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Abstract: Astronomic azimuths had been used for orienting old surveys in Ghana. With 

technological advancement and the development of simpler but accurate equipment and techniques 

for measurement, this has been replaced by the use of the Global Navigational Satellite System 

(GNSS) techniques such as the Global Positioning System(GPS). However, the use of these for 

azimuth determinations results in a different type of azimuth as opposed to astronomic azimuths 

previously used. For retracing some of those old surveys based on Astronomical coordinates, the 

relationship and convertibility between the different azimuths is imperative. In this exploration, the 

relationship and precision of both techniques were tested on various baselines located in different 

parts of the country. This involved the computation of Astronomic, Geodetic and Grid Azimuths 

between pairs of points to form several baselines. These baselines span from the Southern to the 

Middle belt portions of the Country where triangulations have been done, as some of these 

triangulation stations were Laplace stations that have both astronomic and geodetic coordinates 

determined for them. The results were investigated in terms of effect of using the convergence and 

t-T correction to convert between the set of azimuths. The results show that Geodetic Azimuths 

could be converted to grid coordinates and vice versa to accuracies of mean 0° 0ʹ 0.56ʺ and standard 

deviation ± 5.6 seconds. However, for Astronomic to Grid Azimuths, without correcting for 

Deflection of vertical, the conversion is accurate only to mean differences of 0° 1ʹ 25.3ʺ with standard 

deviation ± 0° 8ʹ 21.5ʺ. The results show the necessity of the Laplace correction for vertical deflection 

in astronomic azimuths in addition to the convergence and t-T correction and recommends the 

provision of country-wide deflection corrections. 

Keywords: Grid Azimuth, Geodetic Azimuth, Astronomic Azimuth, Laplace Stations, 

Convergence, Arc to Chord Correction, Deflection of Vertical 

 

1. Introduction 

1.1. Background 

The Azimuth of a line is the horizontal angle measured clockwise from the true north 

baseline to the direction of the line. It is often derived from astronomical observations that 

may also result in astronomical coordinates (𝜙𝐴,𝜆𝐴) at the two ends of the line. On the 

other hand, the geodetic bearing (azimuth) is obtained from the geodetic coordinates 

(𝜙𝐺 , 𝜆𝐺) at the ends of the line as determined using GNSS techniques. Such geodetic 

coordinates are defined based on a mathematically defined best-fit ellipsoid such as the 

WGS84 ellipsoid or the specific ellipsoid defined and used for the country. By definition, 

the latitude is obtained as the angle the normal to the ellipsoid surface through a point 

makes with the equatorial axis, and longitude as the angle between the Meridian through 

a point and that of Greenwich. Grid Azimuths result from the projection of Geodetic 
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coordinates onto the plane using an accepted projection methodology and then measuring 

the clockwise angle between an accepted reference meridian and a straight line to the 

azimuth point.  

Very often, different countries assume and use ellipsoids different from the WGS84 

definition used in GNSS calculations, and hence the geodetic coordinates defined based 

on these chosen ellipsoids could be different from those defined on the WGS84 ellipsoid, 

as well as the astronomic ones. Astronomic coordinates on the other hand are not 

referenced to an ellipsoid surface but to the geoid surface. This makes it obvious that, the 

values of the three quantities (Geodetic coordinates from GNSS observations based on 

WGS84 ellipsoid, Geodetic coordinates based on the country’s chosen ellipsoid, and the 

Astronomical coordinates) may not coincide.  

Directions of lines (bearings or azimuths) are based upon the size of an angular arc 

from a reference meridian or North. The Geodetic North is defined by the mean rotational 

axis of the earth and hence geodetic bearings are defined referenced to this true north. The 

Grid North is a based upon a map projection system that has adopted a meridian usually 

the country’s central meridian as its reference. Bearings based on this north are the Grid 

bearings. The Astronomical (Celestial) North is based upon a projection of the earth’s 

polar axis onto a celestial horizon and bearings based on these constitute the Astronomic 

bearings or Azimuths. Therefore, bearings or azimuths would show differences based on 

the choice of referencing North Meridians. Astronomic North would coincide with the 

geodetic north only when it is corrected for the deflection of the vertical. Pierre Simon, 

Marquis de Laplace (1749-1827), has defined a mathematical relationship between 

Astronomic and geodetic azimuths known as the “Laplace correction” [1]. This correction 

is often overlooked because it is deemed not significant.  

Before the introduction of electronic surveying instruments, azimuths were 

conventionally obtained from observation of different celestial bodies leading to 

Astronomical azimuths. This method was widely used in the establishment of old 

geodetic control networks. Therefore, most old surveys have been based on a series of 

astronomic observations, whereas newer ones are based on National Grid coordinates 

developed later and most recently on Geodetic coordinates from GNSS measurements. 

Thus some old boundary retracement projects could involve re-establishing those that 

have been based purely on conventional astronomic coordinates. The use of newer 

equipment for such retracement is possible only if there are some verifiable conversion 

between the various types of azimuths.   

Astronomic Azimuths in Ghana has been traditionally converted into Grid Bearings 

for short lines by applying Grid convergence corrections. For longer lines it is 

recommended to modify this formula slightly to include additionally an arc to chord 

correction factor (so called T-t correction). This work investigates the appropriateness of 

this formula and hence find a tie evidence between Grid Azimuths, Geodetic Azimuths 

and Astronomic azimuths and coordinates in Ghana for the applicability and resulting 

consequences of using newer techniques for retracement of old works that were based 

purely on astronomical observations.  

2. Theoretical Relationship between azimuths 

The azimuth of a line is the direction given by the angle between a reference meridian 

and the line measured in a clockwise direction [2]. Based on the referencing Meridian, we 

may define Astronomical Azimuths with reference to the Celestial North based upon a 

projection of the earth’s polar axis onto a celestial horizon. For the Geodetic Azimuth, the 

referencing North is the Geodetic North defined by the mean rotational axis of the 

ellipsoid considered to coincide with the mean axis of the earth. For the Grid azimuth, the 

referencing Meridian is the Meridian adopted by a country as reference meridian, usually 

the country’s central meridian [3,4]. 
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The coordinate system used to define and determine astronomic quantities (azimuth, 

Latitude and longitude) is related to the physical earth, or the geoid as opposed to the 

ellipsoid used for geodetic coordinates and Grid coordinates [5,15]. 

Grid north refers to the direction northwards along the grid lines which have been 

projected as parallel straight lines instead of true meridian lines that converge at the poles. 

Thus there is a variation between the True North and the Grid North. This variation which 

is the Grid convergence is slightest along the central meridian of the map and greatest 

towards the edges of the map. Figure 1 shows this difference between the Grid north and 

Geodetic North or Astronomic North corrected for vertical deflection (DOV). 

 

Figure 1. Relation between Geodetic and Grid North 

In Figure 1,   is the geodetic azimuth reckoned from the Geodetic North, T is the 

Projected Geodetic Azimuth, t is the Grid Azimuth reckoned from the Grid North,   is 

the Grid convergence angle and   is a term called the (t-T) or the arc-to-chord correction 

term. 

From the above, it is shown that: 

t            (1) 

Grid Bearing = Astronomic(Geodetic) Azimuth - Convergence + ChordtoArc  (2) 

[6,7]. 

The commonest conversion adopted for determining convergence is the Gauss-

Bomford convention. In this convention, positions to the East of the Central Meridian 

would have positive convergence angles and positions west of the Central Meridian have 

negative angles [7].  

The Convergence correction is determined from [8] as: 

= 1 2 3 4Term Term Term Term       (3) 

where 

1  sin Term     
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 = convergence correction,   is the longitude of the station and 0  is the central 

meridian and   is the geodetic latitude of the station. 

The Arc-to-Chord correction (t-T) is due to the fact that the measured direction 

between two points is actually a curved line, on the surface of the ellipsoid. When 

projected onto a plane, the geodetic direction looks like an arc, rather than a straight line. 

Thus, the computed angle differs slightly from the plane angle (Figure 1). This difference 

is expressed by (t-T) correction   for the Transverse Mercator (Gauss-Kruger) type 

projection and is given by [9] as: 

 
 2 1 10

2 1 0=25.4 10
2

E E
N N E  

 
  

 
   (4) 

seconds where N1, E1, N2, E2 are the Northing and Easting of Points 1 and 2 respectively 

(in meters) and E0 is the false Easting of the CM (in meters). 

2.1. Relationship between the Astronomic and Geodetic Azimuths 

The “deflection of the vertical” is the difference between the astronomic meridian 

and the geodetic/ellipsoidal meridian [10]. This may also be regarded as the angle between 

the directions of the plumb line and the ellipsoidal normal at the same point. The 

deflection has two components ξ and η which depend directly on the shape of the geoid 

in the region.  

These components are expressed as: 

          (5) 

(North-South Component) 

  cos          (6) 
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(East-West Component) 

where φ, λ are the geodetic coordinates and Φ, Λ the corresponding astronomical 

coordinates [11,14]. 

The difference between the astronomic and geodetic azimuths is given by in [12,13]) 

as: 

tanA G A          (7) 

But 

  cos G          (8) 

Therefore, on substitution, we have: 

 
sin

cos
cos

A
A G A G G

A


    


      (9) 

and since cos∅𝐺 ≈ cos∅𝐴, we may write that 

 sinA G A G G           (10) 

This result is the Laplace's equation for azimuths. 

3. Methodology 

Eight key stations distributed within the triangulation framework of Ghana had 

Astronomic, geodetic and Projected Grid coordinates determined for them (Table 1). The 

Geodetic coordinates in this definition were both assumed for the adopted Ghana 

National Ellipsoid known as the Ghana War Office (GWO) and also for the World 

Geodetic System 1984 definition (WGS84) ellipsoid as obtained with GPS observations. 

These values were used to compute the Astronomic, Geodetic and Grid Azimuths for each 

conjugate point pairs forming different baselines. So also were the convergence at each 

station (eq. 3) and the arc-to-chord correction for each baseline (eq. 4) computed and the 

results given in Table 3. Figure 2 gives a summary of the complete methodology in a flow 

diagram. 
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Table 1. Geodetic and Astronomic Coordinates at Test Points. 

Stn Name 
Geodetic (GWO) Projected Grid (m) Astronomic 

Geodetic 

(WGS84) 

Latitude Longitude Northing Easting Latitude Longitude Latitude Longitude 

ACCRA 

(GOV,LODGE) 

005 

34 

37.46 

000 

10 

29.13 W 

100711.798 365735.877 

005 

34 

37.43 

000 

10 

27.45W 

005 

34 

47.52 

000 

10 

28.10 W 

AKUSE WEST 

END BASE 

(CFP215) 

006 

07 

29.844 

000 

00 

29.567 E 

161324.163 385897.719  

006 

07 

39.3 

000 

00 

26 E 

006 

07 

39.84 

000 

00 

30.62 E 

KUMASI 

PILLAR E4 

006 

41 

55.2 

001 

37 

25.4 W 

224691.268 205372.269 

006 

42 

04.5 

001 

37 

20.7 W 

006 

42 

05.14 

001 

37 

24.48 W 

OBUASI 

NORTH END 

BASE 

(CFP193) 

006 

12 

03.4 

001 

41 

26.30 W 

169670.392 197900.134 

006 

12 

13.2 

001 

41 

33.8 W 

006 

12 

13.40 

001 

41 

29.39 W 

APAM 

(GCS102) 

005 

16 

47.6 

000 

44 

04.84W 

67807.011 303724.288 

005 

16 

41.1 

000 

44 

00.6 W 

005 

16 

57.70 

000 

44 

03.85 W 

ODA NTS2 

005 

55 

13. 40 

000 

59 

44.6 W 

138603.193 274793.310 

005 

55 

20.4 

000 

59 

43.9 W 

005 

55 

23.43 

000 

59 

43.63 W 

NSUTA 

(CFP242) 

005 

16 

18.9 

001 

58 

23.6 W 

66997.025 166456.605 

005 

16 

22.5 

001 

58 

35.7 W 

005 

16 

29.01 

001 

58 

22.72 W 

LEGON (GCS 

121) 

005 

38 

52.27 

000 

11 

46.08 W 

108534.399 363357.189 

005 

38 

54.39 

000 

11 

52.65 W 

005 

39 

02.52 

000 

11 

45.05 W 

Source: Ghana Survey and Mapping Records. 
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Figure 2. Methodology flowchart. 

4. Results 

Table 2 and Table 3 shows the results of the calculation of Grid bearing, Geodetic 

azimuth, Astronomic Azimuth, convergence and the arc-chord corrections for each 

baseline. The convergence and arc to length correction are applied as corrections to the 

Astronomic and the geodetic Azimuths and the resulting corrected azimuths are 

compared to the corresponding Grid Azimuths. 
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Table 2. Computed azimuths, convergence and (t-T) corrections for baselines 

FROM  TO 

Length of 

Geodesic 

(m) 

Grid 

azimut

h 

ASTRONOMI

C BEARINGS 

CONVERG

ENCE 

ARC TO 

CHORD 

CORRECTION 

ACCRA 

(GOVERNOR'S 

LODGE T.P) 

AKUSE WEST 

END BASE 

(CFP 215) 

64112.37 
18°23' 

56.30" 
18°15'47.40" -0°4'48.89" -0°0'15.187" 

 
KUMASI 

PILLAR E4 
202843.76 

307°42'

29.30" 
307°52'21.08" -0°4'48.89" -0°0'12.016" 

 

OBUASI 

NORTH END 

BASE 

181862.07 
292°20'

10.56" 
292°28'24.73" -0°4'48.89" -0°0'6.245" 

 
APAM 

(GCS102) 
70241.31 

242°02'

54.75" 
241°56' 49.2" -0°4'48.89" 0°0'5.944" 

 ODA (NTS 2) 98651.08 
292°37'

08.92" 
292°48'39.87" -0°4'48.89" -0°0'5.911" 

 
NSUTA 

(CFP242) 
202549.22 

260°23'

50.74" 
260°31'39.38" -0°4'48.89" 0°0'2.151" 

 LEGON 8317.40 
343°05'

11.72" 
341°37'32.14" -0°4'48.89" -0°0' 1.810" 

       

AKUSE WEST END 

BASE (CFP 215) 

KUMASI 

PILLAR E4 
191117.22 

289°20'

30.58" 
289°28'32.38" -0°6'27.30" -0°0'8.32" 

 

OBUASI 

NORTH END 

BASE 

188337.53 
272°32'

31.20" 
272°39'05.77" -0°6'27.30" -0°0'1.04" 

 
APAM 

(GCS102) 
124729.48 

221°18'

12.25" 
221°10'20.02" -0°6'27.30" 0°0'20.10" 

 ODA (NTS 2) 113309.71 
258°26'

32.39" 
258°29' 50.72" -0°6'27.30" 0°0'4.32" 

 
NSUTA 

(CFP242) 
239212.36 

246°44'

22.08" 
246°49'43.04" -0°6'27.30" 0°0'9.26" 

 LEGON 57652.31 
203°07'

18.63" 
203°13'14.09" -0°6'27.30" 0°0'14.03" 

       

KUMASI PILLAR E4 

OBUASI 

NORTH END 

BASE 

55570.72 
187°44'

01.56" 
188° 02'56.18" 0°4'21.93" -0°0'10.04" 

 
APAM 

(GCS102) 
185617.43 

147°55'

02.37" 
147°55'57.83" 0°4'21.93" -0°0'14.49" 

 ODA (NTS 2) 110592.60 
141°07' 

02.82" 
141°07'14.28" 0°4'21.93" -0°0'10.07" 

 
NSUTA 

(CFP242) 
162745.44 

193°51'

44.75" 
193°57'39.30" 0°4'21.93" -0°0'32.98" 

 
LEGON (GCS 

121) 
195982.81 

126°19'

29.36" 
126°21'58.56" 0°4'21.93" -0°0'4.83" 
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OBUASI NORTH 

END BASE 

APAM 

(GCS102) 
147530.21 

133°54'

34.59" 
133°52'55.72" 0°4'28.57" -0°0'10.70" 

 ODA (NTS 2) 83214.73 
112°00'

0.78" 
111°55'03.17" 0°4'28.57" -0°0'0.4.03" 

 
NSUTA 

(CFP242) 
107622.57 

197°01'

37.60" 
197°00'04.05" 0°4'28.57" -0°0'22.78" 

 
LEGON (GCS 

121) 
176534.16 

110°16'

44.95" 
110°16'29.92" 0°4'28.57" -0°0'3.32" 

       

APAM (GCS102) ODA (NTS 2) 76931.86 
337°46'

28.94" 
337°50'34.14" -0°1'27.90" -0°0'3.57" 

 
NSUTA 

(CFP242) 
137798.30 

269°39'

54.43" 
269°49'10.54" -0°1'27.90" -0°0'0.03" 

 
LEGON (GCS 

121) 
72197.28 

055°40'

05.37" 
055°21'53.94" -0°1'27.90" -0°0'5.13" 

       

ODA (NTS 2) 
NSUTA 

(CFP242) 
130275.04 

236°32'

12.89" 
236°35'42.60" -0°0'1.59" -0°0'6.52" 

 
LEGON (GCS 

121) 
93384.09 

108°45'

11.29" 
108°53'06.89" -0°0'1.59" 0°0'2.30" 

       

NSUTA (CFP242) 
LEGON (GCS 

121) 
201429.76 

78°05'1

5.96" 
078°01'07.71" 0°5'21.95" 0°0'4.48" 

 

4.1. Investigating Convergence and t-T Correction on Astronomic, Geodetic and Grid 

Azimuths 

In order to investigate the adequacy of using convergence to convert Astronomic 

Azimuths to Grid Azimuths in Ghana, convergence values computed for each of the 

stations is applied to the Astronomic Azimuths. This is expected in theory, if deflection of 

the vertical is considered negligible, to convert the Astronomic Azimuths into their 

respective grid Azimuths. The results are presented in Table 3.
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Table 3. Correction to Azimuths. 

From To 

Raw 

Astronomic 

Azimuth 

Conv. (t-T) 

Corrected 

Astro 

Azimuth 

Grid 

Azimuth 

Geodetic 

Azimuth 

(WO) 

Cor. 

Geodetic 

azimuth 

Geodetic 

Azimuth 

(ITRF) 

ACCRA 

(GOVERNOR'

S LODGE T.P) 

AKUSE 

WEST END 

BASE (CFP 

215) 

18°15'47.40" -0°4'48.89" -0°0'15.187" 18°10'43.32" 18°23' 56.30" 018° 29'00.25" 018°23'56.40" 018°29'00.64'' 

ACCRA 

(GOVERNOR'

S LODGE T.P) 

KUMASI 

PILLAR E4 
307°52'21.08" -0°4'48.89" -0°0'12.016" 307°47'20.17" 307°42'29.30" 307°47'30.06" 307°42'28.80" 307°47'30.60'' 

ACCRA 

(GOVERNOR'

S LODGE T.P) 

OBUASI 

NORTH 

END BASE 

292°28'24.73" -0°4'48.89" -0°0'6.245" 292°23'29.59" 292°20'10.56" 292°25'05.34" 292°20'09.60" 292°25'05.90'' 

ACCRA 

(GOVERNOR'

S LODGE T.P) 

APAM 

(GCS102) 
241°56' 49.2" -0°4'48.89" 0°0'5.944" 241°52'06.25" 242°02'54.75" 242° 07'17.61" 242° 02'34.80" 242°07'18.08'' 

ACCRA 

(GOVERNOR'

S LODGE T.P) 

ODA (NTS 

2) 
292°48'39.87" -0°4'48.89" -0°0'5.911" 292°43'45.07" 292°37'08.92" 292°42'03.58" 292°37'08.40" 292°42'04.04'' 

ACCRA 

(GOVERNOR'

S LODGE T.P) 

NSUTA 

(CFP242) 
260°31'39.38" -0°4'48.89" 0°0'2.151" 260°26'52.64" 260°23'50.74" 260°28'36.39" 260°23'49.20" 260°28'37.13'' 

ACCRA 

(GOVERNOR'

S LODGE T.P) 

LEGON 341°37'32.14" -0°4'48.89" -0°0' 1.810" 341°32'41.44" 343°05'11.72" 343°10'01.72" 343°05'09.60" 343°10'03.51'' 

AKUSE WEST 

END BASE 

(CFP 215) 

KUMASI 

PILLAR E4 
289°28'32.38" -0°6'27.30" -0°0'8.32" 289°21'56.76" 289°20'30.58" 289°27' 06.20" 289°20' 31.20" 289°27'07.21'' 
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AKUSE WEST 

END BASE 

(CFP 215)  

OBUASI 

NORTH 

END BASE 

272°39'05.77" -0°6'27.30" -0°0'1.04" 272°32'37.43" 272°32'31.20" 272°38'59.26" 272°32'31.20" 272°38'59.82'' 

AKUSE WEST 

END BASE 

(CFP 215) 

APAM 

(GCS102) 
221°10'20.02" -0°6'27.30" 0°0'20.10" 221°04'12.82" 221°18'12.25" 221°24' 19.47" 221°18' 10.80" 221°24'19.90'' 

AKUSE WEST 

END BASE 

(CFP 215) 

ODA (NTS 

2) 
258°29' 50.72" -0°6'27.30" 0°0'4.32" 258°23'27.74" 258°26'32.39" 258°32'55.31" 258°26'31.20" 258°32'56.16'' 

AKUSE WEST 

END BASE 

(CFP 215) 

NSUTA 

(CFP242) 
246°49'43.04" -0°6'27.30" 0°0'9.26" 246°43'25.00" 246°44'22.08" 246°50'39.63" 246°44'20.40" 246°50'40.24'' 

AKUSE WEST 

END BASE 

(CFP 215) 

LEGON 203°13'14.09" -0°6'27.30" 0°0'14.03" 203°07'00.82" 203°07'18.63" 203°13'32.00" 203°07'19.20" 203°13'32.40'' 

KUMASI 

PILLAR E4 

OBUASI 

NORTH 

END BASE 

188° 02'56.18" 0°4'21.93" -0°0'10.04" 188°07'08.07" 187°44'01.56" 187°39'48.85" 187°44'02.40" 187°39'49.25'' 

KUMASI 

PILLAR E5 

APAM 

(GCS102) 
147°55'57.83" 0°4'21.93" -0°0'14.49" 148°00'05.27" 147°55'02.37" 147°50'54.93" 147°55'01.20" 147°50'55.25'' 

KUMASI 

PILLAR E6 

ODA (NTS 

2) 
141°07'14.28" 0°4'21.93" -0°0'10.07" 141°11'26.14" 141°07' 02.82" 141°02'50.96" 141°07'01.20" 141°02'51.34'' 

KUMASI 

PILLAR E7 

NSUTA 

(CFP242) 
193°57'39.30" 0°4'21.93" -0°0'32.98" 194°01'28.25" 193°51'44.75" 193°47'56.90" 193°51'46.80" 193°47'57.33'' 

KUMASI 

PILLAR E8 

LEGON 

(GCS 121) 
126°21'58.56" 0°4'21.93" -0°0'4.83" 126°26'15.66" 126°19'29.36" 126°15'12.28" 126°19'30.00" 126°15'12.57'' 

OBUASI 

NORTH END 

BASE 

APAM 

(GCS102) 
133°52'55.72" 0°4'28.57" -0°0'10.70" 133°57'13.59" 133°54'26.84" 133°50'16.62" 133°54'36.00" 133°50'16.97'' 

OBUASI 

NORTH END 

BASE 

ODA (NTS 

2) 
111°55'03.17" 0°4'28.57" -0°0'0.4.03" 111°59'27.74" 112°00'00.78" 111°55'35.77" 112°00'00.00" 111°55'36.25'' 
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OBUASI 

NORTH END 

BASE 

NSUTA 

(CFP242) 
197°00'04.05" 0°4'28.57" -0°0'22.78" 197°04'09.84" 197°01'37.60" 196°57'33.81" 197°01'40.80" 196°57'34.26'' 

OBUASI 

NORTH END 

BASE 

LEGON 

(GCS 121) 
110°16'29.92" 0°4'28.57" -0°0'3.32" 110°20'55.17" 110°16'44.95" 110°12'19.48" 110°16'44.40" 110°12'19.75'' 

APAM 

(GCS102) 

ODA (NTS 

2) 
337°50'34.14" -0°1'27.90" -0°0'3.57" 337°49'02.67" 337°46'21.14" 337° 48'00.41" 337° 46'30.00" 337°48'00.86'' 

APAM 

(GCS102) 

NSUTA 

(CFP242) 
269°49'10.54" -0°1'27.90" -0°0'0.03" 269°47'42.61" 269°39'54.43" 269°41'20.67" 269°39'54.00" 269°41'21.39'' 

APAM 

(GCS102) 

LEGON 

(GCS 121) 
055°21'53.94" -0°1'27.90" -0°0'5.12" 055°20'20.92" 055°40'05.37" 55°41'20.24" 055°39'46.80" 055°41'20.52'' 

ODA (NTS 2) 
NSUTA 

(CFP242) 
236°35'42.60" -0°0'1.59" -0°0'6.52" 236°35'34.49" 

236°32'12.89" 

 
236°32'20.52" 236°32'13.20" 236°32'21.39'' 

ODA (NTS 2) 
LEGON 

(GCS 121) 
108°53'06.89" -0°0'1.59" 0°0'2.30" 108°53'07.60" 

108°45'11.29" 

 
108°45'10.61" 108°45'10.80" 108°45'10.91'' 

NSUTA 

(CFP242) 

LEGON 

(GCS 121) 
078°01'07.71" 0°5'21.95" 0°0'4.48" 078°06'34.14" 

78°05'15.96" 

 
77°59'49.53" 78°05'16.80" 077°59'48.86'' 
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4.2. Analysis of Results 

It was expected that the astronomic azimuths corrected for convergence and arc to 

chord would be comparable to the Grid azimuths. However, as shown in Table 3, a mean 

difference of 0° 1ʹ 55.92ʺ with variations of from 0° 0ʹ 6.23ʺ to 1° 32ʹ 30.12ʺ was noticed. 

These obtained differences are the result of the fact that, the deflection of the vertical 

values is not negligible as has been assumed, so the astronomic azimuths do not 

adequately approximate to geodetic azimuths. Therefore, the application of convergence 

and arc to chord corrections alone is not sufficient to convert them into grid azimuths. 

This limitation is also revealed in the differences observed between the Astronomic and 

the geodetic azimuths shown in Table 3. An examination of the Astronomic and Geodetic 

coordinates based on the adopted GWO ellipsoid shows that at Accra-Gov.Lodge, the two 

values were closest differing only due to the adjustment done to the initial triangulation 

network involving this point, and Legon that is (Astro= Lat. 005°   34 ʹ 37.43 ʺ Long. 000° 

10 ʹ 27.45 ʺ W; GWO=Lat. 005° 34ʹ 37.46 ʺ Long. 000° 10 ʹ 29.13 ʺ W). This is understandable 

as this was also the point whose initial astronomic coordinates was accepted as base 

coordinates for building the framework. There were however differences between the two 

at other stations. 

With the geodetic azimuths, it is noticed that when they are corrected using the 

convergence and t-T correction, they exactly modelled the grid azimuths with mean 

residuals of 0° 0ʹ 0.95ʺ with variations of 0° 0ʹ 00ʺ up to 0° 0ʹ 20.09ʺ for the Ghana ellipsoid 

and mean residual of 0° 0ʹ 0.56ʺ with variations from 0° 0ʹ 00ʺ up to 0° 0ʹ 17.72ʺ when the 

ITRF geodetic values are used. These results show that the Ghana National ellipsoid has 

its rotational axis well aligned with the ITRF ellipsoid. 

5. Conclusions and Recommendation 

It is concluded that whereas, the difference between the geodetic azimuths and the 

grid azimuths is exactly modelled through the convergence and arc to chord correction, 

the astronomic azimuths directly do not represent true geodetic azimuths unless they 

have been corrected for the deflection of the vertical. The validity of the conversion 

method that is used in Ghana for converting astronomic azimuths directly into Grid 

bearings need to be re-examined to include application of the vertical deflections. Thus 

for retracement of old surveys, GPS survey and traditional astronomic observations may 

not be used interchangeably without the necessary corrections of vertical deflections in 

addition to convergence and arc to chord appropriately applied. 

This work has established the efficacy of Laplace equation in the reversibility 

between Astronomic and geodetic coordinates in Ghana. It is recommended to add the 

deflection of vertical (DOV) values to coordinates for the purpose of direct conversion of 

Astronomic and geodetic azimuths and coordinates. 
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