Earthquake Hazards


150 Years of a Whole Lot of Shakin’ Going On
ArcGIS Explorer and Earthquake Hazards
This module focuses on accessing, displaying, and interacting with earth science information using a free downloadable viewer that allows us to visualize data in 3D. The viewer, ArcGIS Explorer, is a geographic information system (GIS) tool that presents a wonderful platform for interacting with information, incorporating data from numerous formats, sharing information with others, and implementing powerful analysis capabilities.
In these lessons we will become familiar with the ArcGIS Explorer application, cover the basics of navigation, and explore sources of data (particularly from the US Geological Survey—USGS) for visualization and exploration activities.

1.  Introduction to ArcGIS Explorer
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ArcGIS Explorer software is, like Google Earth, a free program that is downloaded from the Internet (http://www.esri.com/software/arcgis/explorer/index.html) and installed to your computer. ArcGIS Explorer is one of many GIS products created by ESRI (www.esri.com), a global leader in GIS software and education. Located in Redlands California, ESRI has a wealth of resources and products for teachers; if you are unfamiliar with the ESRI website, it will likely become a good reference for you (more about this later in the module).
Because ArcGIS Explorer (AGX) is an ESRI product, it “plays” well with ESRI data formats such as shapefiles and geodatabases, as well as displaying ESRI Internet mapping services, and importing files from Google Earth (GE) and Global Positioning System (GPS) devices. In other words, AGX is a good platform on which to integrate a range of information products.
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The ability to incorporate many types of data in AGX means this is also a good platform for studying all types of earth science topics. Using AGX we can bring in USGS earthquake data, import GPS data for water quality studies, add ArcGIS layers of county geology and soils, and open Google KML files to study changes in Arctic sea ice levels. Anything goes!
2.  Navigating in ArcGIS Explorer

After installing AGX, open the program and begin to explore the contents. When you open the program you will see that it appears similar to Google Earth in that a view of the earth “from space” is presented. Although the look and feel of AGX is somewhat like GoogleEarth, a quick look at the application user interface and menus tells us there are major differences. Let’s examine the user interface and menu content more closely. 
The user interface includes the basic components shown in the graphic above. The AGX window displays the imagery basemap in the contents panel (we will be adding more content to this panel) and the upper ribbon menu bar. That will be familiar to users of Microsoft office products—though we will obviously have very different tools in AGX.

As you move your mouse cursor around in the map display area, note the position information bar at the lower left of the map display. This provides details on where the map center is in terms of latitude, longitude, and altitude:
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To zoom in and out of the map, use the mouse center thumbwheel. Press down on the thumbwheel and move the mouse up/away from you to tilt the view. Still holding the mouse thumbwheel down, point the mouse left or right to rotate the perspective. Practice “flying” through the map display, using these navigation tools
If you become lost in your flight (or crash!), press the R key on the keyboard to return to the default global view.
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Additional navigational tools are visible in the lower left corner of the display. Hover the mouse over the Navigator to activate and use this feature. 

Use the right-side slider (see graphic) to zoom in and out. Use the left tilt slider to tilt the perspective (this will also be reflected in the central circle of the Navigator, which flattens as the perspective tilts). Grab and turn the directional wheel to turn the view. Click (or click and hold) one of the directional pointers to move in that direction. Use the three lower buttons to: Reset the tilt, Reset north, or Reset the default global display.
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In the AGX upper toolbar (make sure you are working in the Home tab) click on the Basemap button (see graphic) to open a gallery of possible backgrounds or basemaps. From this selection, click one to place it in your display (try the Physical basemap to get a feel for this). Note: it may take a moment to display the new data. You may also want to try the Boundaries and Places basemap--this basemap provides good reference information to help navigate the map view.
Click the 2D/3D button to Switch from 3D to 2D display. The 2D view displays as a typical flat map—another way to view the data. When finished, switch back to the 3D view.
At the top of the AGX window, click the Display tab. On this tab you can set the coordinate and scale values and toggle the grid off/on. Change the coordinates to Decimal Degrees (from the dropdown menu). Turn off the grid if you prefer that view. 
3.  Adding Content to ArcGIS Explorer

Let’s open AGX content in a different way by using ArcGIS Online. Open the following webpage: http://help.arcgis.com/en/arcgisonline/agolbasemaps.html 
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Hover your mouse over the basemap for World Shaded Relief and click the link for Details. The details page provides an overview—basic metadata--for the content of this online map. A preview thumbnail shows you how the data look. Examine this metadata to gain a better understanding of what this dataset is all about. At the bottom of the thumbnail window, click the Options arrow to the right of Open (see graphic at right) and choose to open this dataset in ArcGIS Desktop. This will open the map service in AGX (the other option opens the map service in an Internet map instead).

AGX displays shaded relief topography as a map service that can be checked on or off in the left side Contents panel. Zoom to the Rift Valley of East Africa to view the topography and long, linear rift valley lakes. Right-click the layer name in the AGX contents window and select Properties. Under this window, you can view the layer Description and Source Data to learn more about this dataset.
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You can also use the ArcGIS Explorer Button at the upper left corner of the application window to access online content (see graphic). Click this to open the menu and then select ArcGIS Online. This also opens a website from which additional maps can be loaded. Choose a subject of interest to you and click Open to add the data.
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These resources (unfortunately) each open in a new AGX window but if you try a new map service and like it, you can save it--and accumulate useful maps to return to later. 
Yet another way to access the same data (there are several ways!) is via the Add Content button on the upper AGX menu (in the Home tab). Click this to see the possible content choices (see graphic at right) and choose ArcGIS Online. The above webpage opens again. 
If the ArcGIS online page is closed, open it again from the AGX menu. Rather than opening a map resource, let’s try the Search menu at the top of that page. Type in ArcGIS Explorer to search for relevant content. This shows many pages of possibilities including Map Services, Layer Packages, and Web Maps.
In the ArcGIS Online webpage, search again, this time more specifically: type in Hayward Fault 2006. In the search results, click on the Add link to download this Layer Package directly into AGX. The layer is added to the contents panel (as “hf2006”). If you wish to change the name of this layer to Hayward Fault 2006, slowly click the name twice to highlight the text, then type in the new name. Note: For the best viewing of the fault, you may need to change the basemap and display the data over the World Shaded Relief layer added above (with other basemaps it may be difficult to see).
??  What are layers and layer packages? Click the ArcGIS Explorer Help button (the [image: image2.bmp] symbol in the upper right corner of AGX for another search method) and search on layer package.
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Right-click the Hayward Fault layer again and show the legend (resize the legend window if necessary). You can move the legend out of the way, over the contents panel, and zoom into the Hayward fault to examine the details shown in the legend. 
For an interesting visual comparison of the fault location to the topography, tilt the display (Hint: use the navigation tools shown on page 2). Note the relationship between the fault and the coastal mountain range.
Return to the AGX window and we will add one more resource: an Add-In tool called Terrain Profile. This tool is used to “generate a terrain profile from a line drawn across the terrain”. 
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To enable Add-Ins in AGX (this takes some setup effort the first time only) click the ArcGIS Explorer button in the upper left corner of the AGX window, then select the ArcGIS Explorer Options button at the bottom of the window that opens (see graphic). In the Options window, select Resources on the left side and then, under Manage Add-Ins, click the Add-Ins button. The tool “TerrainProfile900.eaz” has already been downloaded for you and is found in the files for this module. Click the Add tool and browse to the location on your computer where this module is saved. Browse to the data folder: EarthquakeHazards_Module\TerrainProfile900\TerrainProfile900\bin\Debug.  
In this folder, double-click the file TerrainProfile900.eaz to add it, then close and say OK to all the windows to exit them (Note: AGX may need to restart at add the file).
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Once you have successfully navigated the above (initially, a loong process!) you should now have a new Add-Ins tab added to the AGX menu at the top of the application window (see graphic). 
To test the tool, first zoom in to see the detail of the Hayward fault line and the mountains lying to the east of it (the vicinity of the City of Berkley works well—change your basemap is needed). Under the Add-Ins tab click the newly added profile tool (note the immediate change in your cursor). Click once to mark the beginning point of a profile line sketch and double-click to end the sketch (in the example shown below I created a profile (in blue) perpendicular to the red Hayward Fault—note that your basemap background may differ):
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In addition to the profile window shown, a Terrain Profile layer is added to the AGX contents: By right-clicking this layer, you can choose to rename or remove it, as desired. Close or retain the profile window, whichever you prefer (note that you can pin it to AGX).
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OK, one more way to access ESRI AGX content!  Click the Add Content button and choose “GIS Services”. In the window that opens, type the following server URL (make sure the Server type is set to ArcGIS Server) and click next (no password is needed):

http://services.arcgisonline.com/arcgis/services
Once the connection is made to this server you will see a list of many possible services. Scroll down to the NGS_Topo_US (from the National Geographic Society); click to highlight the name (do not choose the 2D service) and then click Add Service. (Note: once you have created this connection and saved it to an AGX file, the connection should be available the next time you open AGX).
In the AGX contents panel, if necessary, drag NGS Topo Maps to the top in order to display it over/above the other layers.

Focus your AGX display on the southern California (to “center” your map on a particular location, double-click in the display at that location). Note that if you are zoomed out to a small scale view (the entire southwest) the maps do not display. As you zoom in to a larger scale (such as for San Diego County) map detail begins to appear (the maps “pop” into view as your scale changes—depending on the speed of your connection, this could take several seconds). Zoom in and out to explore the various scales of maps presented (this service consists of USGS topo maps ranging from a smaller scale of 1:100,000 to a larger scale 1:24,000).
Zoom to the San Diego County (Southern California) coastline and view the USGS Pacific Ocean bathymetry, for example in the area of La Jolla Canyon, just off-shore. Zoom in and out to examine the different La Jolla Canyon maps as the scale changes. Zoom out to the smaller scale map and head directly west to view San Clemente Island, showing the San Clemente Escarpment, Basin, and Ridge.
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For an interesting “compare and contrast” coastline location, click the Find tool (the binoculars in the upper menu bar Home tab) and type in Monterey, CA to zoom to this city. You will then need to zoom out to a smaller scale map of the area and pan north to the coastline. Adjust the scale as needed to see the impressive bathymetry for Monterey Bay just north of the city (when zoomed out, you can view the entire Monterey Bay and the Monterey Canyon). When finished with the Find window, click the X at the top of the window to close it (see graphic above).
Examine the Tools menus to become more familiar with AGX capabilities. For example, highlight a layer at the top of the contents and then test the Transparency and Swipe tools. Both of these require you to first select/highlight an layer in the Contents list, then select the tool (for example, swiping allows you to see other layers lying beneath the highlighted layer).
Once you have mastered the basics of AGX described in this section, you are ready to move on to studying earthquake content in AGX, discussed in the next section, Exploring Earthquakes.

4.  Exploring Earthquakes

Now that you have learned the AGX basics and know how to bring in new layers, we will focus on acquiring content associated with our primary topic: earthquakes. We will start with an examination of the 1868 Hayward quake in the San Francisco region of California. If you would like some background information about this destructive quake, see the USGS website at: http://earthquake.usgs.gov/earthquakes/states/events/1868_10_21.php. This quake was eventually out-done by the infamous 1906 quake but the Hayward Fault is still very hazardous.
Open a new AGX window and set the display to the World Imagery basemap for this next activity. 
We will look at several sources of USGS earthquake data, including shake intensity data for the Hayward fault. At the bottom of the webpage, click the link “Intensity Maps for the1868 Hayward Earthquake” to gain an understanding of what “shakemaps” are all about. From this page you can click Downloads to access a variety of data--some of these datasets have already been downloaded for you though and we will try these. When you finish viewing this webpage, minimize it and return to AGX. Let’s bring in examples of data from this USGS source.

Shapefiles are a GIS data type developed by ESRI (the makers of ArcGIS software)and widely available on the Internet and from other sources. We will use the Add Content --> Shapefiles tool to add a shapefile from the module folder in the path: EarthquakeHazards_Module\Hayward\ShapeData. Add the file hf2006.shp to AGX; right-click it and choose Go To, if needed, to zoom to the data.
Follow the same process to add the files landslide.shp and SFSU_aa.shp. The SFSU_aa file contains locations of SFSU samples for measurements of fault creep (zoom in to one of the points until you see details of the neighborhood in the imagery; click on the point and click the location link to see more details about the samples (the field RATE_LS is a least squares measurement of the creep rate in mm/yr. Zoom back to the hf2006 data; then click off all three shapefiles. 
Next use Add Content to add ArcGIS Layers. Layer files contain pre-set symbology for displaying data (this is created in GIS software and saved for use in other programs such as AGX). From the same ShapeData folder, add the ArcGIS Layer hf2006.lyr.  Right-click the data in the Contents and select Show Legend: Note the difference from the hf2006 shapefile! Zoom in and click a feature for more details about the fault.
Add the Landslide.lyr and note that this differentiates between categories for moderate and high landslide risk, again, based on pre-defined symbols.
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From the AGX Add Content button, now choose the KML files option and select KML Files… (see graphic). Browse to the location on your computer of the folder: EarthquakeHazards_Module\Hayward (NOT the ShapeData folder). Click the file 1868ShakemapQuotes.kmz and open this in AGX.
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This file contains spatial data for the “Shakemap” of the 1868 Hayward earthquake (by Boatwright and Bundock, 2008) and other associated data. This is a Google Earth KMZ file format and can be readily used in AGX. Open the file in the AGX Contents (by clicking the + sign) to see that it contains many sub-files (see graphic). Zoom in to the Hayward area shown in red (violent shaking) and explore the file contents. Note that three quotes are shown in this area: click on the middle San Lorenzo marker and, in the window that opens, click the quote symbol to see a quote from the 1868 Oakland Transcript, and then do the same for the Haywards location. Experiencing this earthquake in 1868 must have been horrific!
How bad was the damage? Return to Add Content and add the KML/KMZ file 1868PhotosRoads.kmz. If you are still zoomed to the red violent intensity area (the town of Haywards) turn off (uncheck) the 1868Shakemap Quotes data to better view 1868PhotosRoads. Open the new photo data and explore the contents. Note that in 1868, the population of Haywards was just 500 (now called Hayward, with a population of almost 150,000). Click on the photo markers to open these (if necessary, enlarge the photo windows to view the entire photo). When you are finished exploring these data, turn off both of the Hayward datasets you have downloaded.
From the USGS webpage http://earthquake.usgs.gov/regional/nca/1868virtualtour/fault.php scroll to the bottom of the page to 3D Hayward Fault “Airquakes”. Read the description of airquakes so that you understand the content. Download this unusual dataset to your Hayward folder (right-click the Airquakes link [image: image3.png]Airquakes (102 kB)



and “save target as”) and add it to AGX. Tilt the map display and view these in 3Dfrom several directions—click on any of the airquake points to view details about it. You may want to study and download other datasets from this webpage also (there are excellent photos in HaywardCreep for example).
How much more damage would be likely if another earthquake took place today along the Hayward fault? Open this USGS website concerning earthquake hazards in today’s San Francisco region: http://earthquake.usgs.gov/regional/nca/1868virtualtour/modern.php.  
Note that the Hayward system is considered the most likely in the region to experience a damaging quake—more so than the San Andreas system. Unfortunately, the Bay area population is now more than 25 times that of 1868! Our infrastructure is also much more complex and another similarly severe quake (magnitude 6.8 or higher) here could cause enormous damage. 
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Scroll down to the infrastructure and lifelines section to read more. Included in this dataset are the major transportation and utility systems in the region. The data have already been downloaded to your Hayward folder (named Lifelines.kmz) so add this to AGX. The data include a representative photo of each infrastructure system as well as a map showing the system with respect to the Hayward fault. Expand the lifelines folder in AGX: for each of the system layers (such as water), right-click the system name and choose “Show Popup” to view the detailed map. This popup window can be moved or resized as needed. 
We will add one more mapping layer showing conditions in the modern day Bay region. The Bay Area Governments provide access to a number of online mapping services. Add another GIS Service and click New Server Connection. In the Server Type dropdown menu, choose ArcIMS and enter the server path: http://gis.abag.ca.gov . Click next to connect and scroll down to the service named “liquefaction” (note that these services are in an older format: some do not work and others can be slow to draw). 
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When the new service displays, zoom into the Hayward fault area to view more detail. In the contents panel, right-click the service name to show the legend (scroll to the bottom to view Liquefaction Susceptibility). 
You can read about liquefaction hazards at the USGS website:

http://earthquake.usgs.gov/regional/nca/liquefaction/  

and the ESRI website:

http://www.esri.com/news/arcnews/summer08articles/usgs-soil-liquefaction.html
When you have finished studying the Hayward fault data in AGX, you may wish to save the map you have created. Under the ArcGIS Explorer Button (top left), choose to “Save As” an ArcGIS Explorer map (see graphic below). Save in an appropriate location and with a suitable name (this is saved with the extension .nmf and you can return to your Hayward AGX file again.
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An AGX file that contains a number of the data content described above can also be found in your EarthquakeHazards_Module folder, entitled EarthquakeHazards.nmf.
5. Expanding the Lessons (Optional Activity)
Indonesia is another location that is very well-known for geologic hazards. Indonesia has been the site of extreme earthquake events—and of course tsunamis—in recent years.
For this section, open a new AGX window and change the AGX basemap to the Physical world. We will use GIS data that is primarily in shapefile format. You will find all of this shapefile content in the folder “Indonesia”.
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In AGX, Add Content – Shapefiles and browse to the Indonesia folder. From the folder, select and open the shapefile Plate_boundary. When the layer is added to AGX, a random symbol will be assigned to it. Change the layer symbology to make it more visible: right-click the layer name and choose Symbol (see graphic). From the list, scroll to a very heavy red line and select it. 

Next add the shapefiles Indonesia_boundary.shp and Indonesia_city (to add both at once, hold down the Shift or Ctrl key and select each one). Right-click and go to the Indonesia boundary layer.

Change the city symbol to a smaller point if desired (I found the default symbol in my view to be distracting!). For example, I chose the small sphere symbol towards the bottom of the point symbol window. I also chose an outline fill symbol for the country boundary.
In September of 2009 a magnitude 7.6 quake occurred in southern Sumatra. More details can be found at: http://earthquake.usgs.gov/earthquakes/recenteqsww/Quakes/us2009mebz.php
Go to the shakemap website for this event: 
http://earthquake.usgs.gov/earthquakes/shakemap/global/shake/2009mebz/ 
Click on the “Peak Ground Velocity” link near the top of the page to see how this is measured. (Note: GIS files can be downloaded from these USGS pages but the shapefiles lack projection information and cannot be readily displayed without some tweaking. I have done that for you so we will not download data from this site.)
In AGX, add more content from the Indonesia folder. I have converted two of the USGS datasets for the September 2009 quake to ArcGIS layers: ModMercIntensity.lyr and PkGrndVelocity.lyr. Add this content to AGX (from the Indonesia folder). The display should zoom to these when they are added. Let’s look at them one-by-one, starting with the intensity layer (turn the other layer off).
Right-click the intensity layer and open the legend to help you interpret this. The concentric rings range in value from an earthquake intensity of 7.9 at the epicenter down to 2.9 approximately 400 KM to the southeast (you can use the Measure tool on the Home tab to examine this).
?? What is the major Indonesia city that lies near the quake epicenter? What is the city’s population? What is the city’s relationship with the plate boundary layer? 
[image: image24.emf]

Note that the concentric rings of intensity values are not perfect circles but have jagged edges in particular patterns. The pattern is especially noticeable near the center of the rings (see graphic). These distortion patterns align with land vs. ocean areas. Use the swipe tool (remember this is under the Tools tab) on the intensity layer (displayed over the physical basemap) to examine this. Turn this layer off when finished
Turn on the peak ground velocity layer and follow the same process. Zoom, pan, or set layer transparency as desired.
?? Where does the greatest cm/s velocity occur with respect to land vs. water areas?

Since this September 2009 earthquake, Indonesia has continued to be in the news due to ongoing seismic activity. The USGS provides mapping services that track earthquakes over a seven day period—we can compare this week’s activity to our September 2009 map. Download and save these “latest earthquakes” from the USGS website at: http://earthquake.usgs.gov/earthquakes/catalogs/ . KML files are posted for earthquakes by age and by depth. Right-click these to save them to the Indonesia folder, and then add them to AGX. Turn off the September quake data and the plate boundary and city layers used above.
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Zoom out to the country of Indonesia. Display separately each of these new KML files and explore their subcomponents (which includes fairly detailed plate boundary data, though the symbols are slightly difficult to see on the map). The 7-day depth data also shows the direction and speed of movement at plate boundaries (you may need to zoom in to see this). Indonesia’s quakes closely match these plate boundaries. Click on an earthquake depth marker to open a popup window with more information and a link to the USGS webpage for that quake.
Examine the earthquake age data.  ?? How recent was the last Indonesian earthquake?
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These two services are obviously not static data—AGX has a method to assure that the data are updated each time the application is opened. Set these to dynamically update by right-clicking the file in AGX and, in Properties set the Source Data to refresh When the map is opened.
Explore the USGS data and websites as you wish. You may want to save your AGX map as a new file when you are finished.

Note that an example file is included in your Indonesia folder (Indonesia_Earthquake.nmf) that includes the files described above.
6.  Organizing AGX Contents
By now you may have many layers of data in some of your AGX maps. It may be a good time to organize this content. 
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Under the Home tab in AGX, click Folder on the upper tool bar to add a new folder to the contents. For example, you may want a Hayward folder or an Indonesia folder to hold layers pertaining to those topics. 
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Once a folder is created just drag and drop in layers as needed (of course you can also add sub-folders to existing folders).
6.  Background Reading and More Resources
ArcGIS Explorer Help: http://webhelp.esri.com/arcgisexplorer/1500/en/index.html#welcome_page.htm
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From within AGX, press F1 to open a help window

Also get help by clicking the question mark in the upper right button in the AGX window (see graphic)
Note that demos on AGX are also available from the ESRI website. These can be helpful to both get started with the application and to examine some of the more advanced concepts: http://www.esri.com/software/arcgis/explorer/demos.html
USGS Advanced Earthquake Topic Search, with animations and visualizations: http://earthquake.usgs.gov/learn/topics/search.php?sendLevelID=10#topics
Background on the historic Hayward Earthquake of 1868: http://earthquake.usgs.gov/earthquakes/states/events/1868_10_21.php  and
http://earthquake.usgs.gov/regional/nca/1868/
Hayward data sources: http://earthquake.usgs.gov/regional/nca/1868/
USGS Earthquake Science Explained: http://pubs.usgs.gov/gip/2006/21/gip-21.pdf
Download USGS GIS data: http://earthquake.usgs.gov/regional/nca/haywardfault/gis/index.php
Download and save “latest earthquakes” files: http://earthquake.usgs.gov/earthquakes/catalogs/
USGS ShakeMap information (Note: If you are not a GIS user, it is safest to download a KML file because the shapefiles do not have projection information): http://earthquake.usgs.gov/earthquakes/shakemap/
Modified Mercalli Intensity Scale (MMI) description: http://earthquake.usgs.gov/learn/topics/mercalli.php
Discovery Channel’s earthlive website showing the last week’s earthquakes (and other topics): http://dsc.discovery.com/discovery-earth-live/#
Download geology data for San Diego County (create a login to access all SanGIS data): http://www.sangis.org/Download_GIS_Data.htm
ESRI GIS Education Community; resources for spatial data and lesson plans: http://edcommunity.esri.com/  and  http://edcommunity.esri.com/arclessons/arclessons.cfm
ESRI ArcGIS Explorer Blog: http://blogs.esri.com/Info/blogs/arcgisexplorerblog/default.aspx
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