Wetlands Ecology

BIOL 5870
Fall 2017
Problem Set 1

Directions: Formulate your answers as a brief report, typed, with no spelling or grammar errors. Calculated data should be provided in the form of a spreadsheet and also as tables within your text answer (you are strongly encouraged to use computer spreadsheets to perform the calculations). Formulas should be provided in the text of your answer or as footnotes at the bottom of the tables. Graphs should be created using a computer graphing program of some type (Excel is fine). Read each problem completely and think about it before you begin your calculations. The problems are meant to be self-explanatory, but they may not be to you. Email me any questions you have (vbrady@d.umn.edu); I will share all questions, and the answers I give, with the class email list. Remember to pay attention to the units. 

Problem (for a total of 50 points)

Your professor has a project on a small created wetland with a small stream flowing into and out of it. This is not a great example of a created wetland and is shaped like a rectangle, with a mostly flat bottom and straight sides. Your professor asks you, his intrepid wetland grad student, to create an annual hydrologic budget for the wetland using data collected by field crews in 2013. When you finish all your calculations, be sure to put everything together by briefly and concisely describing the important features of the hydrology of this wetland for your professor to include in his project report (so he doesn’t have to write it himself). 

The wetland is 12.5 hectares and has a mean depth on Jan. 1, 2015, of 10 cm.

Part 1 (5 points): By putting in some shallow monitoring wells around the edges of the wetland, other grad students have determined that the wetland has no groundwater input. They believe, however, that the wetland bottom is a very slow groundwater recharge zone, and they believe that the wetland is perched in a clay lens directly above the water table (slope to water table 90 degrees). The field crew reports that the surficial sediments are an organic muck (k value = 1 x 10-5 cm/s); beneath the muck is clay (k value = 8.5 x 10-8 cm/s). Calculate the groundwater outflow from the wetland in m3/s; include in your answer the formula you used (showing all values) and include any preliminary calculations and decisions (simplifying assumptions) you made to arrive at your final answer. Defend the k value(s) you chose to use.
Part 2 (10 points): Use the Thornthwaite equation to calculate potential evapotranspiration for the wetland for each month of the year by filling in Table 1 in the Excel spreadsheet provided. In your write-up, include in your answer the formulas you use in each step and one example calculation for each step.

Notes: 

1. Assume the latitude is 50 degrees when determining the correction factor.

2. Remember, “I” must be calculated for each month, summed, and then used to calculate “a”. These two values can then be used to calculate the Thornthwaite estimate for each month. Your calculation of the monthly I values should sum to approximately the total value provided in Table 1.

Questions:

1. Explain what happens to the equations when the mean temperature is below zero.

2. What are the simplifying assumptions of the Thornthwaite equation? What are the benefits and drawbacks of its use? How could you provide a more accurate estimate of PET?  
Part 3 (15 points): Based on the information provided below and what you have calculated above, calculate the monthly and annual water budget for the wetland. Much of the information you need is provided in Table 2 of the Excel spreadsheet. However, you will need to calculate overland flow and create new columns for the rest of the data that you calculate for each month. Calculate (V/(t as m3/month and then determine it as m3/yr. Once you are finished, draw an annual water budget that resembles the examples given in your text (but leave the units as m3/yr; note that this will make your numbers MUCH larger than those shown in your text). Below are hints, tips, and more information to do this. 

Simplifying assumptions: 

1. The wetland is frozen from Dec. 1 – March 31, thus both precipitation falling on the wetland and overland flow from this period enters the pond during melting in April. Assume the snow depth from Dec of 2012 is the same as for Dec. 2013. 

2. Snowfall has been converted to liquid equivalents; listed amounts of precipitation are for liquid water. 

3. The surface area of the wetland does not change as depth increases.

Notes:

1. Calculate (V in m3 (rather than cm/time as in your text’s examples). This simplifies calculations, but the numbers will seem VERY large compared to the examples.

2. Precipitation is listed in cm as if measured at a rain gauge (a point estimate); this will need to be converted to the total amount that fell on the entire wetland. Assume that this is Pn.

3. Use the monthly values for evapotranspiration that you calculated above. These are point estimates, so you must convert them to account for the whole wetland.

4. Use the groundwater outflow that you calculated above; assume that groundwater outflow is constant from month to month (but zero when the wetland is frozen [why?]) and only depends on the number of days per month.

You need to calculate surface runoff for each month. I have given you the hydrologic response coefficient for each month since this changes (why would it change?). The area of the watershed is for this wetland 100 hectares. Include the formula you used in your report. 

Part 4 (5 points): Convert (V/(t for each month into an ACTUAL depth (not just the CHANGE in depth) for the wetland for each month. Caution: think about this very carefully. Use this information to create a graph showing the annual hydroperiod (actual wetland depth for each month) for the wetland. Don’t forget to label your axes!
Part 5 (10 points): Create two additional columns in your Excel spreadsheet Table 2 that calculate residence time and turnover rate for the wetland for each month. Describe any simplifying assumptions you make. What are the high and low values for these times/rates over the course of the year and why do they occur when they do?

Notes:

1. First determine the inflows and outflows for each month.

2. How will you determine volume for each month? 

3. Remember, the units are months or reciprocals of months (i.e. per month). 

Part 6 (5 points): Now put it all together and describe the important hydrological features of this wetland for your professor so he can include it in his report. What are the primary drivers of depth and the hydrograph for this wetland (play with each column of the spreadsheet, what matters most)? Does the wetland dry up? At the end of the year, is the wetland higher or lower than where it started on Jan. 1? If your wetland does things you don’t think it should, explain what you think should happen and what might be wrong with your calculations (I give partial credit). 
