Raster GIS

1. What is the structure of a raster dataset?
Raster data models use a grid-like data structure where the geographic area is divided into cells by row and column – each cell is given a value

2. What do the numbers assigned to each cell represent?  How are these numbers reflected in the different types of grids (according to the levels of measurement).
The number assigned to each cell in a raster dataset is called the value – values may or may not have numeric meaning. For example, a 4 could represent water

3. Explain the concept of resolution?
If one raster has a resolution that is finer than the other, the overall image may appear distorted. You may want to resample in order for each raster to have the finer resolution, making the overall image quality better while speeding of processing and reducing data size.

It is the accuracy that a given map scale can depict the location and shape of geographic features. The larger the map scale, the higher the possible resolution, and vice versa. If resolution is decreased, resolution diminishes and feature boundaries should be smoothed. For example, small boundaries will have to be represented as points rather than polygons.

4. What is the general rule regarding the choice of resolution and object representation?
The grid size chosen for representation should be ¼ the minimum required resolvable feature for a given  model/analysis

5. What is raster encoding?
Raster encoding is the process of creating a raster dataset that is similar to draping a grid containing square cells over the study area. A code is assigned to each cell according to the feature(s) that is in each cell on the raster. The code/value of a cell is a numeric value corresponding to an attribute (Ie. Landuse), and they allow for faster processing times and data compression 

6. How does raster encoding differ for points, lines and polygons?
Polygon input data:

Each cell on the resulting output raster is assigned the value of the feature that fills the majority of the cell, or that is encountered in the scan process within the cell.
Point input data:

Any cell extent that encompasses a point will receive the value of the attribute of the point that is being converted. Although a point has no area, it is converted to a cell representing area. 

If two or more points fall within the extent of a cell, Spatial Analyst will randomly select one of the points when assigning cell values. From here, it becomes possible to have fewer cells with values than there are points in the raster. As such, you should represent your point data in a manner that is in favour of this process. Point data features will become the size of the cell, and therefore you should choose a cell size that is appropriate to the feature that the point represents – should be small enough to capture enough of the input points for the desired analysis.

Linear (lines) input data:

Converting linear data to a raster is similar to converting point data to a raster. For any line that passes within the extent of a cell, that cell will receive the value of the attribute identified in the conversion. If multiple lines pass through a single cell, Spatial Analyst will randomly select one of the lines to use to represent that cell location in the output raster dataset. 

As with point data, linear features will become the width of the cell. For example, if the linear features that are being converted represent roads and if the cell size is one kilometer, the road will be one kilometer wide in the output raster dataset. You should choose a cell size that is appropriate to the linear feature that you are representing. If the cell size is one meter, then the road would be one meter wide. 

7. What are the differences between spatial resolution and scale?
The difference between spatial resolution and scale is that resolution is how clear the image can be seen, while scale represents the amount of detail that a map shows. For example, a 1:1000 scale shows more focused detail while a 1:100,000 scale shows the detail over a much larger region (local vs. global)

8. What is geometric transformation?
A geometric transformation converts to projected coordinates in a process called map-to-map transformation
9. What are types of geometric transformations that can be applied to raster datasets?
Rotate: Rotates the source layer. 
Shift: Shifts the source layer. 
Scale: Rescales the source layer. 
Add Control Points: Allows you to select control points from a layer and add them to the map. 
View Link Table

10. What is resampling?
Resampling is the process of determining new values for cells in an output raster that result from applying a geometric transformation to an input raster

11. When is resampling used? Why?
Resampling is used to find the value each cell should receive on the resampled output raster – the center of each cell in the output must be mapped to the original input coordinate system. Each cell center coordinate is transformed backwards in order to find the location of the point on the original input raster. From here, a value is assigned to the output location based on nearby cells in the input

The three techniques for determining output values are nearest neighbour assignment, bilinear interpolation, and cubic convolution. Each of these techniques assigns values to the output differently. Thus, the values assigned to the cells of an output raster may differ according to the technique used.

12. What kinds of resampling are appropriate for nominal data? Why?
NEAREST NEIGHBOUR: It does not change any of the values of cells from the input raster – for example, the value of 2 in the input raster will always remain 2 in the output raster. It is because the output values don’t change that this resampling method is appropriate for nominal data – where each value represents a class, member, or classification (categorical data – soil, forest type)
13. What kinds of resampling are appropriate for ordinal data? Why?
NEAREST NEIGHBOUR: It does not change any of the values of cells from the input raster – for example, the value of 2 in the input raster will always remain 2 in the output raster. It is because output values don’t change that this resampling method is appropriate for ordinal data – where each value represents a class, member, or classification (categorical data – soil, forest type)

14. What kinds of resampling are appropriate for interval/ratio data? Why?
BILLINEAR and CUBIC CONVOLUTION: These are most appropriate for continuous data, as interval/ratio data. It is not recommended that these methods be used for categorical data as the cell values will be altered.

15. How does resampling differ from aggregation?
To determine resulting values of an output raster, the two methods of choice are resample (nearest neighbour, bilinear, cubic convolution) and aggregation (block functions and aggregate functions). When using aggregation as a block function, ArcGIS Spatial Analyst calculates a specified statistic within non-overlapping neighbourhoods. The aggregate function collects a series of cells of the same value to produce a single, more coarse resolution cell. It resamples an input raster to a coarser resolution based on a specified aggregation technique (sum, min, max, mean, median). For example, if Maximum is chosen as the cell technique, all max values that are the same will be combined in order to create the larger resolution cell.  

16. What is a Euclidean distance surface?
Euclidean distance tool measures straight-line distances from each cell to the closest source cell – the source identifies the objects of interest, such as a well or a school. The distance measures is from cell center to cell center. Euclidean distance allows you to also calculate for each cell the direction, and determine which source is closest

17. Explain Boolean operators 
Boolean operators use Boolean logic (T/F) on the input raster on a cell-by-cell basis. Output values of T are written as 1, and F as 0. Boolean operators are And, Not, Or, XOr (exclusive or).

18. What is a mask?
A mask identifies cells within the analysis extent that will be considered when performing an operation of functions. Setting an analysis mask means that processing will only occur on selected locations and that all other locations will be assigned values of NoData, therefore will not be considered when doing the analysis. 

Map Algebra & Cartographic Modeling

1. What is a model?
A model is a representation of reality that helps to understand, describe, or predict how things work in the real world:
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2. What is a process model?
A process model represents a physical process – can be static (such as defining the location of a stream network from a DEM); or can be dynamic (such as wildfire growth stimulation in which each iteration represents a time step in the fire growth, with the previous time step being input the to the subsequent time step). Dynamic models are often implemented through stimulation. 

3. How do process models differ from descriptive models?
Descriptive models assign a direction, class, preference, or weight to each location – based on attributes at each location, relative to other locations. Weight is also based on a phenomenon’s preferences for the attributes located there. Suitability models are an example of a descriptive model. Process models depict a physical process, and can be either static or dynamic. Static models provide a representation of a process at a single point in time. A dynamic model can explicitly represent the process in space and time. 

Representation/Descriptive models—represent the OBJECTS in the landscape

Process models—simulate PROCESSEES in the landscape

4. Illustrate how cartographic modeling and map algebra are related using a simple topoclimatic model.
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5. What is Map Algebra?
Map algebra provides an easy-to-use and powerful way to define geographic analyses as algebraic expressions, which allows for users to take their real-world data and apply algebraic functions to derive new results. 

Algebraic equations can be simultaneously applied to all cells in all layers – referred to as map algebra
6. What is cartographic modeling?
Cartographic modeling is the process of outlining the analysis flow and is the key to implementing and testing a suitability model.

Cartographic modeling is the process of linking together the basic operations that work on layers into a logical sequence that solves spatial problems – Model Builder in ArcGIS
7. How are cartographic modelings and map algebra related?
Cartographic modeling layers that is geo-referenced in the same coordinate system. This can be done by spatial overlay (intersect and union). In a raster GIS, cartographic modeling is also named Map Algebra, where mathematical combinations of raster layers occurs and can be applied to one or multiple layers. Functions include local (cells are processed without reference to surrounding cells), focal (process cell data depending on the values of neighboring cells - kernel), zonal (process on the basis of ‘zones’ – define cells sharing a common characteristic), and global (the output value of each cell is a function of the entire grid).

8. What is a statement/process or expression in a cartographic modeling? 
In ArcMap a processor creates a new layer rather than modifying the existing one. It can be a single operation on one or more raster layer – each process has an input grid upon which a function works and this produces an output or derived dataset (a new layer)
9. Define MCE.
A multi-criteria objective (evaluation) is when there are several criterions that need to be evaluated to meet a certain objective. For example, one might wish to identify areas of concern for soil erosion on the basis of slope, land use, soil type and the like. In these instances, our concern lies with how to combine these criteria to arrive at a composite decision.

Multi-criteria evaluation: to meet one objective, several criteria must be considered (e.g., do I have enough $ to see a movie, do I want to see an action or a horror movie, which theatre is closest?)
10. What is a weighted linear combination?
Weighted linear combination, or simple additive weighting, is based on the concept of a weighted average in which continuous criteria are standardized to a common numeric range, and then combined by means of a weighted average. The decision maker assigns the weights of relative importance directly to each attribute map layer. The total score for each alternative is obtained by multiplying the importance weight assigned to each attribute by the scaled value given for that attribute to the alternative and then summing the products over all attributes.

11. Provide a concrete example of Boolean overlay for a fictitious site selection problem.
The easiest way to do sieve mapping to use Boolean logic to find combinations of layers that are defined by using logical operators: AND for intersection, OR for union, and NOT for exclusion of areas (Jones, 1997). In this approach, the criterion is either true or false. Areas are designated by a simple binary number, 1, including, or 0, excluding them from being suitable for consideration (Eastman, 1999). 

12. What are some issues with the use of Boolean overlay in MCE?
Need to use the right Boolean command for the desired output. MCE has multiple criteria, but Boolean overlay only has two possibilities (1 or 0)
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13. What is a decision rule?  
A decision rule a procedure by which criterion are selected and combined in order to arrive at an evaluation whereby it can be acted upon to come up with a decision. For example, all slopes >35% will be ruled as unsuitable for development. It could also involve a MCE, where a number of criterion need to be selected and considered for evaluation.
14. What are the differences between constraints and factors in MCE?
Factors enhance or detract from suitability of alternatives. For example, suitable lands must be at low elevations – the lower the better. Constraints limit the alternatives under consideration are Boolean. For example, suitable land should be below 400m in elevation, or suitable agriculture should be at least 2ha in size. 
15. What are operators? 
Operators and functions are grouped into categories based on how they manipulate values. Manipulation can occur on a single cell location (local), can occur on cell locations with a neighbour (focal), and can occur on cell locations within zones (zonal). Each operation works on a cell-by-cell basis and each calculation for each cell requires cell values, the method of manipulation, and other cell locations if they are to be included in the calculation. 

Operators are the specific information with regards to functions. An example is with the Slope function, one needs to determine if they want to use degree or percent rise as the operator.
16. What are functions? 
Functions are the commands that are called up when running a model. Functions can include slope, aspect, Euclidean distance, etc. 

17. Be able to calculate the illustrations based on operators and functions.
Refer to Question 4 of this section

18. Be able to construct a simple cartographic model from a word problem.
Refer to Question 4 of this section
Software specific

1. Why are the environment settings in ArcToolBox important in raster-based analysis?
The environment settings in ArcToolBox allor for an operator to establish the workspace of the current map – where the map is working from and drawing in data, and where the map is creating data files from the operator. The environment seetings allow an operator to select a mask, define the default cell size, and much more. 

2. What method of resampling does ArcGIS use if your input analysis layers have different resolutions?  (e.g., the default method) How is it done?  What type of data is this method good for?  For what types of data might this be inappropriate? Why?
The default method of resampling is NEAREST NEIGHBOUR, which takes the value from the cell closest to the transformed cell. It’s fast, preserves original data (categorical), but some pixels are loss and sharpness is decreased. 

Bilinear Interpolation: takes average of  values for four nearest cells in the untransformed data weighted by distance to the transformed cell location

· Linear Interpolation in 2-dimensions.

· Distance weighted average of the four nearest input cell centers. 

· Continuous data (Floating Point, elevation, slope).

· No extrapolation. 

Cubic Convolution: takes average of  values for 16 nearest cells in the untransformed data weighted by distance to the transformed cell location.

· Smooth curve through nearest 16 input cells.

· Smoother than bilinear.

· Continuous data (Floating Point). resampling imagery such as aerial photography and satellite imagery.

· Extrapolation.

Bilinear interpolation or cubic convolution should not be used on categorical data since the categories will not be maintained in the output raster dataset. 

· For example, if your grid uses a value of 0 for wetlands, 1 for desert, and 2 for urban land cover, then interpolating between wetlands (0) and urban land (2) can easily produce values near 1 (desert), which is ridiculous.

3. What happens to an output cell if a corresponding input cell is NoData?  Are there exceptions? 
Regions, Zones or Values of NoData are excluded from analysis. In some cases NoData can be ignored in calculations. In some systems this is called the Null Value or is represented by 0.
4. What is a logical grid? 

Recall, this GRID data format consists of a folder on the hard drive by the name of the grid, e.g., water, and a folder called INFO.  Together these two folders comprise the spatial data format for a single GRID.  Copying, moving or deleting GRIDs should only be done using ArcCatalog
5. What item is used by default in the VAT in map algebra?
Integer grids can have VAT (Value Attribute Tables).

· These are categorical layers.
· First field is [Value] that contains the zone codes and the second is [Count] which records the number of cells in each zone.
Floating Point Grids do not have VATs.

