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Abstract: The highway network has to grow because of the increasing vehicle use, the effort to improve
road safety, and the needs generated by economic development and efficient international transport.
The negative impact of the motorway on agricultural holdings in its vicinity can be determined
with general agricultural land valuation methods. However, this approach necessitates an in-depth
analysis of land cultivated by each farm, which is rather labour-intensive. Impact on agricultural
land should be assessed after the detailed plans for constructing a motorway are ready or even after
construction. Nevertheless, simplified methods can be applied as early as the preliminary design stage
or when evaluating potential alternative routes. Less labour-intensive, these methods can determine
the harmful impact of a motorway on agricultural land with sufficient accuracy. The simplified and
automated method presented for assessing the impact of a motorway on agricultural land uses GML
files to automatically acquire data for the calculations, using the linear nature of the motorway. The
prepared input data is then processed to optimally place the motorway in space. The final step is the
visualisation of the road investment. The process has been automated to facilitate rapid analysis and
employment of the data in linear project modelling and assessments of available options.

Keywords: rural areas; road network optimisation; sustainable transport; data automation;
calculation process

1. Introduction

Recent events, such as the Russian invasion of Ukraine or the COVID-19 pandemic,
demonstrated the importance of domestic agricultural potential for food security [1,2]. Possible
risk factors include the climate and environmental changes that cause such problems as poor
water availability [3], degraded biodiversity [4], fast-paced population growth entailing
food demand [5], or worse efficiency of agribusiness due to such unforeseen drivers as
epidemics or socioeconomic conflicts [6]. Agricultural production efficiency depends on
several key components such as soil quality [7], but also land ownership structure [8] or
land use structure [9]. Unfavourable land fragmentation is crucial [10], if not key, among the
numerous determinants of the profitability of small and medium agricultural holdings [11,12].

The area of agricultural land has been declining in Poland since the 1990s through its
conversion into anthropogenic grounds, such as for construction, transport, or forest [13].
To protect agricultural land against conversion, one should select such locations and routes
of construction projects that affect it the least [14]. This also applies to the construction of
roads and motorways, railways, or air transport infrastructure. New linear projects are an
unavoidable part of globalisation and the effort to improve transport infrastructure [15].
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Improving the accessibility to goods and services in central areas from the peripheries or
links from production areas to markets have been priorities for decades [16]. Financial
matters, i.e., the cost of a project [17], usually outweigh consideration of the minimal impact
on agricultural production space when situating a linear project [18].

The primary adverse effect of the construction of a motorway on agricultural pro-
duction sites is the reduction in the area of agricultural land due to its conversion into
non-productive land [19]. Such losses are apparent near roads and motorways as well [20].
Detrimental effects of a motorway construction for agriculture include, first of all, the
deterioration in the configuration of parcels situated on the project centreline, degraded
agricultural production close to the motorway, and elongated agricultural transport routes
to farm fields [21]. These are the main considerations when investigating the impact of
a linear project using the simplified method for assessing the effect of a motorway on
agricultural land [22], which can also estimate the influence of motorway route changes
on the losses due [18]. An appropriate analysis requires data about the variability of soil
quality along the motorway, positions of roads and bridges, areas of agricultural parcels
that require crossing the motorway to reach them, and intersected parcel configuration pa-
rameters [23]. These data are used to determine the motorway-induced variability of such
land parameters that are significant for their production potential and are then employed
to estimate the aggregate impact of the motorway on agricultural land.

The simplified method for assessing motorway impact on agricultural land can deter-
mine the holistic influence of the motorway construction on agricultural land, including
loss of land acquired or the right-of-way, decreased capacities of pieces of land within a spe-
cific distance to the motorway, deteriorated configuration of parcels in holdings intersected
by the motorway, and increased cost of agricultural transport.

The multifaceted impact of the motorway is measured using the land value determined
only through its production capabilities. Therefore, the value is a measure of the valuation
of the agricultural suitability of the land for agricultural production [24]. When selecting a
location for a motorway, designers estimate the width of the adverse impact zone of the
linear project on its surroundings [25-27]. It ranges from 15 to 30 m, but green belts could
reduce the impact range of the motorway from 90 to 50 m [24].

The adverse effects of linear projects affect most of all the configurations of the parcels
along its centreline. The deterioration of the relative configuration of parcels in agricultural
holdings can be estimated by specifying the number of parcels the location of which
changed. The linear project area most often bisects parcels. The division into three parts
takes place in exceptional circumstances when the parcel length exceeds the width of the
motorway right-of-way. The extent of changes in locations of intersected parcels hinges
on the ratio of their length to the width of the motorway right-of-way. When parcels are
bisected, or their length is not evidently greater than the motorway width, the plot lengths
and areas can be assumed to be halved following the bisection. When a parcel is trisected,
the average parcel length can be estimated as half of their initial mean length less the
motorway width [28].

By intersecting the existing road network, a motorway disturbs other roads in the
impact zone. This, in turn, entails longer access to agricultural land, for example [29]. To
determine the increase in agricultural transport costs, one has to estimate the area of parcels
that are accessed across the motorway and determine the increase in the access to the site.
Some roads intersected by the motorway will have overpasses. Access to these areas from
such roads will be unaffected by the project, and the resulting distance increase will be
zero. Hence, these roads can be excluded from calculations of mean changes in distances to
parcels [24]. To calculate the increase in agricultural transport due to the construction of a
motorway, one has to determine the area of the parcels the access to which is intersected by
the motorway for each road and the increase in the access distance to the area. The increase
in the distance to parcels that require motorway crossing can be estimated from the mean
distance between roads that intersect the motorway.
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STAGE 1 - DATA AQUISITION

The objective of the paper is to present a modified simplified method for assessing the
impact of a linear project on agricultural land with algorithms that automatically complete
three steps of the method: data acquisition from a map, computation of agricultural land
losses due to motorway construction, and route visualisation. The hypothesis adopted
in the study was that the specific features of the road investment, related, among other
things, to its linear shape, allow for the introduction of simplifications in the estimation of
its impact on agricultural land. These simplifications mainly concern the estimation of the
quantity and quality of land taken over for road construction and influenced by it, as well
as the increase in agricultural transport and the deterioration of the distribution of plots.
The method can be applied to road network expansion projects as well as maintenance
and upgrading of roads, including improving the management efficiency of the planned,
prepared, built, and existing road network.

2. Materials and Methods
2.1. Method for Assessing Motorway Impact on Agricultural Land and Premises for Automation

The proposed simplified assessment of motorway impact on agricultural land involves
three stages that were automated to streamline the assessment procedure (see Figure 1). The
process could be automated because we used properly formatted vector input data. The first
stage employed automated acquisition of Geography Markup Language (GML) data, which
replaced analogue field data collection and analogue data feeding to computation modules.
In the second stage, the automatically processed input data were used to calculate losses
caused by the construction of the motorway along a particular route. The third stage was to
create a visualisation of the motorway route for optimal integration with the landscape.

STAGE 2 — ASSESSMENT OF PROJECT’S IMPACT ON
AGRICULTURAL LAND
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Figure 1. Schematic diagram of automation of the method for assessing linear project impact on
agricultural land.

Poland’s national road construction plan calls for the construction of 3768 km of roads,
including nearly 255 km of motorways and almost 3090 km of motorways. In 2020, the gov-
ernment’s programme for the construction of 100 ring roads was launched, which envisages
the construction by 2030 of 100 bypasses with a total length of approximately 830 km.

The investigated section of the road investment begins at the Biata Podlaska inter-
change, without interchange (km 624+830), and ends at the Dobryn interchange
(km 640+703). The area to be analysed was shortened, i.e., it includes the section of
the motorway from km 626+500 to km 633+000 (Figure 2).
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Figure 2. Case study location in Poland, Lubelskie Voivodeship.

2.2. Automation of Input Data Acquisition

The innovative nature of the proposed data acquisition procedure lies in algorithms
that automatically read the input file with a vector description of boundaries of cadastral
parcels, land use type patches, and soil quality patches to generate a dataset for a program
that computes agricultural production losses. This improvement is universal for Poland
and was made possible thanks to a nationwide harmonised GML file format for vector
input data. In order to automatically acquire data for further computations, one has to
combine information on the planned linear project’s route with data on the land ownership,
land use structure, and agricultural suitability (soil quality) and then identify characteristic
points where input data change. An algorithm composed of geoprocessing instructions
in QGIS generates points of intersection of the motorway centreline with spatial data on
boundaries of parcels, land use patches, and soil quality patches and tabulates the results.
Such generated tabulated data can be used directly in a module for computing agricultural
land losses.

2.3. Module for Estimating the Impact of Linear Project Situation on Agricultural Land

It takes a significant number of computations to estimate potential losses of agricultural
holdings caused by the construction of a motorway. The computation effort has been
streamlined by significant automation with macro instructions in Visual Basic deployed
in MS Excel. The software was chosen because it can present a large number of tabulated
parameters and is commonly used. Moreover, it accepts macro instructions, with which
computations can be automated to a greater extent. Visual Basic can create programs
with clear structures. Data for the sections are summarised in aggregate tables for a more
efficient and precise interpretation of agricultural land value loss along each section of
the motorway and its subsections. It also helps with a more accurate assessment of the
motorway impact on agricultural land expressed as a sum of land value reductions along
the investigated parts of a long section of the motorway. Slightly less labour-intensive
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computations for an entire project section involve the determination of the reduction in land
value based on mean changes in its characteristics caused by the motorway construction.

2.4. The Application for Visualising Motorway Route

The application is developed in HTML /JavaScript(Jquery). It requires a web server
and Internet access but does not need a database or nonstandard disc access rights. It
is standalone software installed by copying files into a directory on the web server. All
access paths to application files are relative except Geoportal resources. The interface has
been developed in HTML5, which makes it compatible with most hardware and software
platforms. The recommended web browser for the application interface is Google Chrome.
The application consists of three main modules (Figure 3): (1) a map viewer module that
uses Geoportal’s APL; (2) a visualisation module; (3) an output data generation module.
The Geoportal map module is used to input coordinates of the horizontal alignment of
the planned motorway and generate descriptive points with them. It communicates with
the visualisation module by duplicating points in the landscape panorama image. The
visualisation module allows the user to interactively create the motorway route image and
adjust the appearance. It communicates with the Geoportal module to fetch data on de-
scriptive points. The output data generation module saves the output image created in the
visualisation module together with data from the Geoportal module and the visualisation
module. The image is saved as a lossless .png file. Module data are saved as open JSON for
each model separately. This way, the user can generate an array of visualisations, motorway
horizontal alignments, and descriptive points for the area. The complete application project
consists of an input image and two JSON files.

GEOPORTAL Areaimage

e r;;odule Visualization . Output
P " module image (png)
\ 4 v
JSON files JSON files
input/output input/output
{A=seriptive (visualization
points) data)

Figure 3. Flow diagram of the motorway route visualisation application.

Descriptive points are created on the map based on their location in the 1992 coordinate
system. The application automatically plots a point on the map in a Geoportal box (see
Figure 4). If a point has no coordinates, it is not displayed. A descriptive point’s data can
be input only in a dedicated panel in the right-hand side of the interface.
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Figure 4. View of the map module.

When the application is launched, the Geoportal map module searches for the de-
fault.txt file in the ‘api” directory of the application. It contains information on the default
descriptive points in a JSON format generated by the output data generation module. The
application can also run without predefined route points. The application will run even if
the file is absent from the defined directory.

The side interface of the Geoportal map module is used to enter data of descriptive
points and convert them to a JSON format. Maps are displayed using the Geoportal’s APL
The application will automatically generate relevant views from the input data when the
map is refreshed. The underpinning of the visualisation is a digital panoramic image of the
area where the motorway is planned. The plotting field size is determined by the size of
the base image. If the user attempts to generate a visualisation when no plotting field is
defined by loading a base panorama, the application displays the following message: ‘Load
base image’. Visualisations are created through interaction with the application. The user
should define the number of node points for the centreline of the linear project (such as a
motorway) and then move them to their positions. The algorithm builds the visualisation
in real time using data from the Panorama and Image panels. The application automatically
applies perspective to the motorway route based on an elementary transformation matrix
from the opensource math js library:

Tran(a,b,c) = (1)

o o o
=Nl
= e
— N0 T o

where a, b, and c are shifts along the X, Y, and Z-axes.

The perspective is applied isometrically with the centre of the field of view in the
central point of the base image. The viewing angle is arbitrarily set to 45° for the x and y
planes of the field of view. The auto perspective algorithm overwrites all plot values at
node points and transforms the entire route to the default values. Plot nodes determine the
motorway plot route. The route is plotted in ascending order of the nodes. The number
and data of the descriptive points are fetched from the Geoportal map module. The same
route can be generated on different base images.
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3. Results and Discussion
3.1. Changes in Agricultural Land Characteristics Due to Motorway Construction

Construction of a motorway obviously improves road transport [23], but it also has
many adverse effects, particularly in its immediate vicinity [29]. The primary harmful
impact of a motorway is on agricultural land, which it most often intersects, reducing
its production capabilities [30];

Changes in agricultural land characteristics due to motorway construction were esti-
mated using a simplified method that involves an analysis of the motorway centreline
considering only general parameters determined when selecting the route of the road,
such as the expected right-of-way width or positions of vegetated strips [22]. The fol-
lowing input data are determined after the centreline is plotted on the cadastral map:
variability of soil quality along the motorway, areas of agricultural parcels that require
crossing the motorway to reach them, intersected parcel configuration parameters,
and positions of vegetated buffer strips. A total of 72 landmarks were identified along
the surveyed section (Table 1). The variability of land characteristics due to motorway
construction is determined using these data. Those characteristics of parcels are mainly
taken into account that determine their agricultural usability and may be employed to
holistically describe the contribution of motorway construction to the deterioration of
the production capacities and income-generation capabilities of the land. This method
considers all the types of agricultural land impact mentioned above;

The streamlining and complete automation of the computations with an original
program alleviated the labour intensity of the research. This way, the A2 motorway
impact assessment could be performed for its relatively significant stretch between
Wilczyn and Woskrzenice Mate in Lubelskie Voivodeship.

Table 1. Reduction in the income value of agricultural land as a result of motorway construction

between Wilczyn and Woskrzenice Mate.

Value of 1 ha [CU/ha] Decrease in Profit Value
Per Motorway
No Cause of Value Reduction Before After Affected In Village o Per km in o
Area [ha] % Motorway . %
Change Change [cUul] [CU Y/hal Agricultural
2l land [CU Yhal
1 Land acquired for motorway 93.55 52.97 4955.3 100.0 760.4 909.6 44.9
Decrease in land to settlement
2 distance due to changed 93.55 63.61 75.11 2248.8 45.4 345.1 412.8 20.4
transport system
Increase in land-to-settlement
3 distance due to changed 93.55 65.97 113.18 3120.5 63.0 478.8 572.8 28.3
transport sytem
Detorioration in configuration
4 of parcels intersected by 93.55 90.26 218.8 718.0 145 110.2 131.8 6.5
motorway
Total - - 460.07 11042.7 222.8 1694.4 2026.9 100

1 CU—Cereal Unit.

3.2. Area of Land Acquired for the Construction and in the Impact Zone of the Motorway

The area acquired for the construction of the motorway along the investigated 6.5 km

was 52.97 ha (Table 1). The width of this stretch of the motorway varies from 70 to 130 m
depending on the occurrence of vegetated strips (Appendix A Table Al). The average lane
width of a motorway is 94 m.

Relatively rare use of vegetated strips results in a width often not greater than the

planned width without the strips, i.e., 70 m, especially in villages where soils are of good
quality and forests are scarce. Table 1 presents the use and quality classes of the parcels
acquired for the construction of the investigated Wilczyn—Woskrzenice Mate section. The
data in the table indicate a homogeneous distribution of soil quality over the entire section.
The extent of land acquisition for the project is well reflected by the area of acquired land
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per 1 linear kilometre of the motorway, which is also a measure of the average width of
the motorway for the investigated section. As can be seen from the calculations (Table 1),
the takeover of land for construction will be associated with a reduction in its value by
4955.3 cereal units in relation to the entire section under study, and, in relation to 1 km of
the motorway;, it will amount to 760.4 cereal units/ha, which indicates that land of medium
quality class (i.e., IVa and IVb according to the Polish six-class classification of soils) will
be taken over for construction. As was mentioned above, the motorway width variability
across villages is moderate and reflects the occurrence of vegetated strips. The area of land
in the impact zone of the investigated section is nearly twice as large as the land acquired
for construction. The land area under the adverse impact of road transport is 75.11 ha on
average (Appendix A Table Al). The width and area of the motorway agricultural impact
zone vary significantly depending on vegetated buffer strips. When there are no vegetated
strips, the motorway clearly impacts areas up to 90 m from its boundary, resulting in a
40% degradation of agricultural land quality on average [24]. In the surveyed section, this
reduction is slightly higher than the average values reported in the literature and amounts
to 45.4% (Table 1), which is due to the increased negative impact and is related to the lack
of protective green belts in most of the surveyed section. The total maximum impact zone
width reaches 180 m in such a case with the motorway width of 70 m. The land acquired
for the construction and in the impact zone of the motorway includes various land-use
patches along the motorway route. Agricultural land in Poland is a significant part of the
mix. When the right-of-way covers little to no agricultural land, it is usually because of a
large share of forest land and poor soil quality.

3.3. Parcel-Settlement Separation due to Motorway Construction

The horizontal alignment of the investigated section of the motorway had been de-
signed correctly considering the boundaries of villages and rural residential areas. There-
fore, users of only a small part of the land will need to use extended access via motorway
bridges to reach their fields. The assessment of the increase in agricultural transport effort
focuses on agricultural transport roads included on cadastral maps and does not cover
unmarked tracks on agricultural parcels. Such assessment can yield values lower than the
actual increase in land access routes even though, in obvious cases, we used best efforts
to consider transport over parcels by increasing the traffic volume on the nearest roads
separated from settlements by the motorway. Another cause could be small distances
between bridges and a favourable arrangement of agricultural transport roads.

The areas of land access to which will be deteriorated after the motorway is constructed
are equal to a product of the width of the catchment area of roads crossed by the motorway
without bridges and the widths of land strips with extended access via motorway bridges
specified for these roads. The average increase in parcel-to-settlement distances for this
section of the motorway is 1.1 km, which is relatively significant because, the average
distance between roads with viaducts is 1.6 km. However, it does not determine the
increase in agricultural transport. These increases result mainly from distances between
consecutive bridges and are virtually independent of the motorway route. The increases
in land access distances defined by distances between bridges will result in significant
increases in agricultural transport costs only if they are accompanied by a large area of land
that has to be accessed by roads with no motorway bridges. A poorly designed motorway
section will usually have a much greater area of land with increased distance compared
to a correctly designed section with a similar increase in distances to parcels. Therefore, a
large increase in the distance to parcels caused by the construction of a motorway indicates
significant distances between bridges, and the correctness of the horizontal alignment can
be assessed using the size of the parcels that it separates from settlements.

The total losses driven by this factor for the investigated section are 3,120.5 cereal units.
It constitutes 63% (with an average of 20-30% of this factor reported in the literature [24])
of all losses in the value reduction structure (see Table 1), which may be indicative of the
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need for readjusting the transport system and considering this fact in land consolidation
projects in the area of the motorway.

3.4. Changes in the Configuration of Parcels Intersected by the Motorway

The investigated stretch of the motorway usually intersects parcels perpendicularly
to their length. The average width of the parcels intersected by the investigated section
of the motorway is approx. 48 m. Considering that the parcels are not particularly long
(463 m on average) compared to the motorway width, they should be intersected mid-
length on average. The deterioration in parcel configuration due to the intersection by the
motorway presented in row 4 of Table 1 covers an area of approx. 218.8 ha, and the total
value deterioration amounts to 718.0 cereal units. This factor constitutes 14.5% of the value
deterioration, which is relatively little compared to other factors considered in determining
the adverse impact of a motorway.

In summary, the total loss of value associated with the acquisition of land and the
negative impact of the motorway on agricultural land is 65.3% (Table 1) of the total loss of
value, while the factor often accentuated in the literature associated with the increase in the
distance to the land and the deterioration of the distribution of plots (shape and area of
new plots) has a much lower value at the level of 34.8% (Table 1).

4. Conclusions

The presented simplified and automated assessment of motorway impact on agri-
cultural land can extract GML data for computations from databases by tracking the
motorway’s centreline in the first module, feeding processed data for loss computation in
the second module, and visualising the horizontal alignment of the motorway to integrate
it optimally with the landscape in the third module.

In broader terms, the presented set of algorithms automates the assessment of the
adverse effect of linear projects on agricultural production space. It can help comprehen-
sively analyse horizontal alignment options for linear projects, calculate the total adverse
impact of various proposed project locations intersecting the land layout, and identify
the optimum variant that affects the agricultural production effectiveness in the area the
least. It is relevant because studies show that the plot layout affects agricultural production
costs for dozens of years [21]. An example study shows that the proposed methods give
more precise results than the existing methods. Not only is the proposed automation of the
computational process simple, but it also has important advantages in terms of automation,
ease of handling, and good adaptability to motorway alignment optimisation algorithms.

The method can be applied to road network expansion projects as well as maintenance
and upgrading of roads, including improving the management efficiency of the planned,
prepared, built, and existing road network in Poland. It can be achieved by promoting
innovations at the stages of the preparation and the delivery of road projects based on the
most effective research methods that take into account sustainable development over the
entire road life cycle.

At present, further research is being conducted related to the full automation of
data acquisition for the method, and the comprehensive visualisation of the designed
investment in space and its impact on the landscape, water environment, or aesthetic
values. An analysis of other aspects of the motorway’s impact on agricultural land related
to aesthetic feelings, as well as the impact of the investment on changing land values caused
by the proximity of well-developed transport systems, would also be worth considering.

It seems that the simplified method of investigating the negative influence of the motor-
way on the surrounding areas does not have any research limitations, the only difficulty being
the lack of access to reliable and credible data used for direct analysis of the sections of road
investments proposed for realisation. Taking into account only the agricultural aspect will also
be a certain limitation. The analysis of other types of land, e.g., land of an urban character, i.e.,
land without production potential, will have to involve an extension of this method or another
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analysis which takes into account the loss of value not related to the production potential of
agricultural land, but to the market value of land and buildings.
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Appendix A

Table A1l. Initial parameters for assessing the impact of the motorway on agricultural land.

Lengths Over [m]

Dimensions of

Point Point Chainage Chainage ];iescl::?e Width of Area No. of Parcels Selected Parcels \s]f;giept;teNdoE:gT_ Motorway
No. Name onMap  Messured i Point Arable land Gereen Areas Moty g Iniersectedby | oth  Width  OneSide=2.  Widthlml
{ml Other 1 o Ila b IVa Vb v VI 1 it 1 v v VI Roads Y [m] [m] Both Sides =3

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 2 23 24 25 26 27

1 1A 466.623 466.623 5 5

2 1 1. Village 466.695 72 7 1 70

3 2 466.735 40 40 1 94 29 1 70
87 79A 3. Village 471902 100 100 3 130
88 798 3. Village 471,998 9% 9% 3 130
89 79 472,06 62 62 3 130
90 80 472307 247 247 9 206 15 3 130
91 81 472,324 17 17 3 130
%2 82 472351 27 27 1 265 21 3 130
93 83 472.397 46 46 3 130
94 84 472.407 10 10 5 3 130
95 85 472418 1 1 3 130
% 86 472,519 101 101 4 313 9 3 130
97 87 472533 14 14 1 264 1 3 130
98 88 472569 36 36 2 260 13 3 130
99 89 1726 31 31 3 130
100 90 472,614 14 14 1 242 12 3 130
478 31 495.838 80 80 1 115 86 1 70
479 132 195,891 53 53 1 70
480 133 49591 19 19 100 1 70
481 434 495.94 30 30 1 70

Total 29317 8279 1138 3375 1850 756 937 2611 4575 1458 22 212 222 1213 1264 787 618 4024 705 50543 10,331
Average 29,317 67 261 31 34 87
Area [ha] taken over for motorway construction: 253.81 8154 7.97 2500 1420 531 7.37 2116 3871 1451 015 148 155 1206 1087 674 510
Area [ha] of motorway impact: 162,92 11758 2048 5880 3163 1358 15.79 1315 7344 2051 040 382 400 1707 2006 1253 1009
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