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Related Material:
	
	Lectures:
	

	
	          5, 10- 12
	

	
	Lab Readings:
	

	
	
	“How Zonal Statistics Works” Help File article

	
	
	Hydrologic Units, Hydrologic Unit Codes and hydrologic Unit Names at http://water.usgs.gov/nawqa/sparrow/wrr97/geograp/hucs.txt 

	
	Datasets:
	

	
	
	As described below.

	
	Deliverables:
	

	
	
	A completed answer sheet, answering all the questions provided inline below.


Learning Objectives:
Development of skills working with: 
· Data extraction
· Zonal statistics
· Data joins
· Distance calculations
· Data overlays
· More capabilities of the raster calculator
Introduction
In this lab you will compute distances with the raster data structure as the main learning objective.  You will also use overlay to analyze distance relationships in specific zones.  Both help us understand relationships contributing to a “vulnerability perspective” about protection of coastal habitats. But first, let’s consider why we would want to use distance and overlay.
Stream buffers:
Buffer zones are an important consideration to preserve the health of aquatic habitats.  Washington State has laws about activities that are managed using buffer zones such as critical resource (riparian zone) protection from development.  The Washington Forest Protection Association has more insight available at http://dfc.wfpa.org/ 
Overlay of impervious surfaces and drainage areas:
An impervious surface does not allow water to penetrate from a surface water location to a groundwater location. Impervious surfaces promote substantial water runoff. The area of impervious surface within a drainage area has been shown to have a direct relationship to the health of aquatic habitats. Drainage areas are often thought of as the “land area” that drains into a water body, however, water bodies also drain into water bodies – In our region, for example, land drains to creeks, streams, and rivers, and those water courses drain into Puget Sound.  Drainage areas come in many sizes. Drainage basins are very large, e.g. Puget Sound Georgia Basin. A drainage basin is composed on many “watersheds”.  A watershed is composed of subwatersheds. The University of Washington is within the Ravenna subwatershed (Ravenna Creek drains to Lake Washington) that is part of the Cedar River watershed. 
Roads, parking lots, and building footprints are the biggest contributors to impervious surface areas.  Roads are by far the biggest contributor.  It is possible to use the length of roads within an area as an approximation (proxy) of the impervious area. What information is missing from the proxy if we were to directly compute the area of roads within a subwatershed area? 
Part 1: Zonal Statistics overlay of bathymetry in bird habitats
Zonal statistics provide the means to calculate statistics for continuous surfaces based on user-defined zones. The following diagram explains the basic functioning of zonal statistics:
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The Zone layer defines the zones (shape, values, and locations). 
The value raster contains the input values used in calculating the output for each zone. 
The input zone layer is a field that can be added to the zone layer attribute table containing the statistics calculated for each zone.
Question 1: 
List five zonal statistics and the levels of measurement that would be suitable for each.   (Hint:  see “How zonal statistics works” http://desktop.arcgis.com/en/desktop/latest/tools/spatial-analyst-toolbox/h-how-zonal-statistics-works.htm )
1. Copy and Paste the zipped “labAssignment3” file over from your :P\ to your :U\
2. Set up your workspace directory and connect to “labAssignment3”.
3. Load the raster psdem from the “labAssignment” folder into ArcMap and check its coordinate system.
4. Copy the folder sngl_lyr from P:\Geog462\labAssignment2\data\1262_pugetGDB to your working directory. (Note: if you copied the data for lab 2 to your personal folder, you already have this folder in the 1262_pugetGDB folder.  You can use that copy.)  Load the bird_polys.lyr (Add in the bird_polys.shp by navigating to Data > Repair Data Source) and check its coordinate system.
Question 2: 
Which of the two coordinate systems is more appropriately used for distance calculations? Set your analysis environments accordingly.
Question 3: 
This lab applies psdem in three spatial dimensions (x, y, z). What is the cell size and measurement unit for horizontal x,y space?  ‘Z value’ is a term used to describe measurement in the third dimension. List psdem’s z value measurement unit and reference system. What is the z value measuring?
1. The data needed for our analysis is contained in a table titled biofile2.dbf, located in\labAssignment3\data\. Add this table to your map document.
2. bird_polys and biofile2.dbf contain an attribute named “rarnum”. We will use this to conduct a join of the two datasets. 
a. Right-click on bird_polys in the Table of Contents, navigate to the Join and Relates and select Join.
b. Make sure you choose an attribute join from a table, using the rarnum attribute from the table biofile2.dbf.
c. Please read the help file titled “Essentials of joining tables” for further explanation on joining
Question 4: 
Both files have a field named rarnum. How are those fields used differently in bird_polys and biofile2.dbf respectively? (Think of Brian Berry’s geographical matrix from lecture 5.)
3. Within the Arctoolbox, select Spatial Analyst Tools, select Zonal, and then double click Zonal Statistics as Table  use the following parameters:
· Input raster or feature zone data: bird_polys
· Zone field: bird_polys.BIRDS_
· Input value raster: psdem
· Ignore NoData in calculations: Checked
· Statistics type: ALL
· Direct the output to your workspace, save as zstat2.
4. After the operation is complete (in may take several minutes and the progress bar may not correctly reflect the stage of processing), close the resulting statistics table (or minimize for later exploration).
a. Right-click on bird_polys in the Table of Contents, navigate to the Join and Relates and select Join.
b. Make sure you choose an attribute join from a table, using the BIRDS_ attribute from the table zstat2.dbf.
5.  Explore the newly added fields.  (Drag the slider down until you see values for zonal statistics, which are not <Null>.)
Question 5: 
What is the meaning of the values in the fields: max, min, mean?  Why do many records have null values?
8. Use the identify tool to query the bird_polys features in different locations on the map.  Look at the values in the NAME_ALL field. Use the zonal statistics values to help you visualize the habitat of those species.
9. Open the attribute table for bird_polys, right-click on the NAME_ALL field name on the header and select Summarize.  Scroll to the bottom of the field options and open the choice for the fields: a) zstat2.MIN and check average, b) zstat2.MAX and check average, and c) zstat2.MEAN and check average. Name the output file accordingly.
10. When the operation completes, add the newly create table to your map document, and investigate it.
Question 6:
Name three species that have a habitat in deep water, and three having a habitat along the shoreline.
Part 2: Stream Vulnerability due to surface transportation
Before continuing to an analysis of stream vulnerability, we need to define the areas that affect streams. Each stream receives water from its drainage basin, which is the area within which water collects and moves into the stream. A drainage basin can be defined for an individual stream, a river, or a catchment area feeding multiple rivers and streams. We will be using Hydrologic Units (HU) and Hydrologic Unit Codes (HUC), which is a USGS devised scheme to categorize and catalog all these basins, at 4 levels: regions, sub-regions, accounting units, and catalogue units. Please read the document at http://water.usgs.gov/nawqa/sparrow/wrr97/geograp/hucs.txt for more information and to answer the following question.
Question 7: 
What is a hydrologic unit and what is a hydrologic unit code?
1. Start a new map document and add WaHydroFrame > allhuc6th.shp .  Open the metadata in a browser window. (http://www.blm.gov/or/plans/rmpswesternoregon/deismetadata.php?id=14662)
2. In the interest of reducing the processing time involved in our analysis, we will limit our study area to the Hat Slough subwatershed.  Use the ArcToolbox and navigate to Analysis Tools > Extract > Select. Select the Hat Slough sub-watershed with an SQL expression, using the SUBWAT_NAM field. Using the “Output Feature Class” field, save the result in your workspace, with the name “HS_hu”.
3. Load Hydrort_PNW_100k_lcc.shp
4. You will select those streams which are in the Hat Slough sub-watershed and create a shapefile of only those streams.  In the select menu, click ‘select by location’.  Choose to select features from Hydrort_PNW_100k_lcc that intersect the features in HU_hu.  This selection will take some time to compute.  Export the selected features to a new dataset in your working directory: right click on Hydrort_PNW_100k_lcc.  Choose Data>Export Data.  Make sure you are exporting ‘Selected features’, and name your new data HU_riv.  When your data has been exported and added to your map, clear your selection (Select > Clear Selected Features).
5. Load the road network from the file gdt_1997 and create a subset of it in the Hat Slough sub-watershed in the same way, naming it HU_rd.
6. Remove GDT_1997 and Hydrort_PNW_100k_lcc from your map and clear your selection.
7. Before proceeding, we need to ensure our environment settings are correct. Set the coordinate system and extent to match HU_hu in the Geoprocessing Environment Settings and in the Geoprocessing. 
8. We will now create buffers around the Hat Slough roads and rivers.  In ArcToolbox>Analysis Tools>Proximity click on the Buffer tool.  Click the dropdown next to the Input Features field and choose HU_rd.  Name the output feature class roadsBuf in your working directory.  Let your Distance equal 100 ft. and set your Dissolve Type to All.  Click OK and add the result to the map.  Do the same for the HU_riv, naming your output riversBuf.  Zoom into an area of your map where you can inspect your output.
The buffers give us a binary or Boolean view of stream vulnerability due to road runoff.  Raster-based analysis has the advantage of providing more quantitative results, and allowing us to consider attributes which vary continuously over space.  We’ll continue to consider stream vulnerability from a raster perspective now.
9. Click the check boxes next to roadsBuf and riversBuf to make them invisible in your map.  In the Geoprocessing click environment and then select raster analysis set the Analysis mask to roadsBuf.  Click OK.  
(What is an Analysis Mask?  See the help topic entitled:  “Mask (Environment Setting)”.)
10.  In the Spatial Analyst toolbox, double click Distance >  Euclidean Distance.  Enter values:
a. Input raster or feature source data:  HU_rd
b. Output distance raster: Distance_rd
c. Output cell size: 10
d. Leave all other parameters at their defaults and click OK.  (The process will take some time and there will be an error message. Don’t worry about it. It just means that the map will not be able to display so many pixels. But the process has been properly done.)
11. Repeat the process to create straight line distance raster for the rivers within the rivers buffer:
a. First change the Analysis Mask!  Geoprocessing > Environment > Raster Analysis
i. Analysis mask: riverBuf
11. Spatial Analyst toolbox >  Distance > Euclidean Distance
11. Input raster: HU_riv
11. Output distance raster: Distance_riv
11. Output cell size: 10
Question 8:
What is the measurement framework and measurement unit for the cell values in distance to HU_riv and distance to HU_rd?  (Lecture 5)
Now we’ll use the raster calculator to combine the two distance rasters we’ve created to arrive at a simple index of stream buffer vulnerability.  The raster calculator allows us to do math on one or more raster datasets.  Search “raster calculator” in the help browser to find a description and read about it.
12.  Click Arctoolbox > Spatial Analyst > Map Algebra > Raster Calculator.  Type numbers, double click on the layer names, and click on the calculator buttons to create the following expression:  100 – “Distance_riv”
Save as calculation1.
13.  Change your analysis mask back to roadsBuf, and Calculate a new raster with the expression:  100 – “Distance_rd” and save as calculation2
14.  Using the raster calculator, add the two rasters you just made (calculation1 and calculation2) and divide the sum by 2.  When the result shows up (as calculation3), right click on it, and click Data > Export Data.  Keep all the default values in the Export Raster Data window, except name the output vulnerInd and change the file type to image.
15.  Symbolize vulnerInd (our simple vulnerability index raster) with a color ramp that highlights areas of higher vulnerability (properties > symbology tab > yellow to red color ramp, for example).  Symbolize other layers in your map (or turn them off), zoom, and pan, and use the identify tool to get a sense of the data you’ve created.
Question 9:  Describe the distribution of values in vulnerInd.img.  Where are values highest?  Where are they lowest?  Describe the character of the raster where roads cross streams, and where they run parallel.  Which streams would be more vulnerable to contaminants from road run-off?
Question 10:  As a method of interpreting the vulnerability of streams to road runoff, name at least one factor our simple vulnerability index leaves out?
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