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growing interest in this area of research, a review of the different methods of assessing land use impact (LUI)
was performed using bibliometric analysis. One hundred eighty seven articles of agricultural and biological
science, and environmental sciences were examined. According to our results, the most frequently used land
use assessment methods are Life-Cycle Assessment, Material Flow Analysis/Input-Output Analysis, Environmen-
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1. Introduction

The current stage of development of the world economy is charac-

_ terized by the increasing level of land use and the environmental impact
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food security concerns and lack of environmental sustainability (Reid
et al.,, 2000) at different scales. Since land is one of the most essential
resources needed for humans, not only as a living or economic activity
space, but also for the ecosystems, it is vitally important to preserve
it and prevent possible irreversible effects associated with human
activities.

Talking about environmental impacts on land use, two basic land use
activities should be considered: land use change and land occupation
(Koellner and Scholz, 2007). Land use change (transformation) is a
man-made change of the land use from one type to another (e.g. from
forests to agricultural crop). On the one hand, such changes could be
dramatic and lead to environmental damage (biodiversity decreases,
etc.); on the other hand, they can have a positive influence, for example,
transformation of built-up areas to gardens or secondary forests. Land
occupation is continuous use of some area for a certain period of time
for specified land use type. The environmental impact from land occu-
pation could be different (negative or positive). Thus, all human impacts
on soil, water, plant and animal life, etc. caused by the land use activities
are referred to land use impact (Doka et al., 2002). Such impact not has
only ecological consequences, but in so far as land use is part of a world-
wide research agenda, sustainable land management is also a political,
economic and social issue (Meshesha et al., 2014). Therefore land use
impact assessment could be understood in this broad sense. But we
should note that in our study we use the term “land use impact assess-
ment” specifically in the context of environmental impact assessment.

Nowadays there are many types of methods, tools and methodolo-
gies to assess the environmental impact of land use. Each of them has
their own particularities, depending on the specific research purposes.
To identify the existing methods used, their scope and scale of applica-
tion, understand which ones are the most commonly used, for what
purposes, and finally highlight the most promising ones for supporting
different levels of decision-making, we performed a bibliometric analy-
sis of the state of the art in land use impact assessment. A comparison of
the methods is presented in two tables, which offer a view of the essen-
tial elements of the issues studied depending on the objectives of each
case study.

Since there are no generally accepted definitions of “method”, “tool”
and “methodology” (see section on Limits), we used the following defini-
tions for our research. Methodology is a way to solve a research problem
that includes collection of rules, practices and procedures and explains
why we use specific methods and tools (McGregor and Murname,
2010). Method is a technique including a systematic and planned proce-
dure for performing research (McGregor and Murname, 2010). Tool is a
specific instrument or device that can be used within different methods
to carry out a particular task (for example, SimaPro or GaBi in LCA).

Several criteria summarized in Table 1 were chosen to compare the
methods and to understand their importance within different contexts
of land use.

Table 1
List of criteria chosen to compare the methods with several examples provided in
brackets.

“First” group “Second” group

Criteria (example)
Method type (analytical or
procedure oriented)
Method strategy (bottom up
or top down)
Necessity of use (voluntary
or compulsory)
Main principle (e.g. mass balance) Indicator levels (e.g. impact)
Input data type (primary or secondary)
Scale (e.g. global)
Combination(s) of methods (e.g. MFA and LCA)
Land use type (e.g. agricultural)
GIS and RS application (e.g. GIS)
Subject division (e.g. production)

Driving forces (incentives or regulation)
Application areas (e.g. territory, product)

Target audiences (e.g. policy makers)

Our so-called “first” group of criteria was based on the general as-
sumptions typical of each method that were explicit in the definition
and generic existing description.

The “second” group of criteria took into account the use of non-
evident characteristics of the methods, and this is the basis of our anal-
ysis, bringing out the state of the art and usefulness of the methods.
These criteria were chosen for different reasons. For instance, knowing
that compulsory procedures enforced by policy regulation and markets,
could be driving forces favoring the use of some methods more than
others, we decided to include the mechanisms promoting their use in
our analysis. The application of the methods, and the target audience
for whom the study is made, could influence the choice of method de-
pending on the goal of the assessment, hence it was important for it to
be included in the study. The next important criteria seemed to be an in-
dicator level showing a qualitative or quantitative measure of the land
use impact. Quite often the quality of the outcome depends on the
way the data is collected (e.g. sampling) or the accessibility challenge
if it is necessary to use external databases. Even though we could as-
sume the data type used in each method, it was very interesting to see
how it was developed, knowing that, for example, LCA is very often crit-
icized for using mainly secondary data thus generating considerable un-
certainty in results. So, the input data type was another chosen criterion.
The geographical scale of the assessment is also of importance, as it
shows how the information is represented and generalized spatially
and temporally. It was included as a criterion. A comparison of methods
could show potential interrelations and possibilities of combining them
to obtain a more explicit assessment, so this criterion was also included.
Most studied land use type shows the priority of such types in the cur-
rent state of the knowledge, so appeared to be important. Since land use
has spatial and temporal aspects, geographical information system
(GIS) and remote sensing (RS) are quite important to be applied to
land use assessment studies. Thus, the use of these two tools within
the methods was chosen as a criterion. The subject division allows the
identification of the fields where land use is most studied.

Comparison according these criteria summarized in two compara-
tive tables (Tables 2 and 3) shows the current state of the art in this
area and opens the discussion of their use.

2. Methodology

To achieve the main goal of our study we carried out a bibliometric
analysis (BA). We examined several articles discussing different ap-
proaches to perform a bibliometric analysis (Coroama and Hilty, 2014;
Loiseau et al., 2012; Russell et al,, 2011) and decided to use a strategy
represented by Russell et al. (2011). Basing on this approach that in-
cluded two steps: the first is the choice of journals based on scientific
journal ranking (SJR) (SCmago Journal & Country Ran) and the second
is the choice of key words within those chosen journals we run our
study. Among the four possible options for key word search, Publish
or Perish software seemed more user-friendly and thus was chosen de-
spite some disadvantages, for example, inaccuracy of results using
search by author (Baneyx, 2008). This drawback was avoided by using
the key-word search.

Choosing scientific journals that could be relevant to the ecological
issue, among the various subject categories proposed by the SJR plat-
form (SCmago Journal & Country Ran), only two categories were
retained as being of interest: “Agricultural and biological sciences” and
“Environmental Science”. Since the ranking of journals is more or less
consistent over time, we chose a default year of 2013 for our study. To
take into account the journals of all possible countries in these cat-
egories, we did not exclude a journal based on country of origin. Fur-
thermore, we selected the top 100 journals in each category and
verified their listing to exclude duplication. In our case the studied
categories included several numbers of the same journals. We finally
retained just 187.
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Table 2
Comparative characteristic of methods.

No Method LCA MFA/IOA EIA EF

criteria
1 Type Analytical Analytical Procedure-oriented Analytical
2 Strategy Bottom up Top down Top down Top down
Bottom up
3 Utilization Voluntary Voluntary Compulsory Voluntary
4 Main principle Life cycle Mass balance Defined geographical boundaries Agent environmental impact

Our next step was to identify the key words that could help us to
carry out our study. We chose obligatory and optional words to make
our research more reliable. The obligatory words meant that all of
them should be found in the article. Optional ones are not obligatory
but we decided to include them as they could give us more robust
results. The obligatory words we chose were “land use”, “environmental
impact”, “indicator”, “data”, “scale”. Optional words were “assessment”,
“evaluation”, “estimation”, “method”, “tool”, “approach”, “analyze”.

After these two steps, we had the information necessary for our
analysis: 187 journals to be analyzed as well as obligatory and optional
words to be used in the software program Publish or Perish to perform
our research. There are numerous fields to be completed to use this pro-
gram, depending on the strategy used and way sources are selected, the
results can be quite different.

All the journals examined covered the period 1975-2013. Ninety eight
of the 187 journals did not give any results with our search words, as they
did not have a direct connection with land use, even if this phrase oc-
curred in the articles. Thus our research was based on the remaining 87
journals. The number of articles in each journal varied significantly,
some journals contained only 1 article, others more than 30.

Finally, 177 different articles were chosen, and our first results are
based on them. It should be noted that only h-index articles were
taken into account. This index shows that the content of the article pre-
sents scientific interest and significance that was important to our
study.

In addition, every single article had been carefully studied and in
depth research had been done choosing particular criteria that could
make the results more accurate and reliable. Many of the articles select-
ed by using our methodology did not meet the necessary requirements
for our study (in some articles keywords were just mentioned, but the
article itself did not focus on the subject of our research; in some articles
we could not find essential information within the criteria chosen, etc.).
Thus, depending on the article content and degree of details of informa-
tion represented, 117 articles were subsequently excluded from the
study. The remaining results are based on 60 articles. Fig. 1 summarizes
the steps of our research methodology.

3. Explanation of the results
3.1. First screening: review of 177 articles

We analyzed the state of development (and integration) of methods
for land use impact assessment within the chosen period. Our first
screening, based on 177 articles showed increasing interest in the
issue (Fig. 2) in recent years. Fig. 2 shows that studies started in 1992,
before that we found only one study in 1975. However, real growth in
this area started in 1996. We assume that the 1992 Rio Conference
drove research in this area forward by given special attention to critical
resources (water and land), as well as land use changes, and also by
promoting sustainable land-use planning and management (UNCED,

Table 3
Comparative characteristic of methods derived from BA analysis.
No  Method LCA MFA/IOA EF EIA
criteria
5  Driving forces Incentives (ISO standards 14001) Incentives Incentives (ISO 14001 EMAS) Regulation (e.g. EIA Directive
2014/52/EU)
6  Application area Product Territory Land capacity Project planning
Process Material Territory Territory
Service Process
Product system
7  Target audience Industries Industries Policy makers Industries

8 Indicators level
9  Data type
10 Scale

11 Combination of methods
12 Land use type

13 GIS and RS application
14 Subject division

15 References®

Policy makers
Organizations (companies,
business...)

Impact

Primary

Secondary

Regional

Global

MFA/IOA, EF, EIA
Agricultural land

Forests

Artificial surfaces

GIS, RS

Consumption and production

Policy makers
Pressure
Secondary

National
Regional

LCA, EF
Agricultural land

GIS, RS

Energy, including bioenergy and biofuels

Biodiversity and ecosystem services

Emissions and wastes
Agriculture

3,4,5,9,10,11, 12, 14, 15,16, 17, 18,
19, 21, 22, 26, 29, 32, 35, 38, 39, 40,

41, 45, 47, 48, 52, 54, 55, 56, 60

2,3,5,6,7,11,13, 21, 24, 25, 26,

28,29, 31, 39, 43, 45, 47, 49, 51,
52,55, 59, 60

Organizations (companies,
business...)

Impact

Primary
Secondary

Local

Regional
National

LCA, MFA/IOA
Agricultural land
Forests

Artificial surface
GIS, RS

1,2,6,8,13,17,19, 22, 23, 24, 25,

27,28, 30, 37, 44, 53, 55, 58, 59

Policy-makers

Impact
Secondary

Project

LCA

Agricultural land
Forests

Wetland

GIS

8, 20, 33, 34, 36, 46, 50

2 Articles are numbered according to the numbering specified in Supplementary materials.
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Fig. 1. The steps of BA realized.

1992). In addition, this growing interest could be also connected with the
launch, in the mid-1990s, of “The International Geosphere-Biosphere
Programme and International Human Dimensions Programme” aimed
at the study of basic changes in land use (Meshesha et al., 2014). The
highest number of studies (27) was carried out in 2011, since then
research has dropped off (4 studies in 2013). It is difficult to explain this
sharp drop. It will be necessary to follow the trends for the next few
years before drawing any conclusions.

According to our research results, there are a large number of
methods that in one way or another relate to land use impact assess-
ment. We found Material Flow Analysis (MFA), Input-Output Analysis
(IOA), Life Cycle Assessment (LCA), Environmental Impact Assessment
(EIA), Strategic Environmental Assessment (SEA), Substance Flow Anal-
ysis (SFA), Risk Assessment (RA), Intervention Analysis, Before After
Control Impact Analysis (BACI), Well-to-Wheel Analysis, Detrended
Correspondence Analysis (DCA), Canonical Correspondence Analysis,
Ecological Footprint (EF), Cost-Benefit Analysis (CBA), Cost& Efficiency
Analysis (CEA) and Integrated Assessment and Technology Assessment.
We decided to focus only on the more frequently used ones, namely
LCA, MFA & IOA,! EIA and EF (Fig. 3), which appeared during the first
screening. A brief description of their characteristics in the order of
their frequency of occurrence in the studied sample of our bibliometric
analysis is given below.

3.1.1. Life cycle assessment

LCA was the most frequently used method within the sample with
96 out of 177 articles. LCA is a method of evaluating the potential envi-
ronmental impact of a product or service through all the stages of its en-
tire lifetime, i.e. from raw material extraction through manufacturing,
transport, distribution and use to the end-of-life. It is a method for the
communication and promotion of environmentally responsible produc-
tion and consumption. Nevertheless it is not a compulsory method, but
is often chosen due to the marketing advantages it offers.

The first environmental life cycle research was carried out in the USA
in 1969 by Coca-Cola, by Harry E. Teasley Jr., one of their managers, and
published in “Science Magazine” in 1976. It encouraged the foundation
and development of methods of life cycle inventory analysis. However,
the term “Life Cycle Assessment” only appeared in 1990, proposed by
the Society of Environmental Toxicology and Chemistry (SETAC)
(Giarola et al., 2012).

Nowadays LCA is a part of environmental management standards
ISO 14001 (Hu et al,, 2011). It has several functions: firstly to help min-
imize the negative impact of the studied system to the environment
(air, water, land, etc.); secondly system compliance with the existing
laws, standards and environmentally-oriented incentives, identifying
the ways better environmental performance can be achieved.

There are four main stages in the LCA: goal and scope definition, in-
ventory analysis, impact assessment and interpretation. Goal and scope
definition is a key step which requires the explicit definition the aim of
the study and the boundary of the studied system. The next step in-
cludes the collection of information, namely, input and output data to
prepare inventory flows. The aim of the third step is to estimate

1 MFA and I0A were united because they are based on the same principle.

potential environmental impact based on flow results. The last step in-
cludes the summarized result interpretation of inventory analysis and
impact assessment stages. It is important to note that LCA provides an
assessment of potential impacts on the basis of a chosen functional
unit (Zhou et al,, 2011).

3.1.2. Material flow and input-output analysis

MFA is a method that allows all the materials (even hidden flows) to
be accounted for, to identify and quantify flows and stocks of materials
in physical units (kilograms, tons) within a defined system on different
spatial and temporal scales (Brunner and Rechberger, 2005). It is not a
mandatory method, but it is widely used in rational and efficient re-
source use evaluation.

The history of MFA is in connection with IOA that is a quantitative
method, representing the interrelation between the various sectors of
national or regional economies. The Russian-born American economist
Wassily Leontief (Leontief, 1986) contributed to the input-output
model, estimating economic impacts and tracing the monetary flows
that contributed to MFA development (Lenzen et al., 2004).

The method includes two fundamental principles: the system ap-
proach and the mass balance. The principle idea of the MFA approach
is a simple model characterizing relations between economy and the
environment. Thus, all the natural resources (water, raw materials
etc.) are the inputs and transformed products become outputs (final
products, air emissions, wastes etc.). According to physical laws, the
MFA system should be balanced, i.e. total input and output should
be equable.

3.1.3. Environmental impact assessment

EIA is a term proposed by the International Association for Impact
Assessment (IAIA) aimed at identifying the intensity and risk level of
any kind of planned project activity and its impact on the environment
and human health. One of the most important features of Environmen-
tal Impact Assessment is that it should be available for all interested
agents in the early stages of the project development. Thus, EIA has
become necessary in making the decision whether a project should be
carried out or not. Likewise, EIA has been defined as the main method
for achieving sustainable development (Treweek, 2009).

As we were able to identify, this method is mandatory, and nowa-
days it is a compulsory instrument for some international organizations
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Fig. 2. The study of land use impact assessment.
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Fig. 3. The most widespread methods in the land use assessment identified according to
our BA.

such as the Organization for Economic Co-operation and Develop-
ment (OECD), the United Nations Environment Program (UNEP),
the European Union, and the World Bank which are involved in the devel-
opment of numerous world projects (Mandelik et al., 2005). Various
countries also have EIA in a similar form (e.g. France, Russia) for
new or reconstruction projects, even though the procedure can dif-
fer in some aspects from country to country.

The development of EIA started with the creation of the National
Environmental Protection Act in USA adopted in 1969 (NEPA). It was
one of the most important environmental policy decisions in the history
of EIA and this idea was soon accepted by other countries and gave birth
to EIA elsewhere.

Based on eight steps, namely screening, scoping, impact analysis,
mitigation, reporting, review, decision-making and post-monitoring of
the planned project, the general objectives of EIA are to ensure proper
usage of resources, to protect and improve the environment in a way
that does not result in damage to human health and to the natural
systems.

3.1.4. Ecological footprint

EF is a method for measuring biologically productive areas, mainly
land and sea, needed for human consumption to fulfill needs such as
food, water, energy, construction materials etc. (Hong et al., 2009). In
other words, it measures the human demand on the biocapacity of the
Earth by comparing people's demands and the ability of nature to re-
generate resources thus helping to provide a better understanding of re-
source efficiency in social, economic and environmental dimensions.

The history of EF is connected with the name of Mathis Wackernagel
who described this concept and proposed a calculation method. The
first publication that made this method well known and widespread
was done by William E. Rees (Mathis Wackernagel's supervisor) in the
early 1990 (Kitzes et al., 2009). The first version of it was an “appro-
priated carrying capacity” concept, but later it was changed to the
current one.

The main steps of EF depend on its objective and scale: for calcula-
tion of a local EF, specific-local statistical data is necessary, for the
national level internationally recognized information such as National
Footprint Account (NFA) is needed. LCA databases are also commonly
used for calculating various indicators in EF analysis (Huijbregts et al.,
2008).

3.2. Second screening: review of 60 articles

The main results of our analysis are based on the 60 articles chosen
out of 177 articles under the study during the in depth research (sum-
mary table of articles reviewed is presented in the supplementary
materials).

3.2.1. Geographical distribution of the studies
Our first step was to analyze the geographical distribution of land
use impact assessment studies. Fig. 4 shows the countries covered by

the study field. This estimation was made according to the educational
and scientific institutions where the articles originated. Since certain
publications were developed by collaboration between educational
establishments from different countries, these studies could be counted
several times.

We can see that most of the studies in research on land use impact
assessment come from European countries. There were few studies in
South America and no study from African countries or Russia. It may
be connected with different study orientations in South American coun-
tries (e.g. biofuels in Brazil) as well as the fact that the articles studied
were in English, rather than Spanish or Portuguese. The African conti-
nent does not figure in the chosen sample. The Russian case could also
be connected with the language problem, as no Russian journals were
under study.

However, in some cases the institution locations could differ from
the geographical location of the case study. So we also looked at the dis-
tribution of land use assessments within the studied articles. We identi-
fied countries that were studied by the above mentioned research
teams. We found that the majority of studies do not refer to any specific
country; the researchers adopt a generic approach to the impact assess-
ment of the land use. Only 21 articles out of 60 were focused on a partic-
ular country-study and included mainly European countries. However,
some studies were observed also in the Asia-Pacific region, Brazil,
Mexico, Australia and the United States.

3.2.2. Data treatment
As mentioned above, information about the methods could be
extracted based on their characteristic description (Table 2).

1. For the first criteria group we could distinguish two main methods:
analytical and procedure-oriented. Procedure-oriented methods
(EIA) are based on a set of procedures with involvement of different
stakeholders, while analytical methods (LCA, MFA, EF) focus mainly
on the technical issue and are based on analytical thinking and
conclusions.

2. ‘Strategy’ is set of actions to achieve certain results in a long term.
Both of the presented strategies (bottom up and top down) use infor-
mation processing and knowledge ordering, but the top down ap-
proach (LCA, EF, EIA) is a hierarchical structure or process that
progresses from a large, basic unit to smaller, detailed subunits,
whereas the bottom up approach (MFA/IOA, EF) progresses from
small or subordinate units to a larger or more important unit. As
can be seen, EF has both strategies, which can be explained by its in-
tegration on different geographical scales.

3. ‘Necessity of use’ indicates if the method is imposed or used volun-
tarily. Obligation is usually accompanied with regulations or norms,
while voluntary use can be by choice depending on the specific pur-
pose. Unexpectedly, we found more studies on voluntary land use
impact assessment methods rather than the imposed one (EIA).
This could show the interest and viability of the method develop-
ments underpinned by some incentives.

4. ‘Main principle’ describes the basis of the method. Mass balance is
the core principle in MFA: accounting materials entering and leaving
the system, identifying unknown mass flows. LCA is based on a life
cycle approach that integrates all the stages of product life and ac-
counts contribution of the environmental impact in each life cycle
stage. In EIA there are several principles, such as ‘participation’ mean-
ing the existence of opportunity for interested people to take part in
the process, ‘transparency’ signifying that all the processes should be
clear for all the participants, ‘certainty’ meaning that the process
should be logical, have identified objectives and time limits etc., all
of which are aimed at environmental protection through prevention
at quite a local level in an explicitly geographically delimited area. EF
is based on the environmental impact in different levels (personal,
enterprise, country).
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Table 3 presents the implicit comparative characteristics of methods
based on the bibliometric analysis realized.

5. ‘Driving forces’ are strongly connected with policy decisions. They
could explain to a significant extent the choice of method. We distin-
guished two main mechanisms that could drive the use of methods,
namely regulations and standards with the obligation to comply,
and market incentives, driving the behavior of the agents in the mar-
ket sometimes with the use of the voluntary standard mechanism.
That is why we divided our methods into those based on incentives
and the ones whose use is reinforced by regulations. Thus, LCA is an
incentive method based on the ISO 14001 standards, environmental
management standards accredited by the European Committee for
Standardization (CEN) giving a market advantage for products that
comply with it (Zamboni et al., 2011; Schmidt, 2010; Morselli
et al., 2008; Jijakli et al., 2012). MFA is also a voluntary instrument
promoted by the companies that want to identify the energy balance
or a region that wants to identify a source of pollution (Wiedmann,
2009). EIA, in the majority of cases, is an obligatory procedure.
For example, in Europe the EIA Directive 2014/52/EU, side by side
with the country specific regulations, imposes the assessment of
the potential environmental impact of the planned activity. It aims
to protect nature and the quality of living conditions by guaranteeing
that projects which may have a negative environmental impact are
subjected to an environmental impact assessment before their devel-
opment is allowed (Treweek, 2009; Liu and Yu, 2009; Mufloz-Pifia

et al,, 2008). EF takes into consideration environmental management
systems (ISO 14001 and EMAS) and other kinds of certifications, so
also a voluntary method.

. ‘Application area’ shows the use in practice of one method or another.

Thus, for LCA the most common application scale is product or service
because LCA concerns the whole life cycle of the product or the service
from raw material extraction to its end-of-life; it is also included in the
manufacturing stages and product system in which LCA is applied
as well (Canals et al., 2009; Schmidt, 2010; Nielsen et al., 2007;
Gerbens-Leenes et al., 2003; Pfister et al., 2011). Since MFA deals
with materials and associated flows, the efficient use of natural
resources and energy in process chains within a defined space, its
main application is materials, processes and territory (Wiedmann,
2009; Steen-Olsen et al.,, 2012; Wiedmann et al., 2007). The EF appli-
cation scale is characterized by land capacity and territory, encapsulat-
ed in the method definition (Huijbregts et al., 2008; Bagliani et al.,
2008; Kitzes et al., 2009; Santamouris et al., 2007; Sutton and
Costanza, 2002; Denholm and Margolis, 2008). For EIA, project plan-
ning is an essential part together with a geographically delimited
territory, since there is a significant impact from human activity
(Treweek, 2009). It is also important to note that all the methods ex-
cept LCA have a geographical context, although the first steps towards
performing territory-based LCA have already been observed in some
studies.

. For ‘target audience’ means people that can be interested in or con-

cerned by the use of the methods. LCA provides designers, engineers,
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decision makers etc. with the necessary information for taking deci-
sions at each life-cycle stage of a product or a system under a study
(Halleux et al., 2008; Morselli et al., 2008; Heuvelmans et al., 2005).
For companies and business it is a kind of demonstration of their
“environmentally friendly” behavior, i.e. “green” marketing. MFA has
a wide use in industrial areas, first of all for analyzing the efficiency
of materials and energy. In addition, it is used for policy decision mak-
ing in environmental and resource management (Steinberger et al.,,
2010). EF helps public authorities, business etc. to understand the eco-
logical limits and evaluate future situations (Kitzes et al., 2009; Hong
et al,, 2009; Hoekstra, 2009). As well as LCA, in EF there is an environ-
mentally sensitive vision, but it is aimed more at future marketing. EIA
involves a complex evaluation of different types of potentially nega-
tive impacts of a planned activity which allows decision makers to
find better ways of integrating environmental and socio-economic
solutions (Brouwer and Van Ek, 2004). It is also very useful for
industries in terms of organizing their management of environ-
mental performance.

8. There are a large number of ways to define environmental indica-
tors. In our work we used DPSIR approach (Driving forces-
Pressures-State-Impact-Responses), in the base of which we an-
alyzed the studied sources on Driving forces, Pressures, State, Im-
pact, or Responses indicators used in the four chosen methods.
‘Driving forces’ are the factors (social, economic, ecological) that
cause the system changes, for example, resource use, tourism de-
velopment etc. Pressures are the anthropogenic factors that influ-
ence the system by causing the environmental changes, for
example pollution. State is a system condition at the specific
time; it can include a wide range of features from quantitative
and qualitative description of ecosystems to human living conditions,
for example, water quality. Impact of an activity is the effects of
such activity on ecosystems and people health. Responses are
the policy actions to prevent, reduce the possible negative
consequences.

So, MFA provides environmental pressure indicators which define
socio-economic activities that are the reason for the environmental
impact, i.e. direct material input (DMI), total material output (TMO),
domestic material consumption (DMC) (Wiedmann, 2009; Steinberger
etal., 2010). LCA provides impact indicators, among which there are mid-
point (potential) and end-point indicators. The mid-point indicators char-
acterize different environmental concerns, such as climate change,
acidification, eutrophication etc. The end point indicators refer to actual
damage categories, such as damage to resources, human health and eco-
systems (Morselli et al., 2008; Heuvelmans et al., 2005; Jijakli et al., 2012).
In EIA there are different indicators (Brouwer and Van Ek, 2004) depend-
ing on the main purpose, for example, five indicators for environmental
pollution (air, water, soil, solid wastes and noise) discussed in the study
(Liu and Yu, 2009). EF is itself the indicator that accounts for an agent's
(a person, a business or a country) demand on worldwide resources
(Bagliani et al., 2008; Santamouris et al., 2007; Hong et al., 2009;
Hoekstra, 2009).

9. Based on the paper analysis, we distinguished two principal types of
data sources used in the studies: primary sources and secondary
ones (Fig. 5). As primary data we included various kinds of experi-
mental data including original sampling results, laboratory tests,
remote-sensed data, i.e. all the information collected from the
“first-hand” experience by the researchers. Secondary data included
different types of databases and reports, case studies, reviews or sta-
tistics, i.e. not directly collected by the user.

According to Fig. 5 we can see that EIA and MFA use secondary data
including databases, reports etc. Usually the MFA studies were based on
data from Eurostat, and OECD sources (Steinberger et al., 2010; Schandl
and West, 2010; Wiirtenberger et al., 2006), but some of MFA studies
use the data sources depending on their purposes. For example, the
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Fig. 5. Data types used in different methods.

Global Trade Analysis Project (Bruckner et al., 2012) also included
data about trade policies. Another example is The United Nations Statis-
tics Department's COMTRADE global trade database that was used to
translate money and mass units into hectares in Morana et al.’s
(2008). EF and LCA was found to use both data types. LCA is usually
based on secondary data from recognized databases, but in our study
we found that only half of the studies were based on databases, for ex-
ample, Ecoinvent (Halleux et al., 2008; Huijbregts et al., 2008), and the
other half used primary data such as sampling (Thomassen et al., 2009)
(Fig. 5). The EF studies can consider a wide range of data sources, for ex-
ample WWF Living Planet reports that contain EF data for European
countries (Bagliani et al., 2008), United Nation Food and Agricultural Or-
ganization databases, the United Statistics Division, the International
Energy Agency (Kitzes et al., 2009) as well as satellite data used for mar-
ket and non-market value estimation (Sutton and Costanza, 2002).

10. Concerning the scale of the studies, we could distinguish global, na-
tional, regional, local and project scales (Fig. 6). In global scale we
included all the studies about the environmental impact on the
whole planet, the national scale we limited to country boundaries,
the regional scale operates within different physical-geographical
and administrative regions, local ones focus on small locally avail-
able areas (scale of inhabited localities, districts, parcels etc.)
while project level operates within specified project activity.

LCA, MFA, EF and EIA could operate on different scales. LCA operates
mainly on the regional scale (61.1%), less on the global (33.3%) and the
local ones (5.6%). For example, Schmidt (2010) describes an LCA of
rapeseed and palm oil on both local and global scales, Gerbens-Leenes
et al. (2003) analyses food production systems on different scales
including local, regional and global. A lot of authors (Morselli et al.,
2008; Heuvelmans et al., 2005; Cederberg et al., 2010; Patterson et al.,
2011) discuss LCA on the regional scale. MFA operates mainly on the na-
tional scale (64.7%) (Hong et al., 2009; Steinberger et al., 2010), because
of the availability of data, for example Eurostat for Europe; less on the
regional (29.4%) (Schandl and West, 2010; Morana et al., 2008) or glob-
al (5.9%) (Bruckner et al., 2012). EF operates on various scales from local
(25%) to global (9.4%) as described by (Santamouris et al., 2007;
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Fig. 6. Scale distribution in methods.
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Denholm and Margolis, 2008; Kitzes et al., 2009; Chen and Chen, 2007)
etc. EIA operates on the project scale, point-source oriented evaluation
of environmental impacts, taking into account the specific local situa-
tion and environmental conditions (Nielsen et al., 2007; Brouwer and
Van Ek, 2004; Muiioz-Pina et al.,, 2008).

11. When none of the methods could give exhaustive assessments,
some studies used several complementary methods. We identified
this as the “combination of methods” criterion, i.e. when different
methods have implicit interconnections (e.g. LCA and MFA), and
the output of one (here MFA) could be used as an input for the
other (here LCA), thus they have the potential of being used
together to give a more explicit assessment. According to our analy-
sis, the most common combination of methods is: LCA-MFA/IOA —
10 times, LCA-EF — 10, MFA-EF — 7, EIA-EF — 2 and EIA-MFA —
once. For example, in the study of waste incineration (Morselli
et al,, 2008) mainly uses the LCA method, but when knowledge of
the associated flows and processes was required for environmental
evaluation, MFA was used as an additional method to identify these
flows for the LCA study. In Huijbregts et al. (2008), the Ecological
Footprint concept includes product life cycle analysis (LCA) by calcu-
lating product EF from LCA data of more than 2500 services and prod-
ucts, including different LCA stages. Thus, in some cases one method
can complement another depending on the purpose of the research.

12. To identify which land occupation and use has received most atten-

tion, we analyzed the land use types mentioned in the articles.
Among existing classifications, we decided to choose European da-
tabase Corine Land Cover (CLC) (Corine Land Cover) widely used in
European countries. This includes five general land uses with sub-
divisions. It was adopted as a basis of this work to analyze land
uses of four methods (LCA, MFA-IOA, EF, EIA). Among the five CLC
land uses only four were found in our study sample: artificial sur-
faces including built-up land, road and rail networks, and green
urban areas; agricultural land including pasture, arable and crop-
lands; forests and wetland (Fig. 7). In Fig. 7 we can see that agricul-
tural land use is the most studied of the four categories, accounting
for 47.6% and 20 articles, followed by forests with 28.6% and 12 ar-
ticles, artificial surfaces 21.4% and 9 articles, and finally wetlands
were the least studied with 2.4% and 1 article. This is undoubtedly
due to the fact that agricultural land use is the one with the highest
direct land use per unit of output.

In LCA and EF agricultural land is the most studied land use type
(Bagliani et al., 2008; Kitzes et al.,, 2009; Karp and Shield, 2008;
Halleux et al., 2008; Huijbregts et al., 2010; Gerbens-Leenes et al.,
2003; Sutton and Costanza, 2002; Denholm and Margolis, 2008), etc.
LCA focuses mainly on the environmental impact of different agricultur-
al products (e.g. crops, vegetables). In EF the main focus is the land
required for human habitation, so it is not surprising to observe a lot
of studies on agricultural land as well as forest studies. In MFA agricul-
tural land is also of interest (Karp and Shield, 2008), mostly in terms
of agricultural flows of imports and exports within land use. In EIA
more attention is paid to forests (Mufioz-Pifia et al., 2008), less to
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Fig. 7. Land use types studied within LCA, MFA, EF, and EIA.

agricultural land and wetland (Findlay and Bourdages, 2000). We
should note that EIA is the only methods to cover impact assessment
on wetlands, but it does not include artificial surfaces. Forests are
under the spotlight because any project activity could lead to forest deg-
radation and could have damaging effects on forests which have a high
biodiversity value due to the ecosystem services they provide.

13. Despite the fact that integration of GIS and RS is widely used in land
use impact assessment studies (Meshesha et al., 2014; Chen et al.,
2015; Yang et al., 2015), our analysis showed that the application
of these tools was performed only in 8 articles out of 60. As we
can see, GIS and RS within land use are generally found in the
more recent studies, and were poorly regarded in earlier years,
also noted by Chen et al. (2015). In Fig. 8 the frequency of GIS and
RS application in the methods within the studied articles is shown
(the numbers represent the quantity of articles; one article could
contain several methods). In addition, GIS was mentioned in 3 arti-
cles, but this tool was not actually used. According to our results, re-
mote sensing is used more often than GIS in LCA and EF studies. No
information was found about RS for EIA. For example, in the article
of Pfister et al. (2011) remote sensing data is used for spatial distri-
butions of yield and production volumes of crops in LCA and EF. In
the study of Steinberger et al. (2010) GIS data was used to obtain
the centroid latitude of a country's land mass in MFA/IOA and EF.
Curran et al. (2011) synthetize the use of both remote sensing and
GIS data within biodiversity indicators across hierarchical compo-
nents in LCA.

14. To better understand the outcomes of our research, we also looked at
the specific subjects the land use impact assessment encompassed
(Fig. 9). The subjects were grouped as follow by their content:
‘Consumption and production’ subject relates mainly to consumption
of resources and materials, food production, production within inter-
national trade. ‘Biodiversity and ecosystem services’ describes mainly
changes in biodiversity and in the environment caused by anthropo-
genic activity. ‘Emission and wastes’ describes different types of emis-
sions and wastes, their impact and ways of reduction. ‘Agricultural’
focuses on agricultural systems, their environmental impact, use of
fertilizers, or farming practices. In ‘Energy, including bioenergy and
biofuels’ different types of renewable energy sources, fossil energy;
biomass materials are discussed. To exclude double counting, the ar-
ticles on biofuels were not included in the ‘Production and consump-
tion’ category. ‘Specific subjects’ covers studies aiming at descriptive
characteristics of methods, their adaptation and utilization in the
general way. ‘Others’ included the topics that did not fit to any
other categories.

The topics presented in the articles vary significantly, so several
subjects can be studied in one article. In addition, since several methods
could be discussed in one article, the same subject could be studied by
each method.

In Fig. 9 we can see that ‘Consumption and production’ is the most
widespread area of land use impact assessment within the LCA, MFA
and EF (Bagliani et al., 2008; Ridoutt and Pfister, 2010; Wiedmann
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Fig. 8. Frequency of GIS and RS application in methods.
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Fig. 9. Subject division: 1 — Consumption and production, 2 — Biodiversity and ecosystem
services, 3 — Emissions and wastes, 4 — Agriculture, 5 — Energy, including bioenergy and
biofuels, 6 — Specific subjects, 7 — Others.

et al.,, 2006; Steen-Olsen et al., 2012; Pfister et al., 2011; Wiedmann
et al.,, 2007; Bruckner et al.,, 2012; Chen and Chen, 2007; Peters et al.,
2010). This is probably due to the growing interest in sustainable pro-
duction and consumption of products in recent decades. LCA covers all
topics but the ‘specific subject’ studied the least. MFA focuses on agricul-
ture, energy, bioenergy, and biofuels, but less attention is paid to biodi-
versity and ecosystem services (Morselli et al., 2008; Hong et al., 2009;
Steinberger et al., 2010; Schrdder et al., 2011; Patterson et al.,, 2011). EF
gives more consideration to biodiversity and ecosystem services, energy
and biofuels than to emissions, wastes, or agriculture (Zhang, 2008;
Huijbregts et al., 2010; Hong et al., 2009; Sutton and Costanza, 2002).
Almost half of EIA papers focused on biodiversity and ecosystem ser-
vices with the purpose of integrating biodiversity considerations and
decisions into the EIA process (Treweek, 2009; Findlay and Bourdages,
2000; Zhang, 2008; Liu and Yu, 2009).

4. Conclusion and discussion
4.1. Conclusion

We reviewed a wide range of articles, using various criteria to obtain
the best comprehension of methods and identify which method is the
most useful and widespread in land use assessment. It was found that
there is a variety of methods that could be used in this issue, but the
most common are LCA, MFA/IOA, EIA and EF. It is quite difficult to
state which one is the most promising because each has their own par-
ticularities and specific features. According to our analysis, LCA is the
most widespread nowadays, but it does not mean it is the most useful
one. Some of the studies included a combination of methods that
seems to us a good strategy to deal with the challenges of a single meth-
od use in the land use assessment research. We therefore recommend
using this approach which can give a fuller research vision and better re-
sults by combining the different aspects of each method. The choice of
method combination depends on the individual study.

Our analysis has shown the sharp increase of interest on land use im-
pact assessment since 1992. Even though the bibliometric analysis was
done for the period of 1975-2013, little research was done between
1976 and 1991.

It is important to note that LCA and EIA were created simultaneously
and both methods appeared as a result of growing awareness of the
environmental issues (energy resources scarcity, need of increase in
resource efficiency, pollution issues etc.).

According to the geographical distribution analysis of land use
impact assessment studies (Fig. 4), Europe is characterized by a large
number of studies. This indicates that, despite being highly developed
industrially, the agricultural sector remains one of the most important
in European countries, especially given the importance of issues such
as food self-sufficiency in European countries and research on new
ways to valorize agricultural residues as a renewable energy sources.

As can be seen from Table 2, there is, in fact, only one mandatory as-
sessment method was identified: EIA. The others are voluntary. This
raises the question ‘why is EIA not the most widespread method in
the study, if it is compulsory? This could be explained by the fact that in-
dustries often fund the research and favor LCA which offers them oppor-
tunities to find niche markets with so-called environmentally friendly
products, while EIA is a more formal approach.

4.2. Discussion

4.2.1. Limits

The first limit we faced was the absence of generally accepted defini-
tions of “method”, “tool” and “methodology”, which could be confusing.
For example, in Nielsen et al. (2007); Roberts et al. (2010) LCA is
identified as a tool, but in the articles of Brentrup et al. (2002); Basset-
Mens et al. (2006), and Morselli et al. (2008) LCA described as a
methodology, while in the work of Thomassen et al. (2009) and
Wiirtenberger et al. (2006) LCA is presented as a method. In addition,
in articles of Andersson and Ohlsson (1999) and Finnveden (2000),
the authors used both “methodology” and “tool” to describe LCA. Eco-
logical Footprint is described by Chen and Chen (2007) (p. 356), Hong
et al. (2009); Kitzes et al. (2009) as a method, but by Bagliani et al.
(2008) as a methodology. Environmental Impact Assessment is present-
ed by Treweek (2009) as “a potential mechanism for implementing
principles of sustainability and “wise use”. Liu and Yu (2009) define
EIA “as the process of identifying, predicting, evaluating and mitigating
the biophysical, social, and other relevant effects of development
proposals before major decisions are taken and commitments made”.
Finnveden (2000) (p. 229) defines EIA as a tool. Finnveden (2000)
(p. 229) defines SFA and MFA as environmental system analysis tools.
To clarify the heterogeneity of definitions we identified all three terms
(presented in the Introduction) explaining the way we used them in
our study.

It has to be admitted that the geographical distribution analysis did
allow one article to be counted several times, depending on the number
of institutions taking part in the research. Thus, in the article «A research
agenda for improving national Ecological Footprint accounts» (Kitzes
et al., 2009) for example, 13 international research centers participated.
This led to each country taking part in the study being counted.

As previously mentioned, data sources were divided into two types:
primary and secondary. However, in some articles the explicit informa-
tion about data sources was absent so that, in some cases, we had to
make hypotheses about the data sources.

In addition, the information about land use type was also limited and
the majority of articles studied were based on general land use research.

Another weak point of the analysis could be different understand-
ings of the notion of ‘scale’ in our sample, especially for local and region-
al ones that were understood differently in different articles. First of all,
the terms scale and level were quite often used interchangeably, thus
causing some confusion. In some articles regional scale is equivalent
to regional level i.e. the level of regional administrative organization
(Wiedmann et al., 2006; Morselli et al., 2008; Zhang, 2008; Wiedmann,
2009; Patterson et al., 2011). In other studies the region is used as an
equivalent to “country” (e.g. Huijbregtsa, 2007). Some authors use the
term ‘regions’ to name economic development areas such as Europe,
Latin America, or Asia (Steen-Olsen et al., 2012; Uherek et al., 2010) that
may have similar technology or a similar economic structure (e.g.
Bruckner et al., 2012), or regions of a socio-economic development such
as Asia-Pacific region (e.g. Schandl and West, 2010). Some other authors,
when describing regional scale, mean natural regions such as the biomes,
biogeographic or climatic regions (Brentrup et al., 2002; Heuvelmans
etal,, 2005; Koellner et al., 2013). What is more, some use different under-
standings of regional scale in the same article, for example Wiedmann
et al. (2007) describe a country under regional scale, and an administra-
tive region within a country, as well as world regions with the same tech-
nology, and regions as an area of the socio-economic activity. Basset-
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Mens et al. (2006) use the notion of a region as an administrative unit, re-
gion of intensive agriculture and agro-climatic (sub) region in the same
article. The understanding of local scale could also be confusing, for exam-
ple Schmidt (2010) understands ‘European’ as a local scale opposing it to
the global one; Santamouris et al. (2007) under ‘local’ understand com-
munity level. This different use of region scale terminology often poses
problems in interpretation of the results, so should be considered when
using the output of each study.

It should be noted that the studied methods support land use plan-
ning decisions that are crucial for land consumption, in different man-
ner. The only method identified in our study to be directly applied to
land use planning is EIA. Nevertheless, in our sample just a marginal
number of articles used this method, and furthermore these studies
found that EIA alone is not sufficient for a full assessment. So Brouwer
and van Ek (2004) advised integrating ecological, economic and social
impact assessment or multi-criteria analysis to establish alternative
flood control policies in the Netherlands, rather than just EIA; Mufioz-
Pifia et al. (2008) propose completing the EIA policy measure by Pay-
ment for Hydrological Environmental Services (PSAH) Program in
Mexico's forests confronted by high deforestation and water scarcity
problem. The other three methods are analytical MFA, EF, and LCA.
MFA and EF in their turn could be indirectly used in land use planning
in local and regional levels to compare certain parameters, e.g. land con-
sumption dedicated to a studied product within one country (Denholm
and Margolis, 2008). These methods could be used to compare resource
consumption, including land, in different countries (Bagliani et al.,
2008; Siche et al.,, 2008; Hoekstra, 2009; Steen-Olsen et al., 2012), and
sometimes within national Ecological Footprint accounts (Wiedmann
et al,, 2006; Chen and Chen, 2007; Kitzes et al., 2009). Most LCA studies
(e.g. Gerbens-Leenes et al., 2003; Halleux et al., 2008) are made at re-
gional, national, and global scales focusing on comparison of production
chains, using a simplified land use change indicator and are too generic
to be used for land use planning.

4.2.2. Perspectives

One of the promising directions for increasing the quality and com-
pleteness of methods for land use impact assessment is understanding
the impact of land use on biodiversity and ecosystem services. In the
studied literature we found out at least four publications offering
methods for biodiversity and/or ecosystem services accounting within
the land use impact assessment, the ones devoted to LCA. Some authors
(Curranetal., 2011) point out that functional and structural attributes of
biodiversity are largely neglected at present. Nevertheless, three of the
five drivers of biodiversity loss and ecosystem services as identified by
the Millennium Ecosystem Assessment are represented in current im-
pact categories of LCA, namely habitat change, climate change and pol-
lution, although the other two, invasive species and overexploitation
are missing. We are strongly agree with Michelsen (2008) who states
that more work is needed to establish a methodology for land use im-
pact on biodiversity in LCIA. The author proposes the application of in-
direct indicators (Ecosystem Scarcity, Ecosystem Vulnerability, and
Conditions for Maintained Biodiversity) to assess the impact on biodi-
versity from land use changes in LCIA applied with globally available
data on ecoregions, and identifies the challenge as developing sound
key factors for the relevant ecosystems. To enhance the role of ecosys-
tems in engineering decision-making, Zhang et al. (2010) propose an
approach that includes the direct and indirect role of ecosystems in
LCA through ecosystem services concept. His Ecologically Based LCA in-
cludes a number of provisioning, regulating, and supporting ecosystem
services as inputs to a life cycle model on the process or economy scale.
Finally, Koellner et al. (2013) propose methods for land use impact as-
sessment in LCA with the modeling of several impact pathways covering
biodiversity and ecosystem services, but on a global scale. Further re-
search on indicators and the ways land use impact could be assessed
is needed to deepen the current study, starting with local scale research.

The other promising directions that should be mentioned are
deepening the research on the driving forces of land use impact on the
environment, more detailed research of the temporal and spatial com-
ponents is needed in this field, especially the use of such tools as remote
sensing and GIS and spatial models. The driving forces of existing and
future land use studies are of importance. For instance in Table 3 we
found that the most used methods in the sample are incentive driven
(e.g. LCA, MFA), and only one method under the analysis (EIA) is regu-
lation driven (EIA), even though the importance of the existing and new
published research in Environmental Impact Assessment should be
noted (e.g. Recatald and Sacristan, 2014; Chen et al., 2015). Neverthe-
less, we emphasize the need for more research in incentive mechanisms
that will be useful in the EIA application. One of the advantages of this
last method is that it uses the finest scale among the ones studied
(Fig. 6) which improves the level of detail in the assessments. Moving
from global to local scales/levels (small administrative units level, or
catchment scale) in future research is also essential. Moreover, up to
date research found it was important to elaborate spatio-temporal as-
sessments, for instance in the works of Chen et al. (2014) or Chen
et al. (2015). The use of GIS, remote sensing and spatial models could
help this task. Meshesha et al. (2014) therefore promote satellite
image use in the socio-environmental impact of land use change and
land degradation, and Mouri and Aisaki (2015) show the advantages
of the mass-balance model used together with a GIS-based analytical
tool to represent the total and specific impacts of human as well as live-
stock activities in rural catchment conditions.

In conclusion we should emphasize the necessity of a common
agreement in the scientific community on clear definitions of methods,
methodologies and tools, as well as a common classification of scales
and levels which would significantly improve communication and artic-
ulation among the studies.

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.eiar.2016.02.002.
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