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Abstract: The paper examines the impact of highways of urban significance on surround-
ing areas. The authors substantiated the size of the road-effect zone. In order
to determine the quantitative extent of the impact of highways on surrounding
areas, the scholars applied the data regarding the selling prices of land plots
with various designated purpose, i.e. the estimated money value of land is the
indicator of determining the road-effect on surrounding areas. Since a great
number of factors affects the value of these land plots, in order to determine the
road-effect for highways, the authors developed economic and statistical mod-
els for expert value of land plots with various designated purpose using the
method of multiple regression analysis. After substituting different values of
distances to a highway within the road-effect zone in the model, the researchers
established the patterns of change in the value of land plots with various des-
ignated purpose and calculated the adjustment factors that can be used in the
pecuniary valuation of land plots. The value of such coefficients for residential
construction land is 0.85-1.00; for commercial land it is 1.00-1.17; and for in-
dustrial land it is 1.00-1.01.
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1. Introduction

According to the Constitution of Ukraine, land constitutes the main national
wealth of the country and is protected by the state [1]. The main principle of the
state policy in the field of land protection is based on the priority of the protection of
land resources over the potential economic benefits to be obtained. While improving
the transport network of the region is of paramount importance, the development
of roads is accompanied by concomitant congestion, and thus the impact of the con-
struction and reconstruction of roads on the land of settlements is a burning issue in
contemporary environmental protection.

The increase in the urbanization of the population and production has made
land in cities a unique resource and the efficiency of its exploitation depends on
national economic and social development. Therefore, it is very important to deter-
mine the real price of land in order to implement property agreements related to
land [2, 3].

The practical implementation of land reform, the formation of the land market,
and the introduction of the private ownership of land all require clear economic and
legal mechanisms for land relation regulation which is based on land evaluation.
The functioning of the land market cannot be considered to be effective without the
reliable estimation of land.

The research and analysis of relevant factors, especially the influence of roads,
together with the implementation of the expert monetary evaluation of land have
assumed a critical importance today. The choice of evaluation method depends on
the quantity and quality of the initial information about the objects.

There has been a steady annual increase in the volume of road transport in
Ukraine despite a number of crises and a trend of population decline. This has led
to the road network of cities overloading and has exacerbated the socio-economic,
sanitary-hygienic and technical problems associated with people’s health, as well as
impacting on land resources and the organization of road traffic. The development
of road transport is accompanied by two contradictions. On the one hand, achieving
a high level of the satisfaction of the needs of the population in vehicles, and, on
the other hand, it has increased the negative impact on the environment, especially
in cities. In recent years, there are a number of scientific publications that have dis-
cussed various aspects of this problem [4-7].

Mechanization brings a variety of benefits to people but the development of the
transport network is also accompanied by extremely negative phenomena. Road-
ways have become a place of death and injury; people are one of the most active
polluters of air, water and soil, noise and vibration pollution. The road network
passes through cities and villages, and the surrounding fauna and flora suffer from
the harmful effects of road transport.

The construction of new highways and the reconstruction of existing ones re-
duces the value of adjacent lands due to the destruction of the natural landscape,
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road dust, heavy exhaust gases of cars of the vehicles themselves, acoustic noise
etc. At the same time, the modernization of the transport network contributes to the
sustainable development of the state, so the issue of the impact of the construction
of new roads and the reconstruction of existing ones on the cost of adjacent land
requires more detailed study. It is well known that the concept of sustainable devel-
opment includes the need for a safe and healthy environment in establishing a bal-
ance between meeting the modern needs of mankind and protecting the interests of
future generations [8].

The impact of roads on the surrounding areas is both positive and negative.
In our opinion, this problem should be solved using mathematical modelling and
multivariate regression analysis with the spatial visualization of the objects of study.

2. Literature Review

The pollution and depletion of land resources threaten the health of the popula-
tion, environmental safety and economic stability of the state. The scientific works of
D. Babmindra are devoted to the issue of land condition assessment in Ukraine [9].
Based on the assessment of the state of lands, land resources are managed, as well
as their rational use. These issues were studied by V. Horlachuk, V. V'yun, L. Pe-
schans’ka, A. Sokhnych and others [10].

At present, it is obvious that evaluation by traditional methods does not allow
to take into account and quantify of subjective factors. To conclude, the procedure
needs support using mathematical methods. Regression analysis methods have
been widely used in land valuation. Thus, the article [5] describes the features of the
application of these methods in solving the problems of site assessment and mass
land assessment. In [11], a mathematical model of the expert value of land plots in
the city of Rivne was obtained. It makes it possible to determine the average market
value and correction factors to the value of the object of evaluation. The main factors
influencing the cost of land plots for construction in Rivne have also been identified.
The change in the value of the land plot and the change in the value of price-forming
indicators are analysed. However, the accuracy of the model is determined.

In recent years, there has been a wide range of work related to the assessment of
land status using mathematical modelling and geographic information systems. The
emphasis is on taking into account their ecological status. In particular, in [12] the
boundaries of natural and agricultural areas were specified by mathematical model-
ling under conditions of uncertainty and it was proposed the method of automated
zoning. This method was tested by monetary valuation of land in different areas.

The article [13] discusses researches and evaluates land in Cyprus. Land val-
uation is performed using advanced spatial analysis methods, including multiple
regression analysis (MRA) and geographically weighted regression (GWR) using
geographic information systems (GIS).
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In the work [14] it was determined the size of areas at risk of carbon monoxide
pollution derived from road traffic and determining the number of inhabitants ex-
posed to excessive CO levels using geostatistical modelling on the example of the
city of Bydgoszcz, a city in the northern part of Poland. Based on geostatistical mod-
elling, a prediction map of CO pollution was generated, along with determining the
level of CO concentration. The studies accounted for the variability of road sources
as well as the spatial structure of the terrain.

In his papers, Yu. Hubar [15, 16] substantiates a comprehensive scientific ap-
proach to the valuation of urban lands, while taking into account the urban planning
value of the territories. The scholar developed a mathematical algorithm for calculat-
ing the cadastral multifactor valuation of the urban area. The researcher proved that
the cadastral valuation of urban lands should be represented by a system of integrat-
ed indicators, namely, they include economic, environmental and urban planning
indicators. Hubar also determined perspective trends with regard to the influence
of city-forming factors on the cost of territories. Furthermore, he also developed
algorithms and methods of quantitative determination of the price of urban lands.

In turn, Yu. Palekha [17] developed the theoretical and methodological practical-
ities, as well as methods of economic and geographical study of land value in popu-
lated areas. He suggested a method of economic and geographical study of the value
of urban areas and their spatial differentiation. The scholar also identified main geo-
graphical factors influencing the value formation, he also provided their assessment
and carried out the type design of Ukrainian cities. Hence, the methods of regression
analysis and GIS-analysis tools provide for effective and reliable determination of the
monetary value of land, and therefore research can consider them to determine the
impact of certain factors on the land value. The impact of highways on surrounding
land plots is one of such factors. The scientists started to study the consequences of the
noted impact in 1960’s, when the scale of transport development began to affect the
environment. A great number of researchers, like I. Yevheniev, B. Karimov, G. Osipov,
N. Ivanov, E. Pavlova, V. Ambartsumian, V. Lukanin, Kh. Lents, L. Perovych, R. Van-
chura, I. Vaskina and others, were engaged in determining the effect of road transport
on humans and the environment, as well as looking for the ways to solve this issue.

Aiming to take into account the impact of road transport on adjacent land plots,
O. Yemets’ in his paper [7] proposed to consider the pollution of roadside lands by
vehicle emissions based on the ratio of the concentration of permissible emissions
to the concentration of polluting ingredients in the environment due to transport
pollution. In her research article, N. Vnukova [18] states that the impact of the high-
way (i.e. the road-effect or highway-effect) occurs since its construction. At the stage
of operation, the increase in the traffic intensity and speed causes noise, dust, ex-
haust gases, spills of fuel and lubricants, etc.

It is a well-known fact [19] that highways are threats to ecosystems due to their
short- and long-term physical, chemical, and biological effects, therefore the urbani-
sation of the landscape is obviously the greatest threat to habitat and biota.
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T. Lytvynenko in her paper [20] analysed and structured the highway impact
factors on the environment, while K. Szopiniska, M. Krajewska and J. Kwiecieni in the
publication [21] conducted a study of the impact of traffic noise from a busy route on
residential property prices using strategic noise map (SNM) resources as a source of
real estate information. The housing estate was identified near the Polish city of Byd-
goszcz. Assuming that real estate prices reflect its characteristics, the authors tested
the following hypothesis: for residential premises located on Kuyavska Street, noise
is a characteristic that reduces their price. SNM resources, statistical analysis and
econometric modelling were used in the study. Studies have shown that housing
prices vary depending on the acoustic zones, but in the surveyed areas is not statis-
tically significant. In addition, the study showed that SNM resources can be a source
of information about real estate, especially in the context of environmental factors.

In most of these papers, the scholars view roads/highways as negative effect
factor. However, we should note that in many cases, the close location of roads in-
creases the value of land.

In order to study the impact of toll road construction in Orange County, Cali-
fornia, on the prices of real estate, M. Boarnet and S. Chalermpong [22] examine the
relationship between highways and urban development, using hedonic analysis and
sales data. The research shows that homebuyers are willing to pay for better accessi-
bility to land provided by new roads.

In global theory and practice, the problem of land administration and evalua-
tion has been widely reflected. Scientific publications by S. Enemark, I. Williamson,
A. Ossro, G. Feder, O. Andras and others, as well as directives of the United Nations
and the European Union are devoted to the development of a modern land admin-
istration system.

Although, on the one hand, highways worsen the ecological condition of lands,
on the other hand, they increase the value of urban lands by improving transport
accessibility. Having this in mind, we found a small amount of published research
on the highways’ impact on adjacent land plots with various designated purposes.

3. Results

Bases on the literature review, we established that pecuniary valuation is the re-
sult of the integrated impact of rent-forming factors on the valuation object (lands of
populated areas). Therefore, in order to identify the impact of roads on such lands,
there is a need to analyse the valuation models for lands with various designated
purposes.

It is essential to perform a simultaneous assessment of a large group of ob-
jects using the tools of economic and mathematical modelling, i.e. mass valuation of
land. The bases of this approach are systematic methods of collecting, analysing and
processing information to obtain sound results. There are five main stages of mass
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appraisal of real estate: problem statement; preliminary examination and analysis;
collection of information, market analysis and finding the options of the best and
most profitable use; development and calibration of the model; model testing, qual-
ity control and refinement of the obtained results. Figure 1 presents the algorithm
scheme for the mass valuation of land resources. Basing on the calculated model, we
can obtain adjustment factors to the estimated value of the object, which will take
into account the impact of each particular factor [23].

GIS
(Graphical Data Representation)
- L
RIS VALUATION
COLLECTION Analysis and comparison of valuation RESULT
Research of el Expert
market contracts J\ Determination of weights and _‘/ assessment of
and factors, coefficients for a mathematical land plots
which will model development.
influence the Defining a valuation model.
price of land Control and monitoring by means of
plots a sample assessment

1

Software for economic and statistical data
modelling

Fig. 1. Algorithm scheme for mass valuation of land resources
Source: [23]

The value of land depends on its designated purpose. At the same time, deter-
mining the price of land is the key component to creating conditions for economic
regulation of land relations, and consequently the management of land resources.
Establishing the real value of a land plot is a rather subjective process and depends
on many factors, such as its physical characteristics, the form of its ownership and
others.

The valuation of land located in populated areas considers the comparative val-
ue and suitability of the territory for residential, commercial, and industrial con-
struction and provision of public services and amenities. The noted valuation is
based on costs, both with regard to construction and maintenance of buildings, facil-
ities and communications. The experts also have to take into account the engineering
and construction characteristics of sites (i.e. land plots), their location on the master
plan of the populated area relative to existing buildings, transport connections with
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public, cultural and shopping centers, industrial areas, proximity to existing utili-
ties, environmental conditions, as well as peculiarities of previous use and pollution
of the territory. The functional and planning design of the populated areas also ef-
fect the pecuniary (monetary) valuation of the lands in these populated areas.

Highways are also one of the important factors influencing the valuation of land
plots. The last decades clearly indicate an intensive motorisation process in the so-
ciety. The concentration of a large number of vehicles in a relatively limited area of
the city significantly affects air pollution and, in certain conditions, it leads to the
prevailing impact of road transport on the environment.

Roads/highways affect air, soil, water sources and humans by releasing heavy
metals and chemical compounds into the atmosphere (carbon monoxide, hydro-
carbons, nitrogen oxides, aldehydes, sulphur compounds, particulate matter (car-
bon soot or smoke), carcinogens, lead compounds, etc.) (Fig. 2), and by creating
increased levels of noise, vibration, etc. [24].
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Fig. 2. Emissions of harmful substances
into the atmosphere of Rivne from mobile sources [tonnes]

Source: [24]
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Nevertheless, as we mentioned above, a road network, along with the negative
impact, has a positive one as well. At the city level, it ensures transport accessibility
and improves urban environment. In order to consider all these factors, the practi-
tioners adjust the land value (Fig. 3).

[ Highways ]
—
Positive influence Negative influence
Transportaccessibility Air pollution
Improvingthe urban environment Sound pollution

Soil pollution

/

[ Coefficients of adjustment of monetaryvaluation ofland plots ]

Fig. 3. Road-effect flow chart

With the intention of studying both the positive and negative effects of roads on
the surrounding area, we suggest creating mathematical models for expert value of
land in Rivne, intended for residential, commercial and industrial construction. This
requires the following;:

— choosing the factors that affect the expert value of land for the particular des-

ignated purpose,

— determining the scales of indicator values with regard to pricing factors,

- developing mathematical models of expert value of land plots by means of

multiple regression analysis,

— calculating the change in the value of land plots depending on the change in

the indicator values for pricing factors.

The value of land in a market economy depends on the level of its usefulness,
consumer properties, and the advantages of land. The main factors influencing the
value of land include the following [13, 17, 25-27]: size and configuration, terrain,
condition of soils, nature and condition of real estate, location, use of the surround-
ing area, level of engineering and transport infrastructure, etc. Basing on the com-
parative analysis of the characteristics of the populated area, we selected the follow-
ing pricing factors and units of their measurement:

— area [m?],

— distance from the centre of the populated area [km],

— zone of negative impact of highways of urban development significance

[points],
— availability of public utilities [points].
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In order to assess the negative impact of highways, the experts specified
a 100-metre-wide sanitary protection zone around them, taking into account the
maximum radius of impact on the surrounding areas (Tab. 1) [28].

Table 1. Sizes of sanitary protection zones for highways

Width of highway sanitary protection zones [m]

air i ater noise electromagnetic ibration
50 W at 55 dBA radiation vibratio
85 85 55 100 50 50

We chose a four-point scale for the factor characterising the negative urban
road-effect (Tab. 2). According to this scale, we assigned the appropriate number of
points to each road-effect zone (we measured distances from the edge of the road-
way). Hence, as the negative effect decreases, the number of points increases.

Table 2. Scale for assessing the urban road-effect for highways of
urban development significance

Road-effect zone (dlstan.ce Ifr.om the highway 0-30 31-60 61-100 more than 100
of urban development significance) [m]

Factor values [points] 1 2 3 4

We assessed the availability of the main types of public utilities on the land
plot (i.e. electricity supply, gas supply, water supply, sewerage) using a similar ap-
proach (in points) (see Table 3).

Table 3. Scale for assessing the availability of public utilities

Availability of | Power supply Gas supply Water supply Sewerage

s . . . . Total score
public utilities [points] [points] [points] [points]

Located on site 3 3 3 3 12
Adjacent ones 2 2 2 2 8
Remote ones 1 1 1 1 4

We selected one hundred and fifty-three land plots in Rivne, which had already
had an expert monetary evaluation, for research and development of economic and
statistical models (Fig. 4). These land plots have different designated functional pur-
poses: fifty-three plots are intended for residential construction, there are fifty com-
mercial sites and fifty industrial sites. They are located in different areas of Rivne.
Most land plots are quadrangular in shape, the majority of access roads are paved,
but for some land plots there are earth (unpaved) roads, the terrain is flat, the avail-
ability of utilities is acceptable.



14 R. Shulgan, O. Yanchuk, O. Pakharenko, A. Pryshchepa

Legend

The zone of negative impact of the highway
I:I Land plots are intended for construction of residential house
I:I Commercial land
I:I Land for industrial purposes

Fig. 4. Fragment of the map with the location of land plots

In order to provide a mathematical representation of the value of a land plot we
used a linear model of multiple regression (1):

y=a,+ax +ax,+..+ax (1)

non

where:
y — the average value of the dependent variable,

X, X, ..., X, — variables that affect the change in y,
a, — free unit,
a,a, .., a, — are coefficients demonstrating how much y increases for each

one-unit increase in Xx.

The dependent variable in this model is the selling price for an area unit of
aland plot (1 m?). This model allows establishing the dependence of the value of the
land on a set of many factors, one of which is the road-effect on surrounding areas.
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After selecting the factors, we identified their numerical values for each of the
land plots with regard to their respective designated functional purpose. Explic-
itly, we determined the area, distance from the centre of the populated area; we
assigned the points for the impact of highway of urban development significance,
taking into account the distance from the latter one, and points for the availability
of utilities. We carried out the measurement of values for evaluation indicators in
Maplnfo GIS software package (Fig. 5).

AN R
Bsl Jdln

o
0o

Fig. 5. Exemplary determination of the values for evaluation indicators in MapInfo

After we processed the factor values with the use of Excel by means of the
LINEST function, we received the values of coefficients of mathematical models for
land plots. Namely, they are as follows:

— for residential construction land:

y=63.2448 — 0.0237x, — 2.1547x, + 3.2578x, + 2.9478x, ()
— for commercial land:
y=107.1523 - 0.0743x, - 18.0911x, - 9.5956x, + 19.1529x, 3)
— availability of public utilities for industrial land:
Y =62.4984 - 0.0116x, - 9.8301x, - 0.2264x, + 6.3858x, 4)

where:
x, — the area [m?],
x, — the distance from the centre of the populated area [km],
x, — the zone of negative impact of highways of urban development signifi-
cance [points],
x, — the availability of public utilities [points].
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By virtue of certain models, we established the average values of 1 m? of land,
particularly:

— for residential construction land — 62.04 foreign currency units®,

— for commercial land - 180.55 foreign currency units,

— for industrial land — 75.38 foreign currency units.

The procedures of normative monetary valuation of lands in populated area state
that when determining the value of land the practitioners should take into account
the coefficients that characterise such local factors as: location of land in the area,
where construction is restricted according to the degree of air pollution (0.80-0.95),
location of land in the area with excess noise from highways (0.90-0.97). The pro-
cedures do not specify the possibility of applying the coefficient with regard to air
pollution, while taking into account the negative impact of highways. We propose to
use it for these purposes as well. This is a decreasing coefficient, as this type of pol-
lution has a negative effect on the surrounding areas and the population. The coeffi-
cient that takes into account the acoustic pollution of roads is also a decreasing one
due to the fact that this factor negatively affects various systems of the human body.

Aiming to obtain the coefficients for the impact of roads on the value of land,
we substitute the average statistical data regarding the area (x,,, ), distance from
the centre of the populated area (xZan), the condition of utilities (x 4an), and the max-
imum score of the factor that takes into account the road-effect on surrounding are-
as (x, =4). As aresult of calculations, we obtain the average expert value of a land
plot (v,), on which the impact of highways is minimal. Similarly, we set the value of
a land plot y, by changing the value of the score according to the road-effect zone:
up to 30 m x, =1, from 31 to 60 m x, =2, from 61 to 100 m x, =3 (with the average val-
ues of other indicators). Then one can calculate the coefficient for the corresponding
zone according to the following equation:

k:yi/yc (5)

Table 4 presents the values of the calculated adjustment factors for the appraised
value of land plots with each type of designated purpose, taking into account the im-
pact of highways. Figure 6 graphically visualises the aforementioned data.

Table 4. Calculated coefficients for the impact of highways

Zone of negative impact (distance from the highway | 1*strip | 2"strip | 3"strip | more than
of urban development significance) [m] (0-30) (31-60) (61-100) 100
for residential construction land 0.85 0.90 0.95 1.00
The value of the
coefficient for land | for commercial land 1.17 1.11 1.06 1.00
lot
plots for industrial land 101 101 1.00 1.00

5 In most cases, the term is used for US dollars.
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a) b)
100 100 m k=1.06
k=0.95
60.m 60.m k=1.11
0m kw0 i0m k=117
k=085
highway of city value highway of city value
0m k=0.85 30m k=117
60.m k=0.90. 60.m k=1.11
100.m k=0.95 100.m k=1.06
C) d)
100 k=1.00 |
= =1 —m— the value of the coefficient
el B S — for land plots intended for
_______ 60.m k=101 N B — the construction of

-____-.————_.'__—“ a residential building
—4— the vale of the coefficient
for commercial land

30m k=1.01 08 T

highway of city value

30m k=1.01 o = the value of the coefficient
: for industrial land
,,,,,,, 60.m k=1.01 [} ————+
Tline (0-30) MEne (3160) Mikne  More than 100
100 m k=1.00. (61-100)

Fig. 6. The layout of the strips” boundaries for the zone of impact of the highway of urban
development significance and the corresponding coefficients k for land plots:
for residential construction land (a), for commercial land (b), and for industrial land (c);
a dependency diagram between the coefficients adjusting the value of land plots
with different designated purposes and the distance to the highway (d)

In order to take into account, the road-effect, during the assessment of land
plots intended for residential construction, we suggest applying the appropriate val-
ue of the coefficient, taking into account the distance of the object to the source of
pollution. The coefficient has a decreasing action, because, as we have noted earlier,
the impact of this factor is negative for people, soil, etc. For commercial and indus-
trial sites, the adjustment factors are increasing coefficients, as the road network
provides good transport accessibility, and, moreover, the location of land plots with
this intended use near highways provides good access for consumers and increases
the profitability of these land plots as they are easy to find. Therefore, when deter-
mining the value of a land plot, the application of these adjustment factors helps to
obtain its objective evaluation.

4. Conclusions

The conducted research established that the impact of highways on the adja-
cent territories can be both positive and negative. The study proved that pecuniary
(monetary) valuation can be the indicator determining the impact of highways on
surrounding land. The experts substantiated a 100-metre-wide road-effect zone and
we conducted our research specifically within this indicated area.
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The study used the method of multiple regression analysis in order to de-
termine the impact of highways on the expert value of land plots. The research
also included the analysis of the data on the transactions with one hundred and
fifty-three land plots with different designated functional purposes located in the
city of Rivne.

We developed economic and statistical models for the expert value of land plots
intended for residential, commercial and industrial construction. The developed
models allow calculating the expert value of land plots with the corresponding des-
ignated purpose within the city of Rivne. They became the basis for the study of the
impact of highways of urban development significance on the value of adjacent land.
Based on them, we calculated the road-effect coefficients. The study established that,
for residential construction land, the impact of highways decreases the appraised
land value, as transport is a source of negative impact on people and the environ-
ment. However, for commercial land, the close location to the highway increases the
value or the price of land. This is due to the fact that that good transport accessibility
is of paramount importance for these lands. For industrial land, the close location
of roads slightly increases their price. The value of the adjustment coefficients for
residential construction land equals to 0.85-1.00; for commercial land it is 1.00-1.17;
and for industrial land it is 1.00-1.01.

The achieved results of the study allow the impact of the highway on the pecu-
niary valuation of land with various designated purposes to be taken into account.
The application of the obtained models and coefficients will increase the accuracy
and reliability of land valuation in accordance with their location.
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