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Mid-term Exam (October 26, 2004)


Geography 380a

Environmental Modelling with GIS and Remote Sensing

Fall 2004

	Section A:  TOTAL 80 Definitions and Short Answers


1. DISTINGUISH between topology and topography [4 marks].

Topography: the physical features of a surface

Topology: the geometric or spatial relationship between objects on a surface

2. DISTINGUISH between geographic and UTM coordinates [4 marks].

Geographic coordinates are based on a spheroid and are provided in latitude and longitude.

UTM coordinates are based on a geoid and are provided in easting and northing.

3. DEFINE spot height and contour. What is the advantage vs. disadvantage of each in terms of making topographic maps [8 marks]?

Spot height: the elevation of the earth’s surface at a point on a map relative to some datum that is located at an easily identifiable point. Advantage? A spot height is an exact value at an easily identifiable point. Disadvantage? No information about the information away from that point.

Contour: an imaginary line that joins points of equal elevation above or below some datum. Advantage? The horizontal spacing of contour lines provides information about the shape of the earth’s surface. Disadvantage? Information between contour lines is “modeled” via interpolation.

4. DISTINGUISH among the 3 models of Earth: the spheroid, ellipsoid, and geoid [6 marks].

Spheroid: A model of the Earth that is a perfect sphere (geographic coordinates are based on the assumption that the Earth is a spheroid)

Ellipsoid: The model of the Earth as an ellipsoid with a major and minor axis.

Geoid: The model of the Earth as a geoid, which considers the fact that gravitational forces acting on the Earth’s surface are not equal and therefore the geoid’s surface is defined by a surface on which gravity is equal to its strength at mean sea level.

5. DEFINE geodetic datum. What combinations of datum and ellipsoid are used for making topographic maps in North America? [8 marks].

Geodetic datum is a reference or base for mapping; geographic datums provide the link between the geoid, the ellipsoid, and the spheroid. The combinations of datum and ellipsoid used for making topographic maps in North America are: (1) NAD 1927 datum and CLARKE 1866 ellipsoid; (2) NAD 1983 datum and CLARKE 1866 ellipsoid; (3) GRS (Global Reference System) 1980; World Geodetic System (WGS) 1984.

6. DEFINE rectification. COMPARE Euclidean and affine transformations used in rectification [6 marks].

Rectification is the process of geometrically transforming all points on a MAP to proper coordinates in a GIS.  Euclidean transformations include “shifting” (i.e., translation, rotation, reflection).  Affine transformations include “scaling” (i.e., shearing, projecting). Rubber sheeting transformations include “warping”.

7. DEFINE resampling. COMPARE nearest neighbour and bilinear interpolation used in resampling [6 marks].

With respect to the process of rectification, resampling is the process of reassigning values of grid cells. The nearest neighbour resampling method works by assigning each grid cell the value of the grid cell in the output grid with the closest centre. Nearest neighbour ensures that values in the input and output grids are identical, and is therefore more appropriate for transforming discrete data.  The bilinear interpolation resampling method works by using a distance-weighted combination of the four closest grid cells in the reference image, and is therefore more appropriate for transforming continuous data.

8. DEFINE root mean square error. What is the size of root mean square error (in units of grids) that a digital terrain analyst should accept when rectifying topographic data? [3 marks].

With respect to the process of rectification, the root mean square error is a measure of the overall or average error magnitude in the rectification.  When rectifying an image, a digital terrain analyst should only accept a RMSE that is less than the resolution (size) of the grid cell.

9. DRAW a simple flow chart of the major steps involved in extracting drainage networks from a digital elevation model.  For each step, DEFINE any specialized terms and DESCRIBE the potential problems that may arise [8 marks].  
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SPECIALIZED TERMS:

Pits and depressions – when to remove?

Pointer, NUE, UCA, SCA

SPECIALIZED PROBLEMS:

Pits and depressions – when to remove?

Selection of critical threshold to define stream network

10. For the following elevation surface, complete the d-8 drainage pointer and drainage accumulation matrices, using the convention for pointer direction that is provided [4 marks].
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Drainage Pointer Matrix

	3
	4
	4
	4
	4
	4
	4
	4
	5

	2
	3
	3
	3
	3
	3
	3
	3
	4

	2
	2
	2
	2
	2
	2
	2
	2
	0

	2
	1
	1
	1
	1
	1
	1
	1
	8

	1
	8
	8
	8
	8
	8
	8
	8
	7


Drainage Accumulation Matrix





Convention for Pointer Direction
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11. COMPARE the d-8, d-fractional, and d-infinity drainage pointer algorithms, identifying their respective advantages and disadvantages [10 marks].  

D-8 drainage pointer algorithm:

For the D-8 drainage pointer algorithm, the drainage pointer is computed as the single direction of the steepest downhill slope within the window. D-8 assigns drainage direction in one of eight directions (in 45 deg increments) and therefore the D8 based drainage direction can deviate greatly from the real drainage direction.

D-fractional pointer algorithm:

For the D-fractional drainage pointer algorithm, the drainage pointer follows multiple directions, with the proportion in any given direction a function of the slope to the downhill slopes within the window.  The D-fractional drainage pointer assigns flow to all downhill slopes and therefore the D-fractional drainage direction may be too divergent compared to real drainage direction.

D-infinity pointer algorithm:

For the D-infinity drainage pointer algorithm, the drainage pointer follows an infinity number of directions constrained within the 45 degree increment. This drainage pointer algorithm attempts to overcome the “too divergent” flow of the D-fractional pointer algorithm by making it more convergent. 

12. COMPARE Strahler vs. Shreve stream ordering systems.  Which one should be used when relating drainage basin morphometrics to the export of water, sediments, or nutrients? Why? [5]

Strahler





Shreve


The Shreve stream ordering system should be used when relating drainage basin morphometrics to the export of water, sediments, or nutrients, because it provides an improved accounting of low order tributaries.

13. DESCRIBE how terrain analysis is applied to the characterization of the morphometry of drainage basins, in terms of Horton’s Laws of basin morphometry [8 marks].


	Section B:  TOTAL 20 Long Answers


ANSWER THE QUESTION IN THE SPACE BELOW and THE FOLLOWING PAGE

Undergraduate Students

The four main sources of topographic data are: ground survey, laser data, radar data, and topographic maps. For each of these sources of topographic data, DESCRIBE the main features of the method of data collection and DESCRIBE the typical accuracy of the DEM that is generated from these data. 

	Source
	Characteristics
	Accuracy

	Ground survey
	Manual.

Highest accuracy.

High costs.

Small sampling density.

Small coverage.

Not feasible in rough terrain.
	<= 1 m for differential GPS

1 mm to 1 m for total station

1 mm for leveling systems.

	Stereoscopic imagery
	Semi- to fully-automated.

Moderate (satellite) to high (airborne) accuracy.

Large sampling density.

Large coverage.

Problems with vegetation.
	0.1 to 1 m (aerial photography)

10 m to 20 m (satellite imagery)

	Laser scanning
	Raw data requires significant processing before it can be used.

High accuracy.

High sampling density.

Moderate coverage.

Laser can penetrate tree foliage and record both canopy and ground surfaces.
	~0.2 to 1.0 m

	Radar imagery
	Raw data requires significant and complex processing.

Ground control points are required.

Lowest cost per square kilometer.

Large coverage.
	~0.5 to 2 m (airborne SAR)

10 to 25 m (satellite SAR)

 

	Topographic maps (often based on stereoscopic imagery – see above)
	Lowest accuracy.

Fine to coarse scales, but only where map coverage exists.
	Variable.

Typical resolutions range from 1 m (for municipal maps) to 100 m (for federal maps)


Graduate Students

Depressions may be features that are real or artifact.  LIST the sources of artifact depressions. LIST different approaches for removing artifact depressions AND DESCRIBE the advantages and disadvantages of each approach.

Sources of artifact depressions:

Topographic depressions, also called pits or sinks, are commonly removed from DEMs prior to use in many hydro-geomorphic applications. This practice reflects the fact that digital depressions are often artifacts that have the undesirable effect of altering and truncating simulated overland flow networks. Artifact depressions occur because of data errors, interpolation, and the limited horizontal and vertical resolution of DEMs. For grid-based DEMs, artifact depressions also occur because of the inability of a grid cell to explicitly represent ridges and streamlines (Mark, 1988).
Methods for discriminating between real and artifact depressions (optional):

	Method for Discriminating Real from Artifact Depressions
	Advantages
	Disadvantages

	Ground inspection


	Most accurate;

Identifies errors of commission and omission.

	Manual; 

Labour and resource intensive.

	Examination of source data


	Automated; 

Identifies errors of commission and omission.
	Dependent on the availability of source data;

Very sensitive to the quality, structure, and scale of the source data;

Contour data subject to biases introduced by map drawing.



	Classification approaches
	Automated;

Requires DEM only.
	Model limited to specified data source and scale, leading to problems generalizing;

Requires a significant difference in the attributes of actual and artefact depression attributes;

Can be scale dependent;

Requires some ground inspection;

Cannot identify errors of omission.



	Knowledge-based

approaches


	Automated;

Applies physically meaningful heuristic rules;

Does not involve ground inspection.


	Expert opinion needed to develop weighting scheme is often unavailable;

Weighting scheme may be sensitive to landscape type;

Cannot identify errors of omission.



	Monte Carlo based approach
	Automated;

Requires little additional data and information; 

Applicable in all landscapes;

Accounts for uncertainty in topography.
	Need to estimate error distribution and spatial correlation (subjective if ground data are unavailable);

Need to estimate threshold pdep value;

May require some ground inspection to identify errors of commission.


Methods for removing artifact depressions (mandatory; interpretation of following figures):




Extracts hillslopes





Hillslopes





Stream Network Extraction





Watershed Extraction





Extracts watershed and stream network based on user-defined thresholds





Terrain Analysis





Calculates flow directions, accumulation and specific contributing area





Flow Enforcement (depression & flats)





Pre-processing
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