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Abstract. The paper gives an overview of the measurements of the coastline length of the Island of Rab in the Adriatic Sea from maps at scales 1:25 000, 1:50 000, 1:100 000, 1:200 000, 1:300 000, 1:500 000 and 1:1 000 000. All maps were or still are official topographic maps produced by the same institution. Maps in smaller scale were derived by manual cartographic generalization from maps in larger scale. An elimination of deformations of map projections was performed. The results of the approximation of the measured data by methods proposed by N. M. Volkov and L. Hakanson are given in order to predict the coastline length at larger and smaller map scales. Since new official datasets are available at larger map scales, lengths predicted by these two methods were compared to length obtained from these data. The lenghts predicted were too short compared to length from new data set and thus not satisfactory. A new approximation method by a logarithmic function is proposed which gives significantly better results. The results show that only moderate extrapolation of data is of use.

1. Introduction


When measuring the length of an object, we approximate that object with another object of known length. For example, if we measure the length of a table edge, we approximate this edge with a part of measuring tape. In order to make the approximation to be of higher quality, the nature of the object to be measured should be considered, as well as the type of scale used. 

Measurement on maps makes it possible to define the lengths and areas of large objects, e.g. state areas and its parts, island areas or river lengths and coastal lines. There are at least ten length measurement methods on maps (Mailing, 1980, page 31).

Richardson noticed that the measurement result for a coastal line or another natural border with the measuring tool having constant length (callipers) depends on the selected distance between callipers arms. The smaller the distance, the larger the measured length. He has also shown that the measured length would aim for the infinity (URL1) if the length of the measuring tool was to aim for 0. 


Apart from the fact that the length of the coastal line depends on the way we used to measure it, it also depends on map scale. Penck already illustrated this in 1894, as he measured the length of the coastal line of Istria (the Adriatic Sea) on maps in six different scales that the line length depends significantly on the maps scale. The smaller the scale, the shorter the line, due to generalisation (Volkov 1950, page 59). 


Some researchers have suggested the extrapolation of data obtained from maps and the determination of coastal line length at the scale of 1:1 as the best approximation of coastal line length in nature. The Russian cartographer N. M. Volkov graphically presented the results of Penck's measurements and drew the approximation curve through six points. He prolonged the curve to the intersection with the y-axis (?) and obtained the length value on a hypothetical map at the scale of 1:1. He called this length the reduced length. He pointed out that it is not the true length, but a better and more acceptable one then the length obtained from the map at any scale. The problem can be solved not only graphically but also numerically, which was also done by Volkov on the basis of the length measurement data referring to one part of the coast of England on the maps at five different scales (Volkov 1950, pages 61-66). Maling also gave the length measurement data for one part of the coast of England from the maps in nine different scales and computed a reduced length (Maling 1989, pages 68 and 299-301). Baugh and Boreham (1976) described the procedure of determining the coastal line length of Scotland and gave an accuracy estimation. Hakanson (1978) determined the reduced length of 12 Swedish lakes on the basis of his own empirical research. 


We have not found a lot of information in the literature about the influence of map scale on the determination of area. Larin (1958) offers the measurement data for the scales 1:100 000, 1:300 000 and 1: 1 000 000. Salmanova (1958) considered the selection of map scale for the determination of the areas of states, continents, seas and oceans. Due to the nature of generalization, it can be presumed that the influence of scale onto the determination of areas is significantly smaller than the influence on the determination of lengths. 


The influence of map scale on the determination of lengths of coastal lines depends, according to our estimation, on the form of the coastal line, i.e. on its indentdness. It means that research results on different coast shapes cannot be generally applied for the measurement data of the Croatian coast. We have therefore decided to do the research about the influence of map scale on the determination of coastal line length and the area of the island Rab on the maps at the scales 1:25 000, 1:50 000, 1:100 000, 1:200 000, 1:300 000, 1:500 000, 1:1 000 000 and 1: 2 000 000. All measurements have been  made within the frame of the diploma thesis (Simat 2004).
2. Maps Used for the Determination of Coastal Length and Island Area


In the work on this paper, we have used the sheets of topographic maps at the scale of 1:25 000 (TK 25), 1:50 000 (TK 50), 1:100 000 (TK 100), 1:200 000 (TK 200) made in the second topographic survey of former Yugoslavia and the sheets of general topographic maps at the scales 1:300 000 (PTK 300), 1:500 000 (PTK 500) made on the basis of TK 200 (Peterca et al, 1974). The following sheets have been used:

TK(25, sheets: Supetarska Draga 418-1-4, Rab 418-2-3 and Barbat 418-4-1, received from the State Geodetic Administration (SGA) in georeferenced raster form. 

TK(50/II, sheets: Rab 1, 2, 3 and 4, taken over from the SGA in paper-form. 

TK(100, sheet: Rab 418, in georeferenced raster from, taken over from the SGA. 

TK(200, sheet: Gospic, taken over in georeferenced raster form from the SGA. 

PTK(300, sheet: Rijeka, from the collection of the Institute for Cartography at the Faculty of Geodesy in paper form. 

PTK(500/I revised, sheet: 44, Zagreb, in paper form from the collection of the Institute for Cartography. The map has been made in the Lambert conformal conical projection with two standard parallels (38º30' and 49º00') (Fig. 1).


Apart from these maps, also used were the map of territorial division of the Republic of Croatia at the scale 1:1 000 000 and the general geographic map at the scale of 1:2 000 000 (PGK 2000) from the atlas for teaching curricula (Bertic 1988), i.e. the reproduction original for blue colour from the collection of the Institute for Cartography. The map was made in the Lambert conformal conical projection, as well as PTK500. The ellipsoid used for all maps is the Bessel's ellipsoid. There are no data about the used ellipsoid for the general geographic map at the scale of 1:2 000 000.
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        Fig.1. Map segment 1:500(000            Fig. 2. Segment of original copy for blue colour 
                                                                      PGK(2000 enlarged into the scale 1:500 000
3. Scanning, Georeferencing and Vectorizing

Apart from the map sheets TK 25, TK 100 and TK 200 that we have taken over from the State Geodetic Administration in georeferenced raster form, the other map sheets needed to be scanned first for further processing.

The sheets taken over from the State Geodetic Administration in digital form have already been georeferenced, hence, only the sheets TK(50, PTK(300, PTK(500, PGK(1000 and PGK(2000 needed to be georeferenced. It has been done using the programs Autodesk Map(5 and Raster Design 3. 


All sheets needed to be vectorized after automatic digitising. Only the coastal line has been vectorized. Manual vectorising has been carried out by means of Autodesk Map 5 using the Polyline command. Adequate zoom has been used in order to cope with the raster basis as well as possible. 
4. Computing the Line Length and the Area of the Island Rab in Various Scales

In order to carry out the computations from the maps in various scales in equal manner, the rectangular coordinates in the Lambert conformal conical and modified polyconical projection have been transformed by means of Autodesk Map 5 into rectangular coordinates into the Gauss-Krüger projection.

The coastal line on the ellipsoid is a complex line consisting in these segments of geodetic lines s, and in the projection plane it consists of the projection of these geodetic lines into the plane s´. For the purpose of practical computation one can presume that the projection of geodetic line s´ is approximately equal to the shortest distance between two points on the plane d.


The length of one segment of the coastal line, i.e. of geodetic line on the ellipsoid has been computed using the following formula (Francula 2000):
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 in the plane of Gauss-Krüger projection correspond to. The total length of the coastal line will be the sum of the lengths of all geodetic lines that it consists of.


The areas have been computed using the following formula (Lapaine et al. 1993):
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For the conformal projection as it is Gauss-Krüger projection, the scale of the area is:
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The lengths obtained show that reducing the scale results in the reduction of the coastal line which is due to a certain degree of generalisation. The computation results for all scales can be found in Table 1 and in Fig. 3 offering a graphical presentation of obtained results. The length of the coastal line and the area on the maps were also considered given in the table as related to TK 25 in percentages. 

It can be seen from the data in Table 1 and from Fig. 3 that the length of the coastal line is reduced along with the map scale, and that the area does not change almost at all from the scale 1:25 000 to the scale 1:1 000 000. The increase of the area on the map at the scale 1:2 000 000 is obviously the consequence of bad generalization, which can be seen from the comparison of the presentations of the eastern Rab coast in Fig. 1 and Fig. 2.

Table 1. Calculated values of coastal line lengths and the area of the island Rab 
from the maps in different scales 
	Scale denominator
	Number of points in a line
	Coastal line length 
[km]
	Coastal line length as related to TK(25
[%]
	Island area [km2]
	Island area as related to TK 25
[%]

	25(000
	15678
	127,9
	
	86,3
	

	50(000
	7909
	123,0
	96
	86,4
	100

	100(000
	3919
	114,0
	89
	86,5
	100

	200(000
	1496
	103,2
	81
	86,5
	100

	300(000
	2453
	99,3
	78
	86,1
	100

	500(000
	1304
	90,5
	71
	87,7
	102

	1(000(000
	892
	76,9
	60
	85,4
	99

	2(000(000
	227
	64,8
	51
	102,6
	119
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Fig. 3. Values of coastal line lengths and the area of the island Rab
 from maps in different scales 
5. Computation of Reduced Length
Volkov suggested the following formula for computing the reduced length:
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 is the function of the scale denominator N. The solution is to be found by means of the least squares method. It should be pointed out that although Volkov suggested the method of least squares, he applied the approximate method for calculating unknown coefficients in his computation example. The solution with the method of least squares for the data from Table 1 is obtained using the Mathematica program, its package LinearRegression and the Fit function:
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If we insert the scale denominator 1 into this formula, the reduced length for the island Rab is 134.4 km.

According to the method that has been suggested by Hakanson, the reduced length into the scale 1:1 can be determined with the formula (valid only for closed curves):
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 is the area of the curve in km2, N is the map scale denominator, and Nref is the scale that the approximation is computed for (e.g. for the scale 1:1 Nref =1)
For the area of the island Rab, the mean value of measured values for the scales 1:25 000 to 1:1 000 000 has been taken, and it amounts to 86,4 km2. 
The reduced length into the scale 1:1 using this method is 137.8 km.
Apart from previous two methods described in literature, we have also chosen the approximation of the data from Table 1 with logarithmic function 
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. The solution obtained using the least squares method is:
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If we insert scale denominator 1 into this formula, the reduced length is 271.3 km.

We were able to get the length of the coastal line from the new datasets that has been received from the State Geodetic Administration. The length has been determined from the data of photogrammetric survey with accuracy of about ±1m, which would correspond to the map 1:10 000. This value runs up to 141.7 km and even exceeds the reduced lengths with the method of Volkov and Hakanson for the scale 1:1.
On the basis of the above stated, it can be concluded that the determination of length in the scale 1:1 is an ambiguous procedure and that the result varies significantly in three suggested methods. Although the methods by Volkov, Hakanson and our own method yield approximately equal results in the interpolation range, the extrapolated values differ significantly. Apart from that, the question is: what is the line length on the map at the scale 1:1 and what is purpose of such map? 

Table 2. Measured and approximated length values for the coastal length of the island Rab using the method by Volkov, Hakanson and our own method.

	Scale denominator
	Measured length [km]
	Volkov method
	Hakanson method
	Our method
	Max difference

[km]

	1
	
	134.4*
	137.8*
	271.3*
	136.9*

	5000
	
	130.1*
	136.8*
	153.6*
	23.5*

	10 000
	(141.7)***
	128.3*
	135.8*
	144.0*
	15.6*

	25(000
	127.9
	124.8
	133.0
	131.3
	8.2

	50(000
	123.0
	120.9
	128.7
	121.7
	7.9

	100(000
	114.0
	115.2
	121.3
	112.1
	9.1

	200(000
	103.2
	107.3
	109.6
	102.6
	7.1

	300(000
	99.3
	101.2
	100.6
	97.0
	4.3

	500(000
	90.5
	91.6
	87.1
	89.9
	4.5

	1(000(000
	76.9
	73.8
	65.5
	80.3
	11.4

	2(000(000
	64.8**
	48.8*
	41.3*
	70.7*
	29.4*

	5 000 000
	
	-1.0*
	7.0*
	58.1*
	59.2*

	10 000 000
	
	-57.1*
	-19.8*
	48.5*
	105.6*


* extrapolated values 

** the value was not entered into the analysis (see §4)

*** the information obtained from photogrammetric survey with the accuracy of ±1 m, which would correspond to the map in the scale 1:10 000 (source: State Geodetic Administration)
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Fig. 4. Approximation of measured data using the method by Volkov, Hakanson and our own method
We therefore think that such research should be taken with reserve, and if the extrapolation is necessary it should not go far from measured data. As confirmation for such consideration, there is also Table 2 with the line lengths in various scales on the basis of three previous models, and the graphic presentation of the same data (Fig. 4).

Other usage of such research could be the estimation of line generalization quality in the scales that are somewhere between the scales that have been considered, e.g. 1:75 000, 1:750 000 etc. If the length of a generalized line for such a scale should differ significantly from the trend, the reason for the deviation might be looked for in the generalization method. 

Of course, all these conclusions can be applied for the coastal line of the island Rab only. For the other coastal lines of the islands and land on the eastern side of the Adriatic Sea the research should be carried out and only on the basis of larger sample adequate conclusions could be made. 
6. Conclusion 

The measurement of the coastal line length on a map depends very much on the map scale. The smaller the scale, the shorter the distance due to generalization. It is therefore very important to state the map scale, or even better the map reference, for each information about the length of e.g. coastal line or state border obtained by measurements from map. It has been indicated that the extrapolation of data obtained by measurements from maps is not recommended, and if it is necessary one should not go far from measured data. The methods by Volkov and Hakanson for the extrapolation of the coastal line length have not proved to be the best choice for the example of the island Rab, because the lengths reduced into the scale 1:1 are shorter than the survey data corresponding to the map at the scale of 1:10 000. A new method that yields better results has therefore been suggested for the approximation of measured data. 
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