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Abstract: Measurement of displacement and deformation of structures is a very demanding engineering task and is carried out on all existing and newly built bridges and 
other demanding structures. The results of the measured displacements are thus influenced by several atmospheric parameters, among which the temperature is exposed, 
since the measurements are usually carried out over the whole day at different seasons and conditions, where the temperature differences are significant. In this paper the 
influence of temperature on the geodetic measurements of the displacements of the steel structure in the unburdened state is presented. To this end, measurements of the 
steel bridge during the summer time were performed. The temperature and thermal imaging at various locations every half hour were investigated. To calculate the influence 
of the temperature on the position of the observed point some statistical methods were used. It is evident from the results that in this kind of geodetic measurements, 
temperature measurements are indispensable. By taking into account the temperature correction results that are very comparable with the predicted values of displacements 
which can be obtained. Not observing the temperature can result in misleading values of displacement which can lead to misinterpretation and consideration of the obtained 
value. 
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1 INTRODUCTION 
  

In engineering, displacement measurement and 
consequently deformation determination should be 
performed very accurately. The construction practice in 
deformation measurements on bridges shows the 
importance of vertical deformations because these 
measurements determine the structural bending, which is 
the relevant physical quantity to determine load-bearing 
capacity and safety. If dynamic responses are measured, 
the relevant deformations appear in all three orthogonal 
directions; therefore the measurement set MinimatePlus 
for instantel vibration monitors is used. In addition, 
geodetic instruments and methods are used for 
determination of displacements in all directions and their 
speed. Vertical displacements are determined by geodetic 
methods, and also measurement results can provide values 
to determine horizontal displacements and deformation 
speed. Lately, robot electronic tachometers are mostly used 
in practice because they allow for automatic prism 
monitoring with very accurate results. 

Methods for determining displacements and 
deformations of objects have become a constant in 
engineering geodesy. Geodetic measurements of 
deformations in the broad sense include all measurements 
for determining the change of the shape of the building or 
the ground under the influence of external and internal 
forces. The development of deformation measurement can 
be monitored over long time period. Precise geodetic 
measurements prevailed in the 1960s, but the assessment 
of accuracy was uncertain. The rule was that the points 
outside the deformation area were considered as stable [1]. 
In the next decade, the development of measurement 
equipment, which enabled the measurement of increased 
accuracy, and the development of computer equipment and 
programs enable to do adjustments as described by [2-8]. 
The emphasis there was in a priori stable points and on a 
geodetic date. However, the result of this research is that 
all the points of the basic geodetic network are considered 
as unknown and unstable, which led to the development of 
deformation analysis as described in [9-13]. 

Obviously, a major development of measurement 
instruments in the last decade today provides extremely 
reliable results of high accuracy and enables short and 
long-term monitoring of objects in terms of observation of 
displacements and consequently deformations. In addition 
to high accuracy instruments, the parameters that influence 
the results at movement measuring also should be taken 
into account. 

In fact, the load capacity of most structures should be 
checked in the form of a load test prior to use. Different 
methods and instruments depending on the complexity of 
the structure can be used. In general, the construction is 
investigated under a static and dynamic load during load 
test. Absolute and relative methods depending on the 
complexity of construction, accessibility and height of the 
construction are used for static testing. Most frequently, 
geodetic methods, such as trigonometric heliometry, 
levelling and GNSS methods are used among absolute 
methods. Recently, with the development of the 
measurement technique, the geodetic methods began to be 
used also for tests of the dynamic properties of structures. 
The results of geodetic measurements are extremely 
important and must therefore be reliable and accurate when 
determining displacements and deformations. On one 
hand, the equipment meets these criteria but on the other 
hand, the measurements are subject to field and 
meteorological conditions, which can greatly distort the 
results. Thus, analysis of the results in the form of 
deformation analysis and statistical methods is very 
important [14]. 

The article focuses on the influence of meteorological 
changes, especially on temperature and geodetic 
measurement results, because the temperature is one of the 
parameters that impact the results most. Geodetic 
measurements of vertical displacements were carried out 
by Leica RTS TS50 robot total station. Every hour on the 
hour, the temperature measurements were taken on 
objective and instrument casing as well as on the steel 
structure, prism glass and retro tape target. Temperature 
measurements were taken by a wired probe of the TESTO 
435-1 measuring instrument, while the pressure and 
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relative humidity were measured by the multifunction 
probe of the device. In order to determine the influence of 
meteorological parameters on measurement results gained 
by the RTS Leica TS50, the control shooting was 
performed by the Flir T250 thermal camera.  
 
2 ERRORS AND ASSESSMENT OF THE ACCURACY OF 

GEODETIC MEASUREMENTS 
 

In terms of geodetic measurements within various 
engineering works, the expectations of the client on the one 
hand and surveyors on the other hand may differ a lot. 
Quality measurements might not be the most accurate ones, 
but those whose result is in accordance with expectations 
or the measurement theory. Moreover, precision measures 
for engineering measurements should also be taken into 
account. These are those quantities that further explain the 
measurement results. Usually the measurement result itself 
does not provide data on the quality of the measurement, 
therefore we try to explain the result of the measurement 
with different additional quantities. In geodesy deviations, 
empirical standard deviation and standard deviation of 
mean values is usually used [15]: 
-  deviation, variance: 2

xσ  is defined as the average 
square deviation of the measurement values xi from the 
expected value μx: 
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2 is an 
empirical variance: 

 
2 2 2

1 1

1 1( ) .
1 1

n n

x i i
i i

s x x v
n n= =

= − =
− −∑ ∑                             (2) 

 
When we increase the number of measurements n, 

which is necessary in geodesy, then 𝑥̅𝑥 converge against μx 
and 2

xs  toward 2
xσ . For practical use, the variance such as 

a dispersion measure is less suitable. When we determine 
the dispersion of the measurement values xi of some 
measurement series, we calculate the empirical standard 
deviation sx as: 
 

2

1

1 ( ) .
1

n

x i
i

s x x
n =

= + −
− ∑                         (3) 

 
An important quantity to assess the quality of mean 

values in geodetic measurements is the standard deviation 
of mean values 𝑥̅𝑥, which is calculated as: 

For x
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From this equation, we can conclude that increase in 
the number of measurements leads to reduction in the size 
of the standard deviation of mean value [16].  

In order to better evaluate our measurements, we need 
to know the confidence interval. By definition, the interval 
is called the confidence interval for an unknown value of 
the measured quantities, which overlaps this value with the 
prescribed and pre-set value. In geodetic measurements, 
the confidence interval for the true value of 𝑥𝑥 �plays an 
important role. It is defined as the interval C = [Czg, Csp], 
containing the true value with the specified value 1 − α: 
 

{ }sp zg 1P C X C α= ≤ ≤ = −                               (4) 
 

The boundaries of Csp and Czg are calculated as a 
function of statistical probability and distribution. Interval 
boundaries are calculated using:  
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Where is: X - the estimated value for the true value of x, 
k1−α/2 ... quantile of normal distribution N(0, 1) 

The eq. (4) can be written as: 
 

{ }1 2 1 2 1/ x / xP x k X x kα ασ σ α− −= − ⋅ ≤ ≤ + ⋅ = −         (6) 
 

In geodesy, the international conventional confidence 
interval is 95% (α = 5% = 0.05; unless otherwise agreed) 
[14]. Based on the false probability of 5%, the quantile 
normal distribution is determined as Z0,975=1,96. The larger 
the statistical security is selected, the wider the confidence 
interval (Tab. 1). 
 

Table 1 Quantile of normal distribution for different confidence intervals 
P 68,3% 90% 95% 95,4% 99% 99,7% 99,9% 

k – α/2 1,00 1,64 1,96 2,00 2,58 3,00 3,30 
 
2.1 Measurement and Methods of Calculating the 

Temperature of the Structure 
 
It is important to note that under the influence of 

temperature the displacement of the point can also occur. 
Determining the temperature of the structure is a very 
demanding process. The parts of the structure are exposed 
to various external influences according to the 
geographical position. While determining the displacement 
of the structure, some parts are on the sun side, and 
therefore warmer, some parts are in the shades and 
therefore colder. 

This creates temperature differences between the 
individual structure profiles as well as between the points 
between the profiles. Standing points for monitoring are 
predetermined and it would be normal to continuously 
measure the temperature of the air and the material as well 
as the temperature at the standpoint of the instrument. 
Unfortunately, in practice, due to the inaccessibility to the 
measurement points, the temperature cannot be measured 
at these desired locations [17]. 

Even with the elimination of all meteorological 
parameters, we find that there is still a difference in the 
results of measured values. This error is caused by the 
temperature influence on the stretching of the structure. 
Thus, temperature should be measured on the structure 
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with elongations or shrinkage consideration. The 
temperature can be determined in two ways: 
- Indirect, computed 
- Direct with the measurement on the structure. 

 
Indirect or calculated structural temperature is 

obtained on the basis of the equation [18]: 
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or by [19]: 
 

max1 14 4 5t , t ,= ⋅ − °  
 
Where is: 2

21
it −  air temperature at 9 pm two days before 

measurement; 1
14
it −  air temperature at 2 pm one day before 

measurement; 1
21
it −  air temperature at 9pm one day before 

measurement; t7,14,21 temperature at 7 am, 2 pm and 9 pm 
on the day of measurement; tmax maximal temperature on 
the day of measurement. 

Immediately the temperature is measured with the 
sensors on the structure in cooperation with the designer, 
who determines the measurement sites. The sensors are 
connected to the measurement equipment, so that the 
temperature data for each geodetic measurement can be 
obtained separately and simultaneously with other geodetic 
measurements. This method is also more reliable and 
simpler than manual measurement of temperature; and 
temperature corrections can be obtained separately for each 
measurement. 

 
3 EXAMPLE OF DETERMINATION OF THE 

TEMPERATURE DEPENDENCE AND VERTICAL 
DISPLACEMENT 

 
The measurement of the steel rail bridge was 

performed in the summer time under extreme 
temperatures. The temperature was measured with a 
contact probe on the total station eyepiece, on a glass prism 
on the bridge, on a self-adhesive retro target, and directly 
on a structure near geophone. In addition, readings were 
taken for the temperature of the air at the total station and 
the temperature below the bridge in the shadow, air 
pressure and humidity at the instrument and under the 
bridge. Thermoscale photo shooting of the bridge was 
performed near the measured targets. From all 
measurements, the vertical component between the 
instrument and the targets and between the checkpoint and 
the targets was calculated. Geodetic measurement was 
performed using the Leica TS50 instrument on four 
geodetic points G1-n and G2-n (Figs. 1, 2 and 3). In order 
to determine displacements, the geodetic device Leica 
RTS50 was used, which represents the new generation of 
electronic tachometers (RTS). The Leica TS50 is capable 
of sampling space information with the frequency up to 10 
Hz; however, the frequency is increased to 30 readings per 
second with the help of additional programme equipment, 
which controls the instrument and uses GeoCOM protocol. 
The programme equipment for monitoring the dynamic 

target with the reading speed in milliseconds was 
developed at University of Zagreb, Faculty of geodesy, and 
it is connected to the instrument through the GEV269 
cable. RTS is controlled via the GeoCOM/ZG programme, 
which can read the length, angles and time or angles and 
time only. Importantly, switching off the distance meter 
allows for more constant angle readings, which is essential 
for further analyses and calculations of dynamic response. 

 

 
Figure 1 Position of geodetic points and geofon 

 

 
Figure 2 Geodetic point G2-1 – the prism and G2-3 retro tape target 

 

 
Figure 3 Geodetic point G1-1 – the prism and G1-3 retro tape target 

 
In addition to the geodetic points, the Instantel 

geophone was installed, which monitored the motion of the 
object in all three axes, both burdened and unburdened. 
Geodetic points were observed at 7, 8, 9, 9: 30, 10, 10:30 
and 11 am. The measurements were carried out in two 
instrument faces and five series sets. This paper presents a 
balanced average value of the vertical component only. 
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Figure 4 Thermo shooting of G2-1 at 8.15 am 

 

 
Figure 5 Thermo shooting of G2-1, G2-2 and G2-3 at 8.15 am 

 

 
Figure 6 Thermo picture of points G2-1, G2-2 and G2-3 at 9:06 am 

 
Such research demands top equipment, which needs to 

be calibrated in order to ensure reliable and accurate 
results. Geodetic measurements were performed by the 
Leica TS50 robot total station with the angle accuracy of 
0.5", while the temperature measurements were taken by 
the usage of the TESTO 435-1 multifunctional measuring 
instrument which promised the accuracy of the measured 
temperatures ±0.2 °C and by the Flir T250 thermal camera, 
which enabled accuracy of the temperature readings ±0.08 
°C. The temperature measurements obtained by the probe 
in °C, humidity in % and air pressure in mbar are shown in 
Tab. 2. 

Figs. 4-8 show the results of the thermo-image 
shooting at the observed points. 

Moreover, the temperature difference between the 
structure and the geodetic point can be seen from Fig. 4 and 
5. At this point the temperature of 20.7 °C was obtained 
with a contact probe, which can also be estimated roughly 
from the colour scale. Further, Figs. 6, 7 and 8 show the 
thermal images at different times and places. All Figures 
display a great temperature difference between the parts of 
the construction and the geodetic targets and the uneven 
distribution of the temperature by parts of the structure. 

 

 
Figure 7 Thermo picture of points G1-1, G1-2 and 1-3 at 10:18 am 

 

 
Figure 8 Thermo picture of points G1-1, G1-2 and 1-3 at 10:22 am 

 
Geodetic measured height differences in m between 

stand point S1 and points G1-n and G2-n and control point 
S2 and points G1-n and G2-n can be seen in Tab. 3. 

Calculated accuracy in the form of standard deviation 
and standard deviation of mean values are shown in Tab. 
4. They are calculated using the equations (Eq. (2) and (3)). 
On the basis of these values, the measurements were 
carried out with an average accuracy of 0.884 mm. The 
average standard deviation of mean values was 0.0313 mm. 

The reason for the occurrence of differences in 
standard deviations of observed points in different time 
periods is the influence of different temperatures during 
measurements. 
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3.1  Statistical Determination of Correlation between 
Measured Values 
 

Statistical analysis for measurement results of temperature, 
pressure and humidity considers the gained values from 

Tab. 2. In addition, Tab. 3 shows geodetically determined 
height differences, which were taken into account in the 
process of correlation determination between measured 
values.

 
 Table 2 Measured temperature with the probe in °C, humidity in % and air pressure in mbar 

Time 
Tair 

Under the 

bridge 

φair (%) 
Under the bridge 

TG1-1 

on the point G 

1-1 

TG1-2 

on the point G 

1-2 

TG1-3 

on the point G 

1-3 

TG2-1 

on the point G 

2-1 

TG2-2 

on the point G 

2-2 

TG2-3 

on the point G 

2-3 
Tair on instr 

Tair near the 

instr 
φair (%) 

near the instr 

Pressure 
(mbar) 

near the instr 
7 am 17,3 84,1 18,3 18,5 18,1 19,1 19,0 19,3 25,8 23,6 55 1014 

8 18,3 82,7 19,0 19,9 19,1 20,4 20,3 20,7 27,6 25,8 53 1013 
9 24,0 52,9 23,3 24,6 23,5 24,0 23,3 24,5 28,8 27,2 53 1012 

9.30 26,6 44,2 25,7 26,3 25,9 25,8 25,0 26,5 30,2 31,2 50 1013 
10 27,2 41,6 27,2 28,0 27,5 27,3 26,0 28,0 32,9 32,2 46 1014 

10.30 27,9 40,0 30,1 29,9 29,7 30,1 28,5 30,0 34,6 33,0 44 1013 
11 28,3 38,8 32,6 31,2 32,9 31,4 30,3 31,4 36,0 33,5 42 1012 
12 34,1 36,3 34,1 35,2 34,2 36,2 35,7 35,9 36,6 34,5 39 1011 

Table 3 Geodetic measured height differences in m between station point S1 and G1-n in G2-n and control point S2 and points G1-n and G2-n 
Time S1-G1-1 S1-G1-3 S1-G2-3 S1-G2-1 S2-G1-1 S2-G1-3 S2-G2-1 S2-G2-3 
7 am 3,4387 3,8770 3,8760 3,7531 4,0611 4,4995 4,1888 4,3755 

8 3,4389 3,8772 3,8762 3,7532 4,0614 4,4997 4,1890 4,3757 
9 3,4412 3,8786 3,8786 3,7556 4,0635 4,5011 4,1892 4,3781 

9.30 3,4410 3,8784 3,8785 3,7558 4,0635 4,5010 4,1891 4,3783 
10 3,4409 3,8783 3,8783 3,7560 4,0634 4,5008 4,1890 4,3785 

10.30 3,4407 3,8785 3,8781 3,7558 4,0633 4,5012 4,1891 4,3782 
11 3,4405 3,8784 3,8777 3,7556 4,0630 4,5002 4,1892 4,3781 
12 3,4401 3,8787 3,8781 3,7560 4,0637 4,5013 4,1896 4,3785 

 
Table 4 Calculated standard deviations and standard deviation of mean values 

Point Sx  (m) 𝑠𝑠𝑥𝑥  (m) 
G1-1 0,000956 0,000338 
G1-2 0,000655 0,000231 
G1-3 0,001019 0,000361 
G1-4 0,001236 0,000437 
G2-1 0,001018 0,000359 
G2-2 0,000705 0,000249 
G2-3 0,000231 0,000082 
G2-4 0,001253 0,000443 

 
 It is realistic to expect dependence between the 

temperature and the height of the point or vertical 
displacement of that point under load, therefore this 
connection needs to be studied. Thus, it is necessary to 
define the mathematical model of displacements first in the 
function of temperature, then to study the stochastic 
connection and the strength of this connection. Based on 
the measured temperature and the calculated height 
difference, the coefficient of correlation of these two 
variables [20] is calculated using: 
 

2

2 2
2 2

Σ ΣΣ

(Σ ) (Σ )Σ Σ

x yxy
Nr

x yx y
N N

 − 
 =

   
− ⋅ −      

   

                             (8) 

 
where N - number of pairs of measurement results; x, y – 
variable. 

If r = 0, the variables are independent, but if r = ±1, the 
variables are functionally (linear) dependent. In order to 
confirm the final conclusions about the power of the 
connection between the two variables, it is necessary to test 
the correlation coefficient value as shown in Tab. 5. Since 
the correlation coefficient is a random variable from a 

particular sample, it needs to be verified if it is significantly 
different from zero. Two hypotheses should be tested: 

 
Ho: r = 0 
 
and alternative hypotheses: 
 
Ho: 0r ≠  

 
Testing of these hypotheses can be calculated using: 

 

2

2

1

Nt r
r

−
= ⋅

−
                           (9) 

 
This quantity is distributed by Student's t-distribution 

with the degree of freedom k = N − 2. Value t0 can be 
obtained from the table for the t distribution for the k level 
of characteristics of 5% degree of freedom. If t is greater 
than to on the statistical very significant correlation can be 
concluded. Tab. 6 shows the calculated coefficients t for 
individual cases. 

For our example, where the height difference 
(measured 8 times) was observed, from the table for the t-
distribution we read for 6 levels of freedom at the 5% risk 
the value for t0 : to = 3,7074. 

The results from Tab. 5 show that the highest 
coefficient of confidence correlation is at G1-4 which was 
also the highest point. In addition, it can be concluded that 
it was also the subject of the highest refraction due to the 
bigger vertical angle. The highest correlation was noted at 
this point among all parameter measurements in Table 5. 
Furthermore, Tab. 6 shows linear increasing of calculated 
coefficient of confidence correlation at all points and 
temperatures. As a result, the hypothesis that the change in 
temperature impacts the measured displacements can be 
confirmed.   
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Based on the calculated values of the correlation 
coefficient and testing of the correlation confidence, which 
is shown in Tab. 6, a very high linear dependence between 
height differences and temperature can be concluded. 
Consequently, it is logical to take this into account in the 
final calculations in the shown way. The influence of the 
temperature is very high in the measurement of steel 
structures, where further knowledge and consideration of 

the structural physics is necessary. Since we know that 
geodetic measurements of displacements are carried out 
throughout the day and under different conditions and 
seasons, it is necessary to take into account the impact of 
meteorological factors during processing of results. Thus, 
in the mathematical model of the displacements and, 
consequently, the deformations affected by the temperature 
should be considered.

 
Table 5 Calculated coefficients of the correlation 

 Tunder the 

bridge 
Tnear the instr Ton the instr Ton the G1-3 Ton the G2-3 Ton the G1-1 Ton the G2-1 

Ton the steel 

G1-2 
Ton the steel 

G2-2 

φair (%) under 

the bridge 
φair (%) near 

the instr 

G1-1 0,63449 0,6221 0,4886 0,5498 0,4881 0,5759 0,4372 0,5607 0,5256 0,8307 0,3729 
G1-2 0,886 0,8181 0,7529 0,8146 0,7991 0,8501 0,7711 0,8203 0,8206 0,9467 0,6801 
G1-3 0,7545 0,6928 0,5615 0,6324 0,6056 0,6811 0,5675 0,6419 0,6403 0,8794 0,4728 
G1-4 0,8895 0,8604 0,7658 0,8167 0,7863 0,8465 0,7495 0,8235 0,8143 0,977 0,6959 
G2-1 0,8718 0,8043 0,7007 0,7635 0,7524 0,8122 0,7227 0,7714 0,7809 0,9398 0,6326 
G2-2 0,8033 0,6971 0,5922 0,6552 0,6808 0,7281 0,6551 0,6531 0,702 0,8308 0,5404 
G2-3 0,8333 0,6749 0,7139 0,7627 0,8384 0,8211 0,8681 0,7681 0,8341 0,6548 0,7333 
G2-4 0,8895 0,8593 0,7633 0,8139 0,7846 0,8454 0,7489 0,8221 0,8134 0,9751 0,6935 

 
Table 6 Calculated coefficients of the test of confidence correlation 

Time S1-G1-1 S1-G1-3 S1-G2-3 S1-G2-1 S2-G1-1 S2-G1-3 S2-G2-1 S2-G2-3 
7 3,4387 3,8770 3,8760 3,7531 4,0611 4,4995 4,1888 4,3755 
8 3,4389 3,8772 3,8762 3,7532 4,0614 4,4997 4,1890 4,3757 
9 3,4412 3,8786 3,8786 3,7556 4,0635 4,5011 4,1892 4,3781 

9.30 3,4410 3,8784 3,8785 3,7558 4,0635 4,5010 4,1891 4,3783 
10 3,4409 3,8783 3,8783 3,7560 4,0634 4,5008 4,1890 4,3785 

10.30 3,4407 3,8785 3,8781 3,7558 4,0633 4,5012 4,1891 4,3782 
11 3,4405 3,8784 3,8777 3,7556 4,0630 4,5002 4,1892 4,3781 
12 3,4401 3,8787 3,8781 3,7560 4,0637 4,5013 4,1896 4,3785 

 
4 CONCLUSION 

 
Measuring of displacements and deformations is a 

very demanding field of engineering. As with all major 
facilities, including bridges, interdisciplinary approach is 
required for the creation of an optimal program for result 
measuring, analysing and interpreting. The state-of-the-art 
methods and equipment provide a high level of accuracy 
and reliability of the results. The aim of the study in this 
paper was to determine the influence of external factors on 
the size of the displacement or height difference. 
Interpreting the size of the displacements without the 
knowledge of the basic external factor such as the 
temperature can devaluate obtained results. The result can 
show itself in an unrealistic displacements of the structure 
which can lead to misleading conclusions with serious 
consequences for the stability of the structure and its 
exploitation. 

External impacts, especially temperature, are very 
important factors that influence the size of the movements 
in the vertical direction. There are several methods and 
procedures for elimination of meteorological effects. In 
this paper, the focus was on the effect of temperature on 
the final values. The analysis showed that it is realistic to 
expect dependence between the temperature and the point 
height, or the vertical displacement of the point, therefore 
this connection had to be studied. The link was checked 
through a statistical test. For this purpose, the temperature 
was measured with the contact probe in different places on 
the ground and a stochastic connection between the 
displacement and the temperature was found. The results 
indicate the dependence, which means that the temperature 
should be measured at different locations even during the 

measurement itself, and this should be taken into account 
in the final calculations. In addition, a connection between 
the vertical component and the temperature change has 
been calculated and proved with the calculated coefficients 
of correlation. To conclude, it is necessary to know that 
geodetic measurements of displacements and deformations 
are indispensable and are very much influenced by external 
factors. 
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