
	Lab Assignment 6






Winter 2017
Flow Operations and Surfaces


Due Date:
	
	11pm, Feb 15, 2017
Please upload to Catalyst
	

	
	
	


Related Material:
	
	Lectures:
	18 through 20

	
	Datasets:
	

	
	
	P:\geog462\labAssignment6\data\*.*

	
	Deliverables:
	

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


Learning Objectives:
· Understand the spatial processes of contaminant distribution within a hydrological environment
· Compute and map flows across land
· Compute and map flows in water
· Pinpoint potential sites of contaminant accumulation
· Use Digital Elevation Models for least cost path mapping of flows.
· Use Spatial Analyst and custom Hydro Tools and Model Builder to locate accumulation rasters
· More work with ModelBuilder
Notes:
There are three required parts in this lab. There is a Part 4 for extra credit (Parts 1-3: 35 points + Part 4: 10 extra credit points). Manage your time accordingly if you want to do extra credit.
Introduction:
This lab assignment is about flow over land and through water. A gasoline road-train truck driver swerves to avoid deer crossing the road at the top of a gentle rise in the Cascade foothills.  The driver is unable to recover control and crashes through the guardrail on the left side of the road. The second tank comes detached and tumbles off to the other side.  Both tanks puncture and gasoline spews out onto the ground.  You are tasked with determining where the gasoline leaking from each of the tanks is likely to go.  First you will set up the scenario and prepare your models (Part 1). You will then trace how a gasoline particle travels from the point source (tanker) over land and into a stream (Part 2).  Next, you will trace the movement of this particle from where it is introduced to the stream to the mouth of the river in Puget Sound (Part 3).  Finally, you will model contaminant flow directed by tidal currents over time.
The primary question motivating the analysis in this assignment is the following. What path would a particle released at some point on land take on its way to Puget Sound, and once in the Sound, where would currents take that particle?
Preparations:
Please create a new folder in your U:\ Geog 462 folder for Lab 6
Copy the labAssignment6 zipped folder from the P:\ to your student folder on the U:\.  
Part 1. Contaminants Find Their Way 
In preparation to address the scenario described above you need to create some models to make your work more productive.  ModelBuilder is being used because there are steps that repeat, and the ModelBuilder tool makes it easy to invoke such steps. The good thing about models is you can use them over and over with different data.  They can be tedious to create, but they save so much time and frustration when you can run a sequence of operations without having to retype them or select from the tool menu.  Sometimes models, not these in particular, take so much  time to run that they are started at the end of the day and the results are ready by breakfast. 
First, let’s get an idea of the crash site:
1. Add the silvanadem from your data folder.
2. Set your working directory to your U:\ Geog 462 folder and set the spatial analysis settings in the ‘Extent’ and ‘Cell Size’ tabs to match the silvanadem.  Be sure to set the ‘general settings’ for ArcMap as well.
3. Add the remaining data from your data folder.
  ***It is important that you load the ‘silvana_dem’ raster layer first, because the first layer added to the data frame sets the frame’s properties***. Arrange the vector layers at the top of the TOC.
4. Invert the symbology ramps associated with the DEMs.
5. Turn off the nlcd01impv and the nlcd01cnpy for now.
6. Select ‘Zoom to layer’ for gasolineSpill.shp to see the location of the accident site and position of the two tanks.
7. Consider using your knowledge of hillshade and contour to better visualize the site location and landscape nearby.  If you feel the need to do a hillshade to better visualize the site of the spill, now is the time to do it.  If you are comfortable looking at the raw elevation data, carry on.
This assignment picks up where lab assignment 5 left off with the development and use of ModelBuilder.  Part 1 is the majority of this lab because it takes time (and patience) to build models that work well. The instructions that follow help you to extend the fill and flow direction model (lab 5) to engage with questions about drainage across surfaces.  Hydrologic pre-processing (Hydro pre pro: HPP) is the name of a suite of operations required to prepare surfaces to support flow modeling.  After creation of flow direction is the creation of flow accumulation rasters, which is central to this analysis.
Load the Hydro_pre_pro toolbox and open the ModelBuilder editor:
1. Display the Arc Toolbox frame.
2. Right-click inside the toolbox frame, select Add Toolbox and choose tools\Hydro_pre_pro.tbx
3. Use ArcToolbox -> Hydrp_pre_pro -> HPP ->Edit to display the ModelBuilder editing window for the fill/flow direction tool from lab assignment 5.
4. Display the tools in Arc Toolbox -> Spatial Analyst Tools -> Hydrology.  Some of these will be used to extend the HPP model.
Add Flow Accumulation to the model:
1. Click and drag the Flow Accumulation tool from the Arc Toolbox into the Hydro_Pre_pro model window next to the box for the Flow direction surface.  
2. Double-click Flow Accumulation to display its parameters dialog and take note of the current settings.  If there is a message saying that this function has not licensed, it means that you have not activated it. Go to Customize to activate the Spatial Analyst extension. Make sure that the output data type is set to Integer, NOT Float. Also check the input/output parameters for Flow direction surface.
3. Click on Connect ([image: image1.png]=8| X
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 third tool from the far right on the toolbar). 
4. Add a connection from the ‘flow direction surface’ to the ‘flow accumulation’ tool.  In the pop-up window, select input flow direction raster. Note: as you change parameters in one output or tool, ModelBuilder adjusts the settings for the components that are dependent on that file for processing.
5. Click, drag, and drop the silvanadem from the data frame Table of Contents to the ‘fill’ tool.
6. Name the output from Fill as silvanafill (NOTE: we strongly suggest you create a labAssignment6\output for the sake of organization)
7. Name the output from Flow Direction as silvanafdir
8. Name the output from Flow Accumulation as silvanafacc
9. Before running the model validate your parameters by clicking the check mark on the toolbar.
10. In the ModelBuilder editing window click Model -> Save.
Calculate flow direction and flow accumulation for stilladem:
11.  Model -> Run entire model
12. The model progress window will be shown to report on status and completion of the model components.  While running, the active component will be red to help you monitor progress. 
13. Add the final output grid (silvanafacc) to the data frame for inspection.  Invert the ramp and make sure that ‘standard deviation’ is the stretch type.
Question1: 
What is the maximum cell value in the flow accumulation output grid?  What is the coordinate cell of the maximum value of silvanafacc? (Hint: If given nothing other than the flow accumulation, where would you expect the highest accumulation data value to be located?)
Extract streams from flow accumulation:
1. In ArcToolbox, right-click on Hydro_pre_pro and create a New Model.
2. In the blank model builder dialog, on the main menu, click Model and navigate to Model Properties. Use the name Streammaker, click OK and Save your model.
3. Click and drag Raster Calculator from ArcToolbox\Spatial Analyst Tools\Map Algebra into your model.
4. Drag silvanafacc on top of the “Raster Calculator” tool in the model.
5. Double-click on the Raster Calculator tool to display its properties and enter ‘silvanafacc > 30000’ as the expression. Name your output raster file qry30000.
6. Save the model and run it. When the model is complete, add the qry30000 file.
7. Create a second new model in the same toolbox and name it Reclass.
8. Drag the Reclassify tool from ArcToolbox\Spatial Analyst Tools\Reclass to your model
9. Drag the qry30000 file over the Reclassify tool in your model. 
10.  Open the parameter dialog for Reclassify and edit the reclassification table so that it looks like this (don’t change column headings, and note that there are no spaces in ‘NoData’):
	Old values
	New values

	0
	NoData

	1
	1

	NoData
	NoData


1. Make sure your output is named str30000.
2. Save and run your model. Add the output file on the map
Question 2: 
What do the values from the map algebra equation mean? What was accomplished with reclassification using NoData?
Question 3:  
How are the locations of streams and rivers in silvanaRiv and str30000 different?  In addition to the fact that through the query operation you have isolated streams whose flow accumulation is over 30000, give at least two reasons that can account for the discrepancies. (Hint: think about data structures, attribute reference systems, and how the data was created.)
The contaminant is moving from the tanker, over ground to a stream/river.  It is assumed to flow unimpeded across the land.  This assumption that a particle can move unimpeded across the land is a simplifying assumption, allowing a GIS analyst to determine where a particle can eventually end up.  This assumption could be “relaxed” later to better reflect surface properties such as soil type, vegetation, imperviousness, etc.  Information about how much of the contaminant will be absorbed into the ground is an important issue to resolve, but not for our purposes here.
Isolate flow direction over dry land surface using SPAN’s ‘Set Null’ conditional: 
1. Open Arc Toolbox -> Spatial Analyst Tools -> Conditional -> Set Null.  Conditional operations use values from one grid as rules to assign values to an output grid using a true/false Boolean equation.  ‘Set Null’ assigns NoData values to cells that satisfy the equation.
2. Use silvanafacc as the Input conditional raster.
3. Choose silvanafdir for the Input false raster or constant value.
4. Name the output raster landfdir
5. Type or copy/paste this into the Expression line:
    Value > 30000
 Question 4:  
Describe what this task has accomplished.  How does this flow direction (landfdir) differ from the original flow direction (silvanadir)?
Part 2. Contaminant Moves Across Land
Flow movement with vector points
The next step in modeling flow is to derive connect landscape and physical attributes to locations influenced by the flow.  This step is not well supported by Arc Toolbox tools for our needs, thus a special python (.py) script will be used: Ex6_data\tools\vector_flow_v10.py.  (Scripts are written when the ‘out of the box’ software does not satisfy processing requirements.)  The data preparation needed to run the operation has already been prepared and will be referenced in the instructions below.  
1. Open the labAssignment6\tools folder in Windows Explorer and double-click on flow_points_v101.py (make sure that you don’t use flow_points_v8v.py or flow_points_v10.py, they only work with older versions of for ArcGIS).
2. Note: opening the Geoprocessor takes a minute or two.  If it takes longer quit the program and open it again.
3. Read the information in the welcome message to understand the nature of the input/output files
4. Close the welcome message and an input dialog will show.
5. Enter  the silvanafdirpoints.shp as the input point flow direction file from Your Folder:/labassignment6/data. FYI, this input file was prepared using ArcMAP’s ‘raster to points’ tool.
6. Next is the input shapefile for points where flows initiate, begin or originate.  The one used for this lab is the location of the tanks from the accident site: gasolinespill.shp
7. The raster cell size is not a part of the input shapefile and you will need to enter this when asked.  The flow direction grid from silvanadem is the source for the point shapefile and the cell size is 30.
8. A limit to the length of flow is a way to restrict output to a set number of cells.  This is useful to control sequences of flows over time and distance. Since we are not interested in using short flow lines here you can use a very high number (1,000,000) which will guarantee flows to the edge of the grid or into a sink.
9. You are asked to name the output shapefile: tankflows.shp is recommended.
10. The last message shown when the script is complete is a reminder about the location of your output file.
11. Set the coordinate system of tankflows.shp to be the same as silvanadem.  Thus, the overlay operation with the Sample tool will return valid results.
12. Load the output into the data frame and look at its location and attribute table.  
13. Use the Sample tool:
a. Open ArcMAP Help and search the index for “Sample”.
b. Read the description of the tool and Use ArcToolbox -> Spatial Analyst Tools -> Extraction ->Sample.
c. Set the input raster to nlcd01cnpy and the point features to gasolineSpill.shp.
d. Send the output to the folder of your choice and name it flowsample.  This output is an ArcMAP info table and will be added to the TOC when the operation is complete.  Click on it to see the result.
Question 5: 
What is the coordinate system for the input files and the output file? Why are the coordinate systems similar/different?
Question 6: 
Where do the flow trajectories end?
Part 3. Movement on water 
Waters flow into the Sound carrying various materials.  Petroleum products like gasoline are carried on the surface of water and we can expect that the gasoline spill will arrive at the river deltas and maybe nearby estuaries.  Here the nature of flow is different than found on land because water circulation doesn’t rest on a topographic surface.  Modeling movement on water means adjusting assumptions and methods to account for these differences.  The first one of these is the question of elevation.  All the operations supported by the Spatial Analyst Hydrology Toolbox rely on the presence of an elevation surface to build flow direction, accumulation, length, streams, stream ordering and watersheds.  The properties of flow direction are still suitable to support estimates of flow in a marine environment if movement is treated as if it was supported on a fixed surface.  GIS work dealing with marine circulation is tightly connected with real-time environmental measurements, predictions and trajectory models.  We will continue to make use of data developed by oceanographers, but in a very simplified manner to illustrate concepts.
Part 3 builds on techniques encountered in prior labs: download of data from Oceanography, interpolation of azimuth surfaces, reclassification of azimuth to flow direction and movement across the flow surface.  Many of these operations require data preparation for analysis, and thus have already been prepared for you.  The following data are from estimates of circulation in the Sound for May 15, 2006 at 5, 8 and 11am.
	Azimuth grids: 
	Part3\az_grids\az051505

	
	Part3\az_grids\az051508

	
	Part3\az_grids\ az051511

	Flow direction grids:
	Part3\fdir_grids\fd051505

	
	Part3\fdir_grids\fd051508

	
	Part3\fdir_grids\fd az051511

	Flow direction points:
	Part3\fdir_points\051505.shp

	
	Part3\fdir_points\051508.shp

	
	Part3\fdir_points\051511.shp


Other data has been added to the lab assignment 6 folder to support this portion of the lab:
Oil slick: 



Part3\slick.shp
Environmental sensitivity index: 
Part3\silvana_esi.shp
Hydrography: 



Part3\silvana_hydrort_100k.shp
Bathymetry: 



Part3\silvana_bathy
Inspect the study area and available data
1. Load these data into a new data frame and investigate them to understand the nature of the landscape at the mouth of the Stillaguamish River: 
a. Part3\silvana_esi.shp
b. Part3\silvana_hydrort_100k.shp
c. Part3\fdir_grids\fd051505
d. Part3\az_grids\az051505
e. Part3\silvana_bathy
2. Notice the obvious gap between the edge of the azimuth data and the esi shoreline.
1. slick.shp contains points that are a best estimate of the location where remnants of the spill will be carried on tide currents. Add this layer to your data frame and examine it.
Flow: step 1
The script flow_points_v101.py used in Part 2 produces an additional shapefile of flow end locations after calculation of flow trajectory point was complete but not used until now.
2. Double-click on the script and follow it’s instructions for data entry:
a. Input flow direction point shapefile:
i. Part4\fdir_points\051505.shp
b. Enter point shapefile where flow begins:
i. Part4\slick.shp
c. Flow direction raster size:
2. 100
d. Maximum number of cells
2. 12
e. Flow output shapefile
2. flow05.shp (in your output folder)
f. When finished the script will confirm for you the location of the two new shapefiles.  One of these will be named flow05_end.shp
This is the file that contains the end location of the flows.
3. Display these output files on top of the other data already loaded in the data frame and open the attribute tables. 
Question 7: 
7-1 What is the coordinate system for the two flow05 and flow05_end?
7-2 What modification did you do to make the two layers project correctly on your map? 
When looking at these attribute tables, keep in mind that the attribute “flow_id” corresponds with the original points from slick.shp. Scroll down and examine the values for “pnt_order” as well. Remember that the maximum numbers of cells a flow can travel is 12.
Question 8: 
How many flow points traveled from their original slick.shp location across the maximum cell number distance? How can you tell this from the attribute data? 
Part 4: Extra Credit: Tidal Current Flow Over Time
Flow: step 2
Repeat the input instructions detailed in Flow 1 with these changes:
· Input flow direction point shapefile:
· Part4\fdir_points\051508.shp
· Enter point shapefile where flow begins:
· flow05_end.shp (The output of the previous Flow Step)
· Flow direction raster size:
· 100
· Maximum number of cells
· 12
· Flow output shapefile
· flow08.shp
Flow: step 3
Repeat the input instructions detailed in Flow 1 with these changes:
· Input flow direction point shapefile:
· Part4\fdir_points\051511.shp
· Enter point shapefile where flow begins:
· flow08_end.shp (output of previous Flow step)
· Flow direction raster size:
· 100
· Maximum number of cells
· 12
· Flow output shapefile
· flow11.shp
Frozen in time
· A quick and dirty approach to the scenario might ‘freeze’ the flow surface for the Sound at 5am for the duration of the model: 5am to 11am.   This is six hours and total movement will be estimated to be 36 cells. 
· Run the model again using 051505.shp as the flow direction points, slick.shp as the flow source, 100 as the flow direction raster size, and a maximum number of cells value of 36.  Name the output flow36.shp
· Load all of these outputs into your data frame and examine them.
· For all four flow shapefiles, you can highlight the various flow paths by going to “select by attribute” and utilizing the flow_id attribute. 
Question 9: 
How is the result from the frozen model (flow36.shp) different from the more dynamic model (flow05.shp, flow08.shp, and flow11.shp) that tries to account for changes in tidal currents?

