Lab 1 Instructions
EOS 2375
Spring 2025
The first lab will serve to orient us to several aspects that will re-appear over the course of the semester:
Hands-on activities, working with real data, and making graphics 

Part 1: Hydrologic Cycle Board game
I whipped up a little board game that is meant to represent the water cycle. The first part of the lab involves playing the game and answering a few reflection questions. Instructions for the game are on the table. 
Answer questions 1, 2, and 3 after playing the game.

Part 2: Watershed water balance
Some hydrologic parameters are easier to measure than others, and we often use the easy-to-measure parameters to estimate the difficult-to-measure parameters. Consider the watershed water balance equation:

Of these terms, P and Q are the easiest to measure, and we often assume that groundwater and storage are zero over specific timescales (e.g. annual). Therefore we simplify the watershed water balance for specific timescales to:
	
And solve for ET, given that P and Q are relatively easy to measure. 

For this activity, you will estimate ET for two watersheds of your own choice using publicly available hydrologic data. 
Precipitation data
We will use precipitation data from the Parameter-elevation Regressions on Independent Slopes Model (PRISM) maintained by Oregon State University. PRISM is a model that interpolates precipitation data based on observed precipitation, climatological data, and elevation. PRISM data is available from: https://prism.oregonstate.edu/
Download the 30-year normal dataset at 800 m resolution. This is a data product that shows the annual precipitation of the entire United States, averaged over a 30-year interval (1991-2020). Once the data is downloaded, unzip it. 
We’ll use QGIS to visualize this data.
Lil QGIS tutorial
QGIS is a software for visualizing and processing geographic data. Follow the following steps to open the precipitation data in QGIS:
· Open QGIS and start a new empty project 
· Find the layer tab at the top 
· Layer > Add Layer > Add Raster Layer
The precipitation data is stored as a raster, which is a grid of cells with a value for each grid square
· In the dialog box, click the radio button (…) and find the folder where the precipitation data is stored 
· Choose the file with the .bil extension (band interleaved by line, a specific type of raster format). The other files in the folder are auxiliary files that help QGIS know how and where to display the data.  
· That should display the precipitation raster in the map interface, and add it as an element to the Layers on the left. You can click around in the map interface to move, zoom in, etc. 
· Right click the precipitation raster in the Layers on the left and open the properties.
· The Properties dialog contains a lot of information about the dataset that you’re looking at. This includes information about where it is stored on the computer, the extent of the data, summary statistics, and options to change the visualization. 
· I think the default black and white is a little tough to visualize, so let’s change the color scheme. In the properties dialog, choose the Symbology tab.
· Change Render type to Singleband pseudocolor and choose a color ramp that helps you make sense of the data. 
Answer questions 4 and 5 using the PRISM data.

Streamflow data
The United States Geological Survey maintains a network of several thousand streamflow gauges (though they use the spelling gages) in the United States. These gauges report volumetric discharge of water in a river. The oldest gauges were established in the late 1800s, and the modern data is reported every 15 minutes. 
The USGS also maintains a site to provide flow estimates and statistics for gauged and ungauged locations in the US, called StreamStats. SteamStats is somewhat clunky as a tool, but contains a lot of valuable information. 
You can access StreamStats here: 
https://streamstats.usgs.gov/ss/
StreamStats
· Spend a few minutes exploring the StreamStats website. As you zoom in, colored triangles will start to appear. These represent locations where the USGS has some type of data, with the blue triangles representing stream gauges with the full set of parameters. 
· Choose a random blue triangle and click on it. 
· Choose the Open StreamStats Gage Page button. 
· This opens a window that contains metadata and statistical information about the particular USGS gauge that you selected. Unfortunately, the underlying data is provided by state USGS offices, so there is not standard information for every gauge in the network. 
Answer Question 6 and 7 using two gauges from StreamStats.
The mean annual flow is the statistic we’ll eventually want for our ET calculation, but we have a little more work to do before we can get there.

Watershed delineation
The other power of StreamStats is that it can generate watershed statistics and a GIS file of watershed shape for any location on the stream network. We will generate watershed shapefiles for the two gauges that you investigated above. 
· Zoom into the blue triangle of your gauge. In the dialog box on the left, you should see an option to Select a state or regional study area. As you zoom in, the state that your gauge is in should appear in a blue box. Select that. 
· Once you select the state and zoom in, you should see blue streamlines appear on the map. Once these appear, you can select the Delineate command in the dialog box on the left. This changes the cursor to a crosshair. 
· Click on the blue streamline with the crosshair, StreamStats begins delineating the watershed upstream of the point that you clicked on. Try to click on the streamline as close as possible to the blue triangle. 
· Once the delineation runs, you should see a yellow polygon that outlines the watershed. Select Download Basin in the dialog on the left and download it as a ShapeFile, which we will bring into QGIS.

Back to QGIS
Now we want to clip the PRISM data to the extent of our watershed boundaries. 
· Import the watershed shapefiles into QGIS via Layer > Add Layer > Vector Layer
· You will probably get a message that warns you about the geographic projection, just hit okay for now and take a GIS class if you want to learn what that’s all about. 
· You should see your watershed polygon on top of the PRISM data (you can right-click the watershed layer in the table of contents and Zoom to Layer)
Now we want to clip the PRISM layer to the extent of each watershed. To do that we’ll use a processing tool. In addition to displaying data, GIS programs have tools to process data in various ways. 
· Navigate to the Processing tab at the top and Choose Processing > Toolbox
· This should open the Processing Toolbox. Search the word “clip” in the Processing Toolbox and choose the tool called Clip raster by mask layer 
· This will open a tool dialog that lets you select which layer you want to clip, and which will be used as the mask. 
· Choose the PRISM data as the input layer and one of the watersheds as the mask layer. There are many optional parameters that we’ll ignore for now. 
· Choose Run to run the tool, which will generate a temporary file. 
· Do this clipping operation for the other watershed as well. 
You should end up with two smaller rasters that are the PRISM data clipped to the extent of your two watersheds
· Find the mean value for each raster in the Information tab. This represents the mean annual precipitation for the watershed during the period from 1991 to 2020. 
Now we need to convert our mean annual flow to comparable units. The American government continues to use imperial units, so we American hydrologists are stuck doing unit conversions anytime we want to combine or compare datasets. 
· Convert the mean annual flow from your first table to mm/yr.
· The mean annual flow value from StreamStats is in cubic feet per second (dimensions of [L3][T-1]) and we want to convert to millimeters per year (dimensions of [L][T-1]).
· Once you have that value, calculate the percent of annual precipitation that is converted to runoff. This is known as the runoff ratio. 
Answer questions 8 and 9.
Part 3: Diagram making
One of my goals for this class is for you to grow in your ability to create graphical representations of processes and data. To that end, you will create several things in Adobe illustrator over the course of the semester. 
For this week, you’ll create a diagram of the global water cycle. This can be a relatively simple box model, or you can represent the reservoirs and processes more artistically if you’d like.
Illustrator is a big, complex program that we’ll just scratch the surface of. I’m including some basic information about Illustrator on Canvas, but I recommend approaching it with a spirit of exploration. 
Your diagram needs to include the following:
	Reservoirs
	Processes

	Atmosphere
	Precipitation

	Ocean
	Evaporation

	Glaciers and ice
	Infiltration

	Rivers and lakes
	Percolation

	Soil water
	Groundwater discharge

	Groundwater
	Runoff



Include information about the magnitude of the reservoirs and the fluxes, using consistent units.


