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Abstract: Sometimes the shape, direction and size of the country territory leads to use 

a single zone for certain map projection, where the central axe have to coincide with 
direction of the largest expanse of territory angularly to the axial meridian. Taking in account 
that the territory of Republic of Moldova is extended from South-East to North-West it was 
proposed to use as original meridian the central line along the country fitting of the 2,5 
degree zone. This paper presents the results of study of Oblique Mercator map projection for 
large scale mapping of territory of our country in order to reduce deformations on the margin 
of the zone. Comparative study between TMM (Transverse Mercator for Moldova) map 
projection, currently used for large scale mapping, and Oblique Mercator map projection 
sowed the reduction of deformations on the margins of the zone from 16 to 8 cm/km. 
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1. Introduction 

Starting from 1999 a new World Geodetic System WGS84 and Universal Transverse 

Mercator map projection UTM for navigation and small scale mapping from 1:25 000  to 

1:500 000 was adopted by Government decision (Fig. 1). 

 Late in 2001 a new reference system MOLDREF99 based on European Terrestrial 

Reference System (ETRS89) and Transversal Mercator for Moldova (TMM) map projection 

was established to provide large scale mapping from 1:500 to 1:10 000 (Fig. 1).  

However, the deformations on the margins of the 3.5 degree zone are not fitting 

requirements for 1:500 mapping. In this case for marginal zones a new scale coefficient has to 

be used in order to reduce deformations. This circumstance complicates many geodetic 

applications: geodetic works, cadastral surveying, GIS, mapping, etc.  

In order to provide a unique map projection for large scale mapping, including 1:500 

scale, for all territory of Republic of Moldova Oblique Mercator map projection was 

proposed. But taking in account that geodetic surveying and GIS software at that time was not 

supporting this projection the TMM map projection was adopted by Land Relation and 

Cadastre Agency. 

Nowadays Oblique Mercator Projection is included in most geodetic and GIS 

applications and could be adopted for the territory of Republic of Moldova extended from 

South-East to North-West. The coordinate transformations of existing data sets from TMM to 

Oblique Mercator could be done trough geodetic coordinates on ellipsoid GRS80.   
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Fig. 1. Reference systems and map projection used in Republic of Moldova 

 

2. Definition  of Oblique Mercator map projection parameters  

Taking in account that the territory of Republic of Moldova is extended from South-

East to North-West it was proposed to use as initial line central to the map area of given 

azimuth αc passing through a defined centre of the projection with latitude φc and longitude λc.  

 

Fig. 2. Oblique Mercator map projection design 
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The point where the projection of these line cuts the equator on the aposphere is the 

origin of the u, v coordinate system. The axis u is parallel to the centre line and the v axis is 

perpendicular to this line. In applying the Hotine formulae modified by Snyder, the first set of 

coordinates computed are referred to the u, v coordinate axes defined with respect to the 

azimuth of the central line. These coordinates are then rectified to the usual Easting and 

Northing by applying an orthogonal transformation (Fig. 2). 

To ensure that all coordinates in the map area have positive grid values, false 

coordinates are applied. These may be given values E(y)c, N(x)c if applied at the Oblique 

Mercator map projection centre or be applied as false easting E(y) 0 and false northing N(x)0 at 

the natural origin Hotine Oblique Mercator map projection (Fig,1). 

The defining parameters for the Oblique Mercator projection are: 

– latitude of centre of the projection   φc = 47°10´; 

– longitude of centre of the projection λc = 28°30´; 

– azimuth (true) of the centre line        αс = 339°57’27.00”; 

– rectified bearing of the centre line      γc = 338°55’50.65”; 

– scale factor at the centre of the projection kc = 0,99998; 

– false Easting at the natural origin     E(y)0 =  2 200 000 m; 

– false Northing at the natural origin  N(x)0 = -4 800 000 m. 

From these defined parameters the constants for the map projection could be 

calculated using the following formulas:  

; 

; 

; 

; 

 ;                                                                                                 

(1) 
; 

; 

; 

. 

Then compute the uc, vc coordinates for the centre point ϕc , λc: 
 ;                                           (2) 

. 

To compute E(y),N(x) from a given ϕ, λ the following formulae are used: 

 

; 

; 

; 

; 

;                                                                                     (3) 

; 

; 

; 

   

;    
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. 

To compute ϕ, λ from a given E(y),N(x) the following formulae are used: 

; 

; 

, were e is a base of natural logarithms; 

; 

; 

; 

; 

  ;                                               (4) 

; 

 

 

 

 

 

Using GRS80 ellipsoid and defined parameters for the Oblique Mercator projection 

the following constants were calculated according to formulae (1): 

  

B = 1.000719681 H = 1.003109903 

A = 6384183.617 G = 1.076966178 

t0 = 0.394163927 γ0 = -0.235364244 

D = 1.469644905 λ0 = 0.756712553 

F = 2.546611083 

 

 For example forward calculation for φ=48°23´58,8568" and  λ=27°45´37,8705" gives 

the Easting and Northing values E(y)= 185345.256 m, N(x)= 417297.501 m. 

 

 

3. Oblique Mercator map projection linear relative deformations analyses 

For Oblique Mercator scale factor and linear relative deformations could be calculated 

using the following formulae (Table 1): 

( )( ) ( )[ ]{ }0

2/122 coscos/sin1/cos λλϕϕ −−= BaeABuAk                          (5) 

D =( k-1)105 cm/km                                                              (6) 

Table 1. Calculated Oblique Mercator linear relative deformations for territory of Moldova 

φ/λ 26°40´ 27°00´ 27°30´ 28°00´ 28°30´ 29°00´ 29°30´  30°00´ 30°10´ 

48
°
30´ 5,08 1,44 -1,58 -1,68 1,17 6,99 15,81 27,64 32,25 

48
°
00´ 9,37 4,55 -0,21 -1,99 -0,76 3,49 10,79 21,15 25,3 

47
°
30´ 14,67 8,65 2,12 -1,37 -1,8 0,85 6,6 15,47 19,12 

47°10´   18,77 11,92 4,2 -0,44 -2 -0,44 4,26 12,12 15,45 

47°00´ 20,98 13,73 5,4 0,17 -1,95 -0,94 3,23 10,58 13,74 

46
°
30´ 28,3 19,8 9,64 2,63 -1,21 -1,86 0,7 6,49 9,14 

46
°
00´ 36,63 26,85 14,83 6,02 0,43 -1,92 -1 3,21 5,34 
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45
°
30´ 45,96 34,89 20,98 10,33 2,96 -1,12 -1,87 0,72 2,33 

From Table 1 results that there are two lines with zero deformations situated on both 

sides of the central line. Between these two lines the values of deformations are negative form 

0 to -2 cm/km. Outside of these lines values of deformations are positive from 0 to +8 cm/km. 

The zero deformation lines are about 40 km distance from the central line and the isolines are 

parallel (Fig. 3) 

   

 
Fig. 3. Isolines of relative deformations for Oblique Mercator map projection. 

 

 

 The diagram of relative line deformations shows the relative linear deformations 

distance dependency (Fig. 4).  
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Fig. 4. Diagram of relative linear deformations for Oblique Mercator projection 

 

4. Comparison with Transverse Mercator for Moldova map projection 

The parameters for the Transverse Mercator projection for territory of Moldova are: 

– longitude of centre line of the projection λc = 28°24´; 

– scale factor at the centre of the projection kc = 0,99994; 

– false Easting at central meridian  E0 =  200 000 m; 

– false Northing at the equator N0 = -5 000 000 m. 

Relative linear deformations are calculated using the following formulae (Fig. 5): 

µ= [1-cos
2φ sin

2
(λ-λ0)]

-1/2   
;                                                (7) 

                                       D =( µ-1)105 cm/km.                                                      (8) 

 
Fig. 5. Diagram of relative linear deformations for Transverse Mercator projection 

 

 

From figure 5 results that there are two lines with zero deformations situated on both 

sides of the central line. Between these two lines the values of deformations are negative form 

0 to -6 cm/km. Outside of these lines values of deformations are positive from 0 to +16 

cm/km. The zero deformation lines are about 35 km distance from the central line and the 

isolines are parallel (Fig. 6). 
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Fig. 6. Isolines of relative deformations for TMM map projection. 

Comparison of TMM (Transverse Mercator for Moldova) map projection, currently 

used for large scale mapping, and Oblique Mercator map projection sowed the reduction of 

relative linear deformations on the margins of the zone from 16 to 8 cm/km. 

 

 

5. Conclusions 

Taking in account that the territory of Republic of Moldova is extended from South-

East to North-West it was proposed to use as original meridian the central line along the 

country fitting of the 2,5 degree zone in order to provide a unique Oblique Mercator map 

projection for large scale mapping, including 1:500 scale. 

Additional the parameters of Oblique Mercator map projection were defined and the 

constants were calculated for GRS80 ellipsoid. An example of forward calculation of Easting 

and Northing values from ellipsoidal longitudinal and latitudinal is given. 

Comparative study between TMM map projection, currently used for large scale 

mapping and Oblique Mercator map projection sowed significant reduction of linear 

deformations on the margins of the zone from 16 to 8 cm/km. 
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The results of the study could be used for argumentation of new map projection for 

large scale mapping to be adopted by Land Relation and Cadastre Agency. 

 

 

6. References 

1. Calistru V., Munteanu C. Cartografie matematică, întocmire şi editare. -Bucureşti.: 

Editura I.C.B, 1975. 

2. Chiriac, V. Establishing of Geodetic Reference Frame in the Republic of Moldova. 
Materials of the Geospatial Symposium, Prague, 2002, 9 p. 

3. Chiriac, V. National Report of Republic of Moldova. Proceeding of EUREF Symposium, 

Riga, 2006.  

4. Moca V., Chirilă C. Cartografia matematică întocmire şi redactare hărţi.-Iaşi.: Editura 

U.T.CH.ASACHI, 2002 

5. Ghiţău D. Geodezie şi gravimetrie geodezică.–Bucureşti.:Editura Didactică şi pedagogică, 

1983 

6. Munteanu C., Ovdii M. Republica Moldova în proiecţia Gauss-Kruger, pe un fus 

nestandart, cu scara modificată. Conferinţa jubiliară, U.T.M. –Chişinău, 2000 

7. Rosenmund M. Die Änderung des Projektionssystems der schweizerischen 

Landesvermessung. - Switzerland.:1903. 

8. Bollinger J. Die projecktionen der Schweizerischen Plan und Kartenwerke. –Switzerland.: 

1967 

9. Hotine M. Series of Articles in numbers 62-66 of the Empire Survey Review of 1946 and 

1947. 

10. John Parr Snyder. Map Projections. A working Manual. – Washington.: 1987 Alfred 

Leick. GPS Satellite Surveying. – New York.: 1990. 

11. Vlasenco A., Chiriac V. Cartografie matematică. Curs universitar, -Chişinău.: Editura 

UTM, 2012, ISBN 978-9975-45-206-9 

12. Regulamentul cu privire la Reţeaua Geodezică Naţională. Aprobat prin Hotărîrea 

Guvernului Republicii Moldova, nr. 48 din 29 ianuarie 2001 

13. Regulamentul cu privire la trecerea la sistemele de coordonate global şi de referinţă şi 

proiecţiile cartografice respective: ASRFC, -Chişinău, 2001 

 


