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Abstract. This paper presents the results of over a year-long experiment dealing with a temperature
measurement to calculate the theoretical effect of the atmosphere on the measured zenith angle in
engineering surveying. The measurements were performed to determine the accurate and specific
temperatures (temperature gradients), which can be recorded in different seasons in the low level of
the atmosphere (up to 2 m above the ground, where most Engineering Surveying measurements take
place) for the geographical area of Central Europe - specifically the Czech Republic. A numerical model
was then applied to the resulting determined temperature gradients to calculate the path of the beam
passing through an inhomogeneous atmosphere. From these values, the apparent vertical shifts caused
by refraction in a given environment and time were finally determined.
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1. Introduction
Due to technical progress, geodetic instruments are
constantly evolving and improving. For total stations,
the standard deviation of the rangefinder is 1mm (per
100m) and the accuracy of angles in units of tenths
of a milligon is no exception (For example, as shown
here [1–4]). Thanks to this, it is theoretically possible
to carry out measurements with an accuracy of mil-
limetres or, in special applications, even tenths of a
millimetre. However, the condition for achieving these
accuracies is not only the quality of the instrument
used, or, in the case of adjustment, the number of
redundant measurements, but also the suppression or
elimination of errors caused by the surrounding envi-
ronment. One of the environment influences, which
has been studied in the geodesy for a long time, is at-
mospheric refraction - a set of atmospheric influences
that negatively affects the measurement results.
In geodesy, according to [5], refraction can be di-

vided into two basic groups according to the position
of the observed target. On the one hand, astronomical
refraction examines the influence of the atmosphere
in the observation of celestial objects. Thus, it usu-
ally works with the assumption of the sight line close
to vertical. Geodetic refraction, on the other hand,
describes the influences acting on ground targets (in
common geodetic practice on the Earth’s surface).
Geodetic refraction can then be divided according
to which direction it affects in terms of a measure-
ment. So, we are talking about vertical or horizontal
refraction. In the following, text we will deal with the
vertical refraction in a specific application of engineer-
ing surveying (ES) in the low level of the atmosphere

(to 2m above the ground) affecting the zenith angle.
We will not pay more attention to other types here.

Attempts to suppress or eliminate the influence
of refraction date back a very long time, and many
theories and experiments have been made on this topic
over the past century. Some older works, focused on
trigonometric measurements in mountain areas, taking
into account the effect of refraction, were carried out
in the 60s and 70s by Mr. Hradílek (for example, [6]
and [7]). This research is still relevant, as evidenced,
for example, in publication [8]. Another interesting
article describes the effect of refraction on geodetic
measurements in another medium – water [9]. In
principle, this effort can be divided into several basic
variants.

The first variant is, of course, the use of direct
geodetic measurements to detect refraction. This is
most often a counter-measurement of zenith angles or
a calculation of k, as a variable, within a given trigono-
metric network [10]. An interesting and innovative
way of measuring opposite zenith angles is described,
for example, in [11].
Another way is to apply atmospheric models to

the measured data. One of the most famous is the
creation of the temperature equation from Kukka-
maki [12], which was used for precise levelling. There
are several parameter adjustments for different areas
and use [13]. Currently, it is very common to de-
termine the computer model by the reverse method,
where the measured data derive theoretical relation-
ships (polynomial and other functions) between the
measured quantities defining the state of the atmo-
sphere and the measured geodetic data [14, 15]. In
this case, we encounter the problem that derived re-
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lationships are often only theoretical and cannot be
applied, in general, across seasons and parts of the
world.

Another approach is to determine the current turbu-
lent parameters of the well-known Monin – Obukhov
similarity theory (described in [16] and [17]). To calcu-
late the refractive index, it is important to determine
the turbulent parameters C and l, for which it is
possible to use scintillometry and/or Image dancing
method [18–20]. Monin – Obukhov method has its lim-
its in the assumptions of the uniform stratification of
the atmosphere (although there are modifications [18])
and especially in the use of the coefficient k or tem-
perature gradient describing the whole path of the
beam, or the whole set of measurements. At present,
this method is already considered insufficient.
The list of possibilities is followed by a techno-

logically very complex dispersion method (described
in [19, 20]), which is based on the transmission of a
pair of beams of different wavelengths (most often
IR and blue), which bend slightly differently as they
pass through the atmosphere. It is, therefore, possible
to measure the difference between the points (angle)
of impact. From this, it is possible to derive the re-
fractive coefficient or the effect of the refraction as
such. This method is difficult due to the necessity of
measuring a very small difference between the points
(angles) of impact of individual colours with sufficient
accuracy [21].

The path used in this article differs from the meth-
ods described. By monitoring the physical properties
of the atmosphere (specifically its temperature and
temperature gradient), the current state is described,
for which a mathematical simulation of the beam’s
passage through an inhomogeneous medium is per-
formed (measurement simulation) using the numerical
model. The basis of this calculation is the knowl-
edge of the refractive index of air and its gradient.
The refractive index depends mainly on temperature
and pressure. At short distances (as in ES) the pres-
sure practically does not change (does not affect the
gradient). The main influence is the temperature gra-
dient, which is determined by a system of temperature
sensors placed on a vertical structure designed for ex-
perimental purposes. In the past, this approach has
already been attempted, but with significantly worse
technical equipment (e.g. Sirůčková [22] and others)
and especially with the effort to introduce corrections
to actual measurements. In our case, there is an effort
to know the properties and laws of the phenomenon in
the ground layer of the atmosphere and to make basic
recommendations for the practical measurement.
For the purpose of estimating the real state of the

atmosphere, an extensive series of all-day experiments
were measured for over a year with an interval of about
15 to 20 days. Through the set of data from each day,
several simulations were done (more described below).
The result of the simulation is a theoretical estimate of

the effect of the atmospheric refraction on the zenith
angle (observed point height) for a given situation.

2. Equipment and experiment
The first part of this chapter provides a basic overview
of the apparatus and equipment used to carry out
the temperature (temperature gradient) measurement,
followed by a simple analysis of the accuracy of the
whole system. The second subchapter describes the
experiment and basic output measurements. In the
last part, the used numerical model and the main
partial calculations are explained and formulated.

2.1. Equipment
For the implementation of experiments of a temper-
ature measurement, a measuring apparatus was de-
signed and assembled, consisting of a set of resistance
temperature detectors (RTDs), a data logger and a
shielding and supporting structure.

2.1.1. Resistance temperature detector
The determination of temperature by RTDs uses a
known physical principle describing the dependence of
the change in resistance of a conductor on the change
in its temperature. In this case, the opposite view is
used, where a change of the resistance is observed and
the change in temperature is derived from it.
TR097C sensors manufactured by SENSIT s.r.o.

were used for most of the measurements. (For some
measurements, the TG8-40 sensor, which is a similar
type with the same accuracy, was also used). TR097C
is equipped with a calibrated platinum sensor (Pt1000
/ 3850 class A). The detector technically consists of
a lacquer encapsulated sensor to increase physical
resistance, a supply cable in a protective insulating
silicone sleeve and an insulated connector to the data
logger. The disadvantage of this sensor is a lower
physical resistance and a lower resistance to moisture
and other weather conditions.

The permitted deviation ∆TS for platinum sensors
class can be determined as:

∆TS = (0.15 + 0.002 · |t|), (1)

where |t| is the temperature in an absolute value.
In the range of measured values (approx. −20 to
40 °C), the permitted deviation ∆TS is approx. 0.15
to 0.25 °C [23, 24].

2.1.2. Datalogger
The data logger S 0141 (Fig. 1, manufactured by
Comet System s.r.o.) enables temperature calculation
(transition from resistance to temperature measure-
ment) and subsequent registration. The logger is
equipped with four inputs for sensors, a smaller black
and white display and an input for connecting a com-
munication cable to a PC (in the form of USB, COM
or WIFI). The control and settings are changed via
the computer program Comet Vision provided by the
manufacturer.
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Figure 1. Datalogger S0141.

Figure 2. Construction – layout.

The data logger has a defined measuring temper-
ature range from −90 °C to 260 °C for the Pt1000
sensor used. For temperatures measured during the
experiment, a margin of the permitted deviation ∆TL

equals to approximately 0.2 °C [24].

2.1.3. Shielding and supporting structure
For the purposes of shading out sunlight and heat-
ing prevention, sensors were installed in a wooden
structure, which also serves as a supporting element
of the apparatus. At the same time, the construction
prevents thermal radiation of other (more thermally
conductive) objects.
For this purpose, a simple L-shaped cover system

(see Fig. 2) has been designed with regularly drilled
holes (to allow air to pass through), which are tilted
downwards.

2.1.4. Analysis of the accuracy of
temperature measurement of the
whole system

From the above permitted deviations ∆TL and ∆TS ,
the standard deviations of the logger σL and the sen-
sor σS can be calculated using the law of standard

deviation transmission

σS = ∆TS

2 = approx. 0.10 °C to 0.13 °C,

σL = ∆TL

2 = 0.10 °C, (2)

where ∆TL a ∆Ts are the permitted deviations in the
temperature range for the logger and the sensor. Sub-
sequently, the accuracy of the determined temperature
σT can be derived as

σT =
»
σ2

S + σ2
L = 0.15 °C. (3)

The resulting accuracy of the temperature determi-
nation is thus σT = 0.14 to 0.16 °C in a given tem-
perature range. In further analyses, we will consider
σT = 0.15 °C, which also corresponds to a long-term
observation.
Since the standard deviation of the temperature

determination can be considered as the same for every
sensor, we can calculate the standard deviation of the
temperature difference σ∆T according to

σ∆T = σT ·
√

2 = 0.21 °C, (4)

with the permitted deviations ∆MT = 0.42 °C. For
the temperature gradient, the standard deviation σ∇T

is determined as

σ∇T = σ∆T

dH
, (5)

where dH is the vertical distance between the sensors.
After substituting into the equation, we get the results
given in Tab. 1.

2.2. Experiment
The measuring experiment was carried out in order
to determine the actual prevailing conditions on the
ground level of the atmosphere in the Czech Republic.
The measured data are available from professional me-
teorological stations, but they usually describe the pa-
rameters at a certain height and do not reach such ac-
curacy and frequency, which is necessary for a reliable
determination of the temperature gradient. Therefore,
an apparatus was assembled (see Chapter 2.1.3), which
allows a simultaneous temperature measurement at
four different heights above the surface. Subsequently,
it is possible to determine temperature gradients.
In terms of the time schedule, it was decided on a

continuous measurement of at least 24 hours and a
recording interval of 20 s. The interval between indi-
vidual days of measurement was chosen to be about
15 to 20 days (depending on the weather). The result
is 23 days of measurements distributed throughout
the year, which map the development of temperature
across the seasons. All measurements were recorded
in Central European Time CET (UTC +01:00).
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gradient vertical range ∆T (0.5− 1.0m) (1.0− 1.5m) (1.5− 1.9m)
σ∇T [°C/m] 0.42 0.42 0.53

Table 1. Accuracy of temperature gradients.

2.2.1. Measurement results
The measurement was performed on a regularly mown
lawn. Except for the data from 1.4.2020 to 20.5.2020,
the structure was in the shade most of the day. In the
mentioned interval, it was measured in a sunny area
with all-day sunlight.

An example of typical data measured on a sunny
day is the measurement from 7.5.2020 (shown in Fig. 3
and Fig. 4). The first graph shows the development
of temperature at given heights. We can notice a
significant fluctuation in temperature in the afternoon
and a relatively calm, although stratified atmosphere
in the night.

Fig. 4 shows the development of the vertical temper-
ature gradient during the day 7.5.2020. The results
confirm the often-described phenomenon that during
the day (sunny), the earth’s surface heats up and the
temperature gradient becomes negative (in this case
also at a height of 0.50 to 1.00m!). At a height of
1.00 to 1.50m, the gradient is relatively small, as the
temperature radiated by the surface and the tempera-
ture of the higher layer are “equalized” (warmer air
rises). The top layer reaches high gradients (some
other experiments confirmed a positive temperature
gradient up to 4 meters above the ground).

It is necessary to repeat here that the data describe
a specific sunny day with the measuring equipment
placed on a sunlit lawn during the whole day. Other
days, such as when the apparatus was in a shade, the
graphs would look relatively different in the illustra-
tion. Unfortunately, due to the scale, they will not be
included here.

2.2.2. Determination of temperature
gradient

Due to the large volume of data, the vertical tempera-
ture gradient ∇t was calculated only for specific times
of each day. These times are 00:00, 4:00, 8:00, 12:00,
16:00 and 20:00. In order to make the calculation of
the gradient more reliable from the point of view of
defining the season, a regression function (2nd order
polynomial) was calculated from the measurements in
the period −30 to +30 min and a specific functional
value of this polynomial was used in the following
calculation.
The following Fig. 5 and Fig. 6 show gradients for

selected times during each day. The dotted line shows
the gradient for the lower section (0.5 to 1.0m), the
dashed line for the middle section (1.0 to 1.5m) and
the solid line for the upper section (1.5 to 1.9m).
It is clear that the resulting gradients can take on
high values exceeding 4.5 °C/m. The most significant

gradients are in a sunny place during the measurement
(1.4.2020 to 20.5.2020).

Since the temperature gradient used is obtained by
a regression function from a relatively large number
of measurements, its accuracy can be expected to be
higher than that of the calculated in the accuracy anal-
yses (Chapter 2.1.4). However, the standard deviation
of the average cannot be used due to the influence of
systematic errors burdening the measured set.

2.3. Calculations

Fig. 7 shows, in a simplified manner, the relationships
between significant parameters defining the vertical
refraction and its influence on the measured values.
Between points A and B, the slope distance sd and the
zenith angle zA are marked. The points are located on
the earth’s surface (represented by a sphere of radius
R and centre S) at height HA (respectively HB). The
distance of the points along the circle SHA

at the
height HA defines the central angle ϕ.

Furthermore, the apparent point B′ shifted to from
the actual position by the vertical error ∆HB is
marked. The error is caused by the angular deviation
of the beam from the straight trajectory - refractive
angle β/2 (if the refractive curve is not circular, then
this angle is general ρA), or more precisely the tangent
tA to the substitute circular refractive curve (purple)
at point A. The refractive curve is defined by centre
D, radius of curvature Rk and centre angle β, which
is also referred to as the angle of complete refraction.
The zenith angle z′A describes the value that we would
actually measure [5].

2.4. Differential equation of the
passage of a wave-path

Above the measured data, specifically above the ob-
tained gradients, a simulation of the beam passage
by the DEPWP method (differential equation of the
passage of a wave-path through inhomogeneous atmo-
sphere) was performed. It is a physical relationship
describing the change of the direction of the beam
dependent on the refractive index and the change (gra-
dient) of the refractive index of the given environment
(derived in [25]). The whole relation according to [26]
and [27] can be written as

d2r

dt2
= n(r) · ∇n(r) = f(r), (6)
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Figure 3. Development of temperature during the day 7.5.2020.

Figure 4. Development of temperature gradient during the day 7.5.2020.
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Figure 5. Interpolated temperature gradients for times 0:00, 4:00 and 8:00.

Figure 6. Interpolated temperature gradients for times 12:00, 16:00 and 20:00.
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Figure 7. Relationships between measured and determined quantities.

r =

Ñ
x
y
z

é
,

n(r) = n(x, y, z), (7)

∇n(r) =

Ñ
dn(r)/dx
dn(r)/dy
dn(r)/dz

é
,

where vector r defines a specific point on the beam
path and is expressed in coordinates, n is the refractive
index of the medium and ∇n is the gradient of the
refractive index in the directions of the coordinate
axes.

The calculation is performed numerically, and a des-
ignation can be introduced for a better understanding

u = dr

dt
,

du

dt
= d2r

dt2
, (8)

where u is the direction vector and dt is a differential
part of the path [27].

We can convert this second order differential equa-
tion (8) to two differential equations of the first order
and then solve them simultaneously.

du

dt
= f(r), dr

dt
= u, (9)

The initial conditions are position r0 (Total station)
and direction u0 (to the measured point - zenith angle).
Using a sufficiently small step dt → ∆t (in our case
∆t = 0.1mm) we can calculate the numerical passage
through the atmosphere. The resulting equations for
the numerical pass are as follows:

dri+1 = ui ·∆t, ri+1 = ri + dri+1, (10)

dui+1 = f(ri+1) ·∆t, ui+1 = ui + dui+1, (11)

2.4.1. Barrel-Sears formula
The Barrel-Sears formula with temperature and pres-
sure correction can be used to calculate the refractive
index of air [28]. Although more accurate procedures
are available [29], these formulas are sufficiently accu-
rate for this purpose.

N = 287.604 +
Å1.6288

λ2

ã
+
Å0.0136

λ4

ã
, (12)

n = 1 +

ÖÖ
N

1 + t

273.15

è
· p

101325−

−

Ö
5.5 · 10−2

1 + t

273.15

è
· h

133.322

è
· 10−6, (13)

where λ is the wavelength of radiation in µm, t is the
temperature, p is the pressure and h is the partial
pressure of water vapour.

For the calculation of the models, visible light of λ =
0.555 µm, and water vapour pressure p = 101 325Pa
and water vapour pressure h = 0Pa were considered.
In essence, the effect of the change in pressure and
water vapour pressure was not taken into account.

2.4.2. Iterative calculation of path
After calculating the gradients, the iterative simu-
lation of the beam path according to DEPWP was
performed. Thus, the calculation of the apparent ver-
tical displacement ∆H - the height deviation of the
actual path from the straight line, was realised. Three
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paths of the beam were calculated with the specified
distance s = 50m and with a variable zenith angle
(z0 = 99.2, 100.0 and 101.2 gon). The vertical shift
∆H is, therefore, a function of these variables

∆H = DEPWP (∇Ti, s, z0, . . . ). (14)

From the obtained vertical shift, the first iteration
of the “refractive angle” ρ1 at survey station was
calculated backwards. The following simplification
also applies to z ≈ 100 gon

ρ1 = sin(z) ·∆H
s/ sin(z)− (cos(z) ·∆H) ≈

∆H
s
. (15)

z1 = z0 + ρ1 (16)

The newly determined zenith angle z1 is obtained by
adjusting the initial zenith angle z0 by the refractive
index. Usually, in the second or third iteration, the
beam strikes the target with an accuracy of more than
0.001mm. By this procedure, the resulting refractive
angle ρ1, and the resulting vertical displacement of
the target ∆H was determined according to

ρ1 = zn − z0, ∆H ≈ ρ1 ·
s

sin(z0) . (17)

3. Results
The very determination of real temperatures (see ex-
ample Fig. 3) prevailing during the year in the micro-
climate of the ground level of the atmosphere can be
considered as a result of the experiment itself. This
research has not been carried out in our territory so
far, and in previous refraction solutions, estimates or
data determined elsewhere were used. Of course, it is
not possible to use the specified temperatures as gen-
erally applicable, as they are influenced by the whole
spectrum of parameters, such as position, influence of
surrounding objects, material of the surface, content
of dust particles. Nevertheless, the data are important
for obtaining a qualified estimate of possible temper-
atures in our conditions. Equally important is the
determination of the temperature gradients shown in
Fig. 4.

3.1. Vertical shifts
Using the DEPWP simulation described in Chap-
ters 2.4 to 2.4.2, the values of the vertical shifts (dif-
ference between the apparent and the actual target)
for each beam path can be obtained. For better clarity,
the results are again displayed for selected times of
day (00:00, 4:00, 8:00, 12:00, 16:00 and 20:00) in the
form of graphs (see Fig. 8), which describe the vertical
shifts (corrections) for z = 99.2; 100 a 101.8 gon. This
range of the zenith angle was chosen due to the use
of the entire height of the measuring structure (up to
2m).

It is clear from the graphs that the direct expo-
sure of the terrain greatly affects the vertical change
(the largest ones were calculated for the days when

the structure was placed in a sunny position). Fur-
thermore, it is worth recalling that the calculated
deviations in some days and times are essential for
many geodetic applications and it is necessary to con-
sider them or change the principle or the time of
the measurement accordingly. The highest deviations
are usually achieved in the afternoon, when, in the
summer months, the error exceeding 2mm is not un-
common. On the contrary, the lowest error is observed
early in the morning and later at night, when it usually
does not exceed 1mm.

4. Real beam trajectory
For a better idea of the realization of the actual tra-
jectory, graphs in Fig. 9 to Fig. 11 show the beam
trajectory on selected days. The straight line is shown
in black and the differences in the trajectory from the
straight line at a particular point are multiplied by
1 000 for better clarity (so they are in mm).

The graphs show all three variants of zenith angles
at once and the individual paths according to the time
of day are shown by a coloured dashed line chosen
according to Tab. 2.
Note that in Fig. 9, the beam trajectory is flat

and very close to a straight line. For z = 99.2 gon,
the curve is convex towards the surface, while for
the others, it is inverted. This is due to a negative
gradient in the higher part of the measured range.

The graph Fig. 10 shows a state where the appara-
tus has been placed in a sunny place. The gradients
are very high and vertical deviations are as well. Im-
portantly, for z = 99.2 and 100 gon, the curve is always
concave, while for z = 101.8 gon, it is convex during
the day (8:00 to 16:00) and concave at night. This is
due to the large thermal radiation of the surface.

In the last measurement shown (see Fig. 11), from
the end of October, the curves are relatively flat, but
the state is very variable. For z = 99.2 gon, it is
concave in the morning, almost straight at noon and
convex in the afternoon. With a horizontal view of
z = 100 gon, the curve is always concave and for
z = 102.8 gon, the curve is concave at night (0:00 and
20:00) and convex during the day due to the thermal
radiation of the surface.

5. Discussion
The main benefit of this experiment and article should
be a warning about refraction, or rather that the so-
lution of its influence is no longer just a question of
academia and the construction of large point fields.
On the contrary, the current direction of accurate
geodesy directly requires a practical investigation of
the impact of refraction and the active minimization
of its influence on geodetic data. After all, as the
results published here shows, it is still true that for
applications, where accuracy in the order of centime-
tres is required, refraction is not critical and will not
need to be addressed. However, in areas where an
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Figure 8. Vertical shifts for z = 99.2; 100.0 a 101.8 gon.
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Trajectory straight 0:00 4:00 8:00 12:00 16:00 20:00

Color

Table 2. Colors of individual paths.

Figure 9. The real trajectory of the beam of the day 15.1.2020.

Figure 10. The real trajectory of the beam of the day 7.5.2020.
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Figure 11. The real trajectory of the beam of the day 26.10.2019.

accuracy of more than one cm is required, it will be
necessary to consider the possible impact of refraction
and its possible suppression. If we focus on specialized
geodetic work in construction, engineering or control
measurements, then the accuracy is in units of mil-
limetres and refraction can easily become a significant
systematic component of measurement errors

The results also clearly show that the atmosphere is
very variable and cannot simply be described by a sin-
gle universal number, as the Gaussian refractive index
k = 0.1306 is sometimes incorrectly presented. This
number describes the atmosphere in a particular area,
which is very far from the application of engineering
surveying. T. Křemen deals, in detail, with the issue of
the Gaussian coefficient in article [10]. The theoretical
refractive index can be calculated retrospectively from
the determined vertical displacements. The measured
data show that the coefficient usually takes values
up to +3 and seldomly takes negative values. For
measurements in a sunny place, it even reaches values
exceeding +20, while for measurements in a shade,
the maximum values are up to +5. In the winter
months, the coefficient does not deviate much from
the value of 0. There are several reasons for the very
significant diversity compared to the so-called average
coefficients determined from the network alignment.
A specific application can be considered as the most
important one. When measuring large networks (such
as the network in the Kingdom of Hanover from 1821
to 1825 measured by K. F. Gauss), where the sur-
vey station is elevated (for a better observation of
network points often miles away) and usually a large
part of the sight is high above the ground (tens of me-
ters). The use of measuring towers was no exception.
The temperature at such a height behaves completely

differently from the temperature determined by the
measurement presented here at a height of up to 2m
above the ground.

6. Conclusion
The task of the whole experiment was to measure
real temperatures that may occur in our territory and
to critically evaluate what effect refraction may have
during the year. The experiment was aimed at engi-
neering surveying, which is usually characterized by
a measurement at shorter distances (up to hundreds
of metres) and higher accuracy (most often in the
order of mm). It is clear from the results that there
are seasons and times of day that are not suitable
for a measurement, as the required accuracy may be
exceeded by the effect of the refraction alone. Like-
wise, the well-known rule was confirmed that during
noon to afternoon, the effect of refraction reaches its
highest values, and conversely, the best conditions for
accurate measurements can be expected at night or
very early in the morning. It has a very adverse effect
on the measurement results over sunny terrain. A
measurement close to the ground on a sunny day is
not suitable due to the extreme temperature gradient.
However, the steepness of the sight also negatively
affects the resulting data. The theoretical ideal would
be to measure in a layer where the temperature radi-
ated by the surface and the temperature of the upper
atmosphere are equal. This is of course not easy to
determine, but the results suggest the height from 1.5
to 1.7 meters above the earth’s surface.
A certain danger arising from the observation is

the fact that during the night, the atmosphere is
not homogeneous, but it is significantly calmer, and
the stratification of the atmosphere stabilizes more.
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However, this can result in a systematic effect on
the measured data that cannot be recognized during
the measurement. The only way to detect such an
error would be to re-measure, ideally, on another
day (another night) when the atmosphere stratifies
differently. However, this is often not possible in
practice.
Although this experiment appears to be relatively

robust from a measurement point of view, it is not
possible to perceive it as a list of corrections to mea-
surements in a given part of the year and at a given
time. The benefit should be a concrete idea of the
conditions that can be expected in our conditions for
measurements near the terrain. Nor can it be consid-
ered true that the temperature in the atmosphere is
systematically stratified, and that the measurement
of the temperature at the survey station describes the
temperature over the entire range of the beam path.

In the field of research into the influence of temper-
ature (and refraction in general) on geodetic measure-
ments, several measurements will still need to be made
to better understand it. For example, it is not certain
at what height above the ground the temperature
gradient decreases and the atmosphere becomes more
homogenized. For this reason, the calculations were
focused only on the height range of the measuring
structure.
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