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Summary
Students will have the opportunity to select and virtually explore the hydrogeology and geomorphology of a karst landscape using Google Earth, lidar data-sourced DEM(s), and GIS software (QGIS) such that they gain an understanding of karst landscapes and their associated hazards, access to and analysis of internet-based remote sensing data, and verbal and written communication of scientific information.

Activity Description 
Karst aquifers supply drinking water to 25% of our world’s population. It is therefore important that we understand the drainage patterns, potential hazards to humans, and potential threats to water quality that are unique to karst. 
Prior to beginning this activity, download and install the following software packages: Google Earth on web or desktop  (https://www.google.com/earth/versions/) and a GIS (QGIS is a free and open source option: https://www.qgis.org/en/site/).
1. Background. Review background information on karst and on the source of the digital elevation model (DEM) data used in this activity. 
Background information on karst: https://link.springer.com/article/10.1007/s10040-016-1519-3, https://kgs.uky.edu/kgsweb/olops/pub/kgs/ic04_12.pdf, https://en.wikipedia.org/wiki/Karst, http://www.igme.es/boletin/2016/127_1/BG_127-1_Art-9.pdf. 

Background on specific karst areas you can explore during this activity:
· Central Kentucky Karst, USA https://www.usgs.gov/science-support/osqi/yes/national-parks/mammoth-cave-national-park,
http://www.igme.es/boletin/2016/127_1/BG_127-1_Art-9.pdf
· El Sotano de las Golondrinas, Mexico https://en.wikipedia.org/wiki/Cave_of_Swallows
· Caverna de Santana, Brazil https://en.wikipedia.org/wiki/Caverna_Santana
· Sof Omar Cave, Ethiopia 
https://en.wikipedia.org/wiki/Sof_Omar_Caves
· Postojna Cave, Slovenia
https://www.postojnska-jama.eu/en/, https://www.slovenia.info/en/stories/karst, https://izrk.zrc-sazu.si/en/predstavitev#v
· Tenglong Cave, China
https://en.wikipedia.org/wiki/Tenglong_Cave
· Waitomo Cave, New Zealand
https://www.newzealand.com/us/waitomo-caves/, https://en.wikipedia.org/wiki/Waitomo_Glowworm_Caves
Background on the Shuttle Radar Topography Mission (SRTM) to acquire the data used in the DEMs recommended in this activity: https://www2.jpl.nasa.gov/srtm/
For an overview of karst aquifers on Earth, refer to the World Karst Aquifer Map (WOKAM), available at https://www.whymap.org/whymap/EN/Maps_Data/Wokam/wokam_node_en.html. Use WOKAM to select an area of interest, browse Google Earth to search for karst landforms, or use one of the following links to go directly to a karst area:
· Central Kentucky Karst, USA https://earth.google.com/web/search/smiths+Grove,+KY,+USA/@37.050087,-86.20808355,191.9936422a,4259.47719636d,35y,0h,0t,0r/data=CigiJgokCUJ0d1jEiEJAEea5ieZmhUJAGblW8S1QglXAIfK61_HlhlXA
· El Sotano de las Golondrinas, Mexico https://earth.google.com/web/search/S%c3%b3tano+De+Las+Golondrinas,+Guadalupe,+Tamapatz,+San+Luis+Potosi,+Mexico/@21.5998365,-99.0989649,851.98715572a,974.07941593d,35y,0h,45t,0r/data=CrUBGooBEoMBCiUweDg1ZDY4NzUzMGM5ODE4Y2I6MHhiMTBkYjMzYzJlMmI4ZmY2GXVyhuKOmTVAIew84HBVxljAKkhTw7N0YW5vIERlIExhcyBHb2xvbmRyaW5hcywgR3VhZGFsdXBlLCBUYW1hcGF0eiwgU2FuIEx1aXMgUG90b3NpLCBNZXhpY28YAiABIiYKJAlg4DFGCoxCQBGnW-OjiYFCQBnCoi9tkINVwCGM0IDIN4dVwCgC
· Caverna de Santana, Brazil https://earth.google.com/web/search/Caverna+de+Santana+-+SP-165,+Iporanga+-+State+of+S%c3%a3o+Paulo,+Brazil/@-24.5350913,-48.7020552,293.73887977a,950.74006882d,35y,0h,45t,0r/data=Cq8BGoQBEn4KJTB4OTRjNGEwMTVjN2I5Y2ZmNzoweGEzYTRhODFjOGFmMGFkMjkZxt9RvvuIOMAhTf7d8dxZSMAqQ0NhdmVybmEgZGUgU2FudGFuYSAtIFNQLTE2NSwgSXBvcmFuZ2EgLSBTdGF0ZSBvZiBTw6NvIFBhdWxvLCBCcmF6aWwYAiABIiYKJAn-rpcTGk9BwBFs-6kNOVpBwBmno36HsCJMwCGxtmypGkBMwCgC
· Sof Omar Cave, Ethiopia https://earth.google.com/web/search/Holqa+Soof+Umar(Sof+Omar+Cave),+Ethiopia/@6.9066847,40.8452162,1222.69076013a,1047.96286517d,35y,0h,45t,0r/data=CpMBGmkSYwolMHgxN2M5NjQ3OWExYmYwYTlmOjB4M2M0OWM0MGQ0NTY4NmM3MhlgIjn0caAbQCFShmALMGxEQCooSG9scWEgU29vZiBVbWFyKFNvZiBPbWFyIENhdmUpLCBFdGhpb3BpYRgCIAEiJgokCSUX6kNEvCXAEeDqGh5t1CXAGVLTbZJyqkJAIaUkWEZBnUJAKAI
· Postojna Cave, Slovenia https://earth.google.com/web/search/Postojna+Cave,+Jamska+cesta,+Postojna,+Slovenia/@45.7830298,14.2038417,554.79907402a,710.07777756d,35y,0h,45t,0r/data=CpoBGnASagolMHg0NzdiMzFlMWNkNzA4YjJiOjB4OGQ0NzIwZmZmYjJkMDJiZRmPZQtSOuRGQCFBH3bwXWgsQCovUG9zdG9qbmEgQ2F2ZSwgSmFtc2thIGNlc3RhLCBQb3N0b2puYSwgU2xvdmVuaWEYAiABIiYKJAmdY770WsYbQBGh1tN8XZkbQBk6SL5K8XBEQCFCdRMcK2tEQCgC
· Tenglong Cave, China https://earth.google.com/web/search/tenglong+cave/@30.331922,108.983322,1420.20643916a,896.95198141d,35y,0h,45t,0r/data=CngaThJICiUweDM2OGZkMDk3MjVlN2I4Yzc6MHg2ZDE0NDE1Y2I1ZTlhMTU2GarSFtf4VD5AIf3bZb_uPltAKg10ZW5nbG9uZyBjYXZlGAIgASImCiQJ0VlSXZlXPkARWxZ1aX9LPkAZ1uuihSQ_W0AhBZy09hI8W0AoAg
· Waitomo Cave, New Zealand https://earth.google.com/web/search/waitomo+cave/@-38.23941234,175.06756931,225.98846243a,29217.75304527d,35y,0h,0t,0r/data=CnYaTBJGCiQweDZkNmNiN2IyMTU0MjlhMDM6MHg1MDBlZjYxNDNhMzE2YjAZCTTY1HkhQ8AhWE18WqrjZUAqDHdhaXRvbW8gY2F2ZRgCIAEiJgokCYgiAEfsmEHAEbC50VaO-EPAGbZq90dRGWVAIeafOmPIUGbA

2. Data acquisition. Acquire topographic information for your chosen karst landscape. For locations in the United States, Earth Explorer is a good source for SRTM DEM files (https://earthexplorer.usgs.gov/). For sites outside of the US you can still find DEM data, but may need to do additional internet searching to obtain it.

3. Data processing. 
a. The DEM file then needs to be uploaded to a GIS. Check the properties of your DEM raster layer to see what coordinate reference system (CRS) it loaded in. For many DEMs, you will need to find the appropriate CRS and reproject the raster. For a review of the Universal Transverse Mercator (UTM) System, here is a link to the USGS fact sheet (https://pubs.usgs.gov/fs/2001/0077/report.pdf) and a world map of UTM zones (https://maptools.com/tutorials/grid_zone_details). Another option is to use an interactive online map (https://mangomap.com/robertyoung/maps/69585/what-utm-zone-am-i-in-) to help determine the coordinate system for your location. The reproject task is performed by selecting the layer for the DEM raster data. Then click on the “raster” drop down menu. Go to “projections,” and select “Warp (reproject)...” Then select a complete path for output and give a name to the output file for the reprojected map data.
b. After the project is in the correct CRS, you can then choose a color scheme (right click on the layer > “properties” > “style” > “render type” > “singleband pseudocolor” > “generate a new color map” > select the desired color band > “classify”) and make a Hillshade layer to better visualize the topography. To generate a Hillshade layer, again use the “raster” menu. Go to “Terrain analysis” > “Hillshade…” 

i. Questions:  What karst aquifer region did you select? What UTM Zone is this field site in? What colorband worked best for your visualization of the topography? What does the Hillshade function do? How is it helpful?












c. To better understand the drainage patterns of this landscape, extract a set of topographic contour lines. Again use the “raster” menu. Go to “Extraction” > “Contour…” A good interval to start with a 20. If the contour lines end up looking too crowded or too spread out, you can make new contour layers with different intervals.
d. Now that you have detailed topographic maps with contour intervals, you may want to revisit the rule of V’s for determining flow paths over land surfaces (http://uncivilengineer.net/2017/07/14/watercourses-and-ridges-on-topographic-maps-why-the-vs/). 

If you have access to a printer, you can print out a paper copy of the map you built and draw the drainage patterns in with a pencil. There are two digital options for drawing in the water flow paths. For the first, you can export the image of their map in QGIS as png format. To do this go to the “Project” menu and select “Save as Image…” Then use a photo editor to draw flow paths on the map. If you have more GIS experience you may want to work directly in the GIS and make new vector layers to create surface flow paths. 

i. Questions: Describe the flow paths you drew on your map. What challenges or obstacles did you encounter while determining the routes water would take? 
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Sharing science:
1.   After completing the exercise, as an individual or as part of a small group, present your findings to the whole class. 

2.   Write a formally structured report (Title, author’s name, date, abstract, introduction, methods, results, discussion, conclusion). Within the report or as a separate document, reflect on your experience with this activity and assess your level of understanding before and after the activity of a.) Google Earth, b.) GIS, c.) UTM CRS, d.) topographic map interpretation, and e.) karst hydrogeology.
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