Exercise 3c: Reclassifying the New York State Geologic Map*  

Data sets (downloaded in Exercise 2b and 3b from New York State Museum GIS site, New York State GIS Clearinghouse, and CGIAR): 

· Five sheets of the New York State Geologic Map
· New York State Faults
· Clinton or Westernville DOQ
· SRTM DEMs for NYS from the CGIAR site


Due: Parts I and II due Friday, February 3 at the start of class; Part III is due Monday, February 6, along with the color/font analysis from Ex 4. 
Goal: Reclassification is a commonly used technique in GIS to modify complex data sets to enhance or simplify data visualization. In this exercise, you will reclassify the New York State Geologic Map to create an attractive and legible version that can be distributed on a large postcard, like the one shown below for the state geologic map of Oregon. We will vote on the winning entry and have postcards made.
Turn in: I & II: this sheet with the answers to questions. III: a pdf or jpeg of a well-crafted ArcMap that could serve as an attractive 5.5” x 8.5” postcard. By 7 am on Monday, post the pdf or jpeg for the postcard (and business card, if you do the bonus) in your own folder on the Server. I will print out color copies for the voting. 
Bonus assignment: a second map that will carry at business card size (2”x3.5”), such as the one shown below right for the state geologic map of Nevada.

[image: Nevada business card][image: Oregon geo map]

*Thanks to Brian Hynek (University of Colorado) for the idea for this exercise!	page 1
As you discovered on Monday as you were thinking about what you have to do to make a postcard, there are too many units and contacts on the geologic map to make a legible postcard, plus, the map is in 5 separate sheets with boundaries.

What you will do in this exercise is merge the data sets into one file, reclassify the units by age (rather than by formation name), and then dissolve the boundaries between units of the same age to create a simple map that shows the distribution of rocks in New York State by age.

Part I. Exploring the Data
A. Understanding the data
1. Start a new ArcMap, and add the five polygon files from the five geo map sheets. Then add either the Westernville or the Clinton DOQ. Because we’re just exploring the data and not doing any serious work at this point, you can just OK the default transformation that ArcMap chooses for you (by clicking Close in the GCS warning box), rather then choosing a specific datum transformation.
2. Both the New York State Geologic Map sheets and the DOQs started out as paper maps. Someone had to convert the paper maps to digital form that could be used in ArcMap.
3. Get the Select Feature tool from the main toolbar. Turn off all the bedrock layers in the TOC. Zoom in on your orthoquad. Can you select an individual line or colored area in the orthoquad? Why not? 



What kind of data structure is this? How was the orthoquad converted to digital format? If you expand the layer and look at the color boxes, what do the individual colors represent?




4. Now turn the geo map layers back on. What do the lines and areas represent?


Can you select an individual line or colored area on the geomap? Why?



What kind of data structure is this? How was the NYS Geologic Map converted to digital format? 
B. 
Coordinate system
1. What did you learn about the coordinate system for your geologic map and faults files from the information in ArcCatalog? 






2. What did you about the coordinate system for your geologic map and faults files from the metadata posted on the web?







3. What are the possible explanations for this discrepancy?








4. How might you try to figure out whether the coordinate system currently defined for the data set is correct or not?







5. Interesting enough, the original data posted until last summer on the NYS Museum web page also had coordinate system issues. The coordinate system listed in ArcCatalog was Clarke 1866, UTM18N. What’s wrong with this picture??








“Clarke 1866” is an ellipsoid, not a datum, so it should have been something like NAD27 UTM 18N, not Clarke 1866 UTM 18N. Dave and I suspected that the person who entered the metadata had made a mistake, so we did a little trouble-shooting, and here’s what we did:

· One way to find out what the coordinate system ought to be for a map like this is to look at the printed geologic map from which this was digitized. We did that, and there is no specific coordinate system information on the paper map. This is a significant omission, although it’s not uncommon. The only hint on the map about the coordinate system is the phrase in fine print “Topographic Base from AMS Quadrangles 1”250,000 scale.” Doing a little Internet sleuthing reveals that “AMS” means “Army Map Service”. The USGS web site at http://mcmcweb.er.usgs.gov/DSS/ImgHTML/TransMerc.html says the following: 

"Starting in the late 1950's, the Transverse Mercator projection has been used by the USGS for nearly all new quadrangles covering the States using the TM Plane Coordinates….The Army Map Service used the Transverse Mercator for a series of 1:250,000-scale quadrangle maps covering the entire countr.y"

· *sigh* So, that at least confirms the UTM projection, but we still don’t know explicitly what the datum is. Given that both the Army Map Service base map and the geologic map were made before the NAD83 datum, it’s a pretty sure bet that the datum is NAD27. 

· To try to sort out the bizarre “Clarke 1866”, Dave posted a question on the GIS Clearinghouse Help Desk bulletin board. This is a very handy thing to keep in mind, because there are now many different online help desks, forums, and listservs where people are either paid to answer questions or like to answer questions. You don’t want to use them for things your could look up or figure out for yourself (partly it wastes everyone’s time, and partly it makes you look lazy), but they are very useful for things that aren’t obvious.

· Dave got a very clear answer back very quickly from the GIS Coordinator of the Town of Bethlehem, NY. He said, “Clarke is a spheroid, not a true datum. ESRI does have a coordinate system called GCS_Clarke_1866, but only for data where the true datum and coordinate system isn’t known. Clarke 1866 is the default spheroid for ArcInfo workstation data, so, if someone didn’t specify a datum with the coordinate system when creating the file on the digitizer, that’s what it will be. It’s probably NAD27.”

· So, it’s basically a case of faulty metadata because the person failed to select a coordinate system. We went back to the metadata on the NYS Museum web site, and the abstract actually makes reference to NAD27 UTM 18N (although the Spatial Reference information is missing entirely), so we will assume that that is the correct coordinate system.



Part II. Reclassifying the New York State Geo Map
Reclassification is a commonly used technique in GIS to modify complex data sets to enhance or simplify data visualization. The processes that we will use involve first merging the data from the five different NYS Geo Map sheets, reclassifying the units by combining them into groups based on age so that there are fewer units on the map, and then dissolving the boundaries between units within a group.
A. Merging the five geo maps
1. [image: ]Bring up the Search window in ArcCatalog, click on the Search Options icon, and make sure that there is check mark in the Show Pop-up Windows box. 
2. Use the Tool search in ArcCatalog to find the Merge tool that will do the job described above. Hovering over, but not clicking on, any of the tool names in the search results list will bring up a box that describes the tool. Once you think you’ve found the right tool, click on the green link to bring up the ArcCatalog CT with the tool highlighted. 
3. With the tool highlighted in the CT, click the Description tab in the main ArcCatalog window. Pretty cool! You get a full description of the tool. Read through to make sure you have the right tool. If you don’t, choose another one, click the green link, and check that one out. You can ask us if you have the right one before proceeding.
4. Double click on the tool in ArcToolbox to bring up the dialog box for the tool. Add the five geologic map shapefiles.
5. Browse to where you want to store the merged map, and give it a short, meaningful name.
6. [image: 3b-II-A-3]Scroll down so that you can see the Field Map box. You can delete the area and perimeter fields (highlight and click the X box). You can also delete all of the other fields except material. The Material field contains the information on rock type, which is what you will use for reclassifying the map. Click OK.
a. Check the CT, and notice that ArcToolbox has created a standard shapefile. Preview your new merged file, and you’ll see all the unit contacts plus lines showing the divisions between the map sheets.


B. [image: 3b-II-B-4]Reclassifying the map
1. Start a new ArcMap, and add your new merged geo map file, and change the symbology to colorize the map by rock type. Try to remember how to do this yourself! But if you desperately need a hint, you can check the footnote.[footnoteRef:1]  [1:  	Properties > Symbology > Categories. Value Field > Material;  Add All Values; uncheck All Other Values.] 

2. As you suspected, this is clearly too complicated for a postcard, and the map boundary lines are an unattractive component. Here’s where reclassification will solve our problem!
3. [bookmark: _GoBack]Open the attribute table. Before we can do anything, we need to figure out what the abbreviations mean in the MATERIAL column. Go to the NYS Museum site, and click the link Bedrock Geology Legend: Explanation of Bedrock Materials. Browse through the list. What do the abbreviations indicate?



4. [image: 3b-II-B-4b]Back to the attribute table. So, the simplest thing to do would be to add a new field to the attribute table and reclassify the items by simpler groupings than formation names, say, for example, age. To add a new field to your attribute table, you must first close ArcCatalog. Then, in ArcMap, click the Table Options button above the Attribute Table, and select Add Field. 
5. Make the field name AGE, type is Text, and type 35 into the length bar. Click OK. You now have a new field with a blank line for each of your items. It should look like this:

[image: 3b-II-B-5]

6. What we want to have is a new age attribute in each of the boxes (e.g., Ordovician, Cambrian, etc.) in order to simplify the map. So, we could just type in the right age into each of the boxes. But….scroll to the bottom of the attribute table. How many items are there in the attribute table?




7. It sure would be nice to be able to select a whole group and make the change at once, rather than typing each one separately (and we won’t run the risk of misspelling one or two!). There’s more than one way to do this, so you’re going to learn several techniques, rather than doing the whole thing one way.

8. [image: 3b-II-B-10a]Selecting by attributes 
a. One of the first items is labeled h20, for water. To select all of the items with the attribute h20, in the Attribute Table, choose Select by Attributes. 
b. In the field calculator, double click to add “Material”, single click to add =, and click Get Unique Values. Scroll and double click h20. Click Apply. All of the items with the h20 attribute are now highlighted. 
c. If you look at the map, you will see all of the polygons with the attribute h2o highlighted in cyan. If you want to see only the selected items (i.e., only the highlighted lines in the attribute table), click the Show selected records icon at the bottom of the attribute table window. You can toggle back to all records by clicking the Show all records icon.

d. Now, you want to put the word “water” into the Age field for all of the lines in the attribute table that are currently selected (highlighted in cyan). Right click on the AGE field name (the very top box), and select Field Calculator. OK that you are working outside an editing session. Select String under Type. In the lower box, type “water”, with the quotation marks. It’s very important to realize that this does not work like the Select by Attributes box. Do NOT double click on the word AGE in the upper left field box. Just type “water” (with the quotes) into the lower box. And be sure to choose String. Click OK. You’ll know that you’ve done it correctly if the word water appears in the Age column for all of the h2O items. 

[image: 3b-II-B-8c]

9. If you now scroll through the attribute table, you’ll see that all of the h20 items have a new name, water. If they don’t, you’ve made a mistake, and you’ll need to go back to Step 7 and do it more carefully. The Select by Attributes technique would work well for other items if all the items were as simple as the water item. But, given that there are about a dozen different O.. units (e.g., Och, Otbr, Ot, etc.) that will all be designated as Ordovician, this technique could take quite some time, and you really run the risk of misspelling something along the way. So we’ll try a couple other techniques. Be sure to save your ArcMap before going on!

10. [image: 3b-II-B-10a]Wild Card selection technique 
a. Start by clearing the selected features in the attribute table by choosing the Clear Selection icon and showing “All records” again.
[image: 3b-II-B-10ba]

b. Bring up the Select by Attributes calculator again, and click Clear. This time, instead of typing in just one Ordovician unit, we’re going to ask ArcMap to find us all the Ordovician units (which will work because they all start with “O”). 
c. Double click “MATERIAL”, single click LIKE (not =), and select one of the “O” units from the list of values. Replace the lower case letters with the % symbol (so that it looks like ‘O%’, and that’s an oh letter, not a zero). Don’t delete the terminal apostrophe. This will find any item that starts with “O” and has any number of characters after it (e.g., Osp or Otbr). If all of our items had names with only two characters, we could simply type ‘O_’, which would find “Os”, but not “Osp”. 
d. Use the Field Calculator as in step 7 above, and type “Ordovician” (with the quotes) into the lower box, and choose String. Click OK.  If you’ve done it right, all of the O  units should say Ordovician in the Age box. Save you ArcMap.
[image: 3b-II-B-11a]
11. The Query Language Technique 
a. Bring up the Select by Attributes box again and clear it. We’re going to build a query for the Triassic units. This is a good strategy to choose for the Triassic units, because there aren’t too many of them.
b. Double click MATERIAL, single click =, Get Unique Values, and double click the first Triassic value. Single click “OR”. Then double click MATERIAL again, single click =, and double click the next Triassic value. Then “OR”, and repeat for all of the Triassic values. See below. Click Apply. 
c. Once you have selected all the Triassic units, use the Zoom to icon to see where on the map these units are. They will be highlighted in cyan.


[image: 3b-II-B-11b]

d. Scroll down in the attribute table to make sure it worked, and then use the Field Calculator to add Triassic to the AGE fields (being careful to choose String). All the Triassic units should now say Triassic in the Age column. Save your ArcMap.

12. The Sort and Select technique 
a. Some of the units, such as the Precambrian ones, don’t have a unique starting letter, and there are lots of them, so it’s tedious to use the techniques described above, so the sort-and-select technique will work well for these. 
b. Clear the selection, right click in the MATERIAL header of the attribute table, and Sort Ascending.  This puts all of the items in alphabetical order by rock unit (MATERIAL).
c. Scroll down past the empty boxes to the first item with an “a” in the MATERIAL field. All of the Precambrian units start with a lower case letter, and this one is Precambrian anorthosite. 
d. Click in the far left box next to the first “a” (the gray box, not the FID box) and scroll down, stopping when you reach the first Cambrian unit (starts with a capital “C”). Shift-click on the last unit in lower case to select all of the items that start with a lower case letter. 
e. Open the field calculator for the AGE field, choose String, and type “Precambrian” (with the quotes) into the lower box. All of the Precambrian units that you  have selected should now say Precambrian in the age column.
13. Use whatever technique(s) you want, and reclassify the remaining units. If you have questions about the abbreviations, see us. Ignore the blank fields – they are very tiny slivers of mismatch on the map, and they won’t show up at the scale we’re making our map. Once you’re done, scroll through to make sure that you haven’t made any mistakes in reclassifying. The good news is that you can make changes by simply re-selecting and reclassifying with the field calculator.

C. Making a nice map
1. Close the attribute table, and change the symbology of your map layer to colorize the map by AGE, instead of rock type. Be sure that the Value Field is AGE, not MATERIAL! 
2. Summarize for me what you did in Part B and why this map looks so much different from the one that is colorized by material.






3. Now we’re getting somewhere! Your map is much simplified in terms of color, but it would be nice to get rid of all the lines within each of the age units.
a. The Dissolve tool will get rid of the lines within each unit. In order for the tool to work, there must be nothing selected. Choose Clear Selection from the main icon bar. Note: you can always tell if something is selected, because, when nothing is selected, the Clear Selection icon will be grayed out. You must Clear Selection before proceeding.

[image: 3b-II-C-3a]

b. Do a search for the Dissolve tool, and open the tool dialog box. Choose your new classified geo map as the input, and browse to a location to save the new dissolved layer that you are creating. 
c. What you want to do is dissolve the extra boundaries when you’re showing the map colorized by age. So, in the Dissolve_Fields box, check the AGE box. This tells the tool to combine (dissolve the boundaries between) units that have the same value for the specified (AGE) field. Be sure that the boxes at the bottom of the tool dialog are in their default configurations. “Create multiplate features” should be checked; “Unsplit lines” should be unchecked. Click OK and Save.

[image: 3b-II-C-3c]

4. Now, symbolize your new layer with the dissolved boundaries according to age.

Part III. The final product
A. The requirements
1. Your final product will be an attractive and informative postcard that illustrates the general geology of New York State. You can use the generalized Oregon geology map on page 1 as a model, or you can create something very different. The map, its title, and legend must be legible and carry at 5.5”x8.5”. You can see the evaluation rubric on page 13.
2. The class will vote on which map to use to have postcards printed. The class and/or I will make suggestions for improvements to the draft before we send it off for printing. 
3. As a bonus, you can also design a business card-sized geologic map, which must be legible and hold at 2”x3.5”. For the business card, you can put text on the back that won’t fit on the front side. Be creative! And it is a much smaller piece than your postcard, so you must think about effective design. If all you do is shrink your postcard down to business card size, you won’t earn any bonus points. You need to design specifically for the size of a business card.
B. Adding a hillshade
1. You might want to add a hillshade to your geologic map, as the Oregon map has.
2. You have already downloaded the SRTM tile that has Westernville on it, but, if you decide that you want a hillshade for your Geo Map, you’ll need to download the next tile to the east as well from the CGIAR site.
3. Once you have both tiles unzipped and have Calculated Statistics, you need to mosaic them together and project them to match the projection of the Geo map. Remember that you always Mosaic first, then Project. It’s easy to remember - M comes before P in the alphabet.
a. What you want to do is mosaic the two SRTM tiles together to create a new raster file, preserving your original raster data sets. Use the Search function to find the right tool. You might get quite a long search return list (very likely with multiple pages, so click the numbers at the bottom to see all the pages!), so you’ll have to read carefully to pick the right tool. Which tool did you pick? Why?



b. Once you have the tool open, add the two SRTM tiles as input, and do the usual with output location and new dataset name. You must also make the following choices:
i. You must enter the number of bands as a whole number. If you don’t know how many bands your images have, get the Properties, and scroll down to Raster Information to see the # of  bands. You can do this even while the mosaic dialog box is open.
ii. Note that you must set the pixel type and pixel depth correctly, even though it’s listed in the dialog box as being optional. If you use the default setting, your mosaic will not come out right for SRTM data. Get Properties again, and check pixel type and depth. Choose the correct type from the pulldown. 
c. If your mosaic comes out looking black with dots or mostly white, you’ve set the pixel type wrong. Delete the offending mosaic, and try again. This is the advantage of mosaicking to a NEW raster, rather than mosaicking to an existing raster.
4. Now we have to deal with coordinate systems and projections.

 What is the coordinate system for your SRTM data?

What is the coordinate system for your NYS Geo map?

Will you need to do a datum transformation as well, or can ArcMap just project on the fly? Explain.




You need to project the SRTM data to match the NYS Geo Map data. Are you going to want to use Define Projection, Project Feature, or Project Raster? Why? Check your answer with me before going on.




a. Use the Search tool to find the projection tool that you need. Add your mosaicked data set, and be sure to change the output file name to a shorter one than ArcMap entered automatically.
b. Choose the output coordinate system to match your NYS Geo map. To be sure that you select the correct coordinate system, expand the layers in the Spatial Reference Properties window, and click on the coordinate system associated with your geologic map.
c. Use your big thick Datum Transformation handout to choose the correct Geographic Transformation from the pulldown list.
d.  Scroll down to Resampling Technique. Click and read the sidebar help. Why should you choose bilinear for this data set?


e. Check all settings, and click OK.
5. For your postcard, you will want only that part of the DEM that lies under NY State, so you’ll need to trim the raster to match the map outline. I recommend doing this in ArcCatalog, but you can do it in ArcMap.
1. You will need to clip your SRTM raster using the geo map outline. Search the tools for a clip tool that will do this. Which tool did you select? Why?



2. Add your projected DEM as the Input File.
3. Add your GeoMap as the mask. Give the extracted DEM a new name. Click OK. 
4. Preview the file. Voilá! You now have a DEM that’s the same size and shape as your GeoMap!
6. Make a hillshade. If your hillshade looks like “molten metal”, you’ve made mistake. You’ve either hillshaded your unprojected DEM or used an unprojected DEM as the input. You can check this easily by getting the Source info on the hillshade layer (Properties > Source tab. Scroll down to see if the file is, in fact, projected). Delete your offending hillshade, making sure to input your projected DEM. Before you click OK, check the cell size line – it should say something like 88 or 93, not something like .00005. If it’s a really tiny number, you’re working with Z in decimal degrees, and it means that the input DEM is not projected.
C. Adding the faults layer
1. Add the Faults layer to your ArcMap. OK, there are some issues. First, there’s that big ugly horizontal line that starts in the North Country and goes west. We definitely need to get rid of that. 
2. [image: 3b-II-C-5a]Editing the faults file
a. In ArcMap, add the Editor toolbar if it is not already visible. Choose Start Editing from the Editor pulldown.
b. Click on the faults layer in the Start Editing window to select it. Click OK, and Create Features and Construction  Tools windows open on the right.
c. Create Features shows you which features are available for editing. Click on the nyfaults file, and the Construction  Tools window shows the tools available if you wanted to add a line to your faults file.
d. Because all we want to do is remove a line, we won’t use the construction tools. 
e. In the main Editor toolbar, choose the arrow (edit) tool. Click on the horizontal line to select it, and press the delete key to remove it.
f. Save your edits (Editor pulldown), and stop editing.
g. So far, so good. But some of the faults extend outside the outline of the map, and there’s that odd border to the west of the map, so we need to clip the faults shapefile to the outline of your NYS geo map.
a. Search the tools for a clip tool, and choose the one that’s appropriate to your task. Which tool did you choose? Why?



b. Choose your edited faults layer as the Input.
c. Choose your NYS Geo map as the clip layer.
d. Name your clipped layer. Click OK.
e. Delete or hide the original faults layer. Voilá! The new clipped faults layer now just shows the faults inside your map boundary.
8. You can now change the color and line weight of the faults.
D. Making a proper legend for a geologic map
1. When you insert a legend, ArcMap places the legend items in alphabetical order. Because legends for geologic maps need to be listed in chronological order (with the oldest at the bottom), rather than in alphabetical order, we need to modify the automatically generated legend. 
a. Right click on the legend, and select convert to graphics. Right click to select ungroup. Click to deselect all selected items, and click on each item and drag each one to reposition.
b. While you’re at it, delete the un-named item that represents small polygons of mismatch, and delete the legend item for water.
 


Evaluation rubric for your NYS Geo map postcard

	5
	
All of 4

	4
	All of 3 with either attractive use of colors and white space or selection of additional map components (e.g., hillshade, faults) that add to, rather than detract from, the map.

	3
	Geoprocessing: no obvious blunders (see #2)
Map elements: legend correct (and oldest at bottom!), no spelling errors, cartographic elements appropriate for the use.
Layout: carries at 5.5” x 8.5” but design is clunky or not well balanced or additional map components (e.g., hillshade, faults) detract from, rather than add to, the map. 

	2
	Errors in geoprocessing (failure to dissolve, bad hillshade, wrong ages assigned, bad clip, etc.) or appropriate cartographic elements missing or has cartographic elements that are inappropriate for the use or doesn’t carry at 5.5” x 8.5”

	1
	
More than 1 item in #2
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