Geos 495

Lab 8
Introduction to Raster Analysis: Data comparisons
Due: Wednesday, March 18, 8:30 a.m.
Objectives:

1. Learn to set raster analysis environment
2. Learn to symbolize rasters

3. Working multiple rasters; analysis extent

4. Introduction to cell (local) functions

5. Introduction to global (extent) function – surface analysis
Exercises:

1. Getting started

a. Create your working folder and transfer the base data

i. Create your working folder in the c:\WorkSpace directory. 

ii. Connect to the Belt drive (\\belt\geos495) and transfer the entire folder called “lab7_GPS” to your working folder. 

b. Examine the data
i. Open ArcCatalog and do any unzipping that is necessary
(1) Does each team have their data points with the table correctly set up (preview/table tab)? Their table should look like this:

	FID
	Shape
	Point_ID
	Elev
	Aspect
	LandC
	TPI
	Notes

	0
	Point
	T1_1
	1022.78
	90
	70
	3
	Half way up Sentinel

	1
	Point
	T1_2
	980.45
	-1
	20
	6
	UM Oval

	2
	Point
	T1_3
	1011.62
	135
	40
	3
	Tree patch near M

	3
	Point
	T1_4
	999.99
	225
	30
	4
	Base of Sentinel


(2) Does each team have ~30m NED and NLCD2001 data for their area?
(3) Are all data in NAD83, UTM Zone 11N?

(4) Do the rasters all have the same cell size? (~30m)

(5) If any of these do not hold true, tell me, and the team will need to fix their work before the class proceeds.

ii. If everything looks ok, you may want to rename the rasters as necessary depending on whether your colleagues gave them useful names or not. 
iii. Open a new ArcMap map document and  bring in all the GPS points and make a single layer from them (use the Merge tool for vectors). Once you have completed this, clean up your TOC.
2. Setting the Analysis Environment for Spatial Analyst

a. Spatial Analyst Extension
i. This must be turned on to do about anything with a raster
(1) In ArcMap, Tools/Extensions/Spatial Analyst
b. Grid Properties
i. Add in the sentinel area NED and sentinel area NLCD.
(1) Right click/Properties/Source tab for the NED.
(a) Notice that you can learn a lot about this grid (image).  The window includes raster information, extent, spatial reference, and statistics. Raster information includes the number of rows and columns, source type, data type and pixel type (note, it is continuous, floating point data), the size of cells, number of bands (which would be different for images), and whether there pyramids are also present.  The data source defines the path to your directory and file. 
(b) What do you think the source type and pixel type would be for the Sentinel NLCD? Check and see if you got that right.
c. Analysis Environment
i. Setting environments on the Spatial Analysis Toolbar

(1) Back in the day, there was no ArcToolbox. The Spatial Analysis Toolbar is a remnant from then.

(2) Note that having turned on the Spatial Analyst extension DOES NOT add the toolbar. Add the toolbar if not already on (View/Toolbars/Spatial Analyst)

(3) Click on the Spatial Analyst drop down menu. 

(a) There are numerous actions you can take. 
(b) If you were to run an analysis from here, it would be based on the default analysis setting. You may like these, or you may not. Thus, before you do any spatial analysis out of this toolbar you should set the analysis environment to your preferred settings.
(c) Select Options to change the analysis environment.
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(i) General tab:  Allows you to set the working directory where temporary grids would be stored.  Unless you name an output grid during  an analysis, it is created with temporary status.  This means that it is automatically deleted if you quit ArcMap without saving your work.  
1. If you plan to use temporary girds, you should set the working directory so you can find them if necessary. However, when running tools, it will (usually; note, there are exceptions) give you an option to save the output as a permanent grid. If you give it a name, then it will allow you to choose the location where to save it, with the default being within the same location as the source grid. 
(ii) Within the general tab, you can set the Analysis Mask allows analysis to be conducted on only certain cells within the analysis extent.  This can be helpful if you only want to run the analysis for a certain area defined by another grid.
(iii) Within the general tab, you can also set the analysis coordinate system options.
(iv) Extent tab:  Determines the spatial extent of the GRID.  This is a critical environment to set. The default is intersection of inputs. If you had three grids and used intersection of inputs when conducting an analysis that combined rasters, the output would only cover where they intersected. 
(v) Cell size tab:  Cell size can be specified by giving a width value (or height) measured in map units of the coordinate system of the GRID.  
ii. Setting environments on the Tool in ArcToolbox

(1) Note that everything you can accomplish in the Spatial Analysis Toolbar can also be done using a Tool in ArcToolbox.

(2) In ArcToolbox, go to Spatial Analyst Tools/Surface/Hillshade.

(3) At the bottom of the tool is a button called Environments… Click on it. There are more environment settings here than in the Spatial Analyst Toolbar. Under the General Settings drop down, you will see most of the same options that you could set in the Spatial Analysis Toolbar. Make sure the Show Help is expanded, click in each white box, and read what the setting does.

iii. The primary point here is that analysis environments matter! You can set them wherever you would like, and you can use the Toolbar or the Toolbox as you see fit. I bounce between both and we’ll do that in this lab for practice with both. But note, if your analysis is not outputting what you expect, it is very likely due to you having not set your environments correctly! Do not assume the defaults will take you where you want to go. 

3. Raster Symbology

a. Go to symbology for the Sentinel NED and notice that there are different symbology options for rasters than there are for vector data. 

i. Click on Unique Value.  Click yes.  What happens?  Why? Why would you NOT want to do this for a large extent NED??? Remember under properties for the raster, we saw that data were continuous, not integer. What does that mean?
ii. Click on Classified.  This is similar to vector data. You can change the classification by selecting a more meaningful interval – click on Classify, select Manual and create a more meaningful Range.  You can type in a name or descriptor in the Label column.  HOWEVER, this does not reclassify your data – it only changes how you are viewing the data.  Click OK.

	NOTE:  If you want to flip the colorramp, right click in the Symbol header in the Layer properties window. 


iii. Click on Stretched.  This gives you several different options to stretch the data from a dropdown menu:  Type in the middle of the window allows you to map the values in the raster to the 0 to 255 color maps:
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iv. If you right click on the color ramp and uncheck graphic view, 
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 you will get a name for the different color ramps – scroll through and examine them. Note that you can edit the color ramps by clicking on Properties when right clicking on the color ramp.

v. Also note that under the Display tab (next to the Symbology tab), you can change the contrast, brightness, and transparency of a layer’s symbology. This holds true for vector data as well.

4. Merge and Mosaic and some other general analysis extent management
a. You have three NLCD grids and three NED images. It would be nice to combine them. Spatial Analyst has two functions that allow for appending raster datasets:  MERGE and MOSAIC.

i. MERGE:  used with discrete or coded data, such as landuse or soils or vegetation.  Input rasters should all have the same type of data and spatial reference.  They may partially overlap or be adjacent.  In areas of overlap, the cell value equals the cell of the last input raster. Hypothetically, the cell value in the last input raster should be the same as all input rasters.

ii. MOSAIC:  used with continuous data, such as elevation. Cell values in overlapping areas are averaged based on a distance-weighted average of all inputs to ensure a smooth transition across overlapping borders.

b. Add all three NED and NLCD datasets from the three teams to your map document. Click on the globe to zoom to the entire extent of all grids.

c. Merge the three NLCD grids
i. There are two ways to Merge rasters

(1) ArcToolbox/Data Management Tools/General/Append (“Merge” only works on vectors).

(2) Spatial Analyst Toolbar/Raster Calculator – this is the one we will use (Check out Theobald Chapter 7 for a comprehensive listing of all the functions you can access via Raster Calculator).

(a) Before we do anything, we better set the analysis environment!

(i) Spatial Analyst Toolbar/Options

1. General – set where you want the merged NLCD to output

2. Extent – change to Union of Inputs (why is changing this CRITICAL to getting a true appending of all 3 layers? Do not pass go until you can answer this question)

3. Cell Size – are you happy with the default? Ok

(ii) Spatial Analyst Toolbars/Raster Calculator, enter in the following expression, typing everything except the raster names (and their surrounding brackets), which are entered by clicking on them under Layers (your input raster names will be different). What will the name of the output raster be (note the typo in the example below)? What would have happened if I had not given it a name? Click on Evaluate.
	NOTE:  On-line help will show the syntax for functions and operations in the Raster Calculator.  Generally, grid functions syntax first identifies the new grid name followed by an equals sign, the function, and the input grids or other parameters:

            NEW GRID = Function ([INPUT GRID], parameters)
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d. Mosaic the three NED grids

i. There are two ways to mosaic rasters

(1) In ArcToolbox. Use the Search tab in ArcToolbox and the Locate button to find where the tool to mosaic rasters lives in ArcToolbox.

(2) Raster Calculator – this is the one we will use

(a) Our analysis environment remains set as before (until we change it – don’t forget about this! It stays just as you left it until you change it again!), and so we don’t need to reset it.

(b) In raster calculator, type the following expression:
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e.  Creating a study site for clipping your grid
i. If you wanted to create a specific area to confine your new merged/mosaic grids, you could create a study site and clip to that area. 
ii. You want to create a rectangle that represents the spatial extent of your study site (the only type of raster you can actually create is a rectangle… Any raster that does not look like a rectangle is actually a rectangle just with no data in some areas).  An easy way to do this:
(1) In the bottom left corner of your map document (usually) is your drawing toolbar. Not there? Add the toolbar. (View…)
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(2) Click on the New Rectangle button (make sure it is set to rectangle, not ellipse, not line…). Draw a box that incorporates all the GPS points but that makes the study area as rectangular as possible, limiting areas of no data that would be seen in a map (The example below is not a very good box for achieving this – but is a sample made without the GPS points).
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(3) Make sure the box remains selected (has blue handles on it). Drawing Toolbar/Drawing dropdown menu/Convert Graphics to Features
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(a) Polygon, set the coordinate system (same as dataframe should be ok if you pulled in a correctly projected raster first to your map document). Name it something like studysite.shp. Ok. Delete out the graphic, turn on the newly created shapefile.

iii. Now, we will clip our ned_combined to this area.

(1) There are two ways to do this

(a) Clip tool in ArcToolbox (if you do a search for clip in ArcToolbox, you will turn up three Clip tools. Note there are different clips to use depending on whether you are clipping a coverage, a shapefile, or a raster).

(b) Raster calculator. We will use this one.

(i) Set your Spatial Analysis Toolbar environment, Extent to Same as Layer “studysite”. OK.
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(ii) In Raster Calculator, use the following expression: Think about what you are doing and remember the importance of setting your analysis environment.
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iv. Clip your nlcd_combined to this area as well. 

v. REMOVE the unclipped nlcd_combined and ned_combined from your TOC. FROM HERE FORWARD, JUST USE THE CLIPPED VERSIONS (which, since I do not know what you named them, I will continue to refer to as ned_combined and nlcd_combined).
vi. In your Map Document, you should only have three layers that you are working with ned_combined, nlcd_combined (the clipped versions of both) and the combined GPS points. Save this and use this .mxd for the rest of the lab.
5. Cell (local) functions Local functions operate only on the current cell, with no input from any other cell.  The value of a single cell has a direct influence on the value of the output.  Local functions calculate new GRIDs based on values from a single or multiple GRIDs at the same location.   Processing is conducted on a cell by cell basis.  Local functions include reclassification and cell statistics. Note that in some instances, Raster Calculator actions would be considered local functions (e.g., newgrid = [oldgrid} * 5), but may also perform a “global function” (which we will discuss more later), such as in the case of mosaic or merge.

a. Reclassification
i. You can reclassify a group of values into a few classes or categories.  Reclassing data can change the data type (ratio to ordinal in the case of reclassing slope data to categories).  Input GRIDs can be both real and integer values – but the output GRID is an integer.
ii. In the Spatial Analyst toolbar, make sure your output workspace is still set, and that extent is set to Intersection of Inputs.

(1) There are three primary ways you can change the  “old values” to “new values” using reclassification. Open the reclassify command under the Spatial Analyst toolbar and set the input raster to nlcd_combined. 
(a) Unique:  reclassify nominal data, e.g., old value =11, new value =1

(b) Classify:  reclassify quantitative data through several methods similar to classifying in symbology (except here, you actually change the underlying data).

(c) Table: You can create a new remap table in the “Old value” column, with meaningful new values.  You can then save this table as an INFO table in your working directory, and load it for use in other rasters. Alternatively, you can create a  remap table in Excel and use it for reclassification, pulling it in via the Load… button. This is helpful for complex reclassifications that you will need to do multiple times. See the help files for building a remap table in Excel.
(2) For the NLCD data, we want to reclassify to match how we collected data in Lab 7.   Our lab 7 code system looked like the following – we had 8 classes; note there is no “60” in the list.
11 – Water

20 – Developed (includes developed open space, residential, commercial, transportation)

30 – Barren Land (rock, clay, sand)

40 – Forest

50 – Shrub

70 – Grassland/herbaceous

80 – Crop, pasture, agriculture

90 – Wetland

(a) Our easiest option is to use the Classify.. option under the Reclassify tool in the toolbar. Classify as follows …
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(b) …which lets us Reclassify as follows…(I’ve take 2 screen shots of the same remap table to show you all the values)
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If you do not understand why we just did what we just did, you should stop and discuss with your colleague.

(c) HINT: USE THE SAVE… button to save your remap table in case you mess up, you do not have to totally redo it! You can just load it in again.

(d) Save it as something usefully named (do NOT leave the default option of a temporary raster). How many different land use types are in the area where we took GPS points? Check your new reclass against the old version. Is it correct? Is water still water? Developed still developed?
(3) Let’s build a reclassification table to reclassify the ned_combined raster (note that the “Unique” reclassification option is not available for this raster. Why not?).
(a) You can enter the classification scheme in the Set Values to Reclassify box in the old values column, delete the extra entries and save the table for later use. Let’s say we just wanted to know what was below and above 1,000 meters of elevation.
(b) In the old values column, type your new classification (use the down arrow to get to the next line).  

(i) The format MUST be: x – x (fromdatavalue, space, hyphen,  space, todatavalue).  
(ii) Delete the old categories – except the NODATA classification (you can hold the shift key down to select multiple entries). Click on Delete Entries to delete.

(iii) Check the Change missing values NODATA (you don’t really need to do that here. Why not?)
(iv) Save it as elev_1000m_reclass (or maybe not? Why not?). Here is what mine looks like:
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(note: we could have used the classify option to get here as well…)
iii. Vectorize your raster
(1) Sometimes you will want to work in the vector world instead of the raster world. Once you have reclassed a raster down to a reasonable number of categories, this is ok to do.

(2) You can do this in two places
(a) Arc Toolbox Conversion Tools/From Raster/Raster to Polygon

(b) Spatial Analyst Toolbar Convert/Raster to Feature

(i) Do this for either of the reclassifications  you just completed.
	NOTE:  Raster-Vector Conversions.

The Spatial Analyst extension allows you to convert your data.  When converting your data from either format, you need to think about what will happen to your data.  

· When you convert line features to a raster, each cell in the output grid is assigned the value of the line feature crossing it.

· With polygon features, each cell receives the value of the polygon feature that covers the cell center.

· With point features, each cell is assigned the value of the point that falls within it.

· If no vector feature corresponds to a cell, the cell receives NoData.


b. Cell Statistics - Cell statistics allow you to compare two or more raster datasets on a cell-by-cell basis using basic descriptive statistics.  This is especially useful for time series data. We’ll do this in the next lab.

6. Global functions:  Analyzing surfaces - Global functions manipulate values on an entire raster all at once.  Global functions include:  hillshade, contour, slope, aspect, viewshed, and cut/fill. Each of these can be accessed from either ArcToolbox Spatial Analyst Tools/Surface toolset or the Spatial Analyst toolbar. You pick which one to use. 

a. Hillshade -  “The Hillshade tool obtains the hypothetical illumination of a surface by determining illumination values for each cell in a raster. It does this by setting a position for a hypothetical light source and calculating the illumination values of each cell in relation to neighboring cells” (ESRI).  Hillshading creates a realistic view of the terrain.  Hillshades can provide a relief over which you can draw raster data or vector data.  Hillshade uses grayscale values for light and shadow in the range of 0 to 255. 
	NOTE:  For viewing of surfaces, you should place the light source in the north-west, or the hills will appear as depressions.  The values of hillshading can be considered a relative measure of incident light -- always use “real” sun positions for analysis.


i. Create a hillshade of ned_combined, accept the default values. Make it a permanent layer by giving it a useful name.
	NOTE:  The two most important settings in Hillshade are Azimuth and Altitude.  These control the position of the sun that will illuminate the surface.  

· The azimuth is the compass direction toward the sun measured from north in degrees, from 0 to 360°. An azimuth of 90 is east. The default is 315 (NW).

· The altitude is the elevation of the sun in degrees above the horizon.  

· Changing the azimuth exposes different cells, changing the altitude makes shadows longer or shorter.


ii. Select View/Toolbars/Effects
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(1) Click the Adjust Transparency tool  [image: image16.png]


. Drag the Transparency slider to 50%. Check out the other tools on the Effects Toolbar – Contrast, Brightness, t ransparency, Swipe layer, and Flicker Layer. What does each one do? Return to 0% transparency. Exit out of the toolbar.
iii. Drape your reclassed nlcd layer over your hillshade by making the nlcd raster transparent.
b. Contour
i. Create a contour map of your NED data. Accept the defaults. Give the output grid a meaningful name (ok, I’m going to stop saying that now. You just remember to do it).

c. Slope and Aspect: Slope and aspect are measures of the shape of a surface.  Slope is a change in z over distance through a cell.  Aspect is the direction of the steepest path through the cell relative to the orientation of the cell.
i. Calculate percent slope, accept the defaults. 

(1) The red areas have steep slopes and the green areas are flatter. Read about slope in Help.  Percent slope is computed as rise over run times 100. Read about the difference between calculating slope in degrees vs. percent.
(2) You could reclass the slope to greater than or less than 30% if you were interested in developable lands.

ii. Calculate the aspect of the NED grid.  Aspect returns compass directions as decimal degrees, where 0 and 360 are both due north.  Flat areas are assigned a code of -1.
(1) Reclassify your aspect grid to match the following (as we used in Lab 7). Use the symbology that automatically appears when you created your aspect grid to determine cutoff points between the aspects.
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d. Viewshed: 
i. Add in one set of GPS points. Select a single point that is relatively high (something from up on Sentinel, perhaps?)
ii. Calculate the viewshed. 
iii. Try this from a low point as well.
Assignment:

For this lab, you will be working in pairs. Each pair should turn in one write-up.
Esther and  Trapper

Colleen and Angela 

Tim and James 

Rya and Peter 

Cleo and Lewis 

Fred and Amy 

You are consultants hired by GeoGoGo, Inc.  GeoGoGo is planning to conduct future analyses using 30m NED and NLCD 2001 data. Before they base all their future work on it, they have hired you to assess the accuracy of the data. To this end, you have been charged with groundtruthing the data by taking GPS points and recording associated attributes that allow you to assess the accuracy of the data’s elevation and land cover type listing.  Your client wants a concise report that summarizes:

1) The purpose of the report

2) The approach used in groundtruthing the NED and NLCD data 

3) What you found

a. They are particularly interested if:

i. there is a difference in elevational accuracy on relatively flat vs. steep areas

ii. there is a difference in land use type accuracy for natural vs. unnatural land cover types

4) Implications for GeoGoGo’s future use of the NED and NLCD data in their analyses and any issues that may have affected your accuracy assessment
You are consultants, so it is up to you to decide how your accuracy assessment should be conducted and your results should be summarized (this is why you are getting paid the big bucks), but the scope of work did specify that your report would include a 8.5x11 study area map of all GPS points on a NLCD layer draped over a hillshade and showing contour lines
You may find the following tool very helpful for this report: ArcToolbox/ Spatial Analyst Tools/Extraction/Extract Values to Points
Other contractual requirements:

· The report is due at 8:30 a.m. on Wednesday, March 18th, sent electronically as an attachment to alisa.wade@mso.umt.edu 
· The report will have the consultants’ names on it, page numbers, and will have supporting elements (maps, tables, charts) that are in the text in order that they are referred to in the text, not appended to the end of the report.

· The report will include a write-up of the approach that allows the analysis to be replicated by GeoGoGo’s GIS staff, but that is not overly detailed (e.g., if you clipped the study area to make rectangular map lay outs look better, that would not affect results and is not important to the write-up.)

· Because GeoGoGo is a poor consulting firm (the only one!) and cannot afford Microsoft Office 2007, submission of the report in a .docx format is considered defaulting on the contract. A .doc is acceptable, .pdf preferred.
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