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ABSTRACT: This Hydrostatic delay is caused by
the dry component in the atmosphere, while wet
delay is caused exclusively by highly varying water
vapor in the atmosphere. The hydrostatic delay
makes up approximately 90% of the total
tropospheric delay and depends entirely on the
atmospheric  weather  characteristics in  the
troposphere. The hydrostatic delay in the zenith
direction is characteristically about 2.30m. It is
modelled using measurements of  surface
temperature and pressure. However, the wet delay
depends on water vapor pressure, which is highly
variable in space and time and cannot be modelled
precisely with surface measurements.

Most global tropospheric delay models used vary
from one latitudinal location to another and usually
return it in the zenith direction which is then
mapped to the slant. This study estimates the
tropospheric delay for Offa using monthly mean
tropospheric data for the years 2014 to 2024
obtained from the Nigerian Meteorological Agency
(NIMET). Three tropospheric models, namely; the
Saastamoinen model (driven by tropospheric data)
called SAAS MODE 1, the Saastamoinen model
(driven by default values) called SAAS MODE?2
and UNB3M models were used, and results were
compared. Here the obtained zenith delay is
mapped from vertical to slant using the Chao, Niell,
and TANE mapping function at an elevation angle
of 2° to 90°. The results obtained show that there is
a seasonal trend in SAAS MODE1 whereas it is not
observed in SAAS MODE 2 and UNB3M. Two
peaks are observed generally in the value of zenith
tropospheric delay for SAAS MODE 1 for all the
years, one in March and the other one in November
with a kind of minimum in August. In the
exceptional, especially years 2019 and 2020 where
three peaks are observed in the values of zenith
tropospheric delay for SAASMODEL1, one in March
and the others in February and October with a kind
of minimum in August. Generally, there is a drop
from the peak point in March to July there about
and later rise around August the minimum point.

To compare the output of three mapping functions
(Chao, Niell, and TANE) at elevations of 2° to 90°,
SAAS MODE 1 and SAAS MODE 2 were used for
year 2024 data. It is observed that the three
mapping functions returned almost the same values
from elevation 90° to about 10°. Major
discrepancies are observed at an elevation of 5° and
below in which the TANE value deviated
completely from the other two models. This gives
Chao and Niell a good edge over TANE.As far as
the deviations are concerned, the TANE value is
higher than the other two models by about30 m at
the elevation angle of 2°.

From the results obtained, the Saastamoinen model
(driven by tropospheric data) is more realistic being
varies with season most especially the wet
component.

KEYWORDS: GNSS, GPS, Troposphere, Delay,
Estimation.

I. INTRODUCTION

One of the fundamental issues in GPS
positioning is the ability to mitigate all source errors
such as atmospheric delay errors e.g., tropospheric
delay error and ionospheric delay error. The effect
of the troposphere on GNSS signals appears as a
delay in the signal traveling from the satellite to the
receiver. This delay depends on the temperature,
pressure, humidity, and the receiver satellite outlet,
i.e.,, elevation. When radio signals propagate
through the atmosphere, they will experience
bending because the refractive index of the
atmosphere varies with height and causes an excess
path length.

Delay caused by the neutral atmosphere
(troposphere, tropopause, stratosphere, and part of
the mesosphere) is non-dispersive, or completely
independent of the signal frequency
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(for GPS frequencies). Tropospheric delay is
measured in meters, and a typical zenith
tropospheric delay would be 2.50 m, meaning that
the troposphere causes a GPS range observation to
have an apparent additional 2.50 m distance
between the ground-based receiver and a satellite at
the zenith [1].

Tropospheric delay comprises two components:
hydrostatic and wet [2]. Hydrostatic delay is caused
by the dry component in the atmosphere, while wet
delay is caused exclusively by highly varying water
vapor in the atmosphere. The hydrostatic delay
makes up approximately 90% of the total
tropospheric delay and depends entirely on the
atmospheric ~ weather  characteristics in  the

Il. RESEARCH METHODOLOGY
Tropospheric Delay Estimation

Acquisition of Data

The tropospheric data used for this study is
obtained from the Nigerian Meteorological Agency
(NIMET). The obtained data are monthly mean
values of Offa (with coordinate; Latitude 8.90N,
Longitude 4.430E, and Height 314m) for the years
2014 to 2024. They are as follows: Minimum
temperature and Maximum temperature.

The following parameters were derived from the
measured values, the related equations are given
below;

Mean temperature.

T= (maxtemp+mintemp) + 273

2
(1)

Surface partial pressure of water vapor

p (20.386 5)132
ew= 760 xXe : T

@)

Where,

ew is the surface partial pressure of water vapor in
mbar

P =1013.25(the surface atmospheric pressure in hpa)
T is the temperature in kelvin

h=0.148353(latitude of Offa in rad)

6 = 0.314 (Altitude of Offa in km)

The Models used for this study are; the
Saastamoinen model driven with the tropospheric
parameter (SAAS MODE 1), the Saastamoinen

troposphere. The hydrostatic delay in the zenith
direction is characteristically about 2.30m [3] [4]. It
can be modeled using measurements of surface
temperature and pressure. However, the wet delay is
contingent on water vapor pressure, which is
extremely variable in space and time and cannot be
modeled precisely with surface measurements [5].

More reliable and realistic tropospheric delays can
be estimated from a model driven by tropospheric
data from NIMET if the satellites and ground-based
antenna positions are known. The obtained zenith
delays can thus be mapped from vertical to slant
using one of the available theoretical mapping
functions such as [6][7][8] for station-satellite pairs.

model driven with the default values (SAAS
MODE 2), and the UNB3M Model.

Method of Analysis

In this study, SAASMODEL is used for the
estimation of tropospheric delay with tropospheric
data as the input parameter compared with SAAS
MODE 2 with default parameter as the input and
UNB3M models. MATLAB R2024a software is
used for the computation and analyses;

Zenith delays are converted to slant delay using
equation (3).

SND=m(g)xZND
®3)

Different mapping functions are being used for the
conversion in equation (4).

SND(g) = mp (). ZHD + my(c). ZWD 4)
Where,

SND: slant neutral delay

m(e): mapping function

mp, () hydrostatic mapping component

mw(e) wet mapping component

ZND: zenith neutral delay

ZHD: zenith hydrostatic delay

ZWD: zenith wet delay

In this study, the zenith hydrostatic delay is
estimated using the Saastamoinen model, while the
wet delay is derived from precise measurements of
surface atmospheric pressure using the equations (1)
and (2). Zenith delays are converted into slant delay
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satan elevation angle of 2° to 90°. These elevation
angles are chosen to test the performance of the
three-mapping function Chao, Niell, and TANE

I11. RESULTS AND DISCUSSION

Zenith Delay

Figurel shows the monthly plot of zenith
tropospheric delay for the year 2014. It is observed
that there is a seasonal trend in SAAS MODE1
whereas is not observed in SAAS MODE 2 and
UNB3M. Two peaks are observed in the value of
zenith tropospheric delay for SAAS MODE 1, one in
March and the other one in November with a kind of
minimum in August. There is and later a rise around
September, a drop around May to July and later rises
around August.
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Figurel: Monthly plot of Zenith tropospheric
delay for the year 2014

Figure 2 shows the monthly plot of Zenith
tropospheric delay for the year 2017. It is observed
that there is a seasonal trend in SAAS MODE1
whereas is not observed in SAASMODE2 and
UNB3M.Three peaks are observed in the value of
zenith tropospheric delay for SAAS MODE 1, one
in March and the others in October and November
with a kind of minimum in July till September, there
was a drop around April to June.

used in this study, to model the elevation
dependence of the propagation delay.
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Figure 2: Monthly plot of Zenith tropospheric
delay for the year 2017

Figure 3 shows the monthly plot of zenith
tropospheric delay for the year 2021. It is observed
that there are seasonal trends in SAAS MODE1
whereas is not observed in SAAS MODE 2 and
UNB3M. Two peaks are observed in the value of
zenith tropospheric delay for SAAS MODE 1, one is
in March, and the other one is in November with a
kind of minimum in August, there is a drop around
April to July and a later rise around August.

bl
8 |

27510

277 1
265 /\/\

26( 7

155 F 3

257 1

45 1

Zenith Tropospheric Delay(m)

24 L | I I | | I L I I
1 1 3 4 5 b 1 8 A (S VR V)

Months

Figure 3: Monthly plot of Zenith tropospheric
delay for the year 2021
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Figure 4 shows the monthly plot of Zenith
tropospheric delay for the year 2024. It is observed
that there are seasonal trends in SAAS MODE1
whereas is not observed in SAAS MODE2 and
UNB3M. Three peaks are observed in the value of
zenith tropospheric delay for SAAS MODE 1, one
in March and the others in February and October
with a kind of minimum in August. There is a drop
around April to July and later rise around August.
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Figure 4: Monthly plot of Zenith tropospheric
delay for the year 2024

Figure 5 shows the monthly plot of Zenith
tropospheric delay for SAAS MODEL1 at Offa for
eleven consecutive years. It is observed that there is
a seasonal trend in SAAS MODEL and two peaks
are observed generally in the value of zenith
tropospheric delay for all the years, one in March
and the other one in November with a kind of
minimum in August, with the exceptional of the
year 2019 and 2020 where three peaks are observed
in the values of zenith tropospheric delay for SAAS
MODE 1, one in March and the others in February
and October with a kind of minimum in august. The
year 2017 and 2018 attained their minimum in July.
There is a drop at the peak point of every year up to
July there about and rises again at their respective
minimum point till November with the exceptional
years 2020, 2022, 2023, and 2024 which experience
their rises till September.

Zenith Trope=pheric Delay(m)

Figure 5: Monthly plot of Zenith tropospheric
delay for years 2014 to 2024.

Zenith Delay to Slant Delay

To compare the output of three mapping functions
(Chao, Niell, and TANE) at an elevation of 2° to
90°, data for the year 2024 were used. Forth is
study, SAAS MODE 1 and SAAS MODE 2 were
used.

Figure6showsapanelplotoftropospheric delay as a
function of elevation for March 2024. It is observed
that the three mapping functions returned almost the
same values from elevation 90° to about 20°. Major
discrepancies are observed at an elevation of 5° and
below in which the TANE value deviated
completely from the other two models. This gives
Chao and Niella good edge over TANE.As far as
the deviations are concerned, the TANE value is
higher than the other two

Models by about 30m at the elevation angle of
2°.
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Figure 6: Panel plot of delay as a function of
elevation angle for March 2024
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Figure 7 shows a panel plot of tropospheric delay as
a function of elevation for August 2024. It is
observed that the three mapping functions returned
almost the same values from elevation 90° to about
20°. Major discrepancies are observed at an
elevation of 5° and below in which the TANE value
deviated completely from the other two models.
This gives Chao and Niella good edge over
TANE.As far as the deviations are concerned, the
TANE value is higher than the other two models by
about 30 m at the elevation angle of 2 °.
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Figure 7: Panel plot of delay as a function of
elevation angle for August 2024

Figure 8 shows a panel plot of tropospheric delay as
a function of elevation for October 2024. It is
observed that the three mapping functions returned
almost the same values from elevation 90° to about
20°. Major discrepancies are observed at an
elevation of 5° and below in which the TANE value
deviated completely from the other two models.
This gives Chao and Niella good edge over
TANE.As far as the deviations are concerned, the
TANE value is higher than the other two models by
about 30 m at the elevation angle of 2°.

Based on these observations, we may conclude that
the three-mapping function is good as far as the
accuracy of the results is concerned. Of course, at a
lower elevation angle, one should not use the simple
TANE model. However, the mapping functions
Chao and Niell are stable at all elevation angles.
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Figure 8: Panel plot of delay as a function of
elevation angle for October 2024

Discussion

The Global Positioning System reached operational
statusinearly1994andis now operating continuously
with the 24-satellite constellation. Traditionally it
was used for high-precision geodesy, and the GPS
has recently emerged as a powerful tool in
atmospheric studies, in particular, climatology and
meteorology [9]. Tropospheric delay is one of the
sources of error in GPS positioning. The total
tropospheric zenith delay can be separated into two
components, a delay due to the dry component of
the troposphere and the non- dipole component of
water vapor refractivity. Slant tropospheric delay is
estimated using a mapping function. These delays
were computed at monthly intervals for the
satellites in view corresponding to the station-
satellite direction. The slant tropospheric delays
using the Saastamoinen model (driven by
tropospheric data) as a reference for computation at
the smaller elevation angle of 2°to 90°.

It is observed that in SAAS MODE 1, there is a
seasonal trend due to water vapor in the
atmosphere. The trend observed in SAAS MODE 1
is similar to the seasonal trend observed in vapor
pressure values.

Figure 9 shows the monthly plot of water vapor for
the year 2024. Three peaks are observed in the value
of zenith tropospheric delay for SAAS MODE 1,
one in March and the others in February and
October with a kind of minimum in August. There is
a drop around April to July and later rise around
August. Based on these observations, we may
conclude that the SAAS MODE 1 is good as far as
the estimation is concerned.
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Figure 9: Plot of monthly average water vapor for
the year 2024.

IV. CONCLUSION

This study focused on the estimation of
tropospheric delay for Offa using three tropospheric
delay models, namely the Saastamoinen model
(SAAS MODE 1 driven by observed tropospheric
data), Saastamoinen model (SAAS MODE 2 driven
by the default values) and UNB3M model. The
tropospheric data used are for the years 2014 to
2024. The results obtained show that there are
seasonal trends in SAAS MODEL1 whereas are not
observed in SAAS MODE 2 and UNB3M. Two
peaks are observed generally in the value of zenith
tropospheric delay for SAAS MODE 1 for all the
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