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U.T. M. Rectangul ar Grid 

12 . 6 The U.T.M. Rec t angu l ar Grid i s simpl y a sys t em of squares su per-
imposed on a ma p drawn on the U.T.M. projection. Th e fea t ures on 
the ma p are dis t ort ed by the proj ect ion but the rec t angular grid i s 
undis t orted and consi st s of st raig ht ver tical lines para ll el t o t he 
cen tral meridia n, and at r ight angl es t o them, strai ght hori zontal 
lines paralle l to the equator. 
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Horizonta l li nes are designated by the distance in metres from 
the equator which is called the "northings" or Y coord inate. Over 
British Co lumbia the values of northings range from approx imate ly 
5 350 000 metres at t he south end of Vancouver Island to 6 650 000 
metres at the 60th parall el . Vert i ca l l ines are des i gnated by the 
distance in metres from an imag i nary po i nt or "fa l se ori gin" 
500 000 metres west of each centra l meri dian which i s ca ll ed the 
"eastings" or X coordinate. In the l atitude of Britis h Co lumbia 
the values of eastings range from a minimum of 280 000 metres to a 
maximum of 720 000 metres. The fal se or igi n i s used so that al l 
eastings are posit ive. If measured from the centra l meridian t he 
values would be negative to the west and positive t o the east. 

U.T.M. Scale Factor 

12.7 Since the projection causes distortion, except al ong the lines 
AB and DE in Fig. 14, the distance between two points i n a l oca l 
area scaled from the map wi ll be distorted by a factor known as t he 
"Sca l e Factor". Except where hi gh prec i sion is required the sca l e 
factor, which never causes a distortion exceeding 4 parts in 10 000, 
may be ignored by both map makers and map users. The rec tangu l ar 
gri d which over lays t he map is undistorted and true to sca l e and, 
for example, the side of a 1 km grid square at 1 :10 000 sca l e wi ll 
measure exact ly 10 cm - but the distance between t he poi nt s on the 
ground at t he corner s of t he gr id squa re wil l be 1 km div ided by the 
loca l scale factor. Thu s a di st ance sca l ed from a map, or more im­
portantl y, calcu l ated from the rectangu l ar coordinates of the end 
points, is a "gri d distance" or "projection distance" and must be 
divided by the loca l sca l e factor to obtain t he true distance. 
Conversely true distances must be multip l ied by the local sca l e 
factor to convert them to grid distances before they can be plotted 
onto a map or before they may be used for calculations involving 
rectangular coordinates. 

12.8 rhe U.T.M. scale factor on the central meridian is 0.9996 and 
increases in proportion to the square of the distance to the east or 
west of the central meridian. Tabl es 4 and 5 give the scale factors 
at various distances and differences in longitude from the central 
meridian. 

It must be realized that the distortions of the U.T.M. projection, 
quantified by the scale factor, will exist in all standard mapping 
irrespective of the system of neat lines adopted. 



12.8 

Di sta nce i n metres Scale Factor 
Fr om Central Meridian 

0 0.999600 
50 000 0.999631 

100 000 0. 999723 
150 000 0.999876 
200 000 1. 000091 
250 000 1.000367 

Table 4 

Difference i n Lo ngitude from Ce ntra l Meridia n and 
Sea 1 e Factor 

Lat i tude o0 00' o0 30' 1° 00 ' 1° 30 1 2° 00 ' 2° 30 1 3° 00 ' 

48 0.999600 0.999617 0.999668 0.999754 0. 999874 1 . 000027 1 . 0002 15 
50 0.999600 0.999616 0.999663 0.999742 0.999852 0. 999994 1 . 000168 
52 0.999600 0.999615 0.999658 0.999730 0.999831 0.999962 1.000121 
54 0.999600 0.999613 0.999653 0. 9997 19 0. 999811 0.999930 1. 000074 
56 0. 999600 0.999612 0.999648 0.999707 0.999791 0. 999898 1.000029 
58 0. 999600 0. 9996 11 0.999643 0.999696 0. 999771 0.999868 0.999985 
60 0.999600 0.999610 0.999638 0.999686 0.999753 0. 999838 0.999943 

Tab l e 5 



Sea Level and Comb i ned Factors 

12.9 All normal mapping is done at sea leve l datum and this app l ies 
to standard mapping in British Co lumbia. In the foregoing descrip­
tion t he term 11 true distance" refers to the actua l distance between 
points reduced to the horizol1tal at sea level. To reduce a measured 
{horizontal) distance to sea l evel it must be multiplied by the "Sea 
Level Factor" which may be calculated with sufficient accuracy for 
all purposes other than those requiring geodetic precision from the 
fonnula: 

Sea Level Factor = 6 385 000 
6 385 000 + E 

where E is the mean elevation in metres above sea level of the dis­
tance measured. 

The Sea Level Factor may be combined by multiplication with the 
U.T.M. Scale Factor to produce a Combined Factor. 

A measured (horizontal) distance multiplied by the Combined 
Factor will be the projection distance, grid distance or map distance 
(terms which are synonymous) at sea level. 

So far as plotting on, or scaling distances from, a map are con­
cerned the Sea Level Factor is normally insignificant, but in compu­
tations with coordinates where accuracy to a fraction of a metre is 
required both the Sea Level and U.T.M. Scale Factors - and hence the 
Combined Factor - may be significant. 

Convergence 

12.10 The central meridian of each zone is parallel to the Y axis of 
the rectangular grid. Else~here there is an angle between the 
parallel grid lines and the meridians which conve.rge towards the pole 
This angle is known as "convergence" and may be calculated from the 
following approximate formula: 

Convergence in seconds = Difference in longitude from 
central meridian in seconds 
X sine of the latitude. 



Relationship between Geographical & Rectangular Coordinates 

12.11 Since the origin of rectangular coordinates is the intersec-
tion of the central meridian with the equator there is a direct 
mathematical relationship between the two systems of coordinates, 
and the U.T.M. zone and rectangular coordinate constitute a unique 
reference to a point just as do latitude and longitude. The re­
lationship is, however, a complicated one and conversions between 
the two systems of coordinates are normally carried out by elec­
tronic computer. 

Rectangular Coordinate Calculations Limited to Local Areas 

12.12 Since the scale factor changes with distance from the central 
meridian it follows that calculations, made in terms of rectangu­
lar coordinates, should be restricted to areas over which the 
scale factor may be considered to be constant. Over larger areas 
or distances calculations may still be made but for accuracy re­
quire refinements that take into account the changing scale factor. 
When accuracy is required and electronic computer programs are 
available it is best to carry out calculations covering large 
areas or long distances in terms of geographical coordinates which 
are free from projection distortions. 

Zone Boundaries 

12.13 A map of one zone on the U.T.M. projection cannot be fitted 
against a map of an adjoir.ing zone. Fig. 12 shows a single zone 
which clearly cannot be fitted against an exactly similar adjoin­
ing zone due to the boundary meridian on the two maps being repre­
sented by lines convex to each other and which can thus only have a 
11 rolling 11 fit. In the event that a map is required overlapping two 
zones the single most appropriate zone must be chosen and extended 
in longitude to the necessary width. This will apply whether the 
neat lines are geographic or rectangular. On such a map the rec­
tangular grid of the chosen zone will be extended into the adjoining 
zone. Similarly calculations involving the rectangular coordinates 
of more than one zone must be preceded by conversion to coordinates 
of a single most appropriate zone with extended width. 



12.14 U.T. M. Rectangular Coordinate References 

In order to record a unique reference it is necessary to include 
the U.T.M. zone, the east coordinate and the north coordi nate in 
that order. Note that this differs from a common ly used surveying 
practice of recording northi ngs before east ings, or l atitude before 
departure. If the reference is not required to be more precise than 
1 metre in both eastings and northings it may be recorded as a singl e 
string of characters, as in a B.C. Rectangular System map number, i n 
the form: 

Zone period Easting period Northing 

e.g. 10 .437823.5603104 (precision l metre) 

If the reference is only required to a lesser precision of 10 metres, 
100 metres, 1 kilometre or 10 kilometres then an egual number of non­
significant digits may be omitted from both easting and northing. 

e.g. 10.43782.560310 
10.4378.56031 
10.438.5603 
10.44.560 

(precision 10 metres) 
{precision 100 metres) 
{precision 1 ki lometre) 
(precision 10 kilometres) 

Note that in all references the number of digits in the northing must 
exceed the number of digits in the easting by one. 
To convert an abbreviated reference to a full reference add an appropri­
ate number of zeros to easting and northing so that the number of digits 
in each is respectively 6 and 7. 

If precision to better than one metre is required then the zone, 
easting and northing must be recorded separately and not as a single 
string. 

e.g. Zone 
Easting 
Northing 

10 
472 703.900 

5 362 806.995 

which is the coordinate of the tip of the statue of Capt. Vancouver on 
the Parliament Buildings in Victoria. 

12 .15 Canadian Military Grid 

Some 1:50 000 and 1 :250 000 N.T.S. maps publi shed by the Federa l 
government show the Canadian Military Gr id . Thi s gr id i s exact ly the 
same as the U.T. M. gri d except that 100 kilometre squares are assigned 
l etters which rep lace the U.T.M. zone number, the f i rst digit of the 
easti ng and the first two di gits of the northing in a military gri d 
reference. 
An exampl e may be seen on N.T.S. 1 :250 000 sheet 104J for Dease Lake 
Town si te for which the Mili t ary gr id ref erence i s VQ3980. The U.T.M. 
reference for t he same point i s 9.439.6480 and t hi s 1ay al so be read 
from the map s ince t he f ull numeri c values of the grid li ne s are given 
in addition to t he gr id sq ua re l etters. 

Canadian Military Gr id References are NOT INTEND ED TO BE USED FOR 
CIVIL PURPOSES OR GEO-CODI NG in Briti sh Co l umb ia and thi s note i s on ly 
inc luded as an exp lanat ion . 
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