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THE RESEARCH OF SHORT-PERIODIC COMPONENTS CHANGES
OF ZENITH THROPOSPHERE DELAY

The aim of this work is the research of the magnitude of the components change of the zenith tropospheric delay
for the territory of Ukraine according to several-day terrestrial meteorological measurements, as well as the
construction and study of the field of their change. Method. The accuracy of the determination of the tropospheric
delay and its components depends on the amount of meteorological data that can be used for its caclulation. It would
be more better if, at the time of the GNSS measurements, the atmospheric sensing data were obtained near the
observation point, otherwise it is necessary to simulate the meteorological situation at the time of the measurements
using the data available for that purpose. The fulfilled researches evaluated the meteorological situation as a whole for
the territory of Ukraine. The tropospheric delay was calculated using the well-known Saastamoenen formula. The
range of change of tropospheric delay for the territory of Ukraine was subsequently created. Results. The results of
the research make it possible to analyze the dependence of the change in the magnitude of the components of the
tropospheric delay on the change in meteorological values in the territory of the country. The graphs of changes in
tropospheric delay components during three days with the discreteness of 6 hours at four points with different
climatic conditions were obtained and analyzed in the work. It has been established that despite the significant
difference in the values of the components, the amplitudes of their change are close to each other: the differences of
these amplitudes are 6 mm for the dry component and 2 mm for the wet component. The dynamics of change of dry
(hydrostatic) and wet (non-hydrostatic) components during two days have been shown in the work. It has been noted
that their dynamics are due to the change of atmospheric pressure for the dry component and the change of water
vapour pressure in the troposphere for the wet component. Scientific novelty and practical significance lic in the
revealed stability of the amplitude of change of components at the points located in different climatic and weather
conditions. Also, it has been confirmed that the dynamics of change in the dry component is due to changes in
atmospheric pressure, and wet — due to changes in partial pressure. The performed researches can be used to create
regional models of the atmosphere and further studies of the field of change of the zenith tropospheric delay, as they
relate to the change of the delay in space and time.

Key words: tropospheric delay; the impact of the troposphere on satellite measurements; methods for determining
tropospheric delay; determination of components of tropospheric delay; GNSS measurements.

Introduction Scientists from different countries, including
[Askne. et al., 1987; Baby, et al., 1988; Ifadis, et.
al., 2006; Mendes, 1999], as well as in Ukraine

are actively engaged in research of tropospheric

The tropospheric delay is known to be one of
the most significant factors that impair the results
of GNSS measurements. The research of the

methods of determining and considering this factor
is an urgent task in an era of rapid development and
widespread use of the satellite navigation systems.
At the same time, the problem of increasing the
accuracy of GNSS measurements becomes more
and more urgent, which actualizes the issue of
taking into account the influence of the troposphere
on the results of these measurements.

delay problem. In recent years, there has been an
increase in publications on the subject at the
Department of Higher Geodesy and Astronomy at
Lviv Polytechnic National University. In some
scientific works the research of methods of
determination of tropospheric value delay of the
signal spreading from the GCC to the receiver

located at the observation point has been



12 Geodesy, cartography and aerial photography. Issue 91, 2020

conducted, [Kablak, 2013; Pazyak, & Zablotskyi,
2015, 2018; Turchyn, 2015; Palyanitsa, et al.,
2016; Hoptar, 2017] and in others — the amount
of water vapour in the troposphere of the Earth
has been investigated [Zablotskyi, et. al., 2017,
Paziak, 2019].

Aim
The purpose of this work is to investigate the

the the
tropospheric delay and its components for the

magnitude of change in zenith
territory of Ukraine according to several-day
terrestrial meteorological measurements, as well
as to construct and study the field of change of

its components.

Output data

The archival data have been taken as the initial
values for the research provided by the Internet
resource [Raspisaniye Pogodi Ltd.], namely, surface
meteorological measurements: air temperature,
atmospheric pressure and relative humidity,
conducted at meteorological stations and at the
airports during October 2018. This provided the
appropriate density of the points and the uniformity
of their location throughout the country. The result
is the network of points approximately evenly
spaced throughout the country. The distance
between the points varies between 60-240 km.

Research methodology

The accuracy of the determination of the
tropospheric delay depends directly on the amount
of meteorological data that can be used to calculate
it. It would be more better if, at the time of the
GNSS measurements, the aerological sensing data
of the atmosphere were obtained near the
observation point. But, since such an opportunity is
not available, it is necessary to model in some way
the meteorological situation at the time of
measurements, using the data available for this
purpose. In the conducted investigations an attempt
had been made to assess the meteorological
situation as a whole for the territory of Ukraine and

to plot functions of their changes for the given
territory by calculating the values of the tropospheric
delay and its components.

The tropospheric delay is traditionally regarded
as the sum of the dry (hydrostatic) and wet (non-
hydrostatic) components:

d =d +d, (1)

trop

For different values of the zenithal distance,
the tropospheric delay can be calculated by
multiplying the zenithal values of the delay
components by the corresponding m(Z) mapping
Then the formula (1) takes the
following form:

functions.

dy,=d,-m(Z)+d, -m/(Z), 2

trop

where: d,° 1 d,” — hydrostatic (dry) and non-
hydrostatic (wet) components of the antiaircraft
tropospheric delay, my, (Z) and my, (Z) are the functions
of displaying the dry and wet components,
respectively.

The components of the tropospheric delay are
calculated by integral formulas according to the
aerological sensing of the atmosphere, or by
analytical formulas. In this work, the terrestrial
values of the meteorological magnitude were used,
so the calculations were performed using analytical
formulas, in particular the Saastamoenen formulas
[Saastamoinen, 1972], which give reliable results of
the values of the antiaircraft tropospheric delay for
our region.

The dry

component of the zenithal troposphere has the

Saastamoenen formula for the

following form:

0.002277 - P
thA = ( 3
1-0.0026.cos 2 — 2810 H, )

E)

and for wet — the following:

1255
d ,, =0.002277- [T + o.os) e, (4)

s

In the formulas (3) and (4): ¢ i H,— the latitude
and altitude of the observation station; 7T, P, e; —
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the terrestrial values of air temperature, atmospheric
and partial pressure, respectively.
Results of research

In the beginning, we took the terrestrial values of
meteorological magnitudes at the observation points
of Lviv, Kyiv, Luhansk and Odesa, obtained in
autumn, during three days with an interval of 6 hours.
It should be noted that each of the points is located in
a different climate zone with specific features: Lviv is
near the Carpathian Mountains, Kyiv — in the more
continental zone, Lugansk — in the steppe zone, and
Odesa — on the seashore. According to the obtained
values, the graphs of changes in the components of
the tropospheric delay were plotted.

The graphs show us that at the selected
observation points during the specified period
there is an increase in the dry component. At the
observation points of Lviv and Odesa, the value
of the delay increased evenly, and at the point of
Luhansk, a sudden increase on the second day of
observation was noticed. At the point of Kyiv,
there was an uneven increase in the component
with a rapid abatement in the first half of the
second day.

The dry component varied within 15 mm,
which is 0.6% compared to the average component
of 2300 mm and is considered as a slight change.

The wet component is more variable and
difficult to predict. When considering its change
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during the day, you can see that it takes the
largest values in the afternoon and decreases in
the night and in the morning. The maximum
growth of the component is more than 40 mm and
is noticeable in the afternoon when the daily air
temperature is the highest. This is explained by
the fact that despite the inverse proportion
between the air temperature and the wet
component (this can be seen in formula 4), the
change in the partial pressure caused by the
change in temperature significantly influences
the value of the component, changing it in the
other direction. The wet component varied within
50 mm, which is palpable and, in some cases,
almost 50% of the wet component, when we take
into account the average component value of
about 100 mm.

The magnitudes of the component changes at
selected points are shown in Tables 1 and 2. It can
be seen that, despite the significant differences in
the values of the corrections, the amplitudes of their
changes are quite close in value, and for the wet
component, they are almost equal.

And therefore, as in [Kladochny, &
Palyanytsya, 2018], according to the data
selected for each regional centre of Ukraine, the
fields of dry and wet components of tropospheric
delay were constructed, and, for comparison, as
well as the fields of atmospheric and partial
pressure.
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Fig. 1, 2. Change of the dry component delay during three days
at the points of Lviv and Kyiv
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Fig. 3, 4. Change of dry component delay during three days
at the points of Luhansk and Odesa
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Fig. 5, 6. Change of wet component of delay during three days
at the points of Lviv and Kyiv
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Fig. 7, 8. Change of wet component of delay during three days
at the points of Luhansk and Odesa
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Table 1
The name The value of dry component, mm
of the point Max. Min. Differences
Lviv 2254 2246 8
Kyiv 2295 2281 14
Luhansk 2313 2300 13
Odesa 2327 2315 12
Table 2
The name The value of wet component, mm
of the point Max. Min. Differences
Lviv 140 96 44
Kyiv 110 64 46
Luhansk 119 73 46
Odesa 140 97 44

In order to illustrate the dynamics of
components and the meteorological values that
have the greatest effect on their changes, the
figures 9-20 showed images taken at 12-hour
intervals, that is, at 12 o'clock on October 10,

and at 00 o'clock and 12 o'clock in Kyiv time on

October 11, 2018. The figures below show the
dynamics of the change of the atmospheric
the dry component of the
tropospheric delay. It can be seen that the dry
component the changes of the
atmospheric but changes more
dynamically. In Fig. 9—12 it is observed more to
the west of Kharkiv and to the east of Lviv.
Concerning the wet component, it changes much
faster than the dry component and correlates

pressure and
repeats
pressure,

with the change of partial pressure.

In the figures below, the correlation of the dry
and wet components of the tropospheric delay with
the values of atmospheric and partial pressure is
obvious. Also, according to the data used for the
calculations, there is a regularity that the dry
component is higher in the central part of Ukraine,
and the wet component — in the southern and the

western part of the country.

P //: /,:\NJ

> 4

Fig. 9, 10. Atmospheric pressure field (left in GPa)
and dry component (right in mm) at 12 o'clock on October 10

Fig. 11, 12. Atmospheric pressure field (left)
and dry component (right) at 00 o'clock on October 11
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Fig. 13, 14. Atmospheric pressure field (left)
and dry component (right) at 12 o'clock on October 11

Fig. 15, 16. Field of partial pressure (left)
and wet component (right) at 12 o'clock on October 10

Fig. 17, 18. Field of partial pressure (left)
and wet component (right) at 00 o'clock on October 11

Fig. 19, 20. Field of partial pressure (left)
and wet component (right) at 12 o'clock on October 11
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As we can see from the figures above, the
dynamics of the change in the dry component
are negligible, as well as of the atmospheric
despite the fact that one of the
in time 1is

pressure,
moments in the night period.
Concerning the wet component, the dynamics of
its change are larger, though on a much smaller
scale, and this change was different in different

parts of the territory of Ukraine.

Scientific novelty
and practical significance

The scientific novelty of the research lies in
the revealed stability of the amplitude of change
of components at the observation points in
different climatic and weather conditions. Also,
it was confirmed that the dynamics of change in
the dry component are due to changes in
atmospheric pressure, and wet — due to changes
in partial pressure.

The results can be used to create regional
models of the atmosphere and for further
investigation of the range of change of zenith
tropospheric delay, as they relate to changes of
delay in space and time.

Conclusions

Considering the distribution of delay values
in the territory of Ukraine for the indicated
three-day period, it can be mentioned that the
dry component becomes more important in the
southern and central part of the territory of
Ukraine.

During this period, the humidity component
was higher in southern Ukraine, where relative
humidity was higher, and also in western
Ukraine, due to weather and higher humidity. It
is difficult to predict it because it depends on air
temperature and humidity, which differently
affect the magnitude of this component.

It has been established that despite the
of the

components, the amplitudes of their change are

significant difference in the values

close to each other: the differences of these
amplitudes are 6 mm for the dry component and
2 mm for the wet component.

The dynamics of the change of the dry
component are smaller in this period than the
wet component and is largely due to changes in
atmospheric pressure, and the change in the wet
component is due to changes in water vapour
pressure in the Earth's troposphere.
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JOCIHII’KEHHA KOPOTKOIIEPIOJAMYHNX 3MIH
CKJIAJIOBUX 3EHITHOI TPOIIOC®EPHOI 3ATPUMKU

MeTa 1i€i poOOTH — AOCTIIPKEHHS BEIMYMHHM 3MIHHM CKJIQJOBHX 3€HITHOI TporochepHoi 3aTpUMKH s
TepuTopii YKpaiHu 3a JaHUMU KiJIbKaZo0OBUX Ha3eMHHX METEOpPOJIOTIYHUX BHUMIipIOBaHb, a TAKOX MOOyHOBa
Ta JOCHIKEHHS mojs iXxHboi 3MiHM. Metoauka. TouHICTH BH3HAauYeHHs TpONochEpHOi 3aTPUMKHU Ta il
CKIIQJIOBUX 3aJIEKHUTh BiJ OOCSATY METEOpOJOTiYHUX HaHMX, SKIi MOXXHAa BUKOPUCTATH M il pO3paxyHKY.
Haiikpame, sxmo Ha wMomeHT mnpoBeneHHs ['HCC-umipiB Oynu O fgaHi aepoJOTiYHOTO 30HAYBaHHS
atMocdepu, OTpuMaHi NOONIU3Yy INYHKTY CIIOCTEpPEeKEeHb. B iHImIOMY pa3i JOBOAMTHCS MOJIETIOBATH
METEOpOJIOTIYHY CHUTYyallil0 Ha MOMEHT IPOBEJCHHS BHUMIpiB, BUKOPHCTOBYIOUM JOCTYIHI JUISl LBOTO
METEOpOJIOTiYHI AaHi. ¥ BUKOHaHHMX NOCIIJPKEHHSX OLIHIOBAJIOCS METEOPOJIOTIUHY CHUTYAIil0 B LIJIOMY IS
teputopii Ykpainu. CxnamoBi 3eHiTHOI TpomochepHOi 3aTpuMKH oOYHUCIIOBajacs 3a BiIOMOI0O (OPMYIIOH0
Saastamoinen. 3a OTpUMaHUMH 3Ha4YeHHSIMHU Oyno NMOOYAOBaHO MoOJie 3MIHM CYXOi Ta BOJIOTOi CKIJIaJOBUX
3eHITHOI TpomocdepHoi 3aTpuMKU mis Teputopii Ykpainu. Pesyasratn. Pe3dynbpratu noCHiKeHb NAlOTh
3MOI'y TpOaHalli3yBaTH 3aJIeKHICTh 3MIHM BEIMYMHU CKJIAJOBHX TpomocepHOi 3aTpUMKH BiJl 3MIiHH
METEOpOJIOTIYHUX BEIMYUH Ha TEPUTOPii MOpSAKY KpaiHu. Y poOOTi OTpUMaHO 1 mpoaHai30BaHO rpadiku
3MiHH CKJAJO0BHX Tpomoc(epHOi 3aTpUMKH IPOTATOM TPHOX [Mi0 3 JUCKPETHICTIO 6 TOIMH Ha YOTHPHOX
MyHKTaX 3 pI3HUMHU KIIMAaTHYHUMU YMOBaMu. BCTaHOBIJIEHO, 11O HE3Ba)KAalOYM HAa CYTTEBE PO3XOJDKCHHS Y
3HAYCHHAX CKJIAJIOBHX, aMIUTITYIH iXHHOI 3MiHH € OJIM3bKMMH MiX COOOI0: PI3HUIN IIUX aMIUTITYI CKJIaJaloTh

IUI CYyXO01 CKIagoBOi 6MM, Ui Bojoroi — 2MM. ITokasaHo MUHAMIKY 3MiHU Cyx01 (TiIPOCTATHYHOI) Ta BOJOI Ol
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(HEeTiAPOCTaTHYHOI) CKJIAJAOBHX IPOTATOM ABOX Ai0. 3a3HayeHo, MIO IXHS JUHAMiKa 3yMOBJII€Ha 3MIiHOIO
aTMOC(EpHOr0 THUCKY s CyXoi CKJIaJoBOI Ta 3MIHOIO THCKY BOJSHUX IapiB B Tporocdepi A BOJOToi
ckiazoBoi. HaykoBa HOBH3HA Ta MPAKTUYHA 3HAYYUIICTh MOJATAIOTh Y BUABJIEHIH CTa0IIbHOCTI aMILTITYAH
3MiHM CKJIaJOBUX Ha ITYHKTax, [0 3HAXOMAThCA Yy PI3HUX KIIMAaTHYHHX 1 MOrogHUX yMoBax. Kpim 1poro,
MiATBEPAKEHO, IO JUHAMIKa 3MIHU CyXOl CKJIaJIOBOI 3yMOBJIEHA 3MiHOIO aTMOC(HEPHOr0 THCKY, a BOJOIroi —
3MIHOI MapliajJbHOrO THUCKY. BHKOHaHI JOCHIJKEHHS MOXYTh BHKOPHUCTOBYBATUCS JJIs CTBOPEHHS
perioHalbHUX MOJeNneil aTtMocdepu Ta MOAANBINNX JOCHIJKEHb IIOJs 3MIHM 3€HITHOI TporocgepHoi
3aTPUMKH, OCKIJIBKH CTOCYIOTHCS 3MiHU 3aTPUMKH B MPOCTOPI 1 yaci.

Kniouoei cnosa: TpomochepHa 3aTpuMKa; BIUIMB Tpomocdepn Ha CYNYTHUKOBI BHMIPpH; METOAH
BH3HAYCHHS TPOIochepHOi 3aTPUMKH; BUZHAYEHHS CKJIaJoBUX TporocdepHoi 3arpumkn; [ HCC-Bumipm.
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