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ABSTRACT  
     The regions around the world need to perform their results based on the local 

geoid. However, each region has different ground topography based on the amount 

of gravity in this region. Nowadays, the recent global Earth's gravity model of 2008 

is successfully used for different purposes in geosciences research. This research 

presents an overview of the preliminary evaluation results of the new Earth 

Gravitation Model (EGM08) in the middle of Iraq. For completeness, the evaluation 

tests were also performed for EGM96 by examining 31 stations distributed over four 

Iraqi provinces. The national orthometric heights were compared with the GPS 

/leveling data obtained from these stations. This study illustrated that the GPS 

/leveling based on EGM08 data was better than that based on EGM96 data in terms 

of reducing the root mean square error (RMSE) of the differences between the 

orthometric heights and GPS/leveling data.  The standard deviation (SD) values for 

the national orthometric heights and GPS heights were about 4 and 26cm, 

respectively. The results also show that there is a small difference in hight ranged 

(0.0013 - 0.1333 m) in Karbala, (0.0023 – 0.0062 m), in Najaf and  (0.0173 – 0.0703 

m), in Babylon. Due to the flat area, better results were obtained in Karbala and 

Najaf than Babylon. The EGM08 geoid method has shown to yield very close results 

to reality for various projects, thus its accuracy is acceptable. 

  

Keywords: EGM08 geoid, EGM96 geoid, ellipsoidal and orthometric heights, GPS 

leveling. 
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 الخلاصة
حاجة ماسة لاستخحام الجي اويج السحلي للحرهل على السشاسيب في معظم دول  في أغلب الأحيان هشاك

يدتخجم نسهذج الجحب الأرضي  العالم، في الهقت الحي تختبط طهبغخافية تلك السشاطق مع الجحب الأرضي لها.
لجحب بذكل كبيخ ولعجة أغخاض بحثية وعسلية. يقجم هحا البحث مخاجعة لأوليات تقييم نسهذج ا 2002العام 

 31 في مشاطق وسط العخاق. لإستكسال التقييم تم فحص  (EGM96) والشسهذج( EGM08الأرضي الججيج )
( لتلك GPS. وتم مقارنة مشاسيب الذبكة الهطشية مع  مشاسيب الـ )محطة مهزعة  على أربعة محافظات

أفزل من تلك   (EGM08السحطات. بيّشت الجراسة ان عسلية التدهية السدتشجه الى نسهذج الجحب الأرضي )
( لفخوقات الشسهذج الأول RMSE(، حيث كانت قيسة )EGM96التي استشجت على نسهذج الجحب الأرضي  )

 4cmحيث كان الانحخاف السعياري للأول بحجود  .مشاسيب الذبكة الهطشية افزل مشها مع الشسهذج الثاني عن
 m(، وفي الشجف ) m 0.1333-0.0013بلاء ). تبيّن ايزاً صِغَخ الفخوقات في مشطقة كخ 26cmوللثاني 

(. السشاطق السدتهية تعطي نتائج جيجة كسا هه الحال  m 0.0062 -0.0023وبابل )(، 0.173-0.0703
في معظم مشاطق الشجف وكخبلاء على عكس من السشاطق في بابل. تؤشخ الشتائج على افزلية نسهذج الجحب 

 السذاريع الهشجسية والتطبيقات البحثية. لأغلب ( والحي يكهن ملائساً EGM08الأرضي العام )
 

1. INTRODUCTION  

      The Earth Gravitational Model (EGM08) is the modern version of a series of geopotential models 

developed under the management of the US National Geospatial-Intelligence Agency (NGA) [1-4]. It 

incorporates harmonic coefficients that are derived from the GRACE satellite mission, marine gravity 

anomalies derived from satellite altimetry, and a comprehensive set of terrestrial gravity anomalies. 

EGM08 offers an unprecedented level of spatial resolution ( ~ 9 km) for the recovery of any 

gravitational field function over the entire globe, with a degree and order of 2159 and with additional 

Spherical Coeftients ( SHCs) that extend up to a degree of 2190 and an order of 2159 [5- 7, 4]. Since it 

has been released, EGM08 has become the standard geopotential model used for many applications, 

including geoid modeling. Also, it  has been evaluated in a number of countries using various methods 

[8]. The evaluation and quality assessment of the EGM08 is important for being used in various 

geodetic and other scientific applications at global and regional scales.  The estimation of the  EGM08  

is based on the  comparisons with other external data.  This data may include GNSS/leveling 

observations, airborne and surface gravity, sea surface topography, and deflections of the vertical 

values. To convert heights of GPS ellipsoid into orthometric heights, we need to know the geometric 

and mathematical relationship between ellipsoid and geoid data. Figure-1 illustrates the mathematical 

relationship between the ellipsoid  and orthometric height. In equation (1), it is clear how to convert 

ellipsoid height to orthometric height utilizing geoid undulation [9].  

H = h – N                                                                                                                                       (1)     

where h represents the ellipsoid height, and  H and N refer to orthometric height and geoid undulation, 

respectively. 
 
 
 
 
 
 
 
 
 
 
 
 

Figure1-The geometric relationship between ellipsoidal and geoid orthometric height[10]. 
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     Geoid refers to the earth’s surface that relates to the earth's gravity filed represented by mean sea 

level (MSL). This data is used as reference data for physical height systems. The geoid computation is 

very important in the calculation of geodetic computation [10]. Recently, the computation of the local 

geoid became very important for research needs in geodesy science. Therefore, several geo-models 

started to develop and present the geoids height in the global form. It is possible to obtain a geoid 

height for any object throughout the world with an accuracy that reaches to 30cm using the modern 

geoid models [11, 12]. The development in the global positioning system (GPS) resulted in the 

appearance of new facilities of positioning technology and instruments of location determination. With 

new positioning techniques, it is possible to provide a geoid determination with high accuracy of 

calculation that will lead to replacing the geometric leveling by GPS. On the other hand, when 

considering the geo-models accuracy to that of GPS height, it seems that it does not match the required 

GPS height accuracy. Therefore, there is a need to develop a new local geoid model. Several 

approaches and methods were developed to obtain a local geoid, all of which can be divided into two 

basic methods, as described by Rapp (1997) and indicated in the followed sections. The geometric 

method has been used in flat and relatively small areas. Therefore, the local geoid calculation and 

determination can be computed from the combination of the leveling heights with the height from GPS 

[13, 12]. This approach has been used widely throughout the world in engineering applications and 

projects, and it is satisfied within an area of about 1000 km
2
 [12]. The accuracy of the geoid model 

obtained from the geometric method is based on several factors, including the reference station of each 

of GPS along with the leveling stations and their homogeneity and distribution. The distribution of all 

stations should be as homogeneous as possible in that area model, while the selection of these stations 

should capture the probable change that can happen in the geoid earth’s surface [14].  

     The gravimetric method is used to compute the geoid from using the gravity measurements [15]. 

The remove restore method is widely applied to determine the gravimetric geoid model [10]. It is a 

mathematical and impractical method to compute the gravimetric geoid of the earth’s surface, while a 

removal technique is computed by the calculation of the components of a long-wavelength as a gravity 

anomaly [10, 15]. This study focuses on the evaluation of EGM08 using GNSS/leveling over 31  

stations in four provinces  (Babylon, Najaf, AL-Anbar and Karbala) in the middle of Iraq. In addition, 

an evaluation of the results of the  EGM96 will be presented for comparison purposes.  

2. Description of the Study Area 

     The study area in part of the middle of Iraq. The 31 stations are distributed  in four provinces; six 

stations in Babylon, eleven stations in Najaf, two stations in AL-Anbar and twelve stations in Karbala. 

Najaf is an old city in southern Iraq, it is about 160 km to the south of Baghdad. It has a population of 

1000,000 people in 2013. Najaf is known as one of the old important teaching centres of the Islamic 

world and surrounded by five Iraqi provinces while also bordered from the south by Saudi Arabia. 

Karbala is located about 100km in the south-west of the capital of Iraq (Baghdad) with a population of 

about 700,000 people in 2015. Kerbala is surrounded by three provinces. Babylon was a  kingdom in 

the ancient Mesopotamia between the 18
th
 - 6

th
 centuries BC. It was built on the Euphrates river and 

divided into equal parts built along its right and left banks. It has a population of over 200,000 and 

located about 90 km south of Baghdad.  Al-Anbar province has the largest area between the Iraqi 

provinces. AL-Anbar shares its boundary with Syria, Jordan, and Saudi Arabia. Ramadi is the capital 

of AL-Anbar [16].  
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Figure 2-Locations of the 31 stations distributed in the four provinces. 

 

3. Collecting And Processing of Dataset 
     The orthometric heights for the 31 stations were obtained from the State Commission survey in 

Iraq. As the reference for these heights was in the south of Iraq (FAW), the datum was called Mean 

Sea Level (MSL FAW), this data is shown in Table1. On the other hand, the differential global 

positioning system (GPS) type Topcon (GR3) GNSS receivers were used static method to observed 31 

stations, each point observed 5 hours. The RINEX data of the stations were then submitted to the opus 

online GPS Processing Service. The data were computed and corrected by using the Bernese GPS 

software. All computed coordinates were based on the ITRF00 reference frame. All our evaluation 

results that are presented in the next section refer to the thirty-one stations. Table 1 illustrates the Final 

geodetic, IGRS ellipsoid, and known heights concerning EGM08 and  EGM96 geoid height. 

 

Table 1-Final geodetic, IGRS ellipsoid, (ITRF00 data) coordinates, and known heights with EGM08 

& EGM96 geoid heights. 

Ortho. Metric 

Height (M.S.L 

FAW) (M) 

(EGM96) 

(M) 

(EGM08) 

(M) 

h(WGS84) 

(M) 

LONG.  

(DMS) 

LAT.      

(DMS) 

No. 

28.31844 29.457 28.333 25.551 44 25 18.18710 32 28 16.51048 1 

25.73618 26.963 25.812 23.063 44 24  

06.39261 

32 23 34.71618 2 

27.53046 28.625 27.548 24.911 44 23 28.97435 32 30 49.60963 3 

31.03114 32.047 31.072 28.535 44 23 54.91221 32 39 28.83199 4 

27.22567 28.398 27.240 24.052 44 32 41.96020 32 32 39.21673 5 

33.40214 34.280 33.423 31.439 44 16 17.08605 32 43 43.82643 6 

24.21030 25.586 24.265 20.373 44 40 56.90877 32 18  

08.11203 

7 

25.75015 27.168 25.825 22.066 44 40 18.05617 32 23 54.27342 8 

22.25379 23.838 22.259 17.583 44 54 59.50742 32 19 37.22034 9 

24.44866 25.562 24.474 21.738 44 21 56.56298 32 13  

03.14949 

10 

25.01696 26.545 25.058 20.697 44 49 45.79160 32 20 56.66760 11 

40.26577 41.232 40.297 37.491 44 21 12.31910 32  00 

43.50337 

12 

52.42405 53.377 52.460 49.689 44 20 33.86195 31 59 10.52747 13 

24.44740 25.427 24.457 21.437 44 24 35.96688 32  02  04.5559 14 

39.54180 40.473 39.548 36.532 44 24 16.23579 31 57 20.31256 15 

28.73160 29.779 28.744 25.893 44 22 47.82714 32  8 20.69619 16 

33.75330 34.691 33.751 30.795 44 23 26.57754 31 59 49.27909 17 

26.42540 27.508 26.413 24.129 44 16 26.63658 32 19  08.6384 18 
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20.94360 21.897 20.922 17.578 44 30 10.14683 31 47 38.26162 19 

47.55330 48.474 47.540 44.863 44 19 19.52634 32  01 34.8427 20 

21.71180 22.665 21.719 18.367 44 29 33.33702 31 54 14.49598 21 

27.31026 28.053 27.223 26.080 44 02 01.72497 32 36 15.53439 22 

30.99998 31.771 30.929 29.808 44  01 

42.01011 

32 35 36.80848 23 

28.39047 29.193 28.441 27.509 43 58 57.36437 32 38 48.13267 24 

29.28609 30.138 29.344 27.855 44 07 54.33690 32 41 35.00900 25 

30.47820 31.323 30.490 28.871 44 09 48.67799 32 40 29.16872 26 

29.11690 30.108 29.139 27.229 44 12 56.53724 32 32 41.63892 27 

30.60181 31.423 30.531 29.264 44 03 44.25230 32 33 45.92812 28 

58.79625 59.626 58.727 60.085 43 28 55.46546 32 34 21.15531 29 

72.61974 73.568 72.612 73.464 43 34 51.87032 32 27 53.63649 30 

64.93964 65.768 64.941 64.477 43 52 17.99133 32 34 12.94528 31 

 

4. Data Compression Procedure  

The basic relationship between geoid, ellipsoidal, and orthometric heights is given by the following 

simple equation [11, 17, 9]:  
                                                                                             (2)   

     where h, H and N are ellipsoidal, orthometric and geoid heights, respectively. Based  on  the  

known  heights  and  computed  ellipsoidal  heights,  geoid  heights  were computed at the 31 

GNSS/leveling stations by rearranging equation (3) in [11, 9, 18, 19]. [20] explained local 

determination of geoid is necessary for better accuracy of the orthometric height from GPS. 

                                                                                            (3)  

     The  values shown in Table 1  offered the dataset upon which the evaluation tests were performed. 

For  EGM08,  the  geoid  height  values  of  the  31 GNSS/leveling  stations  with  respect  to WGS84   

were   determined   using      the   FORTRAN   harmonic   synthesis   program (hsynth-WGS84)   

together with the  EGM2008  Tide  Free Spherical   Harmonic Coefficients and its associated 

Correction  Model.  To   run   this program, an input file with the latitudes and longitudes of the 31 

stations must be stored in the same folder as the executable file of the program. After running the 

program, an output file containing the geoid height values for all the stations is automatically stored in 

the same folder as the program. The output file can then be opened using Notepad or Excel. For 

EGM96, the geoid height values were computed online using the NGA EGM96 Geoid Calculator 

found in the following website: (http://earth-info.nga.mil/wgs84/gravitymod/egm96/intpt.html). This 

requires the manual input of the latitude and longitude for each individual point and then by clicking 

“calculate the geoid height” the value is automatically computed and displayed. 

5. The Interpolation and Statistical Analysis Results 

     In this section, we perform an evaluation for the differences of the geoid heights derived from 

EGM08 and EGM96 versus the geoid heights from GNSS/leveling, using statistical analysis. We 

compare the results to obtain the most accurate result that indicates which earth gravitation model has 

more accuracy than the other. In addition, we conduct an interpolation for all obtained stations for 

EGM08, EGM96, FAW, and WGS84, to evaluate the differences in heights and to compare the 

results. Table 2 and Figures- 3 and 4 show the geoid height differences for the 31 GPS stations, while 

Table 3 demonstrates the summary of statistical results. The   results show   that   the   EGM08   

provides   the   most consistent agreement with the GNSS/leveling data over the stations. The 

differences with the orthometric heights ranged  (0.0013 - 0.1333 m) in Karbala , (0.0023 – 0.0062 m) 

in Najaf, and  (0.0173 – 0.0703 m) in Babylon. The flat area in Karbala and Najaf produced better 

results than the area in Babylon. Figure- 4 illustrates the results   of   the   31 stations where EGM08 

provided the most convenient agreement with the GNSS/leveling data over the stations, and the 

differences with the orthometric heights were minimal. From Figure- 4, it is clear how close the 

EGM08 data to the orthometric height, as indicated in blue and green colors, compared to the EGM96 

data that is representing in the red line and shown to be far from the data of the orthometric height. All 

the statistical results are indicated in Tables 2 and 3.  
 

http://earth-info.nga.mil/wgs84/gravitymod/egm96/intpt.html


Aljanbi et al.                                             Iraqi Journal of Science, 2020, Vol. 61, No. 7, pp: 1823-1830 

 

3282 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

             Figure 3-The interpolation of the EGM08, EGM96, FAW, and WGS84 heights. 

 

 
 

 

 

 

 

 

 

 

 

 

Figure 4- Differences among orthometric heights (M.S.L FAW), EGM96, and EGM08. 

 
   Table 2-EGM08 and EGM96 geoid height values and N

GPS
 values for the 31 GNSS/leveling. 

N
GPS

-N
egm96

(M) N
GPS

-N
egm08

 (M) N
GPS

=h-H (M) 
N (EGM96) 

(M) 

N (EGM08) 

(M) 
No. 

1.13850 0.01456 -2.76744 -3.906 -2.782 1 

1.22682 0.07582 -2.67318 -3.900 -2.749 2 

1.09454 0.01754 -2.61946 -3.714 -2.637 3 

1.01586 0.04086 -2.49614 -3.512 -2.537 4 

1.11723 0.01433 -3.17367 -4.346 -3.188 5 

0.87786 0.02086 -1.96314 -2.841 -1.984 6 

1.37570 0.05470 -3.83730 -5.213 -3.892 7 

1.41785 0.07485 -3.68415 -5.102 -3.759 8 

1.58421 0.00521 -4.67079 -6.255 -4.676 9 

1.11334 0.02534 -2.71066 -3.824 -2.736 10 

1.52804 0.04104 -4.31996 -5.848 -4.361 11 

0.96623 0.03123 -2.77477 -3.741 -2.806 12 

0.95295 0.03595 -2.73505 -3.688 -2.771 13 

0.97960 0.00960 -3.01040 -3.990 -3.020 14 

0.93120 0.00620 -3.00980 -3.941 -3.016 15 

1.04740 0.04240 -2.83860 -3.886 -2.881 16 

0.93770 0.00230 -2.95830 -3.896 -2.956 17 

1.08260 -0.01200 -2.29640 -3.379 -2.284 18 

EGM96 Height 
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0.95340 -0.02160 -3.36560 -4.319 -3.344 19 

0.92070 -0.01330 -2.69030 -3.611 -2.677 20 

0.95320 0.007200 -3.34480 -4.298 -3.352 21 

0.16674 -0.08726 -1.23026 -1.397 -1.143 22 

0.77102 -0.07098 -1.19198 -1.963 -1.121 23 

0.80253 0.050530 -0.88147 -1.684 -0.932 24 

0.85191 0.057910 -1.43109 -2.283 -1.489 25 

0.84480 0.011800 -1.60720 -2.452 -1.619 26 

0.98810 0.022100 -1.88790 -2.879 -1.910 27 

1.02530 0.133300 -1.13370 -2.159 -1.267 28 

0.82975 0.069250 1.28875 0.4590 1.358 29 

0.94826 0.007740 0.84426 -0.104 0.852 30 

0.82836 -0.00136 -0.46264 -1.291 -0.464 31 

 

Table 3-Statistics of the differences N
GPS

- N at the 31 GPS stations. 

EGMs 
Minimum 

(M) 

Maximum 

(M) 
Mean (M) 

Standard 

deviation (M) 
RMS (M) 

EGM08 -0.00136 0.1333 0.0215 0.0417 0.0075 

EGM96 0.16674 1.58421 1.0088 0.2627 0.0472 

 

6. Conclusions 

     The countries throughout the world need to refer to specific geoid data in their surveying 

measurements. The new Earth Gravitation Model must be examined in our region to evaluate the 

satisfaction level of using this EGM in Iraq. The data of GPS/leveling with EGM08 indicates that 

EGM08 may be used as an orthometric height measurement with an accuracy of ˂ 4 cm in the middle 

of Iraq region and offers a reasonable and good platform to transform data from ellipsoid to local. 

However, local determination of geoid is necessary for better accuracy of the orthometric height from 

GPS. Small differences in heights were recorded and ranged (0.0013 - 0.1333 m) in Karbala, (0.0023 – 

0.0062 m) in Najaf, and  (0.0173 – 0.0703 m ) in Babylon. The flat area in Karbala and Najaf showed 

better results than the area in Babylon. This conclusion was made based on studying the relation 

between national orthometric heights and orthometric heights. The EGM08 geoid method has shown 

to yield very close results to reality for various projects, thus its accuracy is acceptable. This research 

proves a match between the geoid and the spheroid in these regions, so the use of traditional leveling 

gave approximately similar results to that of GPS leveling in some of the studied regions.  
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