
	Lab Assignment 4







   Winter 2017
Representing surfaces based on adjacency


Due Date:

	
	11pm, Feb 1, 2017
Please upload to Catalyst
	

	
	
	


Related Material:

	
	Lectures:
	
	

	
	         13 through 14
	
	

	
	Datasets:
	

	
	
	P:\geog462\labAssignment4\ (Copy the zipped folder into your own workspace and unzip it)

	
	Deliverables:
	

	
	
	Completed answer sheet, answering all the questions provided inline below.


Learning Objectives:

· Gain a better understanding of different approaches to surface representation

· Become familiar with hillshade and aspect operations

· Learn to use symbology ramps for visualizing surface data

· Learn the importance of surface relief exaggeration

· Learn about density as a surface and how azimuth is used to represent direction

· Use ArcScene to show different 3D displays

Introduction

In this lab assignment, you will work with surface representation.  Surfaces are continuous “fields” of data values, used to represent phenomena such as elevation or air temperature that vary across space. One can take a measurement anywhere on a surface to create a surface representation.  Surfaces extend the spatial data concepts introduced in labs 1, 2 & 3 to support the modeling of dynamics of real world processes.  This lab introduces topographic and marine current surfaces, two factors which can be used to model the movement of water and waterborne materials.

Remember (from Geography 360) that we represent information in three realms.  How do surfaces appear in the three realms?

One realm is the real world, or at least the conventional ways in which we understand it.  Some examples of surfaces in this realm are topography, wind direction, pollutant concentrations, percent cloud cover, and temperature.  All of these are “continuous” phenomena, meaning that there is potentially a measurement everywhere that we could take.  It is often impractical to measure a phenomenon at all coordinate locations across a given extent; therefore how should measures be taken for “reasonable” representations?
A second realm of representation is the computer data model, and particularly the data structures composed of raster cells or vector point, line, and area elements which incorporate the data measurements mentioned earlier.  An important part of surfaces is the adjacency relationships among elements within the data structure, e.g. neighboring raster cells or vector polygons.  Remember that adjacency is represented differently in raster and vector data structures.  Rasters implicitly store adjacency (for a given cell size), while vectors explicitly store adjacency (e.g. polygons are adjacent across a line).  The relationships within the data structure make surface analyses possible in the software.  In this lab you will generate and represent different types of surface data structures.  Lab assignments five and six will move further into analysis using surfaces.

The third realm of representation is graphic visualization. From one instance of a data structure (e.g., a single DEM data set) we can create multiple visualizations of a surface.  You will use a DEM to create hillshade (shadows on hills), aspect (directionality or azimuth), isoline (contour), and 3-D renderings.  You will display a single azimuth data set in three different ways.  Recall that the data actually stored on disk is a database representation different from the visual display representations you create.  Visualization adds symbols that are not stored in the data.  Consider, for example, of the difference between a layer file and a shapefile you saw in lab assignment 2.

Part 1: Representing topographic surfaces

In this section you will create a hillshade raster, an aspect raster, and a contour shapefile from a DEM and isolines from a distance raster.  The DEM represents the area of Puget Sound called Useless Bay.  It is another extract from the PSDEM data that we have used in the two previous labs.

1. Copy the P:\Geog462\labAssignment4\data folder into your working directory on the S:\ drive or your flash drive. (You will need to extract the folder after copying)
2. In ArcMap, open a new map document and add the uselessbay2 raster from the data folder
3. Make a hillshade from the ‘uselessbay2.img’ DEM. (Hillshades are explained in the ArcMap help.  Search “How hillshade works”.):
a. Spatial Analyst -> Surface -> Hillshade

3. Enter uselessbay2 as the input grid.  

3. Give the output grid an appropriate name in your working directory.

3. Accept the other default parameters

4. Symbology (our third realm of representation) can help us understand data.  When the operation is complete, change the symbology for your hillshade from the default grayscale color ramp to a two-color ramp:

4. Right click on your hillshade layer in the table of contents to open its properties dialogue box.

4. Click on the symbology tab

4. Choose from among the color ramp options.  Try the “yellow to dark red” color ramp, and check the “invert” box.  (Hint:  if you right click on the colored horizontal bar labeled “color ramp” and uncheck “graphic view” you can see the names of the ArcGIS color ramps.)

Question 1: 

What do the data values in your hillshade raster represent?
5. Make an aspect raster from the uselessbay2 DEM.  (Aspect is explained in the ArcMap help topic “How Aspect Works”): 

5. Spatial Analyst -> Surface-> Aspect

5. (Remember to choose uselessbay2 as your input instead of your hillshade raster!)

5. Name the output feature class an appropriate name in your working directory.

5. Accept all other default values in the Aspect dialogue box.

Question 2:

What do the data values in your aspect raster represent?
6. Make an isoline shapefile from the uselessbay2 DEM.  (See ArcMap help topic “Working with contours”):

6. Spatial Analyst -> Surface -> Contour

6. Choose 10 as the contour interval and –1 as the base

6. Name the output feature class an appropriate name in your working directory

6. Leave the default Z factor set to 1 

7. When the contours are created and added to your map, symbolize them in a way that could help viewers interpret them:

7. Open the properties dialogue box for your contours shapefile

7. In the symbology tab, click on Categories>unique values
7. In the Value field dropdown, select Contour
7. Choose the smooth color ramp called “distance” (it goes from orange to dark blue).

7. Click “Add all values”

7. Click on the word “Symbol” above the list of values and then click Flip Symbols from the menu that pops up.  Click OK.

8. Of course, we can create surfaces from non-DEM rasters too.  Add rivdist2 to your map, right click it in the table of contents and click “zoom to layer”.  This raster represents straight line distance from rivers within Hat Slough.  It is similar to the rasters you made in the lab 3. Change the coordinate system to NAD_1983_StatePlane_Washington_North_FIPS_4601, the one used by the data frame.

9. Create an isoline (contour) shapefile from the rivdist2 raster:

9. Spatial Analyst -> Surface -> Contour
9. Choose 200 as the contour interval 0 as the base contour, and 1 as the Z factor

9. Name the output feature class an appropriate name in your working directory

Question 3:

In the isoline shapefile you created in step 9, what do the lines with CONTOUR attribute values of 1000 represent?

Part 2: Representing flow and salinity surfaces

In this section you’ll look at two datasets representing aspects of Puget Sound.  Each is represented in a map document in multiple ways.  You’ll be asked to compare the utility of different symbols for the same attribute and to think about the dimensional limitations of these data.

1. Open the map document called Ex4B.mxd from your labAssignment4\data folder.

2. The data in this map are from a sea tide and sea current prediction model for Puget Sound generated by the UW Department of Oceanography.  The layers ‘Current arrow’, ‘Current ramp’ and ‘Current categories’ are different representations of the same shapefile data.  They display the values of the same attribute using three different symbols.  The attribute displayed is the azimuth (direction) of water current.

3. Open the attribute table for one of the current layers and look at the values for the AZIMUTH attribute.  Take a look at the definition of the term ‘azimuth’ here.  Turn the current layers on and off so that you can see how azimuth is represented in each.

Question 4: 
The azimuth attribute field is based on a cyclic reference system (0-360, where 0 degrees is the same as 360 degrees as in a compass bearing).  The azimuth attribute is depicted in 3 different ways in the map: a) current arrow, b) current ramp (see http://www.colortools.net/img25/spectrum_chart.jpg), and c) current categories (see :http://www.corel.com/img/content/products/cgs12/tuts/color_wheel.jpg). Which of a, b, or c geovisualizations carries the most, 2nd most, and least amount of information for representing the azimuth (degree) measurement?  Why?

4. The layers which have names beginning with “salt060904” also represent a single shapefile, but these layers symbolize different attributes of that shapefile.  The symbolized attributes (d977h24, d977h08, d977h16, and d978h24) contain predicted values for salinity (salt concentration in water) in parts per thousand (ppt) for a given time within a single day.  The predictions are made at four-hour intervals (abbreviated by h04, h08, etc.).  Turning on the layers in sequence from bottom to top therefore shows changes in the spatial distribution of salinity in the Sound over a 24hr period.

5. Be sure to open the attribute table for one of the “salt060904” layers and look at the values in the salinity fields.

Question 5:
The data in this map tell us a lot about the Sound, but there is an important dimension missing.  What dimension is this?  Think about the possible dimensions – spatial and temporal - over which salinity could vary in the water of Puget Sound.  Which is not represented in these data? 

Part 3: Representing surfaces in 3D

In this section you’ll work in ArcScene, the 3D visualization and analysis package within the ArcGIS software suite.  It is similar in layout to ArcMap, but because data is viewed in three spatial dimensions, navigating around the visualization is a bit more complex.  If you are new to ArcScene you may want to read the ArcGIS Help topic “Using the 3D Navigate tool in ArcScene.”  You’ll also use the 3D Analyst, an extension for working with data in 3 dimensions, which implements some of the same operations as the Spatial Analyst you’ve been using.

1. Open ArcScene: Start menu>All Programs>ArcGIS>ArcScene 10.1

2. Add the uselessbay2 raster used in the previous section of this lab.  The DEM initially displays as a flat surface.  You will specify the 3D visualization preferences with which to display the data.

3. Open the layer properties for useless bay as you would in ArcMap.  Specify parameters as follows:

3.  Layer Properties -> Base Height: ‘floating on a custom surface:’ select the uselessbay2 raster in your data folder. 

3. Layer Properties -> Base Height -> add a constant elevation offset in scene unit : ‘Custom’ with value of 3. 

3. Layer Properties -> Base Height -> Raster Resolution (button): 90x90 feet
3. Display ->  Resample set to: cubic convolution

4. Try navigating around the data with the 3D navigate tool.  

5. Load the 3D analyst extension:

5. Customs>Extensions check “3D Analyst”, click “Close”

5. Toolbar Options>Customize check “3D Analyst”

6. Make a hillshade layer of uselessbay2 using the 3D Analyst extension:

6. Arctoolbox ->3D Analyst Tool -> Raster Surface -> Hillshade. (Hint: Make sure that the Environment is set)
6. Name the output raster in your workspace. (Hint: if your workspace is not working, go with the default address that ArcScene is giving you, C drive. The default address will save your output on the local drive of the computer you are working on. To use it later from another computer, copy the new raster layer into your own workspace using AcrCatalog)

6. Accept the default parameters.

7. Adjust the surface ‘Base Height’ and ‘Display’ properties for the hillshade in the same way you did for the DEM in step 3.  Also, stretch the color ramp using “Histogram Equalize” to increase the shading contrast of the hillshade:

7. On the symbology tab, “Stretch” area, click the dropdown arrow next to “Type:” and choose “Histogram Equalize.”

8. Create an isoline (contour) layer from the uselessbay2 DEM: 

8. Arctoolbox ->3D Analyst Tool -> Raster Surface -> Contour
8.  Interval: 50

8. Base Contour: 0

8. Z factor: 1

8. (Make sure you’re using your uselessbay2 as the input surface.)

9. Adjust the symbology of the isoline layer:

9. Quantities -> graduated colors; value field -> CONTOUR; 
9. Classify -> Method: Defined Interval (accept all default settings)

Question 6:
Describe in your own words (three sentences or less) what happens when you generate a contour shapefile from a DEM.

10. Change the base height properties of your contour like this:

10. Layer Properties -> Base Height: ‘floating on a custom surface:’ uselessbay2

10. Layer Properties -> Base Height -> add a constant elevation offset in scene unit: ‘Custom’ with value of 3. 

Question7:
What is “a constant elevation offset” in step 10?  Why did we change it from 1 to 3?

