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Abstract: Atmospheric water vapour degrades the accuracy of the results of space geodetic observations due to permanent 

electric dipole moments. It creates excess path lengths by retarding (slowing and bending) the propagation of the 

electromagnetic waves that are used in global positioning system (GPS) and very long baseline interferometry (VLBI) 

observations. It is known that the excess path lengths are less than 30~40 cm at the most, and are the primary obstacles of 

space geodesy because of the highly variable distribution of water vapour in the atmosphere. In this study, we compared 

modern five wet mapping functions by evaluating their effects on the tropospheric signal delay and position estimates in GPS 

data processing, and precise Egypt wet mapping function model is derived based on eight stations of radiosonde data well-

distributed over and around Egypt (five stations used to estimate new model and other three as check points). To derive the 

new Egypt wet mapping function, the troposphere is divided into regular small layers. Ray tracing technique of actual signal 

path traveled in the troposphere is used to estimate tropospheric slant delay. Real GPS data of five stations (RTK-Network 

methods) were used for the assessment of new model against the available international models. These international models 

include Niell (NMF), Black & Eisner (B&EMF), Ifidas (IFMF), Hearing (HMF), and UNBabc MF. The data were processed 

using Bernese software version 5.0. The results indicate that the new Egypt wet MF model is the best model at Egypt region 

and has improved the wet tropospheric delay estimation up to 23.3 percent at five degree elevation angles. 

Keywords: Radiosonde Data, Troposphere Models, GPS Data, Egyptian Meteorological Authority (EMA),  

Wet Mapping Function 

 

1. Introduction 

GPS (Global Positioning System) has become an 

important tool for any endeavor where a quick measurement 

of geodetic position is required. However GPS observations 

contains both systematic and random errors. To reduce or 

eliminate the effect of some these biases and errors, GPS 

observable differencing technique, and/or linear combination 

between observables are formed. In addition, GPS-biases 

models can also be used.  

The troposphere is the electrical neutral atmospheric region 

that extends up to 50 km from the surface of the earth. The 

troposphere is a non-dispersive medium for radio frequencies 

below 15 GHz. As a result, it delays the GPS carrier and codes 

identically. Unlike the ionospheric delay, the tropospheric 

delay can't be removed by combining GPS waves L1&L2 

observations. This is mainly because the tropospheric delay is 

frequency independent. Tropospheric delay depends on: 

Pressure, Temperature, Humidity and Signal path through 

troposphere, the tropospheric delay is minimized at the user's 

zenith and maximized at horizon. The tropospheric delay 

results in values about 2.30 m at zenith, 9.30 m for a 15° 

elevation angle, and 20-28 m for a 5
0
 elevation angle in [1].  

Tropospheric delay is a function of the satellite elevation 

angle and the altitude of the receiver. However, a good 

starting point is to define it in terms of the refractive index, 

integrated along the signal ray path: 

����� �	�	
 � 1��,                          (1) 

or in terms of the refractivity of the troposphere  

����� �	10�� 	� �����	��.                            (2) 
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The tropospheric refractivity can be partitioned into the 

two components, one for the dry part of the atmosphere and 

the other for the wet part, 

����� �	���� �����,                              (3) 

and the total tropospheric delay can be calculated according 

the following equation: 

����� �	���� �	����                             (4) 

The total tropospheric delay (dtrop) can then be estimated 

by separately considering its two constituents dry component 

(ddry) and wet component (dwet). About 90% of the magnitude 

of the tropospheric delay arises from the dry component, and 

the remaining 10% from the wet component. 

The dry delay has a smooth, slowly time-varying 

characteristic due to its dependence on the variation of surface 

pressure; it can be modeled and range corrections applied for 

more accurate positioning results using measurements of 

surface temperature and pressure. However, the wet delay is 

dependent on water vapour pressure and is a few centimeters 

or less in arid regions and as large as 35 centimeters in humid 

regions. The wet delay parameter is highly variable with space 

and time, and cannot be modeled precisely with surface 

measurements in [2]. The zenith delay can be related to the 

delay that the signal would experience at different elevation 

angles through the use of a mapping function; the mapping 

function is the ratio of the excess path delay at elevation angle 

(�) to the path delay in the zenith direction, so the tropospheric 

delay at different elevation angles (mapped tropospheric delay) 

can be expressed as in [3]: 

����� �	��	��� ∗ 	��	� �	��	��� ∗ 	��		�,        (5) 

where: 

dzdry is zenith dry delay (m) 

dzwet is zenith wet delay (m) 

md (ε) is the dry mapping function (no unit) 

mw (ε) is the wet mapping function (no unit) 

(ε) is the non-refracted elevation angle. 

Most of the geodetic-quality mapping functions use the 

continued fraction form. This functional form for the 

mapping function was first proposed by in [4] and later on 

further developed by [5 - 9]. 

The general form can be written as: 

�		� � 	
�

���  !
"

#$%&'	
(

#$%&'
)

#$%&'⋯.

                        (6) 

where:  

� is the elevation angle and a, b, c etc. are the mapping 

function parameters and may be constants or functions of 

other variables. All the parameters in the mapping function 

can be estimated by least-squares fitting with ray-tracing 

delay values at various elevation angles as in reference [10].  

In this paper, we report on an investigation to determine the 

error of several wet mapping functions, including the Niell 

(NMF) in [9], Black & Eisner (B&EMF) in [11], Ifidas (IFMF) 

in [7], Hearing (HMF) in [8], and UNBabc MF in [12], at low 

elevation angles as low as 5° and present a new Egypt model 

of wet mapping functions has a good performance in Egypt 

and nearly countries and also to investigate its effectiveness by 

calculating the wet tropospheric delay to get the improvement 

for stations coordinates. 

This model is derived by solving the integration equation 

(2) in slant direction using radiosonde data of eight stations 

well-distributed all over geographic regions of Egypt (five 

stations used to estimate new model and other three stations 

used to check new models). Radiosonde is the balloon-borne 

instrument package that sends temperature, humidity, and 

pressure data to the ground by radio signal as in reference 

[13]. Radiosonde data are one of the most used and precise 

techniques to derive the atmospheric vertical profile. The 

mathematical equation of Snell’s law, in spherical 

coordinates for a spherical earth with a spherically layered 

atmosphere, used in solving the integration. It may be 

derived by eq: as in reference [14]: 


,��	-,�� sin 1,�� �	
, -, 	sin 1, �	
2-2 sin 12,         (7) 

where r in meters is the radius of curvature, n is group 

refractive index and z is the zenith angle.  

2. New Egypt Wet Mapping Function 

Model Estimation 

The estimation of the new Egypt wet MF is implemented 

in four main steps. In the first step, the available radiosonde 

data from the eight stations are collected and used to 

calculate the refractivity as a function of height. 

Egyptian Meteorological Authority (EMA) has 8 Upper 

Air stations of RDF M2K2_DC distributed in and around 

Egypt (see Figure 1). Code of stations and their coordinates 

are given also (see Table 1). Five stations used to estimate 

new model and other three stations used as check points. The 

needed data for modeling the new Egypt model are height 

(H) in meter, pressure (P) in mbar, temperature (t) in C° and 

humidity (e) in mbar. 

 

Figure 1. Radiosonde stations used in the present study. 
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Table 1. Code and approximate coordinates of the radiosonde stations. 

Radiosonde station Latitude (°) Longitude (°) 

40179 32.00 34.81 

40375 28.38 36.60 

62306 31.33 27.21 

62337 31.08 33.81 

62378 29.86 31.33 

62423 27.05 27.96 

62403 26.20 32.75 

62414 23.96 32.78 

In the second step, we make height regularization by 

assuming that the atmosphere consists of co-centric layers 

with the earth center as the common center. Each layer is of 

20 m thickness, and the values of atmospheric modeling must 

be calculated at each layer. The most widely equation which 

represents temperature variation with height can be expressed 

as: 

3 �	32 � 	4,                                     (8) 

Where T0 is surface temperature in K°, β is temperature 

lapse rate and T is temperature at each geometric height. The 

vertical profile of humidity in Egypt is accurately presented 

as in (equation 13, in [15]): 

6 � 	 62	exp		0.3838	< − 0.01919<
>),                (9) 

where e, e0 are the water vapour pressure at each layer and at 

sea level respectively and H is geometric height. 

Values of water vapour content at different atmospheric 

layers can be calculated by this formula with a mean error of 

0.252 mbar and an rms of 0.067 mbar by comparing with the 

actual values as in reference [12]. 

In the third step, surfaces are fitted to provide the 

refractivity at any location (Φ, λ) at any specified 

atmospheric layer. We calculated wet refractivity with greater 

accuracy by Thayer in [16]. 

���� =	?>
�

@
+	?A 	

�

@B
,                           (10) 

where K2 = 64.8 K/mbar, K3 = 3.776*10
5
 K

2
/mbar, e is the 

water vapour pressure in mbar and T is the temperature in K. 

In the fourth step we used the Simpson equation for 

numerical integration to calculate wet tropospheric delay at 

zenith angles and different elevation angles in eight 

radiosonde stations in different times (January, April, August, 

October and too average data over the year) for each stations. 

2.1. Slant Delays 

Slant delay is tropospheric delay at any elevation angle. 

We calculated wet tropospheric delay by developing 

Numerical Integration Model. Numerical integration model is 

derived for five stations (Aswan, Helwan, Mersa Matrouh, 

Al-arish and Qena) in (January, April, August, October and 

average data for one year) as follow: 

Firstly, we calculated refractivity as it given by Smith and 

Weintraub and with greater accuracy by Thayer (as in 

equation 10). 

Secondly, we used the Simpson's equation for numerical 

integration model:  
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as special case of this equation, at equal intervals, then Ai = 1, 

Bi = 4 and Ci =1. 

At zenith the refracted path length (S) equal geometric 

distance between receiver and satellite (H) and the wet 

tropospheric delay can be expressed as:- 

��	��� =	
�

�
	∑ (<>, −	<>,�>)(����	>,�> + 4	����	>,�� +	����	>,).

,E	
F

B

,E�
                                            (12) 

At different zenith angles (z) the wet tropospheric delay is expressed as:- 

∫ ⋅=⇒= −

s

hswetwet zdddsNd sec10 6

 

∫
−=

s

wetwet zdhNd sec10 6
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,E	
F

B
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                    (13) 

We used the Eq. (12) and (13) to determine wet 

tropospheric delay and integration nodes are distributed 

equally from earth surface to 14-15 Km height as below: 

1-From surface to 3 Km we calculate delay every 20 m 

(refractivity every 10 m). 

2-From 3 Km to 7 Km we calculate delay every 50 m 

(refractivity every 25 m). 

3-From 7 Km to 10 Km we calculate delay every 100 m 

(refractivity every 50 m). 

4- From 10 Km to 15 Km we calculate delay every 200 m 
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(refractivity every 100 m). 

2.2. Mapping Function 

We calculated the mapping function for each of five 

stations in different times of the year and average data over 

the year for zenith angles from 5° to 85°using the following 

formula: 

�� 		� � 	
�HIJ

�K	HIJ
. 

Considering the generally good performance of the 

mapping functions based on the continued fraction form, we 

adopted equation (6) as our base model and focused on the 

form of the three parameters a, b, and c. In order to estimate 

them, we ray-traced the refractivity profiles computed from 

the pressure, temperature and humidity profiles from balloon 

flights launched from 5 radiosonde stations in Egypt over a 

period of 5 years (2000- 2005). Most of the stations launched 

radiosondes twice daily, every day of the year. 

There are total of 1815 radiosonde profiles for the selected 

data set. For each profile, the ray tracing was done at 

elevation angles of 5, 6, 7, 8, 9, 10, 11, 13, 15, 17, 20, 25, 30, 

35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85 and 90° to generate 

wet slant delays.  

From the ray tracing delay values, we produced new Egypt 

wet MF has a 3-term continued fraction form. From a series 

of analyses, we concluded that parameter a is sensitive to the 

orthometric height (H) and latitude (Φ) of the station where 

as parameters b and c could be represented by constants as in 

reference [10]. The least-squares estimated parameters for 

wet MF are:  

L � 	10�A	[0.1045 + 0.0254	< + 	0.2056 cosR],   (14) 

b and c as in Table 2. 

Table 2. Constant parameters b and c of a new model. 

 Mean value Min. Max. RMS 

b 0.000213 -0.000367 0.000815 
0.00013945 

c -0.019746 - 0.173 0.1298 

3. Assessment of New Mapping Function 

Three steps were investigated in order to assess the 

performance of the new Egypt wet mapping function. In the 

first step, statistics of new model were tested. For wet delay 

values determined by the new model, relative error and 

average relative error were determined with wet delay by 

ray-traced model as standard at one of check stations that 

didn’t use in estimating this new model. Also, standard 

deviation (SD) and mean values for wet delay values were 

calculated for low elevation angles 20°, 15°, 10° and 5°. 

Regression with zero interception was also applied, slope of 

the regression was used to illustrate the consistency of wet 

delay determined with the new Egypt model to those 

determined by ray-traced model and also it’s coefficient of 

correlation (C. C.) were determined.  

In the second step, we have compared it with various 

modern wet mapping functions. The performance was 

determined by comparing the wet tropospheric delay 

predicted by the various mapping functions with those 

obtained from a highly accurate ray-traced model at different 

elevation angles at atmospheric conditions of Egypt (as 

average of eight stations data and average different five times 

of the year). Table 3 show the modern wet MF used in this 

study.  

In the third step, to test the new Egypt wet model, five 

stations OZ95, A6, OZ97, OZ88 and E7 from Egypt network 

will be taken. The distances between these stations are 

approximately 30-40 km interval, these stations are selected 

from a High Accuracy Reference Network (HARN), the 

coordinates of these stations are shown in Table 4, GPS 

(Trimble 4000SSE dual frequency) is used to observe 

station’s coordinates and Leica Geostationary Office 

programme (LGO) was used for analysis the data. 

Table 3. List of mapping functions. 

Code Mapping functions Input parameters εmin° 

NIMF Niell (1996) ε, Φ 3° 

B&EMF Black & Eisner (1984) Ε 7° 

IFMF Ifidas (1986) ε, t, e, P 2° 

HEMF Hearing (1992) ε, t, Φ, H 3° 

UNBabc Gue J. and Langley R. (2003) ε, Φ, H 2° 

------------ New Egypt wet MF Ε 5° 

Table 4. The HARN network station’s coordinates. 

Station East (m) North (m) Height (m) 

OZ88 309898.5549 3303157.7225 137.729 

A6 (control point) 340016.9413 3304353.5077 134.981 

E7 268216.4468 3302823.793 230.875 

OZ97 333921.048 3323219.2644 219.776 

OZ95 350276.5655 332842.0164 230.5272 

4. Results and Discussions 

We calculate wet tropospheric delay using new Egypt wet 

MF model and compare the results with resulted wet delay 

from ray-traced model at low elevation angles. The statistics 

of the differences are investigated, see Table 5. 

By analyzing data in table 5, it can be seen that the new 

wet MF model performs quiet well, show high consistency 

with ray-traced model. Relative error of the new wet MF is 

about from 7.37% to 10.92% and average relative error is 

less than 9% for all elevation angles. Regression zero 

interception indicates that the slope is very close to 1 from 

0.95053 to 0.9535 and also coefficient correlation is very 

close to 1 that means the new wet MF model gives 

acceptable result and shows high consistency with ray-traced 

model in determining wet delay value in Egypt. 

In order to evaluate the performance of new Egypt wet MF 

in the accuracy, we have compared it with the other functions 

listed in Table 2. The performances were determined by 

comparing the slant delays predicted by the mapping 

functions with those obtained by ray-tracing through the data 

from a subset of the eight radiosonde stations for the year 

2005. The stations used for the analysis were selected to give 
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a good geographical representation for Egypt as well as a 

range of station heights. The overall mean biases and RMS 

for each mapping function at law elevation angles of 5, 7, 9, 

10, 13, 15, 20, 25 and 30° are shown in Figures (2-4) and 

Tables (6-14).  

 
Figure 2. Mean difference of the wet tropospheric delay mapping functions compared the ray-traced model for elevation angles from 5° to 30°. 

 
Figure 3. Root Mean Square errors of the wet tropospheric delay mapping functions for elevation angles from 13°, 15°, 20°, 25° and 30°. 
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Figure 4. Root Mean Square errors of the wet tropospheric delay mapping functions for elevation angles from 5°, 7°, 9° and 10°. 

Table 5. Statistics of new Egypt wet MF comparing with ray-tracing model at one of check stations. 

ε° 
Difference (mm) Relative error (%) 

slope C. C. 
min max mean SD Min. Max. average 

5° 115.14 173.93 140.28 71.003 7.48 10.85 8.960 0.95053 0.999979 

10° 59.67 88.32 72.048 36.44 738 10.90 8.956 0.95304 0.999980 

15° 40.32 59.46 48.64 24.58 7.37 10.92 8.964 0.95346 0.99998 

20° 30.56 45.06 36.87 18.63 7.37 10.92 8.96358 0.953519 0.99998 

 

Table 6. Mean difference values and RMS at 30 degree elevation angle. 

M F Min. (mm) Max. (mm) Mean (mm) RMS (mm) 

NMF 9.91 33.97 22.57 6.65 

BE 9.92 34.02 22.51 6.62 

IF 9.76 33.58 22.19 6.53 

HE 9.76 33.59 22.19 6.53 

UNB 9.78 33.59 22.21 6.54 

New Egypt 

wet 
9.68 33.38 22.05 6.49 

Table 7. Mean difference values and RMS at 25 degree elevation angle. 

M F Min. (mm) Max. (mm) Mean (mm) RMS (mm) 

NMF 11.78 40.34 26.82 7.90 

BE 11.96 40.70 26.94 7.93 

IF 11.61 39.89 26.37 7.76 

HE 11.61 39.92 26.37 7.76 

UNB 11.69 39.92 26.40 7.77 

New Egypt 

wet 
11.45 39.40 26.07 7.68 

Table 8. Mean difference values and RMS at 20 degree elevation angle. 

M F Min. (mm) Max. (mm) Mean (mm) RMS (mm) 

NMF 14.66 50.22 33.39 9.83 

BE 15.04 51.32 33.99 10.00 

IF 14.44 49.69 32.84 9.67 

HE 14.45 49.74 32.84 9.67 

UNB 14.48 49.74 32.89 9.68 

New Egypt 

wet 
14.40 48.74 32.18 9.48 

Table 9. Mean difference values and RMS at 15 degree elevation angle. 

M F Min. (mm) Max. (mm) Mean (mm) RMS (mm) 

NMF 19.71 67.40 44.82 13.20 

BE 20.86 70.69 46.91 13.79 

IF 19.40 66.75 44.12 12.98 

HE 19.42 66.87 44.12 12.98 

UNB 19.51 66.87 44.23 13.02 

New Egypt 

wet 
18.58 64.31 42.44 12.50 

Table 10. Mean difference values and RMS at 13 degree elevation angle. 

M F Min. (mm) Max. (mm) Mean (mm) RMS (mm) 

NMF 22.94 78.42 51.89 15.27 

BE 24.83 83.79 55.41 16.28 

IF 22.58 77.72 51.09 15.03 

HE 22.61 77.92 51.11 15.04 

UNB 22.73 77.91 51.28 15.09 

New Egypt 

wet 
21.32 73.91 48.75 14.36 

Table 11. Mean difference values and RMS at 10 degree elevation angle. 

M F Min. (mm) Max. (mm) Mean (mm) RMS (mm) 

NMF 30.93 104.57 69.59 20.49 

BE 35.06 117.11 78.02 22.92 

IF 30.14 103.80 68.58 20.19 

HE 30.25 104.27 68.64 20.22 

UNB 30.47 104.22 68.97 20.30 

New Egypt 

wet 
27.42 95.46 62.89 18.53 
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Table 12. Mean difference values and RMS at 9 degree elevation angle. 

M F Min. (mm) Max. (mm) Mean (mm) RMS (mm) 

NMF 34.61 117.88 78.46 23.10 

BE 40.68 135.25 90.24 26.50 

IF 33.98 117.10 77.36 22.78 

HE 34.12 117.76 77.47 22.82 

UNB 34.44 117.66 77.89 22.92 

New Egypt 

wet 
30.31 105.79 69.66 20.53 

Table 13. Mean difference values and RMS at 7 degree elevation angle. 

M F Min. (mm) Max. (mm) Mean (mm) RMS (mm) 

NMF 46.72 158.67 105.68 31.40 

BE 59.62 196.13 130.95 38.44 

IF 45.77 148.93 104.32 30.72 

HE 46.11 159.48 104.66 30.84 

UNB 46.68 159.08 105.38 31.01 

New Egypt 

wet 
38.39 135.13 88.79 26.19 

Table 14. Mean difference values and RMS at 5 degree elevation angle. 

M F Min. (mm) Max. (mm) Mean (mm) RMS (mm) 

NMF 71.78 246.97 161.75 47.63 

BE 105.09 359.11 227.53 66.79 

IF 69.97 242.27 159.87 47.13 

HE 71.05 246.85 161.27 47.58 

UNB 72.17 245.07 162.48 47.83 

New Egypt 

wet 
52.25 187.2 122.46 36.17 

By analyzing these results, it can be seen that for elevation 

angles more than 30° (zenith angles lower than 60°) the new 

Egypt wet MF no different more than the other MF and almost 

give the same results. For elevation angles low than 30° the new 

wet mapping function represents high accuracy in wet 

tropospheric delay prediction, followed by NIMF, IFMF, HEMF 

and UNB MF which gave nearly results. It is interesting to note 

that the mean accuracy of new Egypt wet MF is about 6.97 cm 

with rms 2.053 cm at an elevation angle of 9° and about 12.246 

cm with rms 3.617 cm at 5° whereas IFMF have a 7.74 cm 

mean error with 2.28 cm rms at an elevation angle of 9° and 

15.99 cm mean error with 4.713 cm rms even at an elevation 

angle of 5°. But B&EMF gave the lowest accuracy by 

comparing the ray-traced model since the mean error is 9.02 cm 

with rms 2.65 cm at an elevation angle 9° and 22.75 cm mean 

error with 6.68 cm rms at an elevation angle 5°. 

From figures (2 to 4), we draw the following conclusions: 

1) The rank by accuracy (bias – smallest to largest) is: new 

Egypt wet MF, IFMF, HEMF, NIMF, UNB (the differences 

between last four MF are small) and B&EMF.  

2) At very low elevation angles (from 5° to 10°), due to the 

neglect of ray bending and water vapour influence, the B&E 

mapping function has large biases.  

3) The Ifadis mapping function is the second best in 

accuracy, but new Egypt wet MF has improved calculating 

wet tropospheric delay. The improvement of the error of 

measurements wet tropospheric delay are presented, see 

Table 15. 

Results of table 15 show the improvements at elevation 

angles start from 5 degree until 90 degree. For the elevation 

angles of more than 20 degree, the different wet tropospheric 

delay between both models is too small and not significant. 

Results show that the difference between the two wet MF can 

be seen when the elevation angle is low up to 5 degree. New 

mapping function contributes 23.34 percent to estimate the 

wet tropospheric delay improvement percentage at five 

degree elevation angle.  

Table 15. Percentage improvement of the error measurement for new wet 

delay model. 

Elevation 

angles 

New Egypt wet 

MF (cm) 
Ifadis MF (cm) Improvement% 

5° 12.25 15.98 23.34 

6° 10.29 12.64 18.59 

7° 8.88 10.43 14.86 

8° 7.80 8.88 12.16 

9° 6.97 7.74 9.94 

10° 6.29 6.86 8.30 

20° 3.22 3.28 1.80 

90° 1.10 1.10 0.0 

5. Effects of New Egypt Wet Mapping 

Function on GPS Positioning  

This step is used to show the differences between using the 

different wet mapping functions and select the model which 

gives the best solution where all other factors are constant. 

Five stations from Egypt network will be observed. These 

stations are selected from a High Accuracy Reference 

Network (HARN) have known coordinates and used GPS to 

measured its coordinates by RTK-network methods, under 

different wet tropospheric model. In this case, NMF, IFMF, 

HEMF, UNBMF and new Egypt wet MF models were used. 

In this case used new dry mapping function for Egypt to 

determine dry tropospheric delay as in reference [17] and for 

zenith wet delay used saastamoinen model with all wet MF. 

The results are presented in Figure 5.  

It can be seen, from figure 5, that all wet mapping 

functions give approximately the same difference in 

horizontal determination of station coordinates in East and 

North directions. The difference in horizontal coordinates no 

more than 5 mm by using any of different wet MF from used 

in this study. But for height component the new Egypt wet 

MF improves the height determination significantly. The 

difference between known values of stations coordinates and 

by using the new Egypt wet MF is about 17 mm than that by 

using Ifidas wet MF (the best alternative wet MF) and arrives 

to about 26 mm than that by using UNB wet MF (the worst 

alternative). 
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Figure 5. The difference from the HARN coordinates and the observation with changing the troposphere model. 

6. Conclusion 

In the present research, a new precise wet tropospheric 

delay mapping function model is introduced. The new Egypt 

wet MF is based on a height and latitude of the station and 

elevation angles for estimating the wet component of 

tropospheric delay using radiosonde records. Eight stations 

distributed in and around Egypt are used as the input and 

check radiosonde data for the model calculation. The new 

model takes into account geometric delays as well as 

atmospheric asymmetry.  

For the elevation angles less than 30 degrees, the reduction 

percentage of the new Egypt wet MF is very obvious, 

especially for low elevation angles. On the other hand, the 

reduction shows the significant improvement of the mapping 

function, new Egypt wet mapping function contributes 23.3 

percent to the wet tropospheric delay improvement 

percentage at five degree elevation angle.  

The test results indicate that the new Egypt wet MF model 

shows the best performance, compared to NMF, IFMF, B & 

EMF, HEMF, and UNBMF models. Five GPS stations are 

used to test the new model performance and results show a 

very significant improvement in the GPS height component 

can be achieved by using the new wet mapping function. 

This mapping function reduces errors in height determination 

to about 2.6 cm especially for the atmospheric conditions of 

Egypt and improvements in GPS horizontal component can 

be neglected.  
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