Homework Assignment #5:

Short- and long-term runoff effects of watershed deforestation?

Student Learning Objectives

Students will use hydrology data in MS Excel to analyze runoff response
to whole-watershed experimental deforestation. Students compare treatment
and reference catchment responses, and draw conclusions about the short- and
long-term effects of deforestation on watershed runoff.

Background

The USDA Forest Service established the Hubbard Brook Experimental
Forest (HBEF) in 1955 as a hydrologic research center. In the early years,
scientists focused largely on assessing the impacts of forest management on
water yield, water quality, and floods. In 1960, additional scientists become
involved, and the Hubbard Brook Ecosystem Study (HBES) began. HBES scientists
developed the small watershed concept, which at the time was a new approach
to ecosystem science in which entire watersheds were studied and manipulated
to learn more about nitrogen, phosphorus, carbon, and other elemental cycling.

Around that time, the northeastern states were experiencing a drought and many communities were
suffering from water shortages. Knowing that plants (especially trees) take up large volumes of water from
the soil and convert it to water vapor, the forest scientists wondered whether cutting down trees might
increase water supplies. At the same time, the small watershed scientists were interested in studying how
entire watersheds respond to major disturbances. Combining their interests, scientists designed an
experiment in which all the trees in an entire watershed would be cut down. The experiment had many
different goals and objectives, reflecting the diverse interests of the scientists involved. In this activity, you
will only focus on one of the major land management hypotheses: if trees were cut down and therefore not
using as much water as ET, would more water flow be released as runoff?

The HBES Experiment

The Hubbard Brook flows through New Hampshire's White Mountain National Forest and drains a
range of small mountains. A paired-watershed study was conducted in two of the watersheds within these
drainage basins. In this activity, you will be looking at some of the original runoff data collected from two
watersheds at Hubbard Brook to determine the short-term and long-term results of a tree-cutting
experiment. All trees in Watershed 2 were cut in December 1965 and left on top of the snow. In the summers
of 1966, 1967, and 1968, two herbicides were applied to the entire watershed to prevent the regrowth of any
vegetation. Scientists believe that the herbicide was added in such low concentrations that it did not
negatively affect organisms in the watershed or downstream. A nearby watershed (Watershed 3) was left
intact, which is referred to as the "reference". The spreadsheet in this homework includes the runoff and
precipitation data collected from Watersheds 2 and 3 at the Hubbard Brook Experimental Forest over a 30-
year period.

1 Data Source: Hubbard Brook Experimental Forest LTER archive. Authors: Adam Welman (Cornell Univ.), Cynthia Berger
(National Association of Science Writers), and Marianne Krasny (Cornell Univ.); modified by John Stella (SUNY-ESF)
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Homework Instructions

Download the HBES data file (.xIsx or .xls) from the Homeworks section of the Blackboard web site.

Use these data to make graphs and tables as indicated below. Make sure the correct legends, labels, and
units are in each of your graphs.

Unit 1: Figures 1 through 4.

You will make 4 figures in Excel for this lab and paste them as figures (.pdf or .png files) into a Word
document that you will upload to Unit 1 on Blackboard. Use the Word template provided to paste in your
figures. Note that when pasting them in, select Paste Special from the Edit menu and select .pdf or .png. For
Figure 4, see the instructions further below under Unit 3. Paste Figure 4 into the same document as the other
figures as part of Unit 1. Finally, and this is important, save or print this completed unit as a pdf, and upload
to the Turn-it-In link on Blackboard.

1.

Graph runoff and precipitation in Watershed 2, the treatment watershed, over time from 1958 —
1988, with both data series on the same plot. (This will be your Figure 1). Years should be on the
horizontal axis; the vertical axis should be in mm (units for both precipitation and runoff). Use the
scatterplot function in Excel (Insert->Chart-> XY Scatter) with straight connecting lines (but not the
‘trendline’ function). Make sure your legend distinguishes runoff from precipitation series with
different symbols and/or line types (solid vs. dashed, etc).

Do the same with Watershed 3; plot precipitation and runoff (This is your Figure 2).

We want to compare runoff and precipitation between catchments. Calculate the runoff difference
between two watersheds (Qqir = WS2 — WS3) and fill the value in the blank column on the
spreadsheet. You can use the calculation functions in Excel to do this; remember that you need to
insert and equal sign (=) before any formula. Do the same with precipitation (Pgi# = WS2 — WS3). Plot
differences in both runoff (Quifr) and precipitation (Pgifr) on a graph against time to see how the
difference between the watersheds varies before and after cutting. (This is your Figure 3). Put years
on the horizontal axis, and the runoff and precipitation differences (Qai# and Pgitr, both in mm) on the
vertical axis. Make sure your legend clearly indicates which series is Qqgitr and which is Pgis.

Unit 2: Paired watershed calculations. Use the table below to help organize your calculations, which you will
do in Excel. Then input your calculated answers directly into the Unit 2 assignment on Blackboard (Questions
1-24), and answer the followup questions 25—-38.

1.
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Calculate the averages of all the data series listed in the table below for each of the three periods
labeled in the first column: 1958-65 (pre-treatment); 1966-70 (post-treatment, short term); and
1971-88 (post-treatment, long-term).

You can use the ‘average( )’ function in Excel to calculate averages, and the division sign ‘/’ to
calculate ratios. Remember that you need to insert an equal sign before any formula.

Input your calculated answers directly into the Unit 2 assignment on Blackboard as questions #1-#24.

Using the first three figures you created and this table, pay attention to patterns that you see in each
of the three periods (pre-treatment, and post-treatment short term, and long term). Answer the
followup questions #25—-#38 in Unit 2 on Blackboard.



Period | WS2 avg WS2 WS2 ratio | WS3 avg WS3 WS3 ratio RO P

runoff avg of runoff avg of difference | difference

precip | RO/precip precip | RO/precip | (WS2-WS3) | (WS2-WS3)
1958-65
1966-70
1971-88

Unit 3: Graphing runoff relationships between treatment and control watersheds.

1.

Now construct a graph that shows how the runoff relationship between the paired catchments has
changed over time. Plot the runoff totals (in mm) of the treatment and reference watersheds, with
each year of data a single point. See the example below. Put the reference watershed (WS3) on the
horizontal axis, and the treatment watershed runoff on the vertical axis. For reference, grapha 1:1
line by creating a new series that goes from 0 to 1800 mm on both axes (see dashed grey line in the
example graph below). Plot each period as a separate series (different colors and shapes for each
series), and add a linear trendline for each series as in the graph below. On most Excel platforms, the
trendline function can be found under the Chart menu. When adding the trendline, make sure you
click on ‘Options’ and select the boxes for “Display equation on chart” and “Display R-squared value
on chart.” This will be your Figure 4; it should look like the example below. Paste this figure as a pdf
into the Unit 1 Word document.
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Note that a trendline is a simple linear regression of the formula Y = a + bX, where a is the intercept
and b is the slope of the X term (which in this case is WS3 runoff). The R? value is a measure of the
goodness of fit of the relationship and is scaled between 0 (no fit) to 1 (a perfect fit, with all points
along a single line). In case you need to refresh your memory on linear regression, here’s a good
description: https://www.khanacademy.org/math/statistics-probability/describing-relationships-
guantitative-data/introduction-to-trend-lines/a/linear-regression-review
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3. Fill out the Table below with corresponding values from each trendline regression formula, obtained
from checking the ‘Options’ boxes on the trendline popup window. Input your answers directly into
the Unit 3 assignment on Blackboard (Questions #1-#9).

Period Trendline Trendline slope R? value
intercept
1958-65
1966-70
1971-88

4. Answer the follow-up questions #10—#18 in Unit 3 on Blackboard.

FOR 442/462 Watershed Ecology & Management — Lab 5



