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Abstract: Designing and implementing investment projects are activities that have a direct impact on
the natural environment and pose a threat to sustainable development of rural areas. The issue of
agricultural production space protection during the implementation of linear projects in Poland is
often only mentioned at the design stage as the final element. The aim of the study is to propose a tool
to enable an assessment and modelling of a motorway design variant in order to minimise the impact
on the agricultural production space. Four indicators introduced in the modelling procedure include
the loss of agricultural land, a decrease of land productivity in the vicinity of an investment project,
changes in the spatial structure of areas divided by the investment, and difficulties resulting from the
accessibility of areas. The superiority of the proposed method over consolidations implemented in
the vicinity of a motorway is due to the introduction into projects not only of elements organising the
space but also attributes that prevent the reduction of the production capabilities of the land located
in the vicinity of the motorway (Module I) and, secondly, the elements decreasing the re-organisation
of the space (Module II).

Keywords: transport route modelling; agricultural area; minimizing adverse influence on rural areas;
environmental protection; decision making process; sustainable development

1. Introduction

For a few decades, i.e., since systemic transformations were carried out in Poland, and thanks to
EU funding, there have been opportunities for rapid investment in new roads and the reconstruction
of existing ones. Such projects cause significant changes to the natural environment. They concern,
inter alia, changes in the use of land in the vicinity of motorways, including the disappearance of areas
used for agricultural purposes [1].

Since the duration of investment preparation and implementation has begun to play a significant
role, sustainable development of the agricultural space is not always given a priority. A short designing
time has necessitated the introduction of many simplifications in projects and decisions that affected
the subsequent simplifications in analyses of effective investment planning [2].

It has become critical to obtain permits (including environmental approvals) as quickly as possible,
to acquire land, and to implement investments [3]. Since the errors made at the investment project
preparation stage affect the costs at the implementation and use stages, both the investor (in Poland it
is the General Directorate for National Roads and Motorways) and the contractors strive to avoid them.
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And even though such solutions are being sought to enable the optimisation of projects while ensuring
their highest quality [4], not all the important elements are actually taken into account [5]. Experience
shows that with new road projects being designed and implemented at a rapid pace, there is often no
place for analyses related to their maintenance after the implementation (i.e., snow removal, lighting
costs, etc.), landscape effects (aesthetic values) [6], taking into account the impact on the agricultural
production space [7], the impact on traffic safety [8], or even the inhabitants” quality of life [9].

In Poland, the issue of agricultural production space protection during the implementation of
linear projects is often only mentioned at the design stage by inserting a short note about the existing
need for carrying out consolidations in the vicinity of a motorway as the final element of the linear
project implementation. Therefore, the consolidations implemented in the vicinity of a motorway were
indicated as a remedy against the adverse impact of the motorway on agricultural land [10].

In this way, a specific “traditional” approach to agricultural land protection has emerged,
which assumes that after the designing and construction of a road, both an improvement in the
layout of farms and the repair of the disturbed land structure are required. The aim of infrastructural
consolidations is to organise the agricultural space in the areas adjacent to a linear infrastructure project,
and to minimise the consequences of this project [11]. The literature indicates two main reasons that
affect the need for the implementation of consolidations in the vicinity of a motorway [12]. The first one
arises from changes in the transport network system, which is connected with an increase in the distance
between the farming centres and cultivation parcels [7,13]. The second one results from the emergence
of a certain group of parcels that, after the determination of the motorway axis, are disconnected from
public roads or have a significantly decreased area due to the implemented consolidations [7,11].

While applying the traditional approach of “repairing the disorganised agricultural space”,
the aspect of an opportunity for reducing the motorway’s impact on agricultural land in the course of
designing and selecting road variants was omitted. However, it is commonly known that a properly
conducted analysis at the initial project stage increases positive effects to a greater extent than an
analysis conducted at its later stage [14].

It should also be noted that the effectiveness of implementation of consolidations in the vicinity of
the motorway in Poland is currently not satisfactory. In most cases, it results from consolidations being
implemented only in areas directly adjacent to a road project under implementation, which contributes
to limited opportunities for improvement in the existing parcel arrangement [11,15,16]. The most
common effects include mainly an improvement in the size and shape of parcels or a shift of their
location to the “right side of the motorway” (on which the residential parcel is located) as well as the
access parameters [15]. Meanwhile, greater effectiveness of the agricultural land protection can be
achieved if this aspect is also considered at the motorway design stage, which will enable, already at
the variant selection stage, the introduction of effective solutions decreasing the road’s impact on
agricultural land.

It should be noted that the issue of the motorway construction impact on agricultural land has
been the subject of numerous debates, which indicated the need for the protection of agricultural
land [9,17-24]. It should also be borne in mind that the impact of the motorway on the agricultural
production space was analysed on many levels.

An example of the negative impact of motorways on the agricultural production space is,
e.g., hazards to the functioning of agricultural farms resulting from, inter alia, the disruption of the
agricultural production space [25]. The negative impact also occurs for agricultural and non-agricultural
infrastructure. After a road project has been implemented, the existing agricultural roads, drainage
systems, and improvements on land are frequently damaged and excluded from use [26,27].

The losses arising from the construction of a motorway can be grouped into four aspects [28]:
(A) the so-called road-effect zone (an area directly taken over for the construction of a linear project);
(B) a decrease in the value of land in the close vicinity of the project due to its negative impact on
adjacent areas; (C) deterioration in the configuration of agricultural plots; and (D) losses resulting from
the extension of access roads to agricultural land.
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Numerous tools were proposed whose aim is to reduce the motorway’s impact on agricultural
land, e.g., at a macro scale these are planning tools and legal measures, i.e., legislation protecting
agricultural land [17], and at the local scale these are consolidations in the vicinity of a motorway [22,23].
However, the aspect of the assessment and modelling of the planned road variants, including the
arrangement of overbridges and the protective vegetation belts under design to reduce its impact on
agricultural land, was omitted.

The aim of the study is to propose a tool to enable an assessment and modelling of a motorway
design variant in order to minimise the project’s impact on the agricultural production space
(the optimisation method). The above-mentioned tool will enable, at the design stage, the introduction
of solutions to allow the adverse impact of the project on agricultural land to be minimised.

So far, this aspect has in practice been omitted in analyses and used as a corrective tool after the
implementation of an agricultural land consolidation project [11]. These consolidations are implemented
in the course of motorway construction or following the completion of construction, and not at the
stage of designing motorway variants.

To estimate the losses, an analysis of variability of land uses and valuation classes as well as of the
arrangement of access roads to land along the axis of the designed motorway was applied.

2. Materials and Methods

According to the accepted assumption, the optimal motorway route should interfere with the
agricultural production space as little as possible. The proposed algorithm enables an assessment and
modelling of the existing motorway route design variants in terms of their impact on the agricultural
production space. The model adopts a cadastral map in a vector format (1:1000 scale) received from
the Center for Geodetic and Cartographic Documentation, with plot borders, buildings, land use
information, and soil quality classes. The information of the motorway route was adopted from the
construction project in a vector format.

Numerous authors are of the opinion that no universal standards exist for the selection of criteria
for assessing a project’s impact on the surrounding environment. On the other hand, it can be assumed
that the optimal assessment criteria should address the issue comprehensively and multilaterally
without, however, increasing the complexity of the problem [29-31].

In the conducted analysis, four types of indicators related to the directions of the motorway’s
impact on arable land (see assessment criteria in Figure 1) were adopted.

the cost -Variant |,

The ,road assessment Assessment criteria the cost -Variant |l
designs .

Variantl, ‘ .

Variantl, A) the loss of agriculturalland ] the cost -Variantn
. B) a decrease in productivity of areas in the

Variant n vicinity of an investment project

C) changes in the spatial structure of areas
delimited (divided) the investment projects

D) difficulties resulting from the
accessibility of areas —

Figure 1. Diagram of the adopted criteria of the motorway’s effects on agricultural land.

2.1. Methodology for Determining the Adopted Indicators.

The value of loss on agricultural land (A) was estimated based on Equation (1):
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A= Xl:(ﬂivi) 1

n=1

where A is the loss of agricultural land taken over for construction of the motorway, 4; is the area in a
specific valuation class (ha), v; is the unit value of valuation class (points/ha), i=1,2,...,n,and nis
the number of areas in specific valuation classes in the analysed area.

Potential for the loss of agricultural land (A) was determined on the basis of synthetic indicators
of agricultural production space evaluation, which enabled a quantitative assessment of the quality
of areas used for agricultural purposes [32]. The synthetic indicator of agricultural production space
evaluation comprises four component indicators that assess the soil quality, climate, topography,
and water conditions (Table 1). Partial factors were assigned parameters to which points are attributed.
The production value of land is the total of points attributed to particular component factors.

Table 1. Environmental factors taken into account when calculating the synthetic indicator of
production potential.

No Indicator Point Range
1 Soil quality and agricultural suitability 18-95
2 Agro-climate 1-15
3 Landform 0.1-5
4 Water conditions 1-5
Total value range (theoretical) 20.1-120

The level of reducing the productivity of areas in the vicinity of the investment (B) was determined
as the variability of the quality of land located along the motorway axis within the motorway impact
zone (Equation (2)):

B = Z (S%aivi) (2)
i=1

where B is the deterioration in the quality of land located in the vicinity of the motorway, Se, is the unit
deterioration in the quality of arable land, 4; is the area in a specific valuation class (ha) located in the
motorway impact zone, v; is the unit value of the soil valuation class (points/ha),i=1,2,...,n,and n
is the number of areas in specific valuation classes in analysed area.

The second indicator shows the impact of an investment project on the adjacent areas
used for agricultural purposes. The adverse impact of a motorway on the environment is very
extensive. The construction of a motorway affects agricultural production in the form of various
handicaps. It affects both underground and surface waters since the road infrastructure, i.e., ditches
and drains (sewage equipment and storm water drainage), lower the water table while frequently
excessively drying the adjacent areas. To reduce the slopes and soften the turns of the road, the relief and
surface covers were changed by excavations in one place and embankments in others [33]. Soil pollution
near roads is due to the runoff of water from the roadway or from transported substances in case of an
accident [34], as well as the salinization of waters with snow removal agents [33,35].

The productivity of soils in the vicinity of motorways is also affected by the concentration of vehicle
exhaust fumes [36]. Moreover, a motorway adjacent to agricultural land may reduce its profitability as,
for example, vegetable cultivation is not advisable and should be replaced with less profitable potato
or grain cultivation [37]. With reference to the above preconditions, the use of land on both sides of a
motorway often changes [1,33]. The width of the adverse effects of a road varies and is determined by
factors that have occurred in a particular area. For agricultural use, it may amount to up to 90 m, and a
decrease in agricultural production may amount to an average of 40% [38].

Another indicator (C) was estimated based on the spatial structure of objects intersected by a
motorway. Agricultural parcels undergo transformation—their shape, i.e., the width and length as
well as the area, change [39,40]. This aspect contributes to a reduction of the profitability of the use
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of these areas, and occasionally it also results in the abandonment of agricultural production [1].
The magnitude of benefits reduction results from the relationship between the size and shape of arable
land on the reduction of their productivity as in Equation (3):

Litg (L (e +c) + Wew) aj

C =
Z?:l ai

®)

where C is the crop reduction index, L and W are the length and width of plots, respectively, a; is the
area in a specific valuation class (ha), and cj, ¢;, and ¢, are the parameters defining the losses related to
the length of the parcel, the width of the parcel, as well as related to transportation through the parcel
(parameters are expressed in grain units (GU) [41]).

The last of the analysed directions of losses is the increase in the expenditure on agricultural
transport (D). This is the factor that has the least impact on the general level of losses resulting from
the construction of motorways on agricultural land. The value of losses on this account is determined,
inter alia, by the number of overbridges designed during the construction of the motorway as well as
their arrangement.

The calculation of this factor requires the determination of increasing distance to plots with
a known unit value of agricultural transportation costs [38]. This influence was estimated as in
Equation (4):

n
D=u, Z Ad; @)
i=1

where D is the losses resulting from difficulties in access to agricultural areas, 1. is the unit agricultural
transportation cost, and Ad; is the distance increase into particular plots.

The greater distance to the agricultural fields causes an increase in expenditure on transport,
which contributes to a decrease in income from cultivation of these areas [42].

The four abovementioned indicators of the motorway’s impact on the surrounding agricultural
land enable the estimation of the tangible impact on the change in agricultural production costs
following the linear project’s interference.

2.2. Algorithm for Supporting the Decision on the Selection of the Optimal Motorway Variant

The proposed algorithm is based on the minimisation of costs of the impact of motorway
construction on the agricultural production space. It comprises three stages (Figure 2):

Motorway
designs under

STAGE 2- MODELLING

A change in the internal

analysis parameters of the
Variant I, analyzed motorway
Variant II, designs, e.g. a change in
start the width of green belts, A nent
. and a changein the criteria
Variant n arrangement of A B,CD
overbridges
STAGE 1 K — — — — STAGE 2- MODELLING - _, The evaluation Il
The initial of the motorway’s
e initial .
Assessment criteria [ cost | ion of the impact on
) agricultural land
AB,GD motorway’s impact STAGE 3
. on agricultural land Variant|
(A) loss of agricultural land . . !
Variant|, | 5| Therankingof || Variantll,
(B) reducing the productivity of areas in Variantll, motorway designs
the vicinity of the investment .
l Variant n
(C)chan_gn?s in the sgatial .strul:ture of Variant n
areas divided by a linear e R
(D) difficulties resulting from access to motorway designs
agricultural areas

Figure 2. The structure of the algorithm for supporting the decision on the selection of a motorway
design variant, based on the impact of this project on the agricultural production space.
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Stage 1. The initial project evaluation: This includes an assessment of motorway designs in terms of
their impact on the agricultural production space, and the calculation of the level of fragmentary costs
of the motorway’s impact on agricultural land (criteria A, B, C, and D) and preliminary qualification
of projects. Based on the adopted design data concerning the motorway variants, an assessment of
the impact of the designs of this project on the agricultural production space was conducted using
the evaluation criteria (A, B, C, and D) (see Figure 1). This enabled the determination of the level of
losses in the four adopted criterions, and of the total costs of the project’s impact on agricultural land
(a composite index of all key indicators) (Figure 2).

The input data necessary for the determination of the project’s impact on the agricultural
production space were acquired from designs and own optimisation analyses. The calculations required
data on soil variability and quality.

Stage 2. Modelling: This is the determination of the set of substantiated changes in the analysed
motorway designs in order to reduce the costs of these designs’ impact on agricultural land.
The knowledge of the costs of the project’s effects on agricultural land in the four adopted criteria
(A, B, C, and D) as well as an initial evaluation of the effects of the roads on agricultural land (Stage 1)
and the design data for the motorway variants provide a basis for modelling the internal parameters
of road designs. The proposed tool enables a reduction of the project’s impact on agricultural land,
and includes two modules, namely the “protective vegetation belt design module” and the “overbridge
location optimisation module”.

Protective vegetation belt design module: The width of the strip of the motorway’s adverse impact
on the surrounding land (criterion B) is determined by the occurrence of protective vegetation belts
and their width which varies and ranges from 15 to 30 m [28] after taking into account extreme
lanes, i.e., 20 m on each side of the road. The occurrence of protective vegetation belts can reduce the
motorway’s impact on agricultural land from 90 to 50 m [43]. In the absence of protective vegetation
belts, the adverse impact of the motorway occurs within a distance of up to 90 m, and results in the
deterioration in the quality of agricultural land by an average of 40% [38].

Owerbridge location optimisation module: In certain cases, the displacement of an overbridge by
several hundred meters may contribute to a reduction of the distance to agricultural land, and thus
decrease this project’s impact on the agricultural production space. The calculation of increases in the
length of access to land (D), related to the construction of the motorway, requires determining how
large an area has been serviced by each road crossed by the motorway and therefore excluded from
agricultural use.

Based on the completed study (see [44]), it can be concluded that an increase in the distance from
land, caused by the construction of the motorway, is directly determined by the distance between the
neighbouring overbridges and the number of roads crossed by the studied section. If the distance
between overbridges grows, the journey to agricultural plots is longer.

Stage 3. The qualification of variants: This is an assessment of motorway designs being modelled in
terms of their impact on the agricultural production space (as in Phase 1), and the development of
a ranking of motorway designs. A re-assessment of the modified motorway designs will enable the
determination of the level of costs in the adopted categories and provide a basis for the establishment of
the design ranking and the recommendation of design variants. At this stage, it is possible to compare
the obtained costs of the designs’ impact on agricultural land between the available options (of both
the initial stage and the modelling stage). The change in attributes in the analysed designs can be
multidimensional. The entire procedure can be repeated until the level of the motorway’s impact on
agricultural land is recognised as satisfactory, or until the design possibilities are used up (see Figure 2).
At this stage, it is advisable to compare the costs of project construction for various route variants in
order to search for compromise solutions.
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2.3. Case Study Location

The developed methodology was tested for the purpose of this article, having selected an
exemplary section of the A4 motorway between the localities of Jasieri and Bobrowniki Mate in Poland.
The section is located in Matopolskie Voivodeship (as shown on Figure 3), in two poviats (administrative
units): Brzeski and Tarnowski. The length of the tested route is 29.317 km (Variants I and III), while in
the alternative version designed for the purposes of this study; it is 29.784 km (Variant II). Matopolskie
Voivodeship, situated in the southern part of Poland, occupies an area of slightly more than 15,000 km?.
In terms of the economic potential and investment attractiveness, Matopolskie Voivodeship is among
the leading regions in Poland, inter alia due to the good transport accessibility and the location at the
intersection of international transit routes, or the support for investors through, among other things,
the establishment of special economic zones as well as good research and scientific facilities.

EUROPE

@ MALOPOLSKA

&
aunnmuns®

=mmm Analysed A4 motorway section
0 100 200 km 0 20 40 km < A4 motorway

— ————— :] Kra kéW

Figure 3. The location of the A4 motorway section under analysis in Europe, in Poland, and in
Malopolskie Voivodeship.

The described section of A4 motorway is an element of the Pan-European Transport Corridor I1I,
which runs along the East-West line from the German border and is also a part of the European Route
E40 [45].

3. Results

3.1. Motorway Variants

The considered study initially included two designs of A4 motorway corridors on a section between
Jasieri and Bobrowniki Mate (Variant I and Variant II). The first variant of the motorway design was
additionally modified through a change in the internal parameters (modelling), i.e., new arrangement
of overbridges, and was marked as Variant III (Figure 4—Variant I and III).

Modelling involved the displacement of six overbridges. The numbers of the displaced overbridges
are marked in red (see Table 2 and Figure 4—Variant III). The determination of new overbridge locations
was guided by the principle of selection and analysis of roads which are mainly used in agricultural
areas, i.e., serve the functions of agricultural transport roads.
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Figure 4. Variants of the A4 motorway route adopted for analysis. Source: Own study based on the

Open Street Map.

Table 2. Variants of the overbridges adopted for analysis (Variants I and III).

Variants Overbridges
VI 11 12 1.3 1.4 15 1.6 1.7 1.8 1.9 - 110 111 112 113
VI 11 12 33 3.4 15 1.6 1.7 - 19 310 110 111 112 113

VI 114 115 116 117 118 119 120 121 122 123 124 125 - -
VIII 314 115 116 317 118 119 120 121 122 323 124 125 - -
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The first variant (I) includes the existing A4 motorway corridor, while the second variant (II)
presents an alternative location of the A4 corridor (Figure 4). The corridor of the third variant (III)
overlaps with Variant I and the new arrangement of the designed overbridges (Figure 4). Comparison
of the parameters of the adopted variants is presented in Table 3.

Variant I: This is the existing section of A4 motorway between the localities of Jasieri and
Bobrowniki Mate with a length of 29.317 km. This section crosses 85 roads of which 25 are equipped
with overbridges; however, the vast majority of them are roads ensuring access only to the plots near
which they are located. For the existing road, the motorway overbridges are, on average, 1173 m apart
from each other (Figure 4).

Variant II: This is a designed, alternative version of the A4 motorway section route between the
localities of Jasiert and Bobrowniki Mate, with a length of 29.784 km. The motorway crosses 83 roads
of which also 25 will be equipped with overbridges apart from each other by an average distance of
1191 m (Figure 4).

Variant III: On the existing section of A4 motorway, the arrangement of overbridges was changed
(marked with red colour). This section is 29.317 km long. The motorway also crosses 85 roads of
which 25 have overbridges. In the existing concept, the distance between motorway overbridges is,
on average, 1173 m, and this value is identical for the first motorway variant (Figure 4, Table 2).

Table 3. Summary of the parameters of the motorway route variants adopted for analysis.

Parameters VariantI  VariantII  Variant III

Length of the of the motorway section (km) 29.317 29.784 29.317
The width of the right-of-way (m) 70 70 70

The total width (including vegetation belts) 70-130 70-130 70-130

The width of a vegetation belts 15-30 15-30 15-30
The number of crossed roads 85 83 85
The number of overbridges 25 25 25

Average distance between roads with overbridges (m) 1173 1191 1173

For the analysed section of the motorway, both in the existing and an alternative version,
the occurrence of protective vegetation belts quite varies. They occur in all possible configurations.

3.2. Criteria A and B

The area of land under the motorway for the existing Variant I amounts to approx. 167.17 ha,
while for Variant II with an alternative motorway route it amounts to 155.90, and for Variant III with
the changed arrangement of overbridges, to 167.48 ha.

The areas under the motorway and located within the zone of the motorway’s adverse effects are
comprised of various types of grounds (arable land, grassland, forests, etc.). Definitely, the largest part
of these areas is agricultural land.

Its percentage in the area for both the existing motorway right-of-way (I) and for the variant with
alternative overbridges (III) amounts to 65.9%. The percentage of agricultural land occupied by the
motorway for Variant II with an alternative route is 54.3% (see Table 4).

Table 4. Summary of the parameters calculated for the motorway design variants.

Calculated parameters Variant I Variant IT Variant III

The area of land under

167.17 ha 155.90 ha 167.48 ha
the motorway

65.9% agricultural land 54.3% agricultural land

uggpfiloili?\i 7.95 ha of agricultural 7.97 ha of agricultural 76 g;}{;;;igrﬁcufltmuril :\?ad
€1 motorway land/km of motorway land/km of motorway ’ ol otorway
The areas located in the 15.94 ha 15.97 ha 15.95 ha

impact zone
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3.3. Criterion C

The studied motorway section crosses, respectively, 705 agricultural plots, both in the existing
version (Variant I) and in the concept with an alternative location of overbridges (Variant III), as well
as 599 agricultural plots in the version with an alternative route of this motorway section (Variant II).
The assessment results according to criterion C are presented in Table 5.

Table 5. The parameters for the deterioration in the layout of plots resulting from the motorway design.

Analysed parameters VariantI  VariantII  Variant III
The number of plots crossed by the motorway axis 705 599 705
The average area of plots crossed by the studied motorway section (ha) 0.81 1.06 0.81

The total area of the ploFs for which the layout has deteriorated following, 56437ha 64020 ha 55450 ha
being crossed by the motorway

The area of plots with deteriorated layout, corresponding to 1 km of the motorway  26.83 ha 32.73 ha 26.31 ha

3.4. Criterion D

The motorway crosses, over the section under study, a number of agricultural transport roads,
which necessitates roundabout access to a significant proportion of the land via motorway overbridges.
The area of land and the length of access roads which will increase after the construction of the
motorway, amounts, for the existing motorway (I), to 131.72 ha, while for the version with alternative
overbridges (III) to 119.43 ha, and for Variant II to 100.68 ha.

The area of land cut off from homestead areas by the motorway per 1 km of its route running
through agricultural land was estimated as well. Such a presentation of the obtained results eliminates
both the impact of the length of a particular motorway section on these areas, and the intensity of the
occurrence of agricultural land along its route.

3.5. Decision-Making Algorithm Related to the Selection of Motorway Variants

Three presented variants of the A4 motorway section location (Variants I-III) were subject to an
assessment (see Figure 5). The decision-making procedure comprised three stages. The first stage
involved an assessment of Variants I and II. The obtained costs and the initial evaluation of the effects
of these project’s variants on agricultural land indicated that Variant II was characterised by a lower
impact of the construction of this project on agricultural land.

. Motorway desi-gns under STAGE 2- MODELLING A change in variant cost Asses;maenct c[:iteria
start analysis I ehiaiged Al
Variant| arrangement of variant Il
—the existing corridor overbridges ';=58§;'Z
Variantll (Variant Ill) =29,
- an alternative corridor C=2359
D= 66,6
l STAGE 1 STAGE 3 l
Assessment criteria The initial The ranking of The evaluation Il
ABCD evaluation of the [ motorway  [€7 of the motorway’s
Variant| Variant|l motorway’s impact designs impacton
A= 807,7 A= 865,7 on agriculturalland 1. Variantlll agriculturalland
B=558,4 B=537,5 Variantl 2. Variant Il Variant 1l
c=284,1 €=202,1 Cost=1718,2 3. Variantl Cost =1660,2
D=67,9 D=61,1 Variantll
Cost =1666,4 -
recommendation
of motorway
designs

Figure 5. Schematic diagram of the decision algorithm for selecting the motorway route variants.
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In the second stage, modelling of the project’s Variant I was carried out through changing the
arrangement of overbridges. A modified design (as Variant III) was subject to an assessment of its
impact on the agricultural production space.

In the third stage, the forecasts of the impact of the analysed design variants on agricultural land
were compared. It was determined that Variant I1I of the road design was characterised by the lowest
costs. The obtained results are presented in Figure 5. The analysis indicates that a slight modification
of a design may result in a reduction of costs of the project’s impact on the agricultural production
space. And it does not always imply an increase on the project implementation costs.

For example, the relocation of overbridges within the existing design variant (for Variant I)
contributed to a reduction of the costs of the motorway’s impact on agricultural land, and particularly
decreased the impact of the increase in expenditure on agricultural transport. After modelling,
this design was adopted as Variant III, and this is the one characterised by the lowest costs of this
project’s impact on agricultural land, even though initially (as Variant I) it was characterised by the
highest cost.

4. Discussion

Results of analyses of changes in the use of land in the immediate vicinity of linear projects
indicate, inter alia, the disappearance of areas used for agricultural purposes, which particularly affects
isolated plots [46,47]. Therefore, preventive measures should aim at developing a strategy to minimise
the adverse effects of investment projects on the surroundings, including the prevention of the process
of setting land aside, and to develop a variant of a road project location (burdensome to the agricultural
development) that would be least harmful to the agricultural production space [48].

The application of the proposed method for the selection of a motorway design variant does not
imply an increase in the project implementation costs. A shift of overbridges to another location may
not generate additional costs, and the introduction of protective vegetation belts in selected locations
can also be combined with measures that limit other consequences of a motorway construction,
e.g., noise [49].

The applied road design optimisation method is not an alternative to consolidations implemented
in the vicinity of a motorway. It has another dimension as it allows, already at the initial design stage,
the problems for agricultural land arising from the motorway project implementation to be noticed,
and hazards to be prevented [50].

The superiority of the proposed method over consolidations implemented in the vicinity of a
motorway is due to the introduction into projects of not only elements ordering the space but also
attributes that prevent the reduction of production capabilities of the land located in the vicinity of the
motorway, resulting from the toxic effects of exhaust gases and the deterioration in water conditions
in the vicinity of embankments and excavations (by the application of Module I), and, secondly,
the elements decreasing the re-organisation of the space, by reducing the parameter of the access from
household and farm buildings to fields under cultivation (Module II).

The reduction of production capabilities and the adverse elongated access to fields is one of the
reasons for the discontinuation of production on agricultural land and the abandonment of these
areas [1], and, at a later stage, is a reason for their degradation [51,52]. These areas most commonly
undergo a rapid process of the forest cover expansion due to the forest’s natural succession resulting
from the permanent abandonment of land cultivation [53].

There can be no denying that the consolidations in the vicinity of a motorway are, as of
today, the best tool to repair the consequences of space re-organisation arising from the motorway
construction [54]. However, in order to achieve the effect that prevents the adverse effects of the project
implementation, consolidations need to be implemented, and not only in the area directly adjacent to
the motorway, which was the case in Poland [11,15,16,47]. Consolidations should encompass entire
villages, because the consolidation effects are also determined by the initial parameters (i.e., those to
be observed before the implementation of the project, namely a motorway). Where the proposed
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optimisation tool is applied, the parameters of land, which are to be subjected to a consolidation will,
by assumption, interfere less severely with the space (thanks to the application of Module II).

The first indicator shows the lost productive potential of agricultural land resulting from the
natural features of these areas. This indicator is based on the assessment of partial indicators: the soil
quality, climate, topography, and water conditions.

The second indicator that shows the impact of an investment project on the areas adjacent to the
project is a variable indicator whose value is determined by the design components, i.e., protective
green belts and the quality of land.

Another indicator determined on the basis of the spatial structure of objects is separation by a
motorway. Agricultural parcels undergo transformation of their shape, i.e., the ratio of the width and
the length as well as the area change, which is illustrated using Indicator C.

The last indicator is related to the extension of the access road from homestead areas to cultivated
fields. Its value is associated with the number and distribution of overbridges above the motorway,
which is also a component that enables route modelling.

5. Conclusions

The construction of technical linear infrastructure (e.g., a motorway) intersects the space into two
parts, which causes multi-faceted difficulties in its use. These difficulties are due to, inter alia, the limited
accessibility of the space as well as transformations of the space resulting from the construction of
the investment project. This problem often concerns agricultural land, since a significant proportion
of these investment projects is being implemented in these areas. The best results of minimising the
motorway’s impact on agricultural land will be obtained where this aspect is considered as early as at
the stage of motorway design.

This unfavourable aspect will be limited through the determination of the investment project’s
impact on agricultural land and linear project modelling. The indicators proposed by the authors
should enable the determination of losses for agricultural land resulting from the construction of a
project, which will be helpful in that regard.

The proposed decision-making tool enables both an assessment of the motorway design impact
on agricultural land and modelling this impact. The modelling is carried out, inter alia, by changing
the overbridge arrangement and designing appropriate protective vegetation belts and is carried out
using the two modules. The first of them (I) includes the “Protective vegetation belt design module”
which contributes to a reduction of the impact of a project construction on (B) the deterioration in the
quality of land located in the vicinity of the right-of-way, while the second one (II), the “overbridge
location optimisation module”, contributes to (D) an increase in the length of access roads to land,
which increases the expenditure on agricultural transport.

Both modules can be applied either separately or in combination. They can be used to perform
multiple simulations to achieve an optimal effect for project variants.

By changing only the arrangement of overbridges in Variant I, the motorway’s impact on the
agricultural production space was reduced by 3%, and the impact of the proposed variants’ effects
on agricultural land was minimised. If protective vegetation belts had additionally been introduced,
particularly in locations where the most valuable land is found, the improvement would have
been greater.

No specific guidelines for the implementation of consolidations in the vicinity of a motorway are
in place in Poland. The difference between classic and infrastructural consolidations includes only
the aspects of the initiation of consolidations (those in the vicinity of a motorway are implemented ex
officio) and of funding by the investor (with regard to the infrastructural consolidations, the investor is
the General Directorate for National Roads and Motorways). Therefore, the scope of consolidations
does not include the implementation of measures preventing a reduction of the degree of agricultural
land productivity resulting from the vicinity of a motorway:.
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The combination of both measures would allow both positive effects, i.e., the protection of
agricultural land, an improvement in spatial organisation as well as sustainable development to be
achieved. Therefore, in further research it is necessary to develop a methodology and procedures that
would enable the combination of both measures.

The proposed optimisation tool can be used in the countries in which motorways are under
construction. However, the application of the presented algorithm requires the adjustment of the
indices determining the losses of agricultural land, resulting from the construction of the project,
to national conditions.
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