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COMPARISON AND ACCURACY OF THE METHODS
FOR DETERMINING THE AREA OF PARCELS

The method of work is to perform a comparative analysis of the methods of determining the area of land plots. Research
methods were performed: calculation of the area of land plots on the physical surface of the ellipsoid; calculation of the area of
the horizontal projection of the land plot; Calculation of the area of the physical surface of land plots, as well as through practical
implementation, the stated theoretical studies were confirmed. The performed calculations indicate that the results of calculating
the physical areas of land plots using different coordinate systems are practically the same. However, the difference between the
results obtained by dividing the land plot into triangles and the results of increasing the area of physical surfaces by the coordinates
of the top reaches a value of approximately 1%. The reason for these discrepancies arises from the fact that all the vertices of the
polygon lie on the same area, and when dividing this polygon (land plot) into triangles, the different slope of the land surface in
different places of the land plot is taken into account. Calculation of the area of real estate objects must be performed simultane-
ously with an assessment of the accuracy of the results obtained. Accuracy assessment is characterized by the reliability of area
information and also ensures making correct decisions about changes to the original data when re-determining the area. The work
proves that during the procedure of buying and selling land plots at their market value, the purpose of land acquisition is: in one
case, the horizontal dimensions of land plots are important, in the second - the dimensions of the area of physical surfaces. Thus,
in agriculture, the horizontal area determines the number of upright plants, and the size of the area of the physical surface of the
land affects the amount of work related to its cultivation, and therefore in land management, cadastre, and real estate evaluation,
it is appropriate to use the area of the horizontal projection and the physical surface of the land plot.

Keywords: area of the land plot; physical surface of the ellipsoid; horizontal projection of the land plot; real estate
object; cadastre; land management, real estate evaluation.

Fig.: 3. Table: 8. References: 22.

Introduction. One of the main parameters entered into the state land cadastre of real estate
is the area of parcels. The value of this attribute is decisive in the monetary evaluation of ob-
jects, thus they are used to solve fiscal problems, record land resources and real estate objects
and their number, distribution among owners and other participants in market relations. They
also serve as the basis for analytical processing in order to prepare the necessary data for man-
agement decisions. It is the implementation of the procedure of sale and purchase of real estate
that requires accurate area sizes, as it actually determines the market value, and the deviation
of these values is likely to lead to a false price and even escalate into litigation. The area value
of parcels depends on their location on the physical surface, i.e the earth's surface taking into
account its terrain; on the horizontal projection of the parcel; projection on the surface of the
earth ellipsoid and the geodetic parcel (the image of the parcel in the adopted projection, usually
in the transverse Mercator map projection [1]).

Therefore, depending on tasks set, one of the above options is used. Nowadays, as docu-
ments on the rights to parcels include the area of the geodetic site obtained when measuring by
means of cartographic-topographic materials, the subsequent calculations take it as a basis.
Moreover, in choosing the local coordinate system, the average terrain level is considered as
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the relativity surface, due to which the values of the geodetic and horizontal areas are practically
the same. The total value of monetary proceeds from the parcel sale is determined in this case
as the sum of the areas of these horizontal areas with a possible coefficient of their value.

Analysis of literature. Yu. H. Batrakov, V. D. Baranovskyy, V. N. Hanshyn, V. I. Hlad-
kykh, Yu. P. Hubar, Yu. A. Karpinskyy, A. A. Lyashchenko, A. V. Maslov, M. M. Fys and many
others dedicated their works to the development of methods for determining and estimating the
accuracy of land areas.

Requirements for the accuracy of determining the area of parcels are related to the cost of
natural resources. Some standards for accuracy are given in [2; 3]. In particular, the accuracy
of calculating the area of parcels in the process of drafting a project for their allocation for use
or for the issuance of a deed of ownership is characterized by relative error m, /P =1/1000.

For large areas, such as agricultural land or forestry, this error can amount to 1/500. Therefore,
depending on the dimensions and configuration of the parcel and on the requirements for accu-
racy, a particular way to determine its area will be used.

In 1995, the FIG enacted the statement, where the cadastre is defined as a site-based land
information system that contains up-to-date information on rights and restrictions on land
rights. This system includes a geometric description of land parcels and other information about
these parcels, including information about their value. It can be used for fiscal purposes (as-
sessment and taxation), legal purposes (transfer of rights under agreements), spatial planning
purposes and to promote sustainable development and environmental protection. This resolu-
tion, in particular, recommends the use of a systematic approach to land registration as the most
effective one compared to the sporadic approach. Thus, FIG has set a standard that many coun-
tries worldwide have begun to follow, mainly due to the development of technology. The ca-
dastre concept developed by FIG has proven its potential in different parts of the world [4].

Cooperation between FIG and UN organizations increased markedly in the second half of
the 1990s. This is evidenced by the adoption of the Bogor Declaration by international experts
in the field of cadastre in 1996 in Bogor (Indonesia). For the first time, the Bogor Declaration
officially recognized cadastral systems to be a critical element of infrastructure that supports
solutions to sustainable development and natural resource management.

At the Bathurst Conference (Bathurst, Australia, 1999), the key issues related to strength-
ening land policy, institutions, and cadastral infrastructure were considered. The Declaration on
Land Administration for Sustainable Development adopted at this conference created a strong
link between efficient land administration and sustainable development and offered a number
of recommendations on land use development and infrastructure [4; 5].

Since the cadastral systems of different countries differed functionally in content, architec-
ture, technical performance, and economic efficiency, there was a need to develop a concept for
further development of these systems in terms of versatility and technological improvement.

The development of land relations, especially land commodification, has increased the role
of a cadastre in the theory of land management. In 1980, the US National Research Council
published a study entitled "The Need for a Multi-Purpose Cadastre," which described a cadas-
tral system that would integrate cartographic and land management functions based on the use
of a geodetic basis. The need to create such a system marked the beginning of a new era in the
development of land administration. Now all over the world, the main focus is on the technol-
ogy of creating multipurpose inventories rather than justifying the need to create them. A mul-
tipurpose cadastre is a register containing many attributes of land [6].

Modern theory of land administration defines the cadastre (cadastral systems) as a central
tool of spatial infrastructure of the state and emphasizes its central role in the implementation
of the paradigm of land management. These systems are multipurpose, as they include land
identification, registration of rights and restrictions on land rights, support in real estate valua-
tion and taxation, and administration of current and future land use [4; 7; 8].
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Multipurpose cadastral systems support four basic functions: land tenure, land value, land use,
and land development. They can also be considered as land administration systems or land-infor-
mation systems (LIS). LIS is a general concept for all land-related information databases that have
one thing in common: the data of these systems relate to a fixed point on, in, or below the earth's
surface. LIS is a concept that seeks to integrate into a single system all types of land-related data
(cadastral, infrastructural, environmental, socio-economic). Within the framework of such LIS,
which requires a lot of work on coordination, standardization, organization, etc., the land cadastre
plays the role of a link to which many other systems add or connect their data [4; 5; 9; 10].

The uniqueness of the cadastral potential is that 80% of the information has a spatial com-
ponent and, therefore, can be associated with the land by means of a unique identifier. Thus,
the cadastral layer, consisting of information on land and their affiliation, becomes the core of
SDI, which includes layers of data on public infrastructure, hydrology, vegetation, topography,
remote sensing data, and dozens of other data [4; 11].

International experience shows that the best option for the transition of land relations to the
"land information system" stage is to create a land information system based on a cadastre. In
turn, when creating a cadastral system following the defined FIG concept of cadastre, we should
focus on addressing several issues. They are the creation of fiscal or legal cadastre; integrated
or separate system; creation of a register of rights or a register of documents; choose the concept
of common or fixed boundaries; centralized or decentralized system; self-sustaining or budget
system; systematic or sporadic approaches to legalizing land rights.

We should note that a cadastre tends to integrate with the real estate registration system
and transform into the cadastral accounting system and, therefore, both the cadastral accounting
system and created on its basis LIS must comply with the principles of state registration of
rights such as mandatory registration; consent; identification of the subject and object of law;
publicity; guarantees of rights. The structural elements of LIS must also comply with the prin-
ciple of legal independence and be a kind of legal register, i.e., a database (information layer)
that an evidential character. The court considers the information of such databases (information
layers) as evidence; it cannot be annulled other than in the manner prescribed by law [12].

Global drivers will influence the characteristics of future cadastral systems, which include
instrumental accuracy, object-oriented design, 3D/4D visualization, real-time information,
global connections, and organic characteristics.

Research objective. Considering the area of a parcel, the following options are distin-
guished: the area of the land surface based on the topography, the area of the horizontal projec-
tion of the parcel, the area of the projection of the parcel on the surface of the Earth ellipsoid
and the area of the parcel image on the map projection plane (the transverse Mercator map
projection). The choice of the option depends on the task. Working with maps and plans, one
receives the area of the parcel image in the map projection, which is called the geodetic area. If
the axial meridian passes by the parcel and the average level of the territory is considered the
surface of relativity, the values of the geodetic area and the horizontal projection of the parcel
almost do not differ. In other cases, it is important to know the area of the entire physical surface
of the parcel. The calculation of real estate areas should be done in parallel with the evaluation
of the accuracy of the results obtained. The estimated accuracy is characterized by the reliability
of the area information and also serves to make correct decisions about changes in the original
data when the areas are redetermined.

The total area of large territories can be determined as a simple sum of horizontal areas.
However, it is more practical to determine them using surveillance aircraft (airplanes, drones,
drones, etc.). The areas obtained by both methods cannot be identical, because they describe
the parcels differently. Even considering topography as the average level of the terrain only
partially takes into account its features. In this regard, there arises a need to study the error in
determining the areas by different methods [13], since the variation in their values contributes
to estimating the areas differently and thus provides a different income, which, in turn, creates
a conflict of interest that may give rise to litigation.
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The purpose of the work is to perform a comparative analysis of the methods of determin-
ing the area of land plots in order to choose the most optimal method for targeted practical use
in various branches of the economy.

Method and/or Theory

Let us outline the methodology for determining the areas of the above options.

L. Calculation of parcel areas on the physical surface of the ellipsoid

The main methods of determining the area P, on the surface of the ellipsoid include cal-

culation using either a known horizontal projection or a known value of the geodetic area. The
horizontal projection of the area P, is calculated through the results of direct geodetic meas-

urements - distances, angles, and coordinate increments reduced to the horizon plane. Let us
investigate the transition from the horizontal projection of the area to its projection on the el-
lipsoid surface. The transition from horizontal distances of the lines d to their projections s on
the surface of the ellipsoid is carried out using the following ratio:

d R+H
“ - m 1
; 2 (1)
where H, is the average line height above the ellipsoid; R is the average radius of curvature
of the Earth ellipsoid.
Ratio (1) can be expressed as follows:
H
d=s+—""5s. 2
2 2)

The Left and right parts of equation (2) are squared, with irrelevant second-order values
discarded, which follows:

d* ~s*+2-

H, -
s, 3
2 3)
Since the areas are related as squares of the line lengths, the following can be inferred:
th(1+2-%)PE. @)

Consequently, with the horizontal projection of the area being known, the transition to the
area on the ellipsoid can be performed by the formula:

H H
R=P =2 =t B aP =2ty (5)
Thus,
P. =P +JP,, (6)
where
H
0P, ==2:= 2P, )

is elevation correction of the parcel area to pass from the area of the horizontal projection to
the area on the ellipsoid.
It is essential to examine the conditions that allow the elevation correction 6P, to be ne-

glected. Table 1 shows the calculation of the relative values of the elevation correction 6P, /P
under different values of the height H, and R = 6371km.
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Table 1 — Calculation of relative values of the elevation correction 6P, | P
H m 100 300 750 1000 2000 4000 6000 8000

m?>

6P, /P 1/31855 | 1/10618 | 1/4247 1/3186 1/1593 1/796 1/531 1/398

It is known that the correction 0P, can be neglected provided that it is 3-5 times less than

the error of the area. As can be inferred from Table 1, with the relative error of the area 1/1000,
the correction can be neglected for the height values up to 750m.

With the value of the area P in the transverse Mercator map projection, it is appropriate
to introduce the correction [14; 15] to pass to the area on the ellipsoid surface:

2
&P, :_(%j P, 8)
which follows
2
Ym
PE :P—(?] 'P, (9)

where y, is the average distance of the parcel from the axial meridian.

The conditions that require the elevation correction 6P, have been examined and the results

are presented in Table 2.
With R =6371km, the relative distortion of the area 6P, /P in the transverse Mercator

map projection has been calculated for different values y, .

Table 2 — Calculation of distortion of relative area in the transverse Mercator map projection
v, km 25 50 100 150 200 250

éPL/P 1/64943 1/16236 1/4059 1/1804 1/1015 1/649

According to [2], they should not exceed 1/3-1/5 of the error in the area for the projection
distortions to be neglected.

Table 2 suggests that when the errors in the area are within 1/500-1/1000, the correction
for the transition from the geodetic area to the area on the surface of the ellipsoid can be ignored
at a distance of 100-150 km from the parcel to the axial meridian. Consequently, the ordinates

y,, generally do not exceed 30 km in large cities where local coordinate systems are used, and
therefore the above correction can be neglected.

There is a much more accurate formula to determine the correction for the transition from
the area in the transverse Mercator map projection to the area on the surface of the ellipsoid,
Le.

6P, =—(1-q2)-P, (10)

1 b
where ¢, =——; R, =

chl 2m 1—e?-sin? 2
Rm RE

R, is the equivalent radius (R, =6367558,497m for the Krasovsky ellipsoid); x, is the
average abscissa of the parcel.

The area on the surface of the ellipsoid can also be calculated using the coordinates of its
vertices. For example, the area of a steroidal trapezium limited by parallels with the latitudes
B,, B, and meridians with the longitudes L,, L, (Fig. 1) can be calculated using the formula

[13; 16; 17].
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% BdB
PE=b2.(L2—Ll)-I—( = (11)
3 \l—e"sin B)

where b is the semi-minor axis and e is the eccentricity of the earth's ellipsoid.

L, L
N B
5
6
2| B

L,

Fig. 1. Steroidal trapezoid

To perform the calculations, the integrand function (11) needs to be expanded in a series
for the purpose of term-by-term integration, which follows [18; 20].

sin B, —sin B, —i—gez(sin3 B, —sin’ B, )—i—ie4 (sin5 B, —sin’ Bl)-i-
2 3 5
P, =b*(L, - L,) A . (12)
+7e2 (sin7 B, —sin’ Bl)+...

There is also an approximate formula that allows calculating the area with an error of no
more than 2-107 - P, [18; 19].

P, =c(L,- L) [arcsin(k -sin B, )—arcsin(k - sin B, )] , (13)
where ¢ =74456,835; k=0,163133.

Formula (13) includes longitude expressed in degrees and area expressed in square kilometers.

The coordinates of vertices of an arbitrary polygonal parcel can be used to calculate the
projection area of the parcel on the ellipsoid. Let us present formulas for calculating the area of
small land parcels using coordinates in the following coordinate systems:

¢ planimetric rectangular coordinates x, y and heights z ;

e spatial rectangular coordinates X,Y,Z ;
e geodetic coordinates B,L,H .

For further calculations, let z= H .
Consequently, the formula for calculating the area on the ellipsoid using planimetric rec-
tangular coordinates is the following:
S (14)
xi+1 yi+1

1 n
Py = _qrzn (Z
2 i=l

The formula for calculating the area on the ellipsoid by spatial geocentric (quasi-geocen-
tric) rectangular coordinates X,Y,Z is the following:
2 " 2
J J{ J . (15)
i=1

2
1 n n X[ Zi
1 PR R PR

i+l

X, Y

1 1

Xi+1 Y

i+l
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The formula to calculate the area on the ellipsoid by geodetic coordinates B, L can be

j. (16)

M o= a-(l—ez) N = a
! (1—e2sinzBm)3/2’ : J1-¢’sin’ B, ,

B 1is the average latitude of the parcel; a is the semi-major axis of the terrestrial ellipsoid.

m

expressed as follows:
B L

1 1

Bi+] L

1 n
PE = Egmkm (Z

i=1

i+1

whereg, =M, /p; k, =N, -cosB,/p;

By formulas (14) - (16), the areas on the ellipsoid surface are calculated, and therefore the
height z of planimetric rectangular coordinates X,Y,Z must be equal to zero, and the spatial

coordinates of each point must meet the requirement /' = 0. To simplify the calculations, it is
reasonable to discard the common first digits in the vertex coordinates or subtract the coordi-
nates of the first vertex from them and further operate on the residuals. However, when calcu-
lating the coefficients ¢, g,k , it is necessary to use the value of coordinates to the full.

1. Calculation of the area of horizontal projection of the parcel

Most often, the horizontal projection area of a parcel (horizontal area) is calculated accord-
ing to the results of direct geodetic measurements reduced to the horizon.

To calculate the horizontal area, with the given geodetic area of a parcel calculated from
the coordinates of its vertices in the transverse Mercator map projection or measurements on
the plan, it is necessary to switch from the geodetic area to the area on the ellipsoid surface, and
then to the horizontal area. The transition from the geodetic area in the transverse Mercator map
projection to the area on the ellipsoid surface is performed by adding the correction obtained
by formula (8) to the geodetic area. To transfer to the horizontal area, a correction must be
added to the result obtained according to (7):

H
Oy 2= Py, (17)

where H, is the average height of the parcel.
Thus, it follows that
P,=P+6P, +5P,. (18)
Let us consider how the area horizontal projection is related to the area of the physical
surface of the parcel. Figure 2 shows a rectangular parcel of the area P, with an angle of incli-
nation v . The lengths of the sides of the parcel are equal to S, and S, .

Sacosv

Fig. 2. Sloped parcel and its projection
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The area of the tilted surface of the parcel equals P, =S, - S, , with the area of its horizontal
projection being expressed as
P, =S, -S,cosv=PF, -cosv. (19)
The difference in the areas is equal to:
8P, =P, —PF, =P, — P, -cosv="P,-(1-cosv). (20)

Given the equality 1—cosv = 2sinzg and P, =P, it follows that:
SP, =2Psin> < . 1)
Y 2

For minor slope angles, it is possible to adopt that siny =v (V should be given in radi-
ans), thus

V2
OP, =P -— (22)

2

and
6P, v?
v =, 23
>3 (23)
Formula (20) follows that
2

PT=31+5P;=31+P-V7 (24)

and
2

=P ~0P=F-P-.

By analyzing formulas (19) - (23), it can be concluded that the horizontal projection area
of a parcel is always less than its physical surface area. This difference grows with the increase
of the slope angle. The relative distortion of the area 6P, /P, depends on the slope angle. This

distortion is not affected by the shape of the parcel and its location on plane G.
III. Calculation of the parcel physical surface area
Depending on the purpose of the parcel, there is a need to determine the area P, of the

physical surface of the parcel, i.e. the area of the land surface taking into account the terrain
that may differ from the geodetic area by 2-5%, which is important to consider in the calcula-
tions and in drawing up land planning documents (e.g., contracts of sale of parcels) [20; 21].

After calculating the geodetic area P by coordinates of polygon vertices, the physical sur-
face area can be found by transforming the system of equations:

Hm
5PH =—2TPA
2
SP =—| 2| p . (25)
R
VZ
P.=B +6P =P, +P?

Therefore, the area of the physical surface area can be determined as follows:
2 y \2
P = 1{&} L2, 1, P, (26)
R R 2(p"
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where v is the average angle of slope of the land surface on the parcel; H,, is the average
height of the parcel spot; y, is the average parcel ordinate (distance from the axial meridian);

R 1is the Earth radius.

The formula (26) can be used for the area of the whole parcel only if the terrain is calm. If
the terrain is complex, it is reasonable to divide the parcel into elementary areas with constant
tilt angles, determining for each of them the geodetic area, tilt angle, height, and deviation of
the axial meridian. After calculating by formula (26) the physical surface area of each site and
summing them up, it is possible to find the total physical surface area of the whole parcel. It is
also worth emphasizing that determining the parameters v, , H,, y, is a rather complicated

and time-consuming process.

With calm terrain, the area of the physical surface of a parcel can also be calculated using
the coordinates of the polygon vertices. Moreover, the coordinates can be specified in any co-
ordinate system - planimetric rectangular coordinates x, y combined with height z (27); spatial

rectangular geocentric coordinates X,Y,Z (28); geodetic coordinates B,L,H , with z=H .

2 2 2
1 - xi yi 2 - xi Zi 2 < yi ZI'
B.==q +q, +q, ) (27)
! 2\/ (; xl+l yi+1 j (; xi+l Zi+1 J ; yi+1 Zi+l
L (elx Y)Y (alx z Y (aly z|)
[} —_ i i + Z i i + Z i i . (28)
2 i=1 Xi+l Yi+1 i=1 Xi+1 Zi+1 i=1 Yi+1 i+l
1 B LY B H Y L, H Y
P.=—|g)k’ ! I +gl ! "I +k ' . (29)
g 2\/ [; Bi+1 Li+1 j ; Bi+1 Hi+1 121 Li+1 Hi+1

Formulas (27) - (29) include the following notation [18, 21]:

e o) o) st

2
k,=(N,+H,)cosB,/p; M, = a(l—e ) Nmza/wll—ezsinzBm ,

(1 —e’sin’ B, )3/2 ;

H,,B, are the average parcel coordinates; a,b,e’ are the elements of the

where x,,¥,,,z2

earth's ellipsoid.
To simplify the calculations by formulas (27)-(29), let us discard the first common digits
or subtract from them the coordinates of the first vertex in the vertex coordinates and further
deal with the residuals:
X =% =X} Yi=Yi—Yos  Z=Z—Z;
X =X,-Xy;  Y=Y-Y; Z=7-Z; (30)

Bl=B-B,;, L=L-L,; H=H-H,

1 1 1 1

where the coordinates with index 0 correspond to the coordinates of the first vertex.
In calculating the coefficients 9°& K , 1t 1s crucial to use the complete coordinate values.
Basically, the areas of the parcel are determined by coordinate differences using modern satel-

lite geodetic instruments or with the help of electronic total stations. Let us present the formulas for
calculating the physical areas of spatial triangles in the three main coordinate systems.
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¢ in the planimetric rectangular coordinate system:

2 2 2
P :l q4 A'xl Ayl 2 Axl AZ] 2 Ayl AZI . (31)
A Ax, Ay, "Ax, Az, "Ay, Az, ’
¢ in the spatial rectangular geocentric coordinate system:
2 2 2
AX, AY, AX, AZ AY, AZ
F)T :l 1 1 + 1 1 + 1 1 ; (32)
2\|AX, AY, AX, AZ, AY, AZ,
¢ in the geodetic coordinate system:
2 2 2
N T L ol IS s I e (33)
2 AB, AL, AB, AH, AL, AH,

In formulas (31) - (33), the indices 1 and 2 mean the coordinate differences of vertices 2-1
and 3-2, respectively. Particularly, when Az, = Az, =0and ¢, =1, formula (31) assumes the

following form:

Ax, A
_LAn A (34)
2|Ax, Ay,
With AH, = AH, =0, formula (33) assumes the following form:
2.0 .k |AB AL
p="n 8 ky A5 AR (35)
2 AB, AL,

where m,, is the scale of the TM projection obtained by the formula m, =ch % [21].

The coordinates of the polygon vertices can be obtained both by satellite and traditional
methods. In the latter case, it is possible to lay a polygonometric course on the boundary marks,
or the coordinates can be obtained by polar cross-bearing, spatial cross-bearing with the meas-
uring of side lengths, zenith distances and horizontal angles [22].

Results of investigations.

I. Let us examine the proposed formulas (method I) by calculating the area of the same sphe-
roidal trapezoid (Fig. 1). The coordinates of eight points located on the boundaries of this trape-
zoid are presented in three systems: planimetric, spatial, and geodetic coordinates (Table 3).

Table 3 — Coordinates of points on the boundaries of trapezoid

No : : Coordina?es .

planimetric rectangular, m geocentric, m geodetic
1 2 3 4 5 6 7

X 6656825.024 X 2782664.300 B 60° 00/ 00

1 y 139480.191 Y 1574355.712 L 29° 30/ 00”
- 7 5500573.593 -

X 6659145.050 X 2780914.563 B 60° 01’ 15"

2 y 139392.458 Y 1573365.758 L 29° 30/ 00”
- 7 5501733.794 -

by 6661465.083 X 2779164.453 B 60° 02/ 30"

3 y 139304.706 Y 1572375.594 L 29° 30/ 00”
- 7 5502893.267 -
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End Table 3
1 2 3 4 5 6 7
X 6661531.343 X 2778306.442 B 60° 02/ 30"
4 y 141045.451 Y 1573891.159 L 29031/ 52.5"
- 7 5502893.267 -
X 6661598.426 X 2777447.604 B 60° 02/ 30"
5 y 142786.174 Y 1575406.256 L 29933/ 45"
- 7 5502893.267 -
X 6659278.449 X 2779196.633 B 60°01/ 15"
6 y 142876.120 Y 1576398.329 L 29933/ 45"
- 7 5501733.794 -
X 6656958.479 X 2780945.289 B 60° 00/ 00"
7 y 142966.047 Y 1577390.190 L 29933/ 45"
- V4 5500573.693 -
X 6656891.339 X 2781805.209 B 60° 00/ 00"
8 y 141223.130 Y 1575873.186 L 29°31/52.5"
- V4 5500573.593 -

The area of the trapezoid «calculated by formula (11) 1is considered true
P, =16180000,9m" . The corrections calculated by formulas (8) and (10) have the following
values 6P, =-7952,6m*, &P,, = —7897,0m">.

Table 4 presents the comparison results of areas on the ellipsoid surface, which are calcu-
lated using the geodetic areas, and the correction for them.

Table 4 — Calculation of areas on the ellipsoid by geodetic areas

Correction by formula (8) Correction by formula (10)
Element - - - -
8 points 4 points 8 points 4 points
Area P, ,m? 16179953.6 16179951.6 16180009.2 16180007.1
Deviation A=P, —P_,, m’ -56.0 -58.0 -04 2.5

The area was calculated twice: by the coordinates of all eight points and by the coordinates
of only four points numbered 1, 3, 5, and 7 that fix the vertices of the trapezoid.
Table 5 shows the comparison results with the true value of the areas calculated by the
coordinates of the same points, but in different systems.

Table 5 — Calculation of areas on the ellipsoid by geodetic areas

Element Coordinates
planimetric rectangular spatial rectangular geodetic
Number of points 8 4 8 4 8 4
Area P, m? 16180009.2 | 16180007.1 | 16180008.3 | 16180006.0 | 16180010.0 | 16180010.0
Deviation
A=P —P  m -0.4 -2.5 -1.3 -3.6 +0.4 +0.4
—TE real °

Consequently, the insignificant values of deviations of the calculated areas from the true
value (Table 5) prove the quality of the formulas proposed.
I1. Let us carry out the practical implementation of theoretical research (method II). Using
formulas (19) - (24), calculation has been performed, with the corresponding results presented

in Table 6.
Table 6 — Relative distortion of the physical area in relation to the value of the tilt angle
Slope, V° 1 1,3 2 3 4 5 6 7 8 9
SP /P, 1/6567 | 1/3886 | 1/1642 | 1/730 | 1/410 | 1/263 | 1/182 | 1/134 | 1/103 | 1/81
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In calculations (Table 6), the error for the slope has been considered to be significantly
small provided it does not exceed 4 of the error in the area. With the latter being 1/1000, the
error for the angle of slope should not exceed 1/4000. As Table 6 suggests, if the angles of slope
increase more than 1,3%, then they should be taken into account when calculating the physical
area of the parcel.

III. Let us carry out the practical implementation of theoretical research (method III) and
calculate the physical surface area of a pentagonal parcel. In the diagram (Fig. 3), the line a-b-
c-d-e-a shows the boundary of the area divided into three triangular fragments B, P,, B, .

X A

a L

(_) -.h_.
Fig. 3 Parcel diagram with a division into triangles

The coordinates of the parcel vertices a, b, ¢, d, e are expressed in different coordinate
systems, and the areas of the parcel physical surface are calculated by formulas (27) - (29) and
shown in Table 7. The calculation outcomes obtained by dividing the area into the triangles and
summing their areas are presented in Table 8.

Table 7 — Calculation of physical surface areas by vertex coordinates

No Coordinate systems
planimetric rectangular, m Geocentric, m geodetic
X 7400000.00 X 2209795.74 B 66° 40/ 28.31”
1 y 100000.00 Y 1238188.19 L 29° 15/ 45.69"
z 1000.00 Z 5835156.84 H 1000.00
X 7400250.00 X 2209598.07 B 66° 40/ 36.38"
2 y 100000.00 Y 1238087.82 L 29° 15" 46.43"
z 1020.00 Z 5835274.12 H 1020.00
X 7400150.00 X 2209612.71 B 66° 40'32.97”
3 y 100150.00 Y 1238263.70 L 29° 15/ 58.34"
z 1025.00 Z 5835236.99 H 1025.00
4 X 7400150.00 X 2209558.13 B 66° 40/ 32.86"
y 100250.00 Y 1238347.68 L 29° 16/ 06.48"
z 1000.00 Z 5835212.60 H 1000.00
X 7400000.00 X 2209730.27 B 66° 40/ 28.14"
5 y 100150.00 Y 1238323.34 L 29° 15/ 57.90"
z 1010.00 Z 5835163.86 H 1010.00
Pr 37657.55 m? 37657.43 m? 37657.47 m?
Table 8 — Calculation of areas of physical surfaces by areas of triangles
. Coordinate system
No of triangle - - - - - -
planimetric rectangular planimetric rectangular planimetric rectangular
1 18881.33 m? 18881.23 m? 18881.43 m?
2 11332.76 m? 11332.72 m? 11332.54 m?
3 7767.65 m? 7767.68 m? 7767.77 m?
Pr 37980.74 m? 37980.63 m? 37980.74 m?
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In conclusion, the calculations made in Tables 7 and 8 prove that the results of calculating
the physical areas on the surface of parcels using different coordinate systems are almost iden-
tical. However, the difference between the results obtained by dividing the parcel into triangles
(Table 8) and the results given in Table 1 constitutes about 1%. The reason for these discrepan-
cies is that the formulas (27)-(29) assume that all vertices of a polygon lie in one plane, although
in dividing this polygon (the parcel) into triangles, the different slope of the land surface in
different places of the parcel is considered.

Recommendations and conclusions. The fact that, in our opinion, the purpose of land
purchase affects its market value: in some cases, the horizontal dimensions of parcels matter;
in others, the dimensions of physical surface areas do. For example, in agriculture, the horizon-
tal area determines the number of upright plants, and the size of the physical surface area affects
the amount of work on its cultivation. Therefore, it is advisable to use the areas of horizontal
projection and the physical surface of the parcel in the land management, cadastre, and real
estate valuation.
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penvedhy y 6u2nsioi cepeoHbo2o pisHs MiCYegoCni iuule YacmKo8o 6paxogye ii ocoonusocmi. V 363Ky 3 yum i 6uHUKae neodxio-
HiCmb 00CTIONCEHHS NOXUOKU GUSHAYEHHS NILOW DIZHUMU MemOoOamu, addice PisHuys ix 3HaUeHb 0ae Pi3Hi OYiHKU 3HAYEHb NIOW
0aromy pisHi cymMu 2powosux Haoxooxcens. Lle 6 c60io uepey cmeopioe KOHGikm inmepecis, wjo moxice nopooxcysamu cooorn
¢y006i cynepeyxu, wo Ha Hauty OYMKY Gopmye akmyansricms cmammi. 30iCHeH0 00CTiONCeHHs MemOo0i6 06UUCTIeHHs NIOW 3e-
MenbHUX OUIAHOK: be3nocepeonvo Ha izuunill NOBepXHi enincoioa, 20pu30HmManLHoi npoekyii 3emenvHol OitAnKY ma Gizuunoi
nosepxui 3emenvrux Oinsanok. Lllnsaxom npaxmuunoi peanizayii niomeepodiceHo UKIAOeH] meopemuyti 0ocniodicenHs. Bukonani
PO3PAXYHKU 00800Mb, WO PE3VIbMamu 004UCIeHHA QI3UUHUX NI0W NOBEPXHI 3eMENbHUX OLIAHOK i3 6UKOPUCTNAHHAM DI3HUX CU-
cmem KoopOuHam npakmuyho He 8iopisHsiomscs. OOHAK, PO3XOONCEHHSL MIJIC Pe3yTbIMamamu, OMPUMAHUMU WITAXOM PO30umms
3eMenbHOI OLIAHKYU HA MPUKYMHUKY | Pe3yTbmamamu 004ucieHHs niouy QisuuHux nogepxoHs 3a KOOPOUHAMU 8ePULUH OOCA2AIONb
eenuuuny npubausno 1%. Ipuyuna yux po3xoodicers noiseac y momy, wo 6ci epuiunu 6a2amoxymHuKa 1excamsy 6 0OHill nio-
wuHi, a nio uac po3oumms ybo2o OALAMOKYMHUKA (3eMeTbHOT OUISIHKU) HA MPUKVIMHUKU 8PAX08YEMbCS PI3HUL HAXUTL 3eMHOT
NOBEPXHI Y PI3HUX Micysx 3emenvHoi Oinsanky. OOUUCIeHHs niow 00 €kmie HepyXomMocmi ROMPIOGHO GUKOHY8AMU NAPATIETbHO 13
OYIHKOI0 MOYHOCMIE 00epcanux pesynomamis. OYiHKa MOYHOCMI XapaKmepu3yemucsi 00CMogipHicmio ingpopmayii npo nioui, a
MaKodAC Clyeye NPUIHAMMIO GIPHUX PilleHb NPO 3MIHU NEPBICHUX OAHUX NPU NOBMOPHUX 8USHAYEHHAX niow. Posenaoarouu niouy
OLIAHKU, PO3PI3HAIOMb HACMYNHI 8APIAHMU. NIOWA 3eMETbHOT NOBEPXHI 3 YPAXYBAHHAM PEbEQDY, NIOWA 20PUIOHMATLHOL NPOEK-
yii OinanKu, naowa npoexkyii OLIAHKU Ha NOGEPXHI 3eMHO20 eNincoioa i niowa 300paxcents OUIAHKY HA NAOWUHI KapmozpaghiuHoi
npoexyii (npoexyis I'ayca-Kprocepa). Bubip eapianmy 3anexcums 6i0 nocmaeieno2o 3asdarnns. 11io uac pobomu 3 xapmamu i
naaHamu 00epAUCYIomb NIOULY 300padcerts OLIAHKU 8 NPOeKYii Kapmu, Ky NPUUHAMO HA3UBAMU 2e00e3udHoI0 naioujero. Axuo
npuU YboMy 0Cb08Ull Mepudian npoxooums O OLAHKY | 3a NOBEPXHIO 8IOHOCHOCIT NPULIHAINO CePeOHill pieeHb Mepumopii, 3Ha-
YeHHsT 2e00e3UYHOL NIOWI | 20PU3OHMATBHOT NPOEKYIT NAOWi NPAKMUYHO He GIOpI3HAMbCs. B iHwux eunadkax easxciueum €
3HaHHsL nAowi 8Ciel QizuuHOI NoeepxHi 3eMmenbHoOi OianKU. Memoro pobomu € 6UKOHAHHS NOPIGHAILHO2O AHATIZY MEMOOI6 6U3HA-
uenHs NAoW 3eMeNbHUX OUIAHOK OISl BUOOPY HAIONMUMATLHILO20 MEMOOY Ol YiNb0BO2O NPAKMUUHO20 BUKOPUCAHHS Y PIZHUX
eanyssax eocnodapemea. Y pobomi 008edeHo, uwjo nio uac 30IUCHe s nPoyeoypu KYRIGII-Npooaicy 3eMeibHux OLISTHOK HA il pun-
KO8y 6apmicib GNAUBAE Mema NPUODAHHS 3eMENbHUX OLIAHOK: 8 OOHOMY UNAOKY BAMNCIUG] 20PUSOHMATHI POIMIDU 3eMETbHUX
OUISIHOK; 6 THULUX — PO3MIpU 0w (izuuHux nogepxons. Tak, y ciibCbKoMy 20CHO0APCMSI 20PU30OHMANLHA NAOWA GUSHAYAE Kilb-
KiCMb NPAMOBUCHO CIMOSAYUX POCTUH, 4 8eTUYUHA NAOWI (i3UYHOI NOBEPXHI 3eMi BNAUBAE HA 00cse pobim wodo ii 06podimKy i
Momy y 3eMAe6NOPAOKY6AHHI, KA0Acmpi ma oyiHyi HepyXoMOCmi OOYIIbHO GUKOPUCIOBYEAMU came NIOWE 20PU30HMATLHOT NPO-
exyii ma @izuunoi nogepxui 3emenvHoi OiAHKU.

Kniouogi cnosa: niowa semenvnoi oinanku,; @Qizuuna nogepxms enincoioa; 20pu30oHmansHa NPoEKYisa 3eMenbHol OiAHKY,
00 ’€Km HepyxomMocmi; Kaoacmp, 3eMaeyCcmpiil, OYiHKA HepyXOMOCM.

Puc.: 3. Tabn.: 8. bion.: 22.

Fys, M., Hubar, Yu., Brydun, A., & Sohor, A. (2023). Comparison and accuracy of the methods for determining the area of parcels. Technical
sciences and technologies, (2(32)). C. 363-378.

378





