INTRODUCTION TO GIS - 2020

6.0 
DIGITAL ELEVATION MODEL AND TERRAIN ANALYSIS
· Land surface is a three dimensional surface. Mapmakers have introduced various techniques for terrain mapping. GIS has made it easier to incorporate terrain mapping and analysis in various applications such as wild life habitat analysis to hydrologic modeling.

· Most GIS packages treat elevation data, often called Z-values, as the attribute data at point or cell location, rather than an additional co-ordinate to the X, Y co-ordinates.

· In raster format Z-values correspond to cell value. In vector format, the Z values are stored in a field of feature attribute table

· Terrain mapping and analysis can use either raster or vector data as input.

· The 3D earth representation can be either represented as contour line or by continuous varying surfaces showing ups and downs are called DEM.

· Any digital representation of the continuous variation of relief over space is known as DEM.(Terrain surface is represented numerically by dense network of points of known X, Y, and Z values.

i) It is an ordered array of numbers that represent spatial distribution of elevation above same arbitrary datum. DEM is a point based, but it can easily converted into raster data (grid format) by placing each elevation point at the center of the grid.

ii) DEM describes the elevation of any point in a given area in digital format and contains information of the so-called skeleton lines.

iii) Skeleton lines are lines of slope reversals (drainage, crests) and breaks of slopes.

iv) The term DTM is also commonly used. It includes the spatial distribution of terrain attributes i.e. it is a topographic map in digital form consisting not only DEM but also the types of land use, settlement types of drainage and so on.

6.1
Need For Digital Elevation Model:
DEM has many uses. The most important ones are as follows:

· Storage of elevation data for DTM for better understanding of landscape.

· Cut and Fill problem in road design and other civil engineering applications.

· 3D display of landforms for military purposes (Weapon guidance system, Troop movement) for better understanding of landscapes.

· For planning of routes of roads, rails dams etc.

· For computing slope map, aspect maps for study of geomorphology, estimation of run off and erosion.

· Provide data for image simulation models and other modeling applications

· Terrain analysis such as View shed analysis, Watershed analysis, surface etc.

6.2
Various Structures of DEM:
There are various structures of DEM that are in use. As such none of the data structure satisfies all requirements. One has to select suitable type of DEM structure depending upon the purpose and computer available (software).

The various DEM structure are-

1) Line Model

2) TIN Model

3) Grid Model

6.2.1 Line Model: 

The line model describes the elevation of terrain by contours. Contour lines connect points of equal elevation and the contour interval represents the vertical distance between contour lines.

The arrangement and pattern of contour lines reflect the Topography.

E.g. 
Closely spaced – Steep slope

Circular arrangement – conical hill etc.

The DEM is generated by digitizing contour lines from topographic maps. Each contour line are selected and given Z value in separate field in attribute table.

This Z value is used to generate DEM of the given area.

The DEM thus generated is crosschecked by overlaying drainage network on it. The drainage should fall exactly over the valley or depression area.
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6.2.2
Grid Structure:
· GIS based grid model DEM involves the use of regularly spaced square grids. In regular grid DEM, spot elevations are determined for a uniformly spaced array of ground cells (grid).

· The figure below shows a three-dimensional representation of a rectangular DEM. In this figure lines are drawn to connect the center points of the grid array, which store the values for elevations.
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· By virtue of their varying Z-values, the grid generated from these values appear as undulating terrain.

· Since the Z-values are stored as an array of numbers, they are compatible for computer processing using various algorithms. These algorithms include contour generation, volume and slope calculation, ortho photo generation and depiction of three-dimensional view.

· A disadvantage associated with regular grid DEM’s is that for large areas of level or uniformly sloping terrain, a great deal of computer memory is wasted storing highly redundant elevation information.

· For example, if grid cell size is 1m x 1m to represent an area of 100 m x 100 m = 10,000 storage locations will be used to represent the elevations.  And if the terrain is flat all 10,000 values will be same (high degree of redundancy).

6.2.2 TIN Model:

· A TIN approximates the land surface with a series of non-overlapping triangles. Elevation values (Z values) along with x, y co-ordinates are stored at nodes that make up the triangles. The triangles are made from a set of points called mass points.
· Mass points can occur at any location, the more carefully selected, and the more accurate the model of the surface. Well-placed mass points occur where there is a major change in the shape of the surface, for example, at the peak of a mountain, the floor of a valley, or at the edge (top and bottom) of cliffs. 
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FIGURE 132

Three-dimensional representation of a rectangular DEM,




· A TIN affords a more efficient representation of terrain in terms of data storage.

· With a TIN, spot elevations can be acquired at critical points (mass points), which are high points, low points, location of slope changes, ridges, valleys and so on.

· Once these spot elevations have been collected, together with their X, Y coordinates, lines are constructed between the points forming a system of triangles covering the surface.

· Within each triangle, the surface is represented by a plane, which are sloped in 3D-space. Each triangle side has uniform slope and system of triangles is called TIN model.

· The method generally used to construct TIN is known as Delaunay triangulation. In this method, the lines are drawn between points in closest proximity to each other without any lines intersecting. 

[image: image18.jpg](d)

FIGURE 13-3

(a) Contour map showing accurate representation of terrain in an area. (b) Contours of the same
area based on a TIN created from 20 data points, but without a breakline along stream AB. (Note the
erroneous contour representations, especially in the area of the stream.) (¢) Contours of the same
area based on a TIN with 20 data points, but identifying stream line AB as a breakline. (Note the
improvement in the contours in the area of the stream.) (d) Contours of the same area based on a
TIN created from 72 data points, and with stream line AB identified as a breakline. [Note how well
these contours agree with the accurate representation of (a).]




· The resulting set of triangles has the property that of triangle, the circle that passes through the three vertices contains no vertices of any other triangle.

· A further generalization of TIN allows the inclusion of break lines. Break lines are lines, which have constant slope and are used to where there are discontinuities in the terrain surface, such as streams, shorelines, ridges, roads etc.

· Within the TIN, a break line will form the sides of two adjacent triangles and will have no other lines crossing it.

· By using break lines in a TIN, the terrain surface can be more faithfully represented and contours generated from the TIN will give a more accurate portrayal of the surface features.

Advantages of TIN Structure:

1) Data structure is efficient

2) It enables the incorporation of break lines along triangle sides.

3) Size and shape of triangles are variables depending upon the condition of terrain

4) Terrain attributes like slope, aspect etc can be computed

TINs from contours:

Contours are a common source of digital elevation data. In general all the vertices of the contour lines are used as mass points for triangulation. In many cases this will cause the presence of flat triangles in the surface.
Flat triangles are created whenever a triangle is formed from three nodes with the same elevation value 
Flat triangles are frequently generated along contours when the sample points occur along the contour at a distance that is less than the distance between contours. When these "excess" vertices are not removed, the Delaunay triangulation discovers that the closest sample points are those along the same contour, causing the generation of flat triangles.
The flat triangles have a slope of 0 and do not have defined aspect. They might cause problems when the surface is used for modelling.
	The contours
	The triangulation 
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	The elevation
	The slope- The green areas indicate
Slope = 0 (flat triangles)
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Example of TIN as DEM:

· Figure below illustrates the use of TIN as DEM in order to determine contours. Figure (a) shows a contour map, which for purpose for illustration is assumed to accurately represent a particular terrain area. (Note that the figure includes a hill near the left edge, a depression at the upper left, a steady rise to the upper right and a stream AB which runs from the upper left to the lower right.

· Figure (b) shows a TIN (dashed lines) formed from sample of 20 spot elevations (shown as black dots at all triangle vertices) along with the set of interpolated contours (solid lines).

· The contours are formed by interpolating along the sides of the triangles and 

connecting the interpolated points with straight lines.

· In the TIN shown in Figure (c ), the original 20 points are still shown, but a break line has been added to connect the end points (A and B) of the stream. (note that in this figure, none of the TIN lines cross the stream as the did in figure (b). As such the contours associated with the stream give a better representation.

· An even more accurate terrain representation is shown in figure (d) where 72 elevation points are used in addition to the stream break line. Note that the shape and the spacing of contours in this figure are much closer to those in figure (a).
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Quick comparison:
	 
	TIN
	GRID

	Advantages
	· ability to describe the surface at different level of resolution 

· efficiency in storing data 
	· easy to store and manipulate 

· easy integration with raster databases 

· smoother, more natural appearance of derived terrain features 

	Disadvantages
	· in many cases require visual inspection and manual control of the network 
	· inability to use various grid sizes to reflect areas of different complexity of relief. 


	  Storing TINs
There are basically two ways of storing triangulated networks: 

· Triangle by triangle 

· Points and their neighbors 

The first method is better for storing attributes (slope, aspect…...) for each triangle, but uses more storage space. The second one is better for generating contours and uses less storage space, but slope, aspect; etc must be calculated and stored separately.
TIN and ArcView:

The 3D Analyst extension has a very good algorithm for building TINs. It has plenty of functions to analyze and visualize a TIN surface. It stores the TIN structure using the second method above. That's why the slope, aspect and hillshade analysis functions create grids to represent the results. The build TIN and create contours procedures are fast and efficient.
EditTools 3.1 extension creates TIN structures and stores the data as a 3D triangles (Polygon shape file). After analysis the slope, aspect and hillshade values are stored as attributes for each triangle. This allows fast visualization of the different surface derivatives. The TIN interpolation procedure and the deriving of contours from the surface are slower, but the results are pretty much the same as these obtained from 3D Analyst.


Examples of DEM, TIN, Surface:

	 
	No break lines
	Soft break lines
	Hard break lines

	The Data
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	The Triangulation
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	The Surface
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	3D View
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TIN from DEM


Because triangles in a TIN vary in size by the complexity of topography, not every point in a DEM needs to be used to create TIN.


Instead the process is to select points that are more important in representing the terrain.


Two algorithms are very common in selecting significant points from DEM


VIP (Very Important points) Arc Info


Maximum Z tolerance Arc/Info and Arc view.


VIP Algorithm


To select points from DEM, VIP first converts DEM to grid the evaluates the importance of each points (i.e. each cell in elevation grid) by measuring how will its value can be estimated from the neighboring point values.


E.g. 3x3 window in elevation grid


�                      �


To assess the importance of ‘P’ VIF first estimate elevation at point P using four pairs of its neighbors B-F (up and down) H-D (left and right), A-E (upper left-lower right), & C-G (lower left and upper right)


Fig b. – shows a vertical profile for C-G


Pe  = estimated elevation at P from C and G.


Ph  = Actual elevation at P.


D = Elevation offset at P.


But VIP uses ‘s’ = Distance perpendicular from Ph  to line Zg – Zc for offset measure.


The offset ‘s’ is better measure than ‘d’ in slope areas.


After calculating from offset values, one for each point of neighbors around P, VIP


Uses their average as an indicator of the significance of P.


Using the above procedure VIP computes, significance values for each cell in elevation grid.


The selection of points by VIP can be based on either a desired number or a specified significance level.





Maximum Z-tolerance


Select points from elevation grid to construct TIN such that for every point in the elevation grid, the difference between the original elevation and the estimated elevation from the TIN is within the specified maximum Z tolerance.
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FIGURE 21.4
Elevation mode] prepared from DEM of Sugar Riv,

er watershed. (¢ “ourtesy Dane County Land
Conservation Depariment, M. Robinson and
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