaluation of 
Socio-Economic Processes” (Podvezko 2006). He was granted a post-doctoral degree from 
the Council of Faculty of Fundamental Studies, and the Habilitation Procedure Commission. 
In 2006, he became a Chief Research Fellow and a Professor at the Department of Math-
ematical Statistics, as well as a member of the Doctoral Studies Committee at the Business 
and Management Faculty (04S). Professor Valentinas Podvezko is currently a member of 
editorial boards of following scienti�c journals: “Journal of Business Economics and Man-
agement” (Lithuania), “Technological and Economic Development of Economy” (Lithuania), 
“Economic Computation and Economic Cybernetics Studies and Research” (Romania) and 
“Actual Problems of Economics” (Ukraine), and a member of Lithuanian Council of Oper-
ational Research. He is an author of approx. 150 research and methodical publications, and 
delivered approx. 30 report papers at international and local academic conferences. He had 
short scienti�c visits to the Faculty of Economics of the Lomonosov Moscow State Univer-
sity, and Faculty of Mathematics at the University of Belarus, and is very active in Doctoral 
Studies. In 2009–2010, he participated in the Council of the Committee of Doctoral Studies 
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and as a Committee member in Civil Engineering, Sociology, Economics and Mathematics 
more than ten times. His research focuses on Decision-Making, including MCDM method 
development and their modi�cations. 

In Lithuania, MCDM methods have been developed and used for evaluating  performance 
of socio-economic systems and solving the problems associated with analysis of MCDM 
methods (Ginevičius, Podvezko 2007, 2008a; Ginevičius et al. 2006, 2008a, b). In the analysis 
of MCDM processes, the weights of the criteria are determined and the criteria are combined 
into one integrated criterion (Ginevičius et al. 2008c). 

Valentinas Podvezko made his contribution to the research of above-mentioned problems 
at all stages. He proposed new methods, such as the use of mathematical statistics in developing 
a set of criteria for evaluating a research object (Ginevičius, Podvezko 2005). He suggested a 
way of arranging a large number of evaluation criteria into a hierarchical structure (Ginevičius, 
Podvezko 2003a, b, 2004a, b, 2007) and suggested a way of applying well-known methods of 
MCDM evaluation to the analysis of a hierarchically structured systems of criteria. He also 
suggested a graphical-analytical MCDM method (Ginevičius, Podvezko 2008a). He analysed 
the defence of multi-criteria evaluation results in view of  choice of preference functions and 
their parameters (Podvezko, Podviezko 2010) and the use of constrained and unconstrained 
optimisation models (Sivilevičius et al. 2011).

He performed mathematical analysis of many MCDM methods for example: the method 
of determining risk zones of investment in real estate (Ustinovičius et al. 2006), MCDM-1 
(Ustinovičius et al. 2007), MOORA (Brauers et al. 2010), AHP (Podvezko 2009; Maskeliūnaitė 
et al. 2009), and comparative analysis of SAW and COPRAS methods (Podvezko 2011).

He analysed a  number of problems in Socio-Economic Systems and  processes including 
quantitative evaluation and complexity: economic and social development of quantitative 
evaluation:  the organisation of manufacturing and technological processes (Ginevičius et al. 
2007; Ginevičius, Podvezko 2009; Zavadskas et al. 2009a), complex evaluation of economic 
development (Ginevičius et al. 2006) and contracts for construction (Podvezko et al. 2010), 
strategic potential of an enterprise (Ginevičius et al. 2012), and enterprise marketing activities 
(Ginevičius et al. 2013). 

3. Recent developments: Strategic Environmental Assessment (SEA) of Social & 
Economic Systems and Processes together with development of MCDM methods

�e recent developments research �elds concentrate on DM, including MCDM methods (Za-
vadskas, Kaklauskas 2007), statistics, optimization, strategies (Zavadskas et al. 2011a; Bozejko 
et al. 2012), intelligent support system (Kaklauskas et al. 2011), decision support system for 
construction time-cost optimization (Zhang, Ng 2012), evaluation system (Ginevičius, Pod-
vezko 2008a), etc. �e instruments and supports are applied in  problem solving in Social & 
Economic Systems (Zavadskas, Turskis 2011; Ginevičius, Podvezko 2008b) management 
(Ginevičius, Podvezko 2008c; Urbanavičienė et al. 2009; Kapliński 2010), political in�uence 
dimensions of sustainability, technological change (Yang et al. 2012), and environmental 
impact processes (Zavadskas et al. 2011b) and other aspects (Podvezko et al. 2010). Social & 
Economic system and processes including development (Tamošaitienė et al. 2010; Zavadskas 
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et al. 2011a) and development including developing of alternative and processes. Broad �elds 
as well as narrow groups consist the goal of the research in the future.

Decision-making in Social & Economic system in risky environment is determined in 
di�erent conditions (Abbasianjahromi, Rajaie 2012). In this case, evaluation of problems is 
possible including MCDM methods. In dynamic environment, undersell existing methods 
are used. For this reason, development of  new MCDM methods with di�erent types of values 
is an important topic. �e criteria, decision-making methods and created models must be 
adopted in one decision support system. �e existing problems solution algorithms and 
models must by adopted applying new conditions.

�e broad �elds might be divided to narrow groups by applying decision tree �elds and 
considering research object-�nding rational solutions. 

In the future, the main research �elds of DM&MCDM in SEA must be developed in 
following aspects: green, environmental, sustainable and eco (Schiederig et al. 2012), which 
are presented in Fig. 2. �e model must be oriented more at funding possible optimal, 
acceptable and feasible decisions of analysed problems. Recent development, trends together 
with MCDM methods, are as follow (Zavadskas et al. 2013):

 – development of MCDM models, methods with di�erent information types;
 – creation of hybrid problem solving models algorithms;
 – multi-stage problem solving;
 – di�erent MCDM methods combinations application;
 – modelling and creation decision-making algorithms in practice;
 – simulation;
 – optimization;
 – statistics;
 – best practice.

Fig. 2. Quantitative Complex evaluation of Strategic Environmental Assessment
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�e magnitude and future importance of some of the problems perceived by society are 
directly related to the �eld of the Strategic Environmental Assessment, implying an inescap-
able burden of responsibility for a group whose technical soundness, rational approach and 
e�ciency is highly valued and respected by the citizen (Ramirez, Seco 2012). Decision-Making 
must involve complexity, multi-staging, methods using di�erent types of information. Models 
and decision-making algorithms must be developed and created in view of ICT products for 
problem solving in Strategic Environmental Assessment, etc. Systems must operate in micro, 
meso and macro environments and include developmental aspects.

Conclusions

�is paper sets out to identify and examine what the academic literature reports on SEA as 
an assessment tool or process and can or should it support sustainability in Socio-Economic 
system development, assessment and decision-making.

According to the area of research, Prof. V. Podvezko’ research work may be divided into 
following groups: theory of Socio-Economic systems, analysis of quantitative evaluation 
and complexity, and decision-making instruments – MCDM methods; formalisation of So-
cio-Economic system models, analysis of quantitative evaluation models, analysis of MCDM 
methods in use and their application for a Socio-Economic System.
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