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1. INTRODUCTION

ABSTRACT

The Global Navigation Satellite System (GNSS) is one of the most important inventions in
the history of the survey. GPS in 1974 and GLONASS in 1976 were established and used
for military purposes, and they were opened to civil use since 1980 and 1982
respectively and started to be used in daily life. The GNSS system has developed very
rapidly in line with technological studies and these rapid developments have directed
scientists to develop new methods that can meet the needs of users and get the most
accurate results. One of the best studies to minimize the effect on GNSS signals in the
atmosphere is the use of dual-frequency GNSS receivers. These receivers can eliminate
errors on GNSS signals in the ionosphere layer. However, they cannot eliminate the
errors occurring in the troposphere layer. To eliminate these errors, the tropospheric
effect can be minimized by measuring the humidity, temperature and pressure values at
each point of the survey and using these values in calculations. But since this process will
take a lot of time and is very costly, tropospheric models have been made by scientists.
By using these models in GNSS software, the effect of the troposphere layer on the signals
can be minimized. In this study, four different survey campaigns were conducted to
observe the effect of Troposphere models under different atmospheric conditions.
Topcon Tools ver.7 and Leica Geo Office 7.0 software were used to evaluate these
campaigns. The effects of troposphere models on these calculations have been observed.
The atmospheric values measured at the time of the session and the atmospheric values
are taken from the General Directorate of Meteorology were included in the calculations
and the results were compared.

troposphere, respectively, reaching the GNSS
receptors and diverging when passing through the

Global Navigation Satellite System (GNSS) is one
of the navigation systems widely used in many civil
and military fields. The number of people using
Global Positioning Systems, which is developing each
passing day, is increasing day by day (Koca and
Ceylan, 2018). Today, the system, whose generic
name is GNSS, has many satellite systems (GPS,
GLONASS, GALILEO, BEIDOU / COMPASS, QZSS,
IRNSS) (Ates, 2011). The vast majority of existing
error sources in this system is between the moment
of the signal out from the satellite and the moment
the GNSS receivers are received. When the signals
broadcasted from GNSS satellites enter the
atmosphere, they pass through the ionosphere and

atmosphere. This divergence is divided into two as
signal path curvature and diffusion delay. The most
important effect is the diffusion delay, which can be
divided into ionospheric and tropospheric. The effect
of the neutral (non-ionized) atmosphere on
electromagnetic waves emitted in radio frequencies
is called the tropospheric delay effect (or
tropospheric refraction). This effect causes the
electromagnetic wave to slow down and bend
(Kahveci, 2011).

The signal propagation delay in the troposphere
layer accounts for 80% of the total delay, and this
delay is called the tropospheric delay (Hopfield,
1971). When talking about the troposphere, it is
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generally meant the lower part of the earth's
atmosphere. Tropospheric delay is divided into dry
delay and wet delay. The dry component can be
determined with high accuracy with many
tropospheric delay models prepared by surface
meteorological measurements, and this part can be
easily modelled with the law of ideal gases since it is
in hydrostatic equilibrium. The wet part is difficult to
calculate (estimate) due to the uneven distribution
ofliquid water and water vapour in the troposphere.
The neutral atmosphere consists of dry air and water
vapour. There is no significant change in the
composition of dry air depending on latitude and
altitude (Smith and Weintraub, 1953). The
troposphere consists of two ideal gas mixtures, dry
air and water vapour. Dry air is dependent on the gas
density in the atmosphere, changes in the gas
distribution, causing 90% of the total atmospheric
delay. The pressure measured at the measurement
point can be modelled with 2% error in the direction
of temperature and humidity and zenith. It is much
more difficult to model the existing water vapour
component between the receiver and the satellite
along the signal path, as the water vapour changes
rapidly concerning for to the ground and time. Due
to the water vapour component, the delay is 5-30 cm
in medium latitudes and can be determined with a
sensitivity of 2-5 cm. Troposphere errors can be
reduced by using 92% suitable troposphere model
(Saastamonien and Hoppfield) (Kinik, 1999). The
effects of errors on the measurements can be
minimized by using GNSS receivers and calculation
and modelling methods in evaluation programs. In
the tropospheric delay calculation, Saastamoinen
and Hopfield models are widely used in the
evaluation of GPS observations, together with
atmospheric parameters independent of time and
actual meteorological conditions (Ozugur, 2019). In
meteorological applications, it is very difficult to
represent the spatial and temporal distribution of
water vapour in the atmosphere precisely. The
numerical estimation quality of Precipitable Water
(PW), which can be converted into precipitation,
depends on the correct determination of the
distribution of atmospheric moisture information
(Glowacki et al., 2006).

Yilmaz (2013), reported in his study that the
calculations made using meteorological data yielded
5mm better results than standard troposphere
models.

Erkan (2008), also tested the PW values
calculated with the global pressure and temperature
model used in cases where meteorological
parameters are not available at GPS stations. As a
result of the test, it was observed that the differences
between the actual meteorological values present in
the GPS station and the use of these values from the
model are compatible with approximately 1 mm
standard deviation. However, if meteorological data
are measured at GNSS stations, or if these values can
be obtained from a numerical weather forecast
model, the need to include these data in the
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assessment has been proven by many scientific
articles.

Erdénmez (2008) came to the conclusion that
the determining factor of the total delay is a wet
delay, which varies according to the water vapour
pressure and relative humidity, and the main factor
affecting the delay is water vapour, which is an
important factor due to the temperature.

In this study, three different GNSS sessions were
held in order to identify the best results by
comparing the troposphere models in the GNSS
software used to minimize the errors caused by the
broadcast delay.

The evaluations are also for GPS signal data as
the GNSS receivers used only use data from GPS
satellites. Therefore, in the next steps, GPS
expression will be used instead of GNSS expression.

2. MATERIALS AND METHODS
2.1. Studying Area

In order to evaluate the effects of troposphere
models in GPS software on GPS evaluation results, 3
different applications were made.

Application 1 with the long-edge (150 km * 250
km) GPS network, the point named NIGD established
as part of the TUSAGA-AKktif project is taken as
TUSAGA reference, and TUSAGA points named AKSR,
FEEK, HALP, KAPN, KAYS, NEVS, NGDE, POZA, TUFA
are connected to the GPS network in a suitable
distribution. It was aimed to observe the effects of
different troposphere models, at the long-distance
measured bases between these points, which are
between 7 km and 147 km with reference, at
different atmospheric conditions and different
satellite elevation angles. Selected observation

points are located in settlements (Figure 1).

Figure 1. Application 1 project area and locations of
points

Application 2 TUTGA points at a distance of 19
to 55 km from each other named L28-G001, L29-
G001, L29-G002, M28-G001 and M29-G001 in the
centre of Konya and L2810012, C1 degree
triangulation point included in mid-range (40 km *
55 km) network (Figure 2).
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Figure 2. Application 2 project area and locations of
points

Application 3 12 points have been identified and
included in the network where the land changes
character, started from Askarlihoyugu around
Konya-Adana highway, along the Konya-Afyon
highway in the direction of Istanbul road (north-
south) to Calinbas Hill in the north of Karacaéren
Ciftligi (Figure 3).

Figure 3. Application 3 project area and locations of
points

2.2, Topcon Hiper Pro and Topcon Hiper Plus
Receivers

Topcon Hiper Pro and Topcon Hiper Plus
receiver, which is used in observations in application
areas 2 and 3 and has wireless operation technology,
can survey more than 14 hours and has 40 channeled
receivers. It is waterproof and its sensitivity in static
and fast static surveying methods is 3mm + 0.5ppm
in positioning, 5mm + 0.5ppm in levelling. In Real
Time Kinematics (RTK) application, precision is
10mm + 1.0ppm in positioning, 15mm + 1.0ppm in
levelling.

2.3. Javad GNSS Receiver

The GPS branded Javad used in the Application
2 field, 2 SIM cards can be inserted and have the
feature of bluetooth wireless technology. It has 216
channels and can work for 15 hours. In static and fast
static surveying methods, the sensitivity is 0.3cm +
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0.5ppm in positioning, 0.5cm + 0.5ppm in levelling.
In Real Time Kinematics (RTK) application, precision
is 1cm + 1.0ppm in positioning, 1.5cm + 1.5ppm in
levelling.

2.4. Vaisala PTU 307 Meteorological Sensor

PTU307 is the sensor option developed for open
and demanding meteorology applications of PTU300
series, which has the ability to measure three
parameters at the same time, such as barometric
pressure, humidity and temperature. PTU307 with
the additional hot probe, total precision in
barometric pressure measurement -40/+60°C,
precision in relative humidity measurement
+15/+25°C +1.0 %RH, temperature measurement
+20°C £0.2 °C. With Vaisala PTU 307 meteorological
sensor, pressure, humidity and temperature values
were measured in the Application 2 area.

2.5. Ashtech Z Surveyor Receiver

Ashtech Z Surveyor receivers, which are used 2
in Application 3 field, are 12-channelled, dual-
frequency GPS receivers. The sensitivity of the
receiver, which can work up to 10 hours, in static and
fast static surveying methods, is 5mm + 1ppm in
positioning, 10mm + 1ppm in levelling.

2.6. Trimble 5700 Receiver

The Trimble 5700 receiver, a 24-channelled,
dual-frequency GNSS receiver, can operate for up to
8 hours. The sensitivity of the receiver in static and
fast static surveying methods is 5mm + 0.5ppm in
positioning, 5mm + 1ppm in levelling. In Real Time
Kinematics (RTK) application, precision is 10mm +
1ppm in positioning and 20mm + 1ppm in levelling.

2.7. Topcon Tools Ver.7 Software

Topcon Tools (TT) software, which is an
adjustment software that can evaluate RTK
observations and GPS static survey data, contains
modules for different solutions. Free and based
adjustment in application areas were made with
Topcon Tools (TT) software.

2.8. Leica Geo Office 7.0 Software

Leica Geo Office (LGO) software, commercial
software of Leica, was used in free and based
adjustment steps in the application area.
Troposphere models in the software are Hopfield,
Simplified Hopfield, Saastamenion, Essen and
Froome, No Troposphere and Computed models.

3. RESULTS
The calculation was made by entering the

meteorological data of the locations close to the
reference station in Table 1 requested for
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Table 1. Requested meteorological data
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Application 1 into the Topcon Tools program. NIGD
TUSAGA station was taken as reference, and other
models were compared according to Hopfield
troposphere model. Although there are also changes
in Y and X coordinates in model comparison,
comparisons have been made for the point heights
most affected by tropospheric models. Based on the
15° elevation angle in January and the solution in the
Hopfield layer shown in Table 2, monthly changes
compared to the same parameters in other months
were seen. As a result of the application, the height
change in the points varies between -450mm and
+450mm depending on the model used. Since the
troposphere effect cannot be corrected by using GPS
or any other method, the model that can give the best
effect and the most accurate result should be
selected according to the model survey area and
weather.

As a result of the application, Hopfield and
Saastamoinen models in the LGO program and Goad
& Goodman models in the TT program were
observed to give the best results compared to other
models. In Table 2, the results obtained by
meteorological methods and program data were
compared on the Goad & Goadman model. After all;
the height differences calculated were very small due
to the fact that there are close values with the
standard atmosphere model and the distance
between the stations is large, it allows the entry of
meteorological data belonging to only one point in
the program and the points in the assessment are in
different geographical regions but in similar weather
conditions.

L2910012, L28-G001, L29-G001, M28-G001
and M29-G001 points calculated by using the free
adjustment method by using the troposphere models
in Leica Geo Office (LGO) and Topcon Tools (TT)
program by taking reference the point numbered
L29-G002 in the Application 2 area. Points
numbered L28-G001, L29-G001 and M29-G001 were
also calculated by taking the based balancing
methods.

In addition to the based adjustment(s) made
with the troposphere models in LGO and TT
programs, there are small differences between the
standard meteorological values in the TT program
and the free and based adjustment(s) made by
entering the meteorological data in the valuation of
the days in 10.03.2012 and 11.03.2012 according to
the meteorological data measured in the field in
Table 3. In the evaluation of the days of 11.06.2013
and 12.06.2013, between the standard models in the
TT program and the based adjustment(s) made by
entering meteorological data, it has been shown to
affect up to 10 mm. With the meteorological data
entered in the Niell and UNBabc models in the TT
program, +/-20 cm was seen that it made errors in
calculations.

In the project site where the elevation range is
between 1008 m and 1731 m as a result of GPS
measurements made in the north-south direction of
the Application 3 Area, which is given free
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adjustment results in Table 4; it was observed that
the change in satellite cutting angles seen in Table 4
affected the heights between 1 and 5 mm. In the
comparison of the troposphere models, it was
observed that the models failed according to the
height of the measured points.

4. DISCUSSION AND CONCLUSION

As a result of the calculations, when the results
obtained from the troposphere models are
compared among themselves based on the best
model, it has been observed that it affects only the
vertical position and the effect of the horizontal
position is very small. Although the LGO program
does not allow meteorological data to be entered,
Hopfield model and Saastamoinen models selected
automatically by the program have been shown to
give the best results even in different weather
conditions, on long-distance and short-distance
bases, and even in flat or unevenness of the surveyed
terrain. The sensitivity of the model disappears as
the height difference between the reference point
where the Simplified Hopfield model gives good
results on the rough terrain and the point where GPS
observation changes. As can be seen from the results
of the application, in the comparison made with the
15° Hopfield model for the point height lower than
the reference point, it gives a negative error and for
the point height higher than reference point, it gives
the positive error. Essen Froome model is a model
suitable for use on relatively flat terrain and as seen
in Application 3, it gives an error in the range of +6
cm and -6 cm even in less uneven terrain. Like the
Simplified Hopfield model, the Essen Froome model
also gives a negative error for the point height lower
than the reference point and a positive error for the
point heights above the reference point. Calculations
made with the No Troposfer option will most likely
give accurate results when calculating GPS signals
with the same tropospheric effect in the same region
and for points with the same altitude. We are very
unlikely to encounter such an event in the project
sites where we practice. Unlike the Simplified
Hopfield and Essen Froome models, in the
calculations that do not apply the troposphere
model, it gives a negative error for the heights above
the reference point and a positive error for the low
heights. Computed model is a model with different
tropospheric conditions and where the height
difference between the points is high, it will be more
suitable to use in the long-based calculations if
Hopfield and Saastamoinen models cannot be used
in long-based calculations.

The TT program allows the use of measured
meteorological values, thanks to its menu that allows
adding meteorological data. Goad & Goodman, Niell
and UNBabc models used in the program give very
close results in comparison of the program itself.
Meteorological data fixed in the TT program;
pressure is 1013.2 mbar, the temperature is 20 °C,
humidity is 50%. While
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Table 2. Adjustment results of other stations compared to NGDE reference station
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Table 3. Adjustment results based on Application 2 site
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Table 4. Application 3 site free adjustment results
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entering the measured or provided meteorological
data into the program, the Goad&Goodman model
gives similar results according to its closeness to the
fixed parameters, while the Niell and UNBabc model
gives very distant results by entering the
meteorological data. Niell and UNBabc models
should not be wused while calculating with
meteorological data in Topcon Tools program.

It is not a problem to calculate the troposphere
models used in local calculations or in programs for
less uneven terrain with models suitable for the
application area and location. Since the moisture,
temperature and pressure values in different regions
will be different in calculations to be made as a result
of broad-based GPS observations (such as TUSAGA
application), the use of a standard troposphere
model may give erroneous results according to the
application area. Therefore, it will be appropriate to
measure meteorological data in high-presentation
measurements and to make calculations in the
programs in which these data can be loaded.

In an academic study to be done to get a more
effective result from the comparison of Troposphere
models with the measurement of atmospheric data;
measuring the atmospheric data of the points at the
seaside and the points in the inner parts that have
different height and pressure values will be more
useful at the point of comparing the troposphere
models.
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