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Abstract

The paper presents an attempt to compute a geoid model for Africa in the framework of the IAG African
Geoid Project. The available gravity data set consists of land point gravity data as well as shipborne
and altimetry-derived gravity anomaly data, having a lot of significant gaps allover the continent. The
reduced gravity anomalies are gridded on a 5’ x 5 grid using an iterative process employing a tailored
reference model, to fill in the data gaps, and a weighted least-squares prediction technique. The tailored
reference model, up to degree and order 2160, has been used to compute a geoid model for Africa
within the window remove-restore technique employing the Stokes integral in frequency domain by the
1-D FFT technique. For the sake of comparison, another geoid model for Africa has been computed
using a different approach. This approach renounces the use of the topographic-isostatic reduction and
uses the recent global combined geopotential model EIGEN-6C4, complete to degree and order 2190,
serving as the reference model. The computed geoids are scaled using the GO_CONS_GCF_2_DIR_R5
GOCE satellite-only model, which represents the best available global geopotential model approximating
the African gravity field. An extensive comparison between the geoids computed within the current

investigation and the former geoid model for Africa has been carried out.
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1 Introduction

This paper faces the great challenge of determining the geoid model for Africa. The challenge consists
in the available data set, which suffers from significantly large gaps, especially on land.

The geoid model for Africa has been determined within the current investigation employing the Stokes
integral in the frequency domain by 1-D FFT technique (Haagmans et al., 1993; Sideris and Li, 1993).
This requires the gravity data to be interpolated on a sufficiently dense regular grid. Since the data gaps
are significantly large (attaining hundreds of kilometers in some areas), and in order to avoid the random
freedom of the interpolation solution at those areas, an underlying grid has been used to fill in these gaps.
This underlying grid is computed using a tailored geopotential model for Africa, because none of the
existing global models proved to fit the African gravity field with the desired accuracy (Abd-Elmotaal,
2015). The main idea of the used interpolation process is based on the fact that the interpolation errors
are directly proportional to the degree of smoothness of the field, i.e., the smoother the field, the smaller
are the interpolation errors. Accordingly, the paper attempts to get a residual field as smooth as possible.
This has been achieved by using the window remove-restore technique (Abd-Elmotaal and Kiihtreiber,
1999, 2003).

The tailored geopotential model for Africa is established within an iterative process. This iterative pro-
cess works in such a way that in each iteration step the data gaps are filled with a 30’ x 30’ grid computed
by the tailored geopotential model generated at the previous iteration step. The weighted least-squares
prediction technique (Moritz, 1980; Kraiger, 1988) is thus applied to estimate gridded gravity anomalies,
which are used to compute a new tailored geopotential model. The tailored model has been computed
using two harmonic analysis techniques; the FFT technique (Abd-Elmotaal, 2004) and the least-squares
technique (Heck and Seitz, 1991). The iterative process is terminated when the solution stabilizes, i.e.,
when no further improvement in the residual field is achieved. The latest tailored geopotential model has
thus been used to generate the final underlying grid. Accordingly, a weighted least-squares prediction
technique using all data types took place to interpolate the gravity anomalies on a regular grid to be used
for the geoid determination. The geoid model for Africa determined through this developed somewhat
lengthy approach is called AFRgeo_v1.0.

The available data sets are described and the method used to interpolate the reduced gravity data on
a denser 5’ x 5" grid is explained. The geoid model for Africa has been determined using 1-D FFT
technique. For comparison purposes, another geoid model for Africa (AFRgeo-EIGEN-6C4) has been
computed using the EIGEN-6C4 geopotential model (Forste et al., 2014) without topographic-isostatic
reduction. The geoids computed within the current investigation are scaled and compared.

It is worth mentioning that the first attempt to determine a geoid model for Africa has been made by
Merry et al. (2005). For that geoid computation project, a 5’ x 5’ mean gravity anomaly grid developed
at Leeds University was used. Unfortunately, that data set has never become available again. For that first
geoid solution for Africa, the remove-restore method, based on the EGM96 geopotential model (Lemoine
et al., 1998), was employed. The AFRgeo_v1.0 geoid developed within the current investigation is also
compared to the geoid model computed by Merry et al. (2005).

Finally, it may be useful to mention that the topic of computing a tailored geopotential model for a
particular part of the earth has been tackled by many researchers. The reader may refer, e.g., to Weber
and Zomorrodian (1988), Wenzel (1998), Abd-Elmotaal (2007, 2014), and Abd-Elmotaal et al. (2015a).



2 Used Data

2 Used Data
2.1 Gravity Data

The available gravity data set for the current investigation comprises point gravity data on land as well as

shipborne and altimetry-derived gravity anomalies in sea regions. These data sets are described below.

2.1.1 Land Data

The available gravity data set on land in Africa for the current investigation consists of 96,954 gravity
data points. These gravity data have been collected over the past decade from different sources by the first
author. A gross-error detection scheme has been carried out on the land data set using a smart gross-error
detection technique (Abd-Elmotaal and Kiihtreiber, 2014). That gross-error detection scheme uses the
least-squares prediction technique (Moritz, 1980; Kraiger, 1988). The gross-error detection technique
works first to estimate the gravity anomaly value at the computational point using the values of the
surrounding stations excluding the computational point. Hence, a comparison between the estimated and
observed data values is used to define a possible gross-error. Accordingly, the effect of the computational
point on the surrounding stations is examined. Data points which show a real gross-error behaviour are
removed from the database. The number of land gravity stations after removing the gross-errors is 96,472
stations. Figure 2.1 shows their distribution, which contains very large data gaps. The free-air gravity
anomalies on land range between —624.5 mGal and 452.8 mGal with an average of about 1.9 mGal and

a standard deviation of 60.7 mGal.
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Figure 2.1: The distribution of the used gravity data set on land for Africa.
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2.1.2 Shipborne Data

The available shipborne gravity data set for the current investigation consists of 1,091,351 gravity data
points. A gross-error detection scheme has been carried out on the shipborne data set using an ap-
proach described in Abd-Elmotaal and Makhloof (2013) based on the least-squares prediction technique
(Moritz, 1980). It estimates the gravity anomaly value at the computational point using the values of the
surrounding stations excluding the computational point. Hence, a comparison between the estimated and
observed data values is used to define a possible blunder. The gross-error technique works in an iterative
scheme till the standard deviation of the residuals (data minus estimated) becomes below 1.5 mGal. The
number of the shipborne data points after the gross-error removal is 971,945. Figure 2.2 illustrates their
distribution, which shows a better distribution than that of the land data. The remaining gaps of the
shipborne data are partially filled with the altimetry-derived gravity anomalies. The shipborne free-air
gravity anomalies range between —238.3 mGal and 364.8 mGal with an average of about —6.5 mGal and
a standard deviation of 40.4 mGal.

2.1.3 Altimetry Data

The available altimetry-derived gravity anomaly data set for the current investigation consists of 161,735
gravity data points. A gross-error detection technique, similar to that employed on the shipborne data,
was carried out. A combination between the shipborne and altimetry-derived data took place (Abd-El-
motaal and Makhloof, 2014). This combination has resulted in some gaps along altimetry tracks when
they do not match with the shipborne data (cf. Fig. 2.3). The final number of the used altimetry-derived
free-air anomalies is 119,249. Figure 2.3 illustrates their distribution, which shows, more or less, a

Figure 2.2: The distribution of the used shipborne gravity data set for Africa.
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Figure 2.3: The distribution of the used altimetry-derived gravity anomaly data set for Africa.

regular distribution. The altimetry-derived free-air gravity anomalies range between —172.2 mGal and
172.7 mGal with an average of 4.0 mGal and a standard deviation of 18.6 mGal.

2.2 Digital Height Models

For the terrain reduction computation, a set of fine and coarse Digital Height Models (DHMs) is required.
The 30" x 30" AFH13S30 DHM (Abd-Elmotaal, personal communication, 2013), which is based mainly
on the SRTM30+ (Shuttle Radar Topography Mission) (Farr et al., 2007), is employed as the fine DHM.
Figure 2.4 illustrates the 30" x 30" AFH13S30 fine DHM. The heights of the AFH13S30 DHM range
between —8344 m and 5778 m with an average of —1622.2 m and a standard deviation of 2407.8 m. The
3" x 3 AFH13MO3 is used as the coarse DHM.

3  Gravity Reduction

As stated above, two geoid models for Africa are determined in the current investigation, they are:

* AFRgeo_v1.0 geoid model: the geoid model for Africa using the developed approach employing the
window remove-restore technique with the EGM2008 geopotential model, up to degree and order
2160, and a tailored reference model (developed in an iterative scheme), up to degree and order 2160,

to fill in the data gaps.

* AFRgeo-EIGEN-6C4 geoid model: the geoid model for Africa which avoids the use of the topo-
graphic-isostatic reduction employing the EIGEN-6C4, up to degree and order 2190. The data gaps
are filled with the resulting tailored model determined in the developed approach.

The reduction steps for both geoid models are described in the following subsections.
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Figure 2.4: The fine 30" x 30" AFH13S30 Digital Height Model. Units in [m].

3.1 Gravity Reduction for AFRgeo_v1.0 Geoid Model

The gravity reduction for the AFRgeo_v1.0 geoid model follows the window remove-restore technique
(Abd-Elmotaal and Kiihtreiber, 1999, 2003). The window reduction step can be described by

Agwin—red = AgF - AgTIwin - AgGM + Agwincofy (31)

where Agyin-req refers to the window-reduced gravity anomalies, Agr refers to the measured free-air
gravity anomalies, Aggys stands for the contribution of the global reference geopotential model, Agryyin
is the contribution of the topographic-isostatic masses for a fixed data window computed by forward
modelling and Agincor stands for the contribution of the dimensionless harmonic coefficients of the
topographic-isostatic masses of the same data window.

It is worth mentioning that the dimensionless harmonic coefficients of the topographic-isostatic masses
of the data window can be computed using the approach developed by Abd-Elmotaal and Kiihtreiber
(2015). For the computation of the contribution of the involved geopotential models, one may use one
of the software introduced in, e.g., Rapp (1982), Tscherning et al. (1983, 1994), and Abd-Elmotaal
(1998). The terrain reduction computations are done using the TC-program (Forsberg, 1984) with the
modifications given by Abd-Elmotaal and Kiihtreiber (2003).

As stated above, the developed approach for generating the AFRgeo_v1.0 geoid model uses a tailored
global reference model for better fitting to the African gravity field to be used for filling-in the large

gravity data gaps. In order to create such a tailored model, Eq. (3.1) is re-written in the form

nma.

X N
n=N-+1 +Agwincof 2 (32)

N
w2 Agem

Agyin-rea = AgF — AgT1win — A8GM

where n,,,, 1s the upper used degree of the global reference model and N is the upper degree of the
generated tailored model. The EGM2008 (Pavlis et al., 2012) has been used as the reference field in



3 Gravity Reduction

the current investigation with an upper degree n,,,, = 2160. The upper degree of the tailored model
has been set to N = 360. This means that only the lower harmonic coefficients till degree and order N
will be tailored, while the other coefficients from N + 1 till n,,,,, Will keep their values as the EGM2008
model. Accordingly, in order to get theoretically zero reduced anomalies, the left hand side of Eq. (3.2)
is set to zero, and the contribution of the tailored reference model to the gravity anomalies Aggay, is thus

computed from the following expression

Nmax

N N
Agemy |,_, = AgF — AgTIwin — AZEGM2008 |,_y ., + A8wincorf |,_, - (3.3)

The large data gaps are filled, as mentioned above, by a 30’ x 30’ underlying grid using the tailored model,
generated through an iterative scheme. For the first iteration step, the underlying grid is generated from
the tailored model AFR2013 (Abd-Elmotaal et al., 2015a) available to degree and order N = 360. Hence
the free-air anomalies for the underlying grid are computed by

N
AgFunderlying = AgGlMAFRZOlB‘ n=2 " (3'4)

Eq. (3.3) is used to generate the contribution of the underlying grid to the gravity anomalies used to esti-
mate the tailored reference model. For the successive iteration steps, the free-air anomalies are computed

from the previously estimated tailored model as follows

Nmax

N
Agﬂmdmymg = AgGMT,.f1 ., TAgEGM2008 Nl " 3.5

The reduced gravity anomalies are interpolated using an unequal weight least-squares interpolation
technique (Moritz, 1980) on a 30’ x 30/ grid with the following standard deviations: 6,4, = 1 mGal,
GSshipborne = 3 mGal, Saltimetry = 5mGal, Sunderlying grid = 10 mGal.

The lower harmonic coefficients of the tailored geopotential model for Africa, till degree and order N,

have been computed using two harmonic analysis techniques:
 Least-squares harmonic analysis technique (Heck and Seitz, 1991),
* FFT harmonic analysis technique (Abd-Elmotaal, 2004).

The higher harmonic coefficients (N + 1 < n < n,,,) are kept as their values of EGM2008 model, as
mentioned above (cf. Eq. (3.2)).

The process of creating a tailored reference model for Africa, used to generate the underlying grid at the
large data gaps, has been iteratively implemented. The iteration process has been terminated after the
second iteration where no significant improvement (standard deviation below 0.7 mGal) in the reduced
anomaly field has been achieved. The latest tailored model is then used to generate the underlying grid
(see sec. 4). More details on the creation of the tailored model and its iterative approach is found in
Abd-Elmotaal et al. (2015b).

Figure 3.1 shows the reduced gravity anomalies for the AFRgeo_v1.0 geoid model, computed by
Eq. (3.2), after being gridded on a 5’ x 5’ grid using the interpolation technique described in sec. 4.
These anomalies range between —466.5 mGal and 297.8 mGal with an average of —1.1 mGal and a
standard deviation of 20.3 mGal. The white pattern in Fig. 3.1 indicates anomalies below 10 mGal in

magnitude.
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Figure 3.1: The 5’ x 5 reduced anomalies AgC for the AFRgeo_v1.0 geoid model. Units in [mGal].

win-red

3.2  Gravity Reduction for AFRgeo-EIGEN-6C4 Geoid Model

The gravity reduction approach for the AFRgeo-EIGEN-6C4 geoid model avoids the use of the topo-
graphic-isostatic reduction and uses the EIGEN-6C4 global combined geopotential model, complete to
degree and order 2190, as reference field. Accordingly, the reduction step is given by

2190

Agred = Agr — AGEIGEN-6C4 |,_, (3.6)

where Ag,.; refers to the reduced gravity anomalies, AgriGen-6c4 Stands for the contribution of the
EIGEN-6C4 global reference geopotential model, from degree 2 to degree 2190.

The free-air anomalies for the underlying grid Agp,

underlying are ComPUted by

Nmax

N
AgFunderlying = AgGMT n=2 +AgEGM2008 n=N+1 (3.7)

where Aggu, is the contribution of the latest tailored reference model, computed in sec. 3.1, on a 30" x 30/
grid covering the African window (40°S < ¢ < 42°N, 20°W < A < 60°E). Eq. (3.6) is then used to
compute the reduced anomalies for the underlying grid for the AFRgeo-EIGEN-6C4 geoid model.
Figure 3.2 shows the reduced anomalies for the AFRgeo-EIGEN-6C4 geoid model, computed by
Eq. (3.6), after being gridded on a 5’ x 5’ grid using the interpolation technique described in sec. 4.
These anomalies range between —779.3 mGal and 270.8 mGal with an average of —2.4 mGal and a
standard deviation of 19.2 mGal. The white pattern in Fig. 3.2 indicates anomalies below 10 mGal in
magnitude.

Table 3.1 illustrates the statistics of the free-air and reduced anomalies using the two different reduction
techniques for each data region. Comparing Figs. 3.1 and 3.2 shows that the window-reduced anoma-
lies for the AFRgeo_v1.0 geoid model are smaller in size than those for the AFRgeo-EIGEN-6C4 geoid
model, especially at the continent region. Table 3.1 also confirms the above conclusion showing that
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Figure 3.2: The 5’ x 5’ reduced anomalies Ange 4 for the AFRgeo-EIGEN-6C4 geoid model. Units in [mGal].

the range of the reduced anomalies for the AFRgeo_v1.0 geoid model is less than that for the AFR-
2eo-EIGEN-6C4 by 37%. Also the reduced anomalies for the AFRgeo_v1.0 are more centered than
those for the AFRgeo-EIGEN-6C4. The standard deviation of the reduced anomalies for the AFR-
geo_v1.0 geoid model is, however, only 1 mGal larger than that for the AFRgeo-EIGEN-6C4 geoid

model.

Table 3.1: Statistics of the free-air and reduced gravity anomalies using the two different reduction techniques

Reduction No. of Statistical parameters

technique Region data min max mean std
and geoid model points mGal mGal mGal mGal
Land 96,472 | —624.47 | 452.80 1.86 | 60.71
Free-air Shipborne 971,945 | —238.30 | 364.80 | —6.48 | 40.43
Altimetry 119,249 | —172.23 | 172.73 3.98 18.59
Total 1,187,666 | —624.47 | 452.80 | —4.76 | 41.05
Land 96,472 | —466.46 | 297.77 0.18 | 23.92
window-reduced Shipborne 971,945 | —187.24 | 184.50 —1.57 | 20.64
AFRgeo_v1.0 Altimetry 119,249 | —158.73 | 137.51 1.90 12.66
Total 1,187,666 | —466.46 | 297.77 —1.08 | 20.31
Land 96,472 | —779.34 | 270.80 | —10.25 | 54.02
no terrain reduction Shipborne 971,945 —70.10 67.96 —2.53 | 11.56
AFRgeo-EIGEN-6C4 | Altimetry 119,249 | —161.79 97.45 5.37 | 10.03
Total 1,187,666 | —779.34 | 270.80 —2.36 | 19.17
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4  Interpolation Technique

For both reduced anomalies types of the current investigation, an unequal weight least-squares interpola-
tion technique (Moritz, 1980) on a 5’ x 5’ grid covering the African window (40°S < ¢ <42°N, 20°W <
A < 60°E) took place with the following standard deviations: 6., = 1 mGal, Oshipborne = 3 mGal,
Oultimerry = 3 MGal, Cundertying gria = 20mGal. The free-air anomalies for the underlying grid are com-
puted using Eq. (3.7) on a 15’ x 15" unregistered grid with the final output grid for the data gaps only
(i.e., the underlying grid is shifted by half of the grid cell of the output grid) employing the latest tai-
lored reference model computed in sec. 3.1. The reduction strategies described in sec. 3 are then applied
for both geoids under investigation. The interpolation process yields 5’ x 5’ gridded reduced anoma-
lies Agffin_re , for the AFRgeo_v1.0 geoid model and 5" x 5 gridded reduced anomalies Agg 4 for the
AFRgeo-EIGEN-6C4 geoid model.

It is worth mentioning that Figs. 3.1 and 3.2 showing the 5’ x 5’ reduced anomalies Agﬁin_re 4 and Ange y
for the AFRgeo_v1.0 and AFRgeo-EIGEN-6C4 geoid models, respectively, are generated from gridded
anomalies using the unequal weight least-squares interpolation technique employing the relative standard

deviations described above.

5 Geoid Determination

The contribution of the reduced gravity anomalies to the geoid NAGgW,-n.red and Nfgwd have been computed
using the 1-D FFT technique (Haagmans et al., 1993; Sideris and Li, 1993) for the AFRgeo_v1.0 and
AFRgeo-EIGEN-6C4 geoid models, respectively, on a 5’ x 5’ grid covering the African window (40°S <
0 < 42°N, 20°W < A < 60°E). The different restore steps for the developed geoids within the current

investigation are described in the following subsections.

10 20 30 40

Figure 5.1: The AFRgeo_v1.0 geoid model before scaling. Contour interval: 2 m.

10



5 Geoid Determination

5.1 The AFRgeo_v1.0 Geoid Model

The restore step for the AFRgeo_v1.0 geoid model follows the window technique (Abd-Elmotaal and
Kiihtreiber, 1999, 2003). The geoid undulation on the computed 5 x 5’ grid Ny p,,, ,1 o for the AFR-
geo_v1.0 geoid model is mathematically given by

G Nmax

NSrreeo v1.0 = Nigooros + Nerwin T Noa, Lz + NEGa2008 |, s — Neincof :]=2 ) (5.1
where Nggwm_md gives the contribution of the reduced gravity anomalies Aggin_re , computed using the 1-D
FFT technique, NTGIWm gives the contribution of the topography and its compensation (the indirect effect)
for the same fixed data window as used for the remove step, ijmwf stands for the contribution of the
dimensionless harmonic coefficients of the topographic-isostatic masses of the data window, NgGMZOOS
gives the contribution of the EGM2008 geopotential model (from degree N + 1 to degree n,,,4,) and NgMT
is the contribution of the tailored geopotential model (from degree 2 to degree N).
Figure 5.1 illustrates the AFRgeo_v1.0 geoid model before scaling. The values of the AFRgeo_v1.0

before scaling range between —58.87 m and 49.12 m with an average of 3.83 m and a standard deviation
of 21.70 m.

5.2 The AFRgeo-EIGEN-6C4 Geoid Model

The restore step for the case of the AFRgeo-EIGEN-6C4 geoid model is more simple. The geoid un-

dulation on the computed 5" x 5’ grid NAGFRg co-E1GEN-6c4 TOT the AFRgeo-EIGEN-6C4 geoid model can
easily be given by

2190

- (5.2)

G _ G G
NArRreeo-EIGEN-6c4 = Nag,.y T NEIGEN-6c4

IR
N o

& © o

T

B W WN =
N O O B 0N

& d b i
o B~

20 -10 0 10 20 30 40
Figure 5.2: The AFRgeo-EIGEN-6C4 geoid model before scaling. Contour interval: 2 m.
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where NAGgred stands for the contribution of the reduced gravity anomalies Agg , computed using 1-D FFT
technique and NgIGEN_6C4 gives the contribution of the EIGEN-6C4 geopotential model (from degree 2
to degree 2190).

Figure 5.2 illustrates the AFRgeo-EIGEN-6C4 geoid model before scaling. The values of the AFR-
geo-EIGEN-6C4 before scaling range between —58.24 m and 47.24 m with an average of 4.90 m and a

standard deviation of 20.85 m.

6  Geoid Scaling

Unfortunately, there are no GNSS data available with known orthometric height covering the conti-
nent of Africa. Accordingly, the computed geoids are scaled using the GOCE satellite-only model
GO_CONS_GCF_2_DIR_RS5 (shortly in the sequel “DIR_R5 model”), complete to degree and order
280, which represents the best available global geopotential model approximating the African gravity
field (Abd-Elmotaal, 2015). A planar trend surface, computed through a least-squares regression tech-
nique, has been used to scale the computed geoids within the current investigation.

Figure 6.1 (a) shows the difference between AFRgeo_v1.0 and DIR_RS5 geoids. These differences range
between —71.26 m and 16.93 m with an average of —7.90 m and a standard deviation of 12.41 m. Fig-
ure 6.1 (b) shows the planar trend surface computed by least-squares regression of the difference between
AFRgeo_v1.0 and DIR_RS geoid.

Figure 6.1: (a) Difference between AFRgeo_v1.0 and DIR_RS geoids, (b) plane trend surface computed by least-squares re-
gression of the difference between AFRgeo_v1.0 and DIR_RS geoid. Contour interval: 5 m.

12



6 Geoid Scaling

Figure 6.2 shows the AFRgeo_v1.0 scaled geoid after removing the trend surface illustrated in Fig. 6.1 (b).
The values of the AFRgeo_v1.0 geoid range between —49.86 m and 71.88 m with an average of 11.73 m

and a standard deviation of 20.94 m.
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Figure 6.2: The AFRgeo_v1.0 scaled geoid model. Contour interval: 2 m.
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Figure 6.3 (a) shows the difference between AFRgeo-EIGEN-6C4 and DIR_RS geoids. These differ-
ences range between —100.95m and 14.13 m with an average of —6.83 m and a standard deviation of

11.94 m. Figure 6.3 (b) shows the planar trend surface computed by least-squares regression of the dif-
ference between AFRgeo-EIGEN-6C4 and DIR_RS geoid.

@ - (b)

Figure 6.3: (a) Difference between AFRgeo-EIGEN-6C4 and DIR_RS geoids, (b) plane trend surface computed by least-
squares regression of the difference between AFRgeo-EIGEN-6C4 and DIR_RS geoid. Contour interval: 5 m.

Figure 6.4 shows the AFRgeo-EIGEN-6C4 scaled geoid after removing the trend surface illustrated in
Fig. 6.3 (b). The values of the AFRgeo-EIGEN-6C4 geoid range between —51.03 m and 69.03 m with
an average of 11.73 m and a standard deviation of 20.41 m.

-20 -10 0 10 20 30 40

Figure 6.4: The AFRgeo-EIGEN-6C4 scaled geoid model. Contour interval: 2 m.

50
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7 Geoid Comparison

It should be noted that there is a strange anomaly behaviour in the high mountainous area of Morocco.

This phenomenon is being under deep investigation.

7  Geoid Comparison

The first geoid model for Africa AGP2003 has been developed by Merry et al. (2005). Figure 7.1 illus-
trates the AGP2003 geoid model for Africa. The values of the AGP2003 geoid model range between
—53.03 m and 56.13 m with an average of 11.97 m and a standard deviation of 20.26 m.

As the AGP2003 geoid model has used the EGM96 (Lemoine et al., 1998) as reference model, it is
interesting to compute the difference between the AGP2003 and EGM96 geoid models. Figure 7.2
shows the difference between the AGP2003 geoid model and the geoid undulation computed by EGM96,
complete to degree and order 360. These differences range between —10.96 m and 10.01 m with an
average of —0.39m and a standard deviation of 0.87 m. The light yellow pattern in Fig. 7.2 indicates
differences below 2 m in magnitude. Figure 7.2 shows clearly that the AGP2003 is mainly the EGM96
geoid. This may come from the fact that the AGP2003 geoid model has been computed using 5’ x 5’
mean gravity anomalies developed at Leeds University (cf. Merry et al., 2005).

It is rather more interesting to compare the AGP2003 geoid model with the AFRgeo_v1.0 geoid model
developed in the current investigation. Figure 7.3 shows the difference between the scaled AFRgeo_v1.0
and the AGP2003 geoid models. These differences range between —12.26 m and 47.15 m with an average
of 2.32m and a standard deviation of 5.36 m. The light yellow pattern in Fig. 7.3 indicates differences
below 5 m in magnitude. Figure 7.3 shows significant differences between the two geoids in the middle
region of Africa. This is due to the fact that more point gravity data values are inherent in the solution of
the AFRgeo_v1.0 geoid model. Accordingly, it is considered as a progress of the geoid model for Africa.
Again, in the high mountainous part of Morocco there is a high anomaly difference, which is, as stated
above, under deep investigation.

a o
N

» oo

B W ON = =
N OO R N

o B
A

O N W WD DO
5 OO0 N ® BN

60

-20 -10 10 20 30 40
Figure 7.1: The AGP2003 geoid model, after Merry et al. (2005). Contour interval: 2 m.
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Figure 7.2: Difference between the AGP2003 geoid model and the geoid undulation computed by the EGM96 geopotential
model (up to degree and order 360). Units in [m].

Let us compare the two geoids computed within the current investigation. Figure 7.4 shows the difference
between the AFRgeo_v1.0 and AFRgeo-EIGEN-6C4 scaled geoid models. These differences range
between —7.47 m and 31.66 m with an average of 3.75 m and a standard deviation of 3.24 m. The light
yellow pattern in Fig. 7.4 indicates differences below 5 m in magnitude. Figure 7.4 illustrates that most

T T T T T T T
-20 -10 0 10 20 30 40 50

Figure 7.3: Difference between the scaled AFRgeo_v1.0 and the AGP2003 geoid models. Units in [m].

16



8 Conclusions
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Figure 7.4: Difference between the AFRgeo_v1.0 and AFRgeo-EIGEN-6C4 scaled geoid models. Units in [m].

of the area, apart from Morocco and a small region in the middle Africa, has differences between the two

geoids below 5m.

8 Conclusions

In this paper, two geoid models for Africa have been determined. The first one, the AFRgeo_v1.0
geoid model, is based on the non-ambiguous window remove-restore technique employing a tailored
geopotential model, complete to degree and order 2160, used in the reduction process as well as in
filling the large data gaps by the so-called underlying grid. The process of computing the tailored model
follows a lengthy iterative process. The second geoid model, AFRgeo-EIGEN-6C4, avoids the use of the
topographic-isostatic reduction and uses the recent global combined geopotential model EIGEN-6C4,
complete to degree and order 2190, as the reference field. It also used the same tailored model computed
in the first approach to fill in the large data gaps.

The reduced anomalies for the AFRgeo_v1.0 geoid model are better (especially on land) because they
are centered, smoother and have less range than those of the AFRgeo-EIGEN-6C4 geoid model (cf.
Figs. 3.1 and 3.2). Hence, they give less interpolation errors, especially in the large gravity data gaps. The
reduced gravity data for both geoid models were interpolated using an unequal least-squares interpolation
technique, giving the land data the highest precision, the sea data a moderate precision and the underlying
grid the lowest precision.

The geoids are computed using the 1-D FFT technique, and the proper restore steps have been carried
out for both geoids at hand. The computed geoids have been scaled to the DIR_R5 GOCE model. The
computed AFRgeo_v1.0 geoid model for Africa has been compared to the former geoid model AGP2003,
where significant improvements are obtained. The two geoids computed in the current investigation are

compared, where some intermediate differences are visible.
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Finally we would like to introduce the AFRgeo_v1.0 scaled geoid model as the new geoid model for
Africa, because its reduced gravity anomalies are smoother, which produce less interpolation errors as
stated above. It is worth mentioning here that in order to have a better judge on the geoid quality of Africa,
a reasonably well distributed GNSS network with known orthometric heights is essentially needed. The
International Association of Geodesy (IAG) and its sister bodies are cordially invited to help in achieving

this important goal.
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