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Objective

The representation of relief is a difficult task to carry out because it requires adecuate methods depending on the aim and the scale of work. The symbolization should appear to be natural and at the same time should allow the measurement of  slopes and altitudes of the earth surface. One of the most useful methods of representation is the use of contour lines, as they fulfill these two requirements. 

The use of maps is of essential importance, not only for the location of relevant physical features but also for determining the morphological characteristics. From this point of view, the use of contour lines is increasingly important.  

The aim of this paper is to enphasize the usefulness of understanding and applying contour lines to maps.

Introduction

· Educational Aspects

Education in Argentina is in transition from a regime stablished by law called “Federal Education Law” to another one, that began to be applied gradually from March of 2007.  

The old system comprised the General Basic Education (in Spanish EGB) extended from first to ninth grade followed by the so-called  Polymodal cicle, compose of three years. Under this system, each Agentinan´s province, decided the educational contents that thought to be more adapted to the local needs. Thus the curricula varied from province to province, so that if a child moved to another province, he had to sit for equivalence exams which could complicate his educational performance. Another problem was that the variety of provincial curricula often caused that students applying for higher education were not unevenly qualified. To address these problems the 2006,  Law was approved. Under this new law different provincial curricula are standarized, making initial education and the polimodal cicle compulsory. 

The educational system now comprisses:

1) Initial education compounding kindergarten and pre-scool, the latter is compulsury now.

2)  Basic Primary Education (in Spanish  EPB) from first through sixth grade.

3)  Basic Secondary Education (in Spanich ESB) from seventh through ninth grade.

4)  Three years of Superior Secondary Education (in Spanish ESS) now compulsory.

As regards to contents, the first year of ESB includes four basic subjects: languaje, mathematicas, social sciences and natural sciences. In the second year these subjects are specialized into different specific subjects, for example social sciences into history and geography and natural sciences in Physical-Chemistry and Biology.

· Technical Aspects.

Contour lines were first used in the early 19th century in order to represent relief in topographical maps. As time passed, its use spread out and diversified  and contour lines were adopted by other physical sciences as an essential tool to reflex terrain features, geologic structures and rock formations.

Contours are imaginary lines that join points of equal altitude above  the same reference level, the sea level in most cases.

The purpose of contour lines is to represent the tridimensional shape of the terrestrial surface on a bidimensional map. Contour lines are the intersection of an horizontal plane parallel to the reference level and the topographical surface to describe.  Consequently: 

1) Contour lines are always closed curves. 

2) They can never intersect or bifurcate.

The first assertion implies that a map showing contour lines that are not close curves simply indicates that the map scale does not allows the complete contour line to be shawn. 

The distance between contour lines in the vertical plane of the terrain is called equidistance and the distance between contour lines in the horizontal plane is called separation.

A methodology for teaching contour lines

One of the methodologies to apply is based in the analysis of topographical maps compared with other types of representations such us block diagrams, terrestrial and aerial photographs, digital elevation models (DEM), etc. In this way we can obtain a lot of different type of information from both contour lines and aerial photographs.

Figure 1

[image: image1.jpg]18!





In figure 1a we see a topographical map whose contour lines have an equidistance of 100 m and represent a valley. The separation among lines in the south flank of the valley is smaller than in the north flank and also the lines have a regular shape. This fact shows that the southern area has a steeper slope. The fact that in the northern flank lines are irregular gives us an idea of the degradation that soils suffer in this area, and also, that such degradation is related to the hardness of the rocks in the region. 

In the central part of the valley, contour lines have an homogeneous separation with inflexions that follow  the so called “V rule”. This rule states that in a valley the vertices of the contour lines points upstream. We can also appreciate, the drainage system (total system of water that flows according to regional slope) circulate towards the principal valley. The drainage is related with the hardness of the rocks.

If we compare figure 1a with 1b (DEM digital elevation model) we can see how the abstract mapping by contour lines is transform into an actual three-dimensional model  of the valley . 

Figure 2
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In figure 2a we notice a block diagram of the Lanín volcano, located in the Province of Neuquén in Argentina. Drainage is radial-centrifugal and it is drawn in the diagram. The figure 2b shows contour lines of the volcano, which are concentric and they have constant separation, but as the distance from the crater increases the separatio between contour lines increases too. The figures 2c and 2d correspond to the land photograph and satellite image of the volcano.

Figure 3
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Contour lines of figure 3a are very close together, this is evidence of a boxed in valley. If we make a transversal cut we observe that the two river banks are different, the west slope is concave whereas the east one is convex. The photography on the right gives us an example of what has been explained and corresponds to De las Vueltas river (literally River of the Turns) in the Province of Santa Cruz, Argentina.

Methodologies and levels of education

The representation demands a lot of imagination from the teacher to be able to transmitt the notions so that the pupils understand how to apply them and appreciate the morphology.

In the first levels of education practical exercises can be done such as maquettes made up with plasticine or mastic. Contour lines can be marked on them by means of lines or using threads or strings and later on, pupils can draw them on paper. This exercise can be done in an inverse way, that is to say, with a topographical map pupils can reconstruct the shape in plasticine.

In intermediate levels of education, relief representations  can be used in the vertical and horizontal plane. Pupils may draw the contour lines, for example, on carton and then cut and paste one on one in order to make up the shape of a volcano.

In higher educational levels, students may use different softwares to digitalize a topographical map and do the corresponding digital elevation model. 

Conclusions

Contour lines are very important in teaching natural sciences because they represent relief in an accurate way.

Relief is controlled by rock type and geological structures. These two factors influence in the location and shape of rivers, which in terms, help the development of soils and vegetation. With the help of contour lines we can infer hardness of rock, type of soils, degradation, erosive agents, structures, drainage, vegetation, ecosystems, etcetera. All these elements obtained by means of practical realistic activities and exercises lead to a better appreciation and grasp of notions.

In this paper, limited by its extension we have only presented few examples, but we know that there are a lot more, that can be used. We leave to the teacher the iniciative of applying different methods which will enrich knowledge and comprehension of contour lines.
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