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ABSTRACT
The azimuthal asymmetry of the tropospheric delay is known as horizontal tropospheric gradients. The gradient mapping functions are effected mainly in geodetic network. The present research reveals the importance of the gradient mapping function by estimate of tropospheric slant delay in different azimuth angles. The data estimated by PTD (precise troposphere delay module) in Egypt using resolution 2⁰ in latitude and longitude. The data were covered year 2014. The effect of azimuth angles was taken into account indirectly. The azimuth was studied between 0° to 360° with interval of 45°.
The results of the present research indicate that the latitude and longitude variation using is not significant. Dry gradient mapping function are greater than wet gradient mapping function. The seasonal effects of azimith asymetric are nearly approach nothing.
The azimuthal asymmetry is not clear. Although, the fluctuation of azimuth asymmetric is less than 19 cm. The azimuthal asymmetry gets more and more important than elevation-dependent. Estimating horizontal tropospheric gradients is a common way to cope with these asymmetries.

PTD, Mapping Function, Gradient Mapping Function
1. Introduction
The tropospheric delay experienced by radio waves propagating through the electrically neutral atmosphere. The tropospheric delay is described as a product of the delay at the zenith and a mapping function (e.g. Cove, 2005; Boehm et al., 2006). Another option to estimate additional tropospheric parameters is to model the atmospheric azimuthal asymmetries. In that case north and east components are set up in addition to the zenith component. The estimation of tropospheric gradient parameters is recommended only when producing regional or global network solutions, not single baselines (Collins; Langley, 2003).
The use of low elevation data (together with an elevation-dependent weighting) is essential to improve the accuracy of GPS analysis and to de correlate station heights and tropospheric zenith corrections. Going down to low elevations, however, the azimuthal asymmetry of the local troposphere at an observation site gets more and more important and must be accounted (e.g. Boehm et al., 2007).  Horizontal tropospheric gradients computing can deal with these asymmetries. The station coordinate repeatability may be considerably improved by this measure, as Meindl et al., (2004).
The objectives of this research are to study the effects of tropospheric azimuth asymmetric in dry and wet case and the effect of location (latitude and longitude) and for all seasons.

2. Data Analysis
Abdelfatah et. al, (2015) developed a new tropospheric delay model for Egypt. From this model, slant delay zenith angle 88°. Tropospheric delay at zenith is also computed to be able to separate the PTD mapping function. The data were processed at three days per month in year 2014 - and for 36 stations from Latitude 22° to 32° with interval 2° and from Longitude 25° to 35° with interval 2°.
The methodology of these paper using the following sequence: First, The outputs of PTD database are dry and wet slant delay. The zenith delay can be available at zenith direction. The ration between slant delay and zenith delay is called mapping function. These process were repeated with different azimuth angels (0⁰, 45⁰, 90⁰, 135⁰, 180⁰, 225⁰, 270⁰ and 315⁰). Finally, the azimuthal asymmetric were computed for climatic months and latitudes. The analysis were done at year 2014 three days every month.

3. Gradient Mapping Function
The elevation-dependent or mapping function is not only the unique parameter to compute slant delay. The azimuthal asymmetry must be accounted to cover these asymmetries (Meindl et al., 2004). The gradient mapping functions are given as (IERS, 2010):

                                                                  (1)

                                                                  (2)
Where: GN and GE are the northern and eastern horizontal delay gradients, respectively. α and E are the satellite azimuth and elevation angle, respectively. Mg is the tropospheric gradient mapping function.
Tilting the zenith direction in the mapping function by a small angle β may represent a tropospheric gradient (e.g. Abdelfatah et al., 2009). The geometry of tilting the zenith direction is represented in figure (1). In this figure the tropospheric zenith is defined as normal to the tilted atmosphere while the geometric zenith is defined as normal to the symmetric atmosphere. Based on the representation in figure (1) and according to the first spherical law of cosines, equation (3) may be written (see e.g. Meindl et al. 2004).
cos Ž= cos β cos z ‏+sin β sin z cos (A -A0 )                                                   (3)
Where A denotes the azimuth of the observation and A0 represents the azimuth of the tropospheric zenith direction Ž with respect to the geometric zenith direction Z, and Ž was used as the zenith parameter in mapping function.
Since β and (Ž-Z) are small. The above equations may be written (Dach et al., 2007):
                                     (4)
	


	Fig. (1): Geometry of spherical triangle of tilting the zenith direction.



Collins and Langley (2003) recommended estimation of tropospheric gradient parameters only when producing regional or global network solutions, not single baselines.

4. Results.
PTD database model was used only for 88° zenith angle because the effect of azimuth asymmetry is expected to be significant. The azimuth asymmetry effect of the dry part of delay is shown in figures (2 ~ 5) for different seasons. Figures (6 ~ 9) showed the azimuth asymmetry effect for the wet part of the delay.

	

	Fig. (2): Mean effect of azimuth asymmetry dry part during Jan, Feb and Mar.
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	Fig. (3): Mean effect of azimuth asymmetry dry part during Apr, May and Jun.

	

	Fig. (4): Mean effect of azimuth asymmetry dry part during Jul, Aug and Sep.



	

	Fig. (5): Mean effect of azimuth asymmetry dry part during Oct, Nov and Dec.



	

	Fig. (6): Mean effect of azimuth asymmetry wet part during Jan, Feb and Mar.



	

	Fig. (7):Mean effect of azimuth asymmetry wet part during Apr, May and Jun.



	

	Fig. (8) Mean effect of azimuth asymmetry wet part during Jul, Aug and Sep.



	

	Fig. (9):Mean effect of azimuth asymmetry wet part during Oct, Nov and Dec.



From figures (2 ~ 5), dry case: the fluctuation of azimuth asymmetric for latitude (22̊, 24̊, 26̊, 28̊, 30̊ and 32̊) were 9.8, 9.9, 10.0, 10.4, 10.7 and 10.9 cm respectively
From figures (6 ~ 9), dry case: the fluctuation of azimuth asymmetric for latitude (22̊, 24̊, 26̊, 28̊, 30̊ and 32̊) were 6.1, 6.5, 7.0, 7.4, 7.7, and 8.1 cm respectively
From these results, the fluctuation of azimuth asymmetric is about 10.3 cm and 7.1 cm for dry and wet delay, respectively. 
The results of figures (2 ~ 5) indicated that the dry zenith delay is increasing by increasing latitude that mean the dry delay reach maximum value in north of Egypt. The effect of azimuth angle was very clear and make sine curve in all latitudes. The results of figure (3) and figure (5) are similar to figure (2) and figure (4) but the results are close to each other.
In the most case, the effect of latitude in figures (6 ~ 9) were reverse than figures (2 ~ 5) thus because the zenith delay give the maximum values for the northern latitude in dry case and the wet case was reverse. The azimuth asymmetry in dry case are greater than in wet case thus because the height of dry tropospheric part is greater than the height of wet part.

5. Conclusions
The dry and wet fluctuation of azimuth asymmetric in the east direction is nearly equal to that of the west direction while the dry delay in the north latitude is greater than delay in the south.
The dry troposphere give the maximum values for the northern latitude against the southern latitude. In addition, the wet delay components give a reverse values for the latitudes.
Tropospheric azimuthal asymmetry and signal excess path in troposphere are analyzed using PTD database and the fluctuation of azimuth asymmetry reached to 19 cm. The azimuth asymmetry reached to 10.9 cm and 8.1 cm in dry and wet, respectively. 
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