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Abstract. European Directive 85/337/EC introduced Environmental Impact
Assessment (EIA) as a process governed by administrative rules with the aim
of reducing environmental degradation and associated health problems gener-
ated by projects. Generally, the EIA process involves analyses and evaluations
of the potential impacts that human activities may have on the environment by
considering approaches such as the precautionary principle, prevention of con-
flicts, loss of natural resources, and environmental degradation. EIA influences
decision-making at local, national, and transboundary levels, with the following
overall objectives: potentially screen out environmentally harmful projects, pre-
dict significant adverse impacts, suggest measures to reduce or prevent major
impacts, identify feasible alternatives, and engage communities or individuals
potentially affected by the implementation of the project. Several issues obstruct-
ing the proper implementation of the EIA process are common in developing
countries: low quality of assessment reports, lack of public participation, insuf-
ficient equipment, and trained staff, inadequate institutional framework, and low
cooperation between policymakers, researchers, and stakeholders. The number of
research studies focused on the investigation of EIA collaboration process through
network analysis and multilevel adaptive models is worryingly limited, consid-
ering that the implementation of EIA procedures is deficient in most developing
countries, and the contribution of science that envisages the collaboration between
the actors involved to the process is minor at best. This paper aims to use Multi-
level Network Reification to create Higher-order Adaptive Network Models. The
results ofmultilevel network analysis will contribute to reshape impact assessment
procedures and create opportunities for better communication and transparency
between practitioners, researchers, policymakers, and other stakeholders. There-
fore, integrating Multilevel Adaptive Models in EIA helps to raise the policy
efficiency and define the dynamic interplay between EIA actors and diagnose the
organizational structures that strongly influence this procedure. Thus, by using an
adaptive computational network model, we aim to understand the roles of each
actor and the connections established in different EIA networks. The findings will
provide innovative information to find solutions and design a collaborative EIA
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procedure to improve projects under evaluation considering the current threats to
society and the environment.

Keywords: Environmental impact assessment · EIA actors · Cooperation ·
Multilevel adaptive model · Nonadaptive model

1 Introduction

EuropeanDirective 85/337/EC introduced Environmental Impact Assessment (EIA) as a
process governed by administrative rules with the aim of reducing environmental degra-
dation and associated health problems generated by projects. Generally, the EIA process
involves analyses and evaluations of the potential impacts of human activities on the
environment by considering approaches such as the precautionary principle, prevention
of conflicts [1], loss of natural resources, and environmental degradation [2]. EIA influ-
ences decision-making at local, national and transboundary levels, with the following
overall objectives: potentially screen out environmentally harmful projects, predict sig-
nificant adverse impacts, suggest measures to reduce or prevent major impacts, identify
feasible alternatives, and engage communities or individuals potentially affected by the
implementation of the project. Developing countries tend to haveweak EIA performance
[3–5] and low scientific productivity in the EIA field [6], highlighting the necessity of
improving the process and integrating it with planning and policy-making at multiple
scales [7]. Moreover, poorly implemented EIA often led to environmental conflicts, lack
of confidence in the system and infringement procedures against EU countries. EIA was
introduced in European Union as a mandatory process for implementing projects with
potential environmental impact [8]. In developing countries the procedure is mainly used
to obtain environmental permits, not to improve the project (minimize the impact) or
identify concretemitigationmeasures, andmost studies examine the environmental com-
ponents in a vague/subjective manner without proper public participation or scientific
oversight [6, 9].

Although the core EIA procedures are comparable worldwide, the quality of imple-
mentation varies from country to country and sometimes from project to project [10].
However, several issues obstructing the proper implementation of the EIA process are
common in developing countries: low quality of assessment reports, lack of public par-
ticipation, insufficient equipment and trained staff, inadequate institutional framework,
low cooperation between policymakers, researchers, and stakeholders [4, 11–13]. High
quality and streamlined EIA process [14] requires efforts from all involved EIA actors
[15]. Identifying technical solutions to the problems of a single category of actors is
not enough to develop sustainable projects, as this may neglect others’ interests, gen-
erating conflicts [16]. Current approaches to question EIA process use case studies to
discuss the quality of EIA reports, describe or compare stages or the whole procedure,
review the performance of EIA within a specific domain of activities, analyse percep-
tions of EIA practitioners through surveys or evaluate public participation [4, 5]. The
number of research studies focused on the investigation of EIA collaboration process
through network analysis/multilevel adaptive models [17] is worryingly limited [10],
the implementation of EIA procedures is deficient in most developing countries [6], and



Integrating Multilevel Adaptive Models 975

the contribution of science that envisages the collaboration between the actors involved
to the process is minor at best.

Another issue affecting EIA worldwide is the gap between practice and research,
and to our knowledge, no current approach captures the level of cooperation among
EIA actors at the international level. It is necessary to demonstrate that interactions
between practitioners, policymakers, and stakeholders can have a crucial impact on the
quality and effectiveness of EIA procedures [18]. To fill this gap, the paper uses social
network analysis (SNA) to investigate cooperation structures around EIA by using mul-
tilevel adaptive models and adaptive temporal-causal network models [19]. The analysis
is performed for each stage of the EIA (i.e., screening, scoping, impact assessment &
EIA reporting, public consultation, decision-making, monitoring), by analyzing the rela-
tionship between EIA actors. The analysis can help define best practice examples for
decision-making and constructive participation of stakeholders [20] in the EIA process.

Given that actors cooperate, compete, and support one another [21], the quality of
interactions makes a difference [22] in finding the key to success [23]. Furthermore, EU-
funded research projects are increasingly asked to include policy and societal dimensions
into their work plans and strengthen their dissemination and science-policy interface
activities. In this regard, better communication and transparency between practitioners,
researchers, policymakers, and other stakeholders have become a priority at the EU
level. Therefore, integrating SNA in EIA helps define the dynamic interplay between
EIA actors [24] to diagnose the organizational structures that strongly influence this
procedure. The difficulties of the investigated issue come from the fact that EIA is a
complex and collaborative process [25]; there is no single EIA actor powerful enough to
coordinate the process and elaborate scientific research and professional practice at the
same time. Thus, understanding the roles of each actor and the connections established in
different EIA networks will provide innovative information to find solutions and design
a collaborative EIA procedure to improve projects under evaluation, facts critical for
countries as Romania.

In this paper we integrate a novel framework for increasing the effectiveness and
accuracy of the EIA collaboration and overcome its low performance by exploring the
interplay between actors and providing practical solutions for a proper collaboration
in different scenarios for sustainable development. We analyze the impact of collab-
oration combinations of the EIA stakeholders involved by considering their tasks and
dominance in an EIA project in obtaining the environmental permits. We use computa-
tionally modeling and simulation to answer the following research question: What is the
most effective combination of the EIA actors, and if dominance can improve the EIA
collaboration process.

2 Concepts and Methodology

2.1 EIA Network Modelling

This paper uses Social NetworkAnalysis (SNA) [26], awell-developed scientific domain
within network theory [27]. This methodological approach is widely used for resource
management networks [28, 29] and for investigating patterns in environmental policy
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collaboration [7, 30]; however, to our best knowledge, it has not been used in a complex
socio-ecological arena such as EIA.

In this regard, better communication and transparency between practitioners, policy-
makers and other stakeholders have become a priority at the European level. Therefore,
integrating SNA in EIA helps to investigate the dynamic interplay between EIA actors
in the context of social interactions and organizational structures that strongly influence
the implementation of this procedure.

The difficulties of the investigated issue come from the fact that EIA is a complex and
collaborative process [25]; there is no single EIA actor powerful enough to coordinate
the process and elaborate scientific research or professional practice at the same time.
Thus, creating the different scenarios and understanding the roles of each EIA actor and
the connections established within an EIA network will provide innovative information
for designing a collaborative EIA procedure and improve projects under evaluation.

Our findings of social network analysis applied to empirical EIA processes will help
solving problems while leading to improved collaboration and knowledge exchange
between practitioners, scientists, policymakers, and stakeholders.

2.2 Investigated EIA Structures

By mapping the models and accurately documenting EIA practice, we identify key
individuals/organizations influencing the network’s structure [31, 32]. Specifically, we
reproduce here two scenarios in which the EIA network is influenced only by a few
actors with low collaboration between Developer/Beneficiary and Public Authority and
Stakeholders (Scenario 1) and the second one in which EIA decision-making process is
influenced by all stakeholders (Scenario 2 - Level of cooperation according to EU EIA
Directive).

In contrast to the non-adaptive network model [33], higher-order adaptation is
addressed in the model introduced here [34, 35].

We further perform simulations of adaptive multilevel models in which we present
a Homogeneous EIA model and a dominance scenario of all EIA actors that should take
part to EIA.

For adaptivemultilevel models for cross-sectional EIANets we compare the network
of actors and collaboration process according to the EIA Directive (85/337/EEC) for
each stage of the process (i.e., Screening, Scoping, EIA Reporting, EIA Report quality
assessment, Public participation, Decisionmaking and Follow-up andMonitoring)) with
the resulted collaboration network from the actual EIA practice for the EIA permit and
implementation of a project and/or implication of public in each EIA stage (Fig. 1), as
follows:

1. Screening – The stage that establishes whether the environmental and social impacts
of a proposed development project would be significant enough to develop and
perform an EIA;

2. Scoping – The stage that determinates the limits/boundaries of the EIA, set the
basis of the analyses that will be conducted at each stage, presenting the project
alternatives;
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3. Impact assessment & EIA Reporting quality assessment – The stage evaluat-
ing the socio-economic and environmental impacts of the planned project and its
alternatives, and then identify the mitigation measures to reduce those impacts;

4. EIA consulting (Public participation) – The stage aiming to consult and include
all stakeholders potentially affected by the proposed project;

5. Decision-making – The stage in which the competent authority grants or not the
environmental permit for the implementation of the project;

6. Information on decision – The public/stakeholders are informed of the decision
7. Follow-up and Monitoring – The stage in which it is carried out monitors the

implementation of the project to respect all the clauses and norms included in the
environmental impact assessment report.

Fig. 1. EIA stages, states and stakeholders included in this study

3 The Network-Oriented Modeling Approach Used

In this section, the network-oriented modelling approach used here (see [35]) is briefly
introduced. Following this approach, a temporal-causal network model is characterized
by (here X and Y denote nodes of the network, also called states with activation values
X(t) and Y (t) over time (t):

• Connectivity characteristics: Connections from a state X to a state Y and their
weights ωX,Y

• Aggregation characteristics: For any state Y, some combination function cY (..) (usu-
ally with some parameters) defines the aggregation that is applied to the impacts
ωX,YX(t) on Y from its incoming connections from states X
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• Timing characteristics: Each state Y has a speed factor ηY defining how fast it
changes for a given impact.

The following difference (or differential) equations that are used for simulation
purposes and also for analysis of temporal-causal networks incorporate these network
characteristics ωX,Y , cY (..), ηY in a standard numerical format:

Y (t + �t) = Y (t) + ηY [cY (ωX1,Y X 1(t), . . . ,ωXk ,Y Xk(t)) − Y (t)]�t(1) (1)

for any state Y and where X1 to Xk are the states from which Y gets its incoming
connections. Here the overall combination function cY (..) for state Y is the weighted
average of available basic combination functions cj(..) by specified weights γj,Y (and
parameters π1,j,Y , π2,j,Y of cj(..)) for Y:

cY (V1, . . . ,Vk) = γ1,Y c1(V1, . . . ,Vk) + · · · + γm,Y cm(V1, . . . ,Vk)

γ1,Y + · · · + γm,Y
(2)

Equations (1) and (2) are hidden in the dedicated software environment; (see [35] -
Ch 9). As part of this software environment, currently, more than 45 basic combination
functions are included in a combination function library; see Table 1 for some of them
used here; in the last column, it is already indicated for which states of the network
model described in Sect. 4 they will be used. The above concepts enable to design
network models and their dynamics in a declarative manner, based on mathematically
defined functions and relations.

Note that there is a crucial distinction for network models between network charac-
teristics and network states. Network states have values (their activation levels) and are
explicit representations that may be accessible for network states by connections to and
from them and can be handled or manipulated in that way. They can be considered to
provide an informational view on the network; usually, the states are assumed to have
a certain informational content. In contrast, network characteristics (such as connection
weights and excitability thresholds) have values (their strengths) and determine (e.g.,
cognitive) processes and behaviour in an implicit, automaticmanner. They can be consid-
ered to provide an embodiment view on the network. In principle, these characteristics
by themselves are not directly accessible nor observable for network states; you can
make connections between states, but you cannot make connections between network
characteristics or between states and characteristics.

Table 1. Examples of basic combination functions from the library used in the current paper
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As indicated above, ‘network characteristics’ and ‘network states’ are two distinct
concepts for a network. Self-modeling is a way to relate these distinct concepts to each
other in an interesting and useful way.A self-model ismaking the network characteristics
(such as connection weights and excitability thresholds) explicit in the form of adding
states (called self-model states) for these characteristics and also connections and other
network characteristics for these additional states. Thus, the network gets an internal
self-model of part of its structure: it explicitly represents information about its own
structure. In this way, by iteration, different self-modeling levels can be created where
network characteristics from one level relate to network states at the next level.

More specifically, adding a self-model for a temporal-causal base network is done
in the way that for some of the states Y of the base network and some of the network
structure characteristics for connectivity, aggregation and/or timing (i.e., some from
ωX,Y , γj,Y ,πi,j,Y , ηY ), additional network statesWX,Y ,Cj,Y , Pi,j,Y ,HY (self-model states,
also called reification states) are introduced and connected to other states:

a) Connectivity self-model

• Self-model states WX,Y are added representing connectivity characteristics, in
particular connection weights ωX,Y

b) Aggregation self-model

• Self-model states Cj,Y are added representing aggregation characteristics, in
particular combination function weights γj,Y

• Self-model states Pi,j,Y are added representing aggregation characteristics, in
particular combination function parameters πi,j,Y

c) Timing self-model

• Self-model statesHY are added representing timing characteristics, in particular
speed factors ηY

The notationsWX,Y ,Cj,Y ,Pi,j,Y ,HY for the self-model states indicate the referencing
relation with respect to the characteristics ωX,Y , γj,Y , πi,j,Y , ηY : here W refers to ω, C
refers to γ, P refers to π, and H refers to η, respectively. For the processing, these
self-model states define the dynamics of any state Y in a canonical manner according
to Eq. (1) and (2) whereby the values of ωX,Y , γj,Y , πi,j,Y , ηY are replaced by the state
values of WX,Y , Cj,Y , Pi,j,Y , HY at time t, respectively.

An example of an aggregation self-model state Pi,j,Y for a combination function
parameter πi,j,Y is for the excitability threshold τY of state Y, which is the second
parameter of a logistic sum combination function; then Pi,j,Y is usually indicated by
TY , where T refers to τ. The network constructed by adding a self-model to a base
network is called a self-modeling network or a reified network for this base network.
This constructed network is also a temporal-causal network model itself, as has been
shown (see [35], Ch. 10); for this reason, this construction can easily be applied iteratively
to obtain multiple levels or orders of self-models, in which case the resulting network is
called a multi-order or higher-order self-modeling network.
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4 The Designed Network Models

Using the data discussed in Sect. 2, we designed a specific library to create multilevel
adaptive models to understand how multiple EIA actors interact and identify organiza-
tions, initiatives, and key individuals that significantly influence [36] the general EIA
process. These analyses will allow understanding of network connectivity, where there
are critical networkhubs (e.g., organizations/persons that bridge the network and increase
the network’s overall alignment and extend its reach and influence), and opportunities
to strengthen connections.

The results of this statistical approach will be contrasted with the technical quality
of the EIA reports and at each stage of the procedure to highlight best practice examples.
In the next subsections, we present two nonadaptive models to compare the EU EIA
Directive indications for the collaboration of stakeholders in the whole process (consid-
ering EIA stages mentioned in Sect. 2.2) and what happens most of the time when it
comes to public consultation. Furthermore, we compute a model considering an adap-
tive scenario – Collaboration considering the Procedural aspects. Figure 2 shows the
collaboration model considered for analysis (see Table 2 for the legend and Appendix
Sect. 7 for a full specification of the adaptive model in role matrix format).

Fig. 2. Model in EIA process included in this study (Base level and First reification level)

5 Simulation Results

In this section, some of our simulation experiments are discussed.

5.1 Nonadaptive EIA Models

The simulation results presented in Fig. 3 show a proactive behavior of the actors’
involvement in the EIA stages, in which everyone knows their role and intervenes in the
stage in which they must, considering the EU Directive. This type of collaboration is
less and less common in the EIA process because the public consultations are not made
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known and publicized in time so that the stages are passed quickly until the issuance of
the environmental permit for the implementation of the proposed project. In this model,
we can also see as variable the final agreement, which in Fig. 4 is missing due to lack
of communication, existing conflicts, and various interests other than the quality of the
environment.

Table 2. Overview of the states and their explanation.

This lack of EIA stakeholder involvement can be explained by disinterest on the one
hand but can be justified at the same time by the shorter duration of the whole process
(all EIA stages) and also by reduced transparency and lack of provision of information
by the public authorities and the developer (Figs. 3 and 4).
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Fig. 3. Nonadaptive model - Scenario 1 – Developer/Beneficiary and Public Authority (decision
making) influenced by all stakeholders (Legend in Table 2)

Fig. 4. Nonadaptive model - Scenario 2 – Low collaboration between Developer/Beneficiary and
Public Authority and Stakeholders
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Fig. 5. Adaptive scenario – collaboration considering the procedural aspects

5.2 Actor Dominance Scenario

Figure 5 illustrates a computational EIA collaborationmodelwhere each actor influences
the final agreement/decision-making process (authorize or not the implementation of
the proposed project considering its negative impact on the environment). Here we
highlight a dominance scenario in which simulations were performed by making each
EIA stakeholder dominant within the group by increasing their connection weight.

6 Discussion and Future Work

The present research explored the patterns of collaboration between the stakeholders
involved in the EIA process. Our results could be helpful and inform environmental
policymakers by describing EIA collaboration patterns, weaknesses of the network,
opportunities for greater involvement of key individuals and perspectives of building
bridging communication hubs to avoid or reduce environmental conflicts.
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From the economic and social point of view, understanding the collaboration process
in EIA and the main types of conflicts will help remove barriers in EIA implementation
and sustainable economic development [11]. Understanding how these networks are
shaped while considering EU and transposed national policies will determine how net-
work structures influence efficacy in environmental sustainability implementation [36].
Integrating environmental change with social and economic development is mandatory
to ensure a positive evolution of all components of the EIA process. Furthermore, the
paper contributes to raising public awareness on the EIA participatory. Our findings
could be integrated into future policy recommendations and highlight opportunities to
share best EIA practices between researchers, public authorities, interested groups, and
experts. These avenues for outreach are based on the premise that the environment con-
stitutes a common resource and that it is important to cooperate towards its protection,
management, and planning.

The EIA proceduremust enable connections between people, environment, research,
and laws, leading to better environmental planning, management, and protection. Fur-
thermore, it is fundamental for EIA stakeholders to change the traditional approaches
based exclusively on single actors/institutions (Figs. 3, 4, 5 and 6) and rethink the EIA
process leading it towards sustainable participatory planning [37] and managing by
learning from past experiences, best practices and public attitudes.

Acknowledgment. AN and LR were supported by a grant of the Romanian National Authority
for Scientific Research (https://uefiscdi.gov.ro), PN-III-P1-1.1-TE-2019-1039.

Appendix: Specification of the Adaptive Model by Role Matrices

In this section, the full specification of the model is provided in terms of role matrices,
which is the standard format used for design of a model and which can also be used as
input for the software environment. Each role matrix has three color blocks that match
the colors in the graphical representation used earlier: pink for the base level, blue for
the first-order self-model states and purple for the second-order self-model states.

https://uefiscdi.gov.ro
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Connectivity Characteristics Role Matrices
The first role matrix mb (see Table 3) represents the base connections between all the
states, as presented in the graphical representation in Fig. 1. For example, row 4 with
state NGO (also indicated by X4) has five incoming connections from X4, X1, X2, X7,
X9, which are NGO itself, D, PA, LP, and ME. Role matrix mcw (see Table 4) shows
the weights ω of the connections presented in role matrix mb. There is a difference in
nonadaptive (green) and adaptive connections (peach-red). For example, in row 2 for
state PA with ten incoming connections, there are two non-adaptive connection weights
with vales (0.5 for the connection from X1 and 1 for the connection from X21, as can
be seen in role matrix mb) and 8 adaptive connection weights. The latter 8 ones are
represented by states X13 (i.e., WD,PA, a first-order self-model state), and similarly, the
other self-model states X14 to X20.

Table 3. Role matrix mb for base connectivity.
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Aggregation Characteristics Role Matrices
Role matrix mcfw (see Table 5) specifies which combination function is used for each
state. For example, states X1 to X10 and X21 use the combination function alogistic,
which is indicated by a combination function weight γ of 1 in the first column. Role
matrixmcfp (see Table 6) defines the exact parameters used for each state and function.

Table 4. Role matrix mcw for base connectivity.
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Table 5. Role matrix mcfw for combination function weights.
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Table 6. Role matrix mcfp for combination function weights.
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Timing Characteristics Role Matrix and Initial Values
The speed factors ηY are specified in role matrix ms; see Table 7.

Table 7. Role matrix ms for speed factors.
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