Lab 4| Vector Analysis
Introduction
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This lab introduces how to conduct vector spatial analysis in ArcGIS.  You will learn how to acquire tabular data containing an address field, geocode it in order to turn it into “XY” points, as well as learn to use various geoprocessing tools such as Dissolve, Spatial Join, Intersect, Buffer, Union, Append, Erase, and Clip
Instructions

Based on the assigned readings for this week, answer questions in Part I of this lab.  Then proceed to the next Parts and complete the hands-on exercises.  Before working with the lab data, copy it from the course website onto your flash drive.

Deliverables

Answer the questions marked in bold and produce the required outputs.  Your lab document should be typed, well organized, and submitted according to the course “How To” guidelines.
PART I:  Assigned Readings 
Textbook – Bolstad (Chap. 9 - pgs. 347-389, skip sections “Raster Buffers” and “Raster Overlay”)

1| Provide an example of a spatial analysis operation that takes several input layers to generate a single output layer.

2| Define and give an example of local, neighborhood, and global operations.

3| Explain MAUP (modifiable areal unit problem).
4| During an overlay operation, why is it necessary for the data layers to have the same coordinate system?
5| Which of these overlay types is the most common: point, line or polygon?  Why?
ESRI ArcGIS 10 Online Help Files

6| List four ways to find a tool within the ArcGIS toolboxes.
7| Choose one of the Vector overlay tools and provide an example of when you could apply it to a real-world analysis.
Analysis Documentation and Metadata
While conducting GIS analysis, it is recommended that you create proper documentation of your datasets and analytical steps.  In addition to creating workflow diagrams of your step-by-step process in Modelbuilder, it is also useful to take notes in a text editor software (e.g. Notepad or Word in Windows, or TextEdit in Mac).  Such documentation can then be transferred to metadata in ArcCatalog.  On the ArcCatalog “Description” tab, you can use the “Edit” tool to add a brief explanation of the datasets you create.  The style in which metadata is displayed in ArcCatalog can be changed using the “Customize” menu > “ArcCatalog Options…” item > “Metadata” tab.  The metadata style called “FGDC CSDGM Metadata” is often used to show metadata information in a very detailed format.  
**For Parts II, III, & IV of this lab create a workflow diagram that shows the analytical process for each problem.   You should create this in ArcGIS Modelbuilder, allowing you to simultaneously construct a working spatial model of the exercise, and a visual workflow diagram.**
PART II
Problem Statement
In 2007 the world’s population achieved an unprecedented status: more than half the population now lives in urban areas.  Using 2010 census data estimates, what is the percentage of Portland’s “Tri-county” area population that live inside city boundaries a (a reasonable estimation of urban area)?

· Download Lab4Data from the course website and unzip it to your desktop.

· Add the “Blockgrp2010” shapefile (which contains county population data) and “CityPop2010” shapefile (which contains population data for urban areas) into a new .MXD document.

· Take a few minutes to explore and become more familiar with the datasets.

Preparing for Analysis

There are a few things that should be done before you start working on your GIS project and/or analysis.  Let’s go through each of those steps for the Tri-county Percentage project, with the expectation that you follow these same steps in Part III & IV of the lab as well.

Step 1. Set your Geoprocessing Environments

Geoprocessing environment settings are additional parameters that affect a tool's results.  When you change the Environment settings it will apply to all functions within the project.  For the projects in this lab you will want to go to the Geoprocessing dropdown menu and select Environment set the following parameters:

· Set the current workspace to a geodatabase named Metro_Percent.gdb (you will need to create this).  This means, that by default, all your outputs are placed in your current workspace.  You can still redirect the output to another workspace if you wish in the tool dialog box. 
· Choose an appropriate coordinate system for the Portland Metro area and set it as the output coordinate system.  This will ensure that all output datasets have the same coordinate system as your data frame.

Step 2. Coordinate Systems/Projections

Many times you will get your GIS data from several sources or from some unknown sources.  When using GIS to perform area calculations or other analytical functions, you will want your results to be in familiar units like miles or kilometers.  Data that is in a Geographic Coordinate System have units of decimal degrees and can be difficult to interpret (and sometimes not possible to analyze within ArcGIS).  There are two things you should do before starting your analysis:

· Convert your datasets into an appropriate Projected Coordinate System (PCS – the same one you set in your geoprocessing results).  For the Tri-county Population Percentage project – this could be anything that focused on Oregon or the Portland region.   Remember to use the PROJECT tool to do this correctly and to put the new datasets into the Metro_percent.gdb.
· Change your Data frame properties to reflect the same PCS.

1. What PCS did you convert your datasets into for the Tri-county Percentage project?

Step 3. Sketch out a Workflow

Read through the Tri-county Percentage project and create a sketch workflow.  You will need to submit your final workflow at the end of the project, but it helps to get an idea of what you will be doing in advance of walking through the steps.  
Analysis

First off, you will notice that none of the datasets represent population of the area as a whole – instead you have population broken down by U.S. Census block group and cities.  You will create a new dataset for the entire “Tri-county” area that summarizes all of the population information from the blockgrp2010.
· Open the Dissolve tool via either the “Geoprocessing” menu or ArcToolbox.
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2. What is the function of the Dissolve tool? 

· Set the input dataset to be the “blockgrp2010” shapefile layer, and name the output dataset “Metro_Pop”.  Do not dissolve based on any field (i.e. don’t select a “Dissolve_Field” option).  
[image: image2.png]. Dissolve

Input Features

blockgrp2010 selection
Output Feature Class

E:\Users Randy Doauments\ArcGIS etro_Percent. odbodkgrp20 10 Dissove | |3

Dissolve_Field() (optiona))

Oro

O sare
O county
O mact
O macT_no
Oss

O mes
Orrs

Meorio
<

SelectAl Unselect Al

Statitics Fild(s) (optional)

‘AddFied

<

PoP10

Statistic Type

< 3 [x][+

{Showtielp 5>





· You will need to use the Statistics Field(s) option to sum the attribute field(s) you need to answer your question about total population in the Tri-County area.  At this point, ‘sum’ all the population field, as well as the different race population fields.  The screenshot above shows you what this should look like for one field.
· Make sure that the “Create multipart features (optional)” checkbox is checked on.  Click OK to start running the tool.  

· Once the Dissolve operation is complete, add the new Metro_Pop dataset to your map and open the attribute table.

3. What is the total (sum) population for the entire Tri-county area?

Next, you will need to determine the population of all urban areas.  Instead of using the Dissolve tool, this time you will use the Statistics tool in the attribute table, which provides basic statistics for the data in a particular attribute field.

· Open the attribute table for the “City_Pop2010” shapefile, right-click on the “Pop_2010” field, and select the “Statistics…” tool option to open the Statistics window.
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4. What is the listed value for total (sum) population of all urban areas?

· But wait - note that the “Minimum” statistic indicates the field contains at least one negative value.  (Often the value of “-999” is used to indicate that no data exists for that particular feature attribute.) This causes the total urban population value to be inaccurate.  To get an accurate sum, you’ll need to remove all features that have a population of less than zero.
· Use the “Select by Attribute” tool to isolate urban area polygon features with a population of zero or greater.
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5. What SQL expression did you use to create the selection?

· Use that same expression to write a definition query in your CityPop2010 dataset so that only the valid city populations are visible.
· Open up the CityPop2010 attribute table again.  Look through it to make sure all the population numbers are positive.  Right-click on the “Pop_2010” field and use the “Statistics” tool to find the updated value for total urban population.

6. What is the updated, correct value for total population of all urban areas?

· Now using your results from Questions #3 and #5, calculate the urban percentage of total Tri-county population.  (You can do this in at least a couple of ways: 1) calculating it manually; or 2) adding two new numerical fields to the Metro_Pop attribute table, entering the total urban population value from CityPop2010 into the first field, and using the “Field Calculator” tool to calculate the urban percentage into the second field.)  Use the following equation:
(Total Urban Population / Total Metro area Population) * 100

7. What percentage of the Tri-county population lives in an urban area?
8. Insert your workflow diagram for Tri-county Percentage project.
PART III: Rural Reserves Project
Problem Statement
How many tax lots can be designated as rural reserves outside of the Urban Growth Boundary (UGB) within Clackamas County?  Metro is in the process of designating rural reserves, which are defined as having “high value working farms and forests or have important natural features like rivers, wetlands, buttes and floodplains”.  A rural reserve designation means that your rural land will not be considered for inclusion within the UGB for the next 40 to 50 years.
You are going to identify Clackamas County tax lots that meet the following criteria for their initial consideration as a rural reserve designation: 
· At least a mile outside of the Urban Growth Boundary (UGB) 

· Landuse type is Rural, Forest, or Agricultural
· Greater than 25 acres in size
· No building on the property
· Open a new .MXD document and add Clackamas taxlots and ugb_fill (urban growth boundary) features classes from the Clackamas.gdb in the lab4 data folder.
Preparing for Analysis

Step 1. Coordinate Systems/Projections

Check to see what coordinate system your datasets are in.  If they need to be converted into a Projected Coordinate System, choose an appropriate one for this region and convert.  Make sure that your Data frame is set to the same PCS.

1. What Coordinate System did your data come in?  Were they both in the same Coordinate System?  What, if any, conversions did you have to make? 

Step 2. Setting your Geoprocessing Environments

· Make Clackamas.gdb your current workspace
· Set the output coordinate system to ‘Same as Display’
Step 3. Sketch your Workflow

Read through the Rural Reserves project and create a sketch workflow. 

Analysis
To determine which properties are at least a mile from the UGB, you are going to create a 1-mile buffer around it using the Buffer Tool.

2. What is a Buffer Polygon?

· Open the Buffer tool, and set your input dataset to “ugb_fill”.  Save your output dataset to the Clackamas.gdb geodatabase and name it “UGB_buffer”.  Make sure to use the “Linear unit” option to set the appropriate buffer distance.  Keep the defaults for the rest of the tool parameters.  
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· Click OK to run the Buffer tool, and then add the “UGB_buffer” dataset to your map.  We will set this new dataset aside for now and come back to use it later.
Next, you need to determine which tax lots meet Metro’s criteria for size and land use type.   You will do this using the Select tool.
· Open and look through the Clackamas_taxlots attribute table.  You should see attributes related to owner, site address, land and building values, occupancy, land use, sale price, etc.  We are going to select out data based on “LANDUSE”, “A_T_ACRES”, and “BLDGSQFT” to find the tax lots that have landuse type Agricultural (AGR), Forest (FOR), or Rural (RUR); are at least 25 acres in size; and have no current building.
· Open ArcToolbox (or Search for the Select tool) and go to Analysis tools > Extract and open up the Select tool.
· Use Clackamas_Taxlots as the input features, set your output to your Clackamas.gdb and call it Clack_tax_selection, and use the expression box to write the query below.  To ensure the syntax is correct, use the Query Builder wizard (accessed by clicking on the “Query Builder” button).  Enter the following SQL expression exactly:  Click OK to run the tool.
LANDUSE IN ('AGR', 'FOR', 'RUR') AND A_T_ACRES > 25 AND BLDGSQFT <= 0
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· You should have 2476 properties that meet the required criteria.
The final step is to determine which properties lie outside of, and at least one mile away from, the UGB.  To do this, you will use the Union tool to combine the Clackamas tax lot selection and UGB buffer datasets.
· Open the Union tool and set the input datasets to “Clack_tax_selection” and “UGB_Buffer”.  Save the output feature class to the Clackamas.gdb geodatabase, and name it “Taxlots_union”.  Accept the defaults for the rest of the tool and click OK to run it.
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3. Why do you want to use the Union tool here rather than the Intersect tool?
4.  How can you use the output “Taxlots_union” attribute table to determine which tax lots fall inside vs. outside the buffer?
· Now isolate the potential rural reserve properties within the Taxlots_union data set, using the “Select By Attributes” tool.  Using the “Export Data” tool, export the selected features to a new geodatabase feature class called “Taxlots_reserve”.  Add the new feature class to your map.
5. Create a workflow diagram for your lab Part III analytical steps up to this point and insert into your lab document.
· Open the “Taxlots_reserve” attribute table.
6.  How many properties can potentially be considered for inclusion as a rural reserve?
· Use the “Statistics” tool on the “A_T_ACRES” field (note: not the “GIS_ACRES” field) to summarize acreage statistics.
7. What is the total acreage of the potential rural reserve properties?  Average size of taxlot?
· Let’s also look at how the acreage of different land use types is distributed among the potential rural reserve properties.  Using the “Select By Attributes” tool, “Show selected records” option, and “Statistics” tool, summarize the acreages of the “Agricultural”, “Forest”, and “Rural” land use types.  (Be sure to use the “A_T_ACRES” attribute field.)
8. Based on acreage of the potential rural reserve properties, what percentage of land use is Agricultural?  Forest? Rural?

· Create a map highlighting the location of the “potential rural reserve” tax lots, as well as differentiating between Agricultural vs. Forest vs. Rural land use.  Include appropriate layout elements for a presentation-quality map.
9. Export your map as a .jpg and insert into your lab document.
· Look closely at the tax lots that are located right on the border of (and are cut by) the 1-mile buffer.  

10. How do the partially “cut” tax lots affect your analytical results?  Would you recommend that they be included in future analytical iterations, and why or why not?
11. Go back to the original Clackamas Taxlots data set and write a query to find out what would happen if we changed the minimum size requirement to be greater than 50 (instead of 25) acres (and still kept the landuse designations AGR, FOR & RUR with no buildings).   How many properties are included as potential reserves under this scenario?
PART IV:  Light Rail Accessibility Project 
Problem Statement
Tri-Met wants to analyze how accessible the Yellow MAX line stops are to people living in North Portland.  You will conduct the initial analysis, which is to determine which tax lot properties are within 0.5 and 1 mile from Light Rail stops. 
They have provided you with 4 shapefiles:

taxlots: tax lots within the 97217 zip code

taxlots97227: tax lots within the 97227 zip code

lrt_stop: All Light Rail stop locations

NoPoParks: Parks within the 97217 and 97227 zip codes

To conduct this analysis, you will need to:

· Remove all of the parks properties from both tax lot files;
· Calculate the distance from Light Rail stops to tax lots.
To complete this project there will be 3 main tools that you will use: Append, Erase, and Buffer.
· Start by opening a new .MXD and creating a geodatabase for this project (LightRail).  
Preparing for Analysis

Step 1. Coordinate Systems/Projections

Check to see what coordinate system your datasets are in.  If they need to be converted into a Projected Coordinate System, choose an appropriate one for this region and convert.  Make sure that your Data frame is set to the same PCS.  
· If you need to use the project tool, make sure to put the outputs into your LightRail.gdb

· If you do not need to use the project tool, import your datasets into the LightRail.gdb
1. What Coordinate System did your data come in?  Were they both in the same Coordinate System?  What, if any, conversions did you have to make? 

Step 2. Setting your Geoprocessing Environments

· Set your current workspace to your LightRail.gdb
· Set the output coordinate system to ‘Same as Display’
Step 3. Sketch your Workflow

Read through the Light Rail Accessibility project and create a sketch workflow. 

Analysis

Since we will have to use a few tools on both the taxlots & taxlots97227 data layers, the first thing to do is to append one file to the other using the Append tool.
2. Explain how the Append tool works, and how it is different from the Merge tool.
· Append the taxlots97227 layer to the taxlots layer.  Since taxlots.shp has a more general name, use that as the “Target” and taxlots97227.shp as the “Input” dataset.  
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3. How did taxlots.shp change after using the Append Tool?
Next, we can remove all parks from the taxlots layer.  Tri-Met is focusing on how accessible Light Rail stations are to permanent housing on taxlots, so parks are not included in their analysis.
· Use the Erase tool to complete this task.
· In the Erase tool wizard, set the “Input” features to the taxlots layer and the “Erase” features to the NoPoParks layer (this way the parks will be removed from the taxlots layer).  Name the Output feature class “taxlots_noParks” and save to your flash drive.
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4.  Explain how the Erase tool works.
Determine which tax lots fall within 0.5 mile and 1 mile from the Light Rail stops.  
· Before proceeding, limit the number of Light Rails stops to just those within your study area.  Use the Select By Location tool to do this.  On the “Selection” menu, open the Select By Location tool.  Set the Selection method to “select features from”, the Target layer to “lrt_stop”, the Source layer to “taxlots_noParks”, the Spatial selection method to “Target layer(s) features are within a distance of the Source layer feature”, and the Search Distance to 500 feet.  
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· Using the Export Data tool, export the selected features to a new shapefile called “lrt_stops_selected”.

· Use the Buffer tool to create two polygons buffered out to 0.5 mile and 1 mile from the lrt_stops_selected shapefile layer.  Run the Buffer tool twice and name the output layers “buf_05mile” and “buf_1mile”, respectively.  Be sure to set the “Dissolve_Type” option to “ALL”.
· Using the Clip Tool, capture the tax lots located within each of the two buffer polygons.  Set the Input Features layer to “taxlots_noParks” and the Clip Features layer to “buf_05mile”.  Name the Output feature class “taxlots_05mile” and save it to your flash drive.  Run the Clip tool and add the output taxlots_05mile feature class to your map view.
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5.  Explain how the Clip tool works.
· Repeat the Clip tool steps for the Input Features layer “taxlots_noParks” and the Clip Features layer “buf_1mile”.  Name the Output feature class “taxlots_1mile” and save it to your flash drive.  Add the output taxlots_1mile feature class to your map view.
6. Create a workflow diagram for your lab Part IV analytical steps up to this point and insert into your lab doc.
· In ArcCatalog, review the “FGDC CSDGM” style metadata for the taxlots shapefile
7.  What do the land use codes “SFR” and “MFR” stand for?
8. For each clipped taxlot layer, how many tax lots are of land use type “SFR”?  How many tax lots are of land use type “MFR”? 
9. Based on the information provided in the clipped tax lot layers, can you think of a way that Tri-Met could estimate the number of people as part of their analysis?  Explain.

· Create a map (or multiple maps) that identifies: 1) the tax lots located within 0.5 and 1 mile from each Light Rail stop, and 2) the land use type of the tax lots that fall within each buffer.  Do not forget to add appropriate layout elements for a presentation-quality map. 

10. Export your map as a .jpg and insert into your lab document.
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