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Preface 
 
This exercise manual was designed for use in an upper-level undergraduate water 
resource management course. The manual consists of ten hands-on or experiment-type 
exercises and a final project watershed management plan. 
 
This exercise manual has the very real benefit of providing required course material to 
students free of charge. The manual incorporates several high-impact teaching 
practices, including research, collaborative exercises, and community-based learning. 
Research has shown that high-impact teaching practices have several benefits to the 
student, such as increased engagement with the material, deeper learning, improved 
performance/grades, improved ability to retain, integrate, and transfer information, and 
increased retention and graduation rates (Kuh 2008). This manual includes several 
exercises specific to the region of northeast Wisconsin; however, exercises can easily be 
modified for any region. By creating region specific exercises, students are able to link 
concepts learned in class to physical processes and landforms they regularly encounter. 
This increases the value of learning to the student and increases student engagement 
with the material. 
 
This manual is licensed under a Creative Commons Attribution-NonCommercial-
ShareAlike 4.0 International License by Mark W. Bowen in 2016. For more information 
about rights and restrictions associated with this license please visit: 
http://creativecommons.org/licenses/by-nc-sa/4.0/ 
 
Kuh GD (2008) “High-Impact Educational Practices: What They Are, Who Has Access to 

Them, and Why They Matter.”Association of American Colleges and Universities   
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Exercise 1. Water in Motion 
 
Purpose 
The purpose of this exercise is to become familiar with how water moves through the 
hydrologic cycle. 
 
Learning Outcomes – Upon completion of this exercise you should be able to: 

 Understand the complex movement of water molecules through components of the 
hydrologic cycle 

 Identify how state changes affect water movement 
 Track the movement of pollution through the cycle 
 Determine how external drivers influence water movement 

 
Background 
This exercise has been modified from the NOAA Water Cycle Game: Nomack, M. (2011). Water 
Cycle Game. Retrieved from http://www.eoearth.org/view/exercise/166778 
 
Water is constantly in motion. Sometimes quickly, as in a fast-flowing river, but sometimes it 
moves quite slowly, like in underground aquifers. Understanding the details of how water 
moves about, on a watershed scale, is critical to understanding how either dissolved 
contaminants, or those attached to particles that are carried along in a water stream, are 
transported around within the watershed. 
 
The movement of water, the water cycle, is often shown as a simple circular cycle (as in Figure 
1 below) in which water evaporates from the ocean, is carried over land, falls as rain, and then 
is transported back to the ocean through rivers. This depiction tends to oversimplify the actual 
movement of water. There are many places, or compartments, where water may be found 
during its cycle. And the actual path any given water molecule follows within the complete 
water cycle can be quite varied and complex. Nor do such simple figures help to convey the 
period of time that any given water molecule may spend within certain compartments. For 
instance, the Antarctic Bottom Water, deep ocean water formed in the Antarctic, takes over 250 
years to travel along the bottom of the Pacific Ocean before it re-surfaces in the Aleutian 
Islands. 
 
Water may change state from a liquid to a gas or solid as it travels along its path. Water in its 
liquid form is the most visible and obvious. Water can be seen flowing in rivers and surging in 
ocean waves. Water even travels underground, though slowly, where it seeps through the 
spaces between grains of soil, sometimes coming to the surface as artesian springs. Although 
gravity works on ground water, geologic formations play a critical role in determining which 
direction water actually travels while underground. 
 
Living organisms also move water about. Water, either directly consumed as liquid or extracted 
from food, is carried within bodies. It then leaves as a gas during respiration, is excreted, or 
may evaporate from the skin as perspiration. 
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Plants are the major biotic movers of water. Their roots collect water for distribution throughout 
the plant. Some is used in photosynthesis, but most travels to the leaves where it is easily 
evaporated or transpired. Plants and their roots are also a major determining factor in the 
ability of a landscape to retain surface runoff or not. Although most water vapor cannot be 
seen, fog and clouds do give some indication of water vapor in the atmosphere. Water 
condensation, seen as early morning dew or even on a cold glass, is one visible example of the 
water vapor present in our air. In clouds, water molecules condense and collect on microscopic 
dust particles until they reach such a weight that gravity pulls the water down as precipitation. 
 

 
Figure 1. Diagram of the Hydrologic Cycle (public domain image from NASA Precipitation 
Education website at http://pmm.nasa.gov/education/water-cycle) 
 
 
Equipment required 

 9 station signs and dice 
 9 sets of beads 
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Exercise 
1. Nine stations are setup around the room representing various compartments of the 

hydrologic cycle. At each station has a container of beads that represent pollution.  
 

A. To start, you will be randomly assigned to a station and you need to record the starting 
station as Turn 1 in Table 1. Then roll the die for that station. 

B. Upon the instructor’s signal, follow the directions for your die roll and either stay at that 
station or move to the new station indicated on the die. 

C. At the new station, or if you stayed at the same station, record the station in Table 1, 
and then roll the die for that station. 

D. Repeat steps B and C until the instructor tells you to stop (after ~12 turns). 
 
Pollution Connection 
The hydrologic cycle plays a very influential role in the transport of pollutants. As you move 
among the stations, collect or deposit pollution beads from the station you move to as indicated 
below and record your action in Table 1. 
 

If you move from to then 

Clouds All Collect 1 as airborne contaminants are sorbed 

Animals Soil Collect 2 for wastes 

Animals Cloud Deposit all as water is purified as it is respired 

Soil Plants Deposit 1 as some plants absorb pollutants 

Soil River Collect 2 as runoff carries pollutants 

Soil Groundwater Deposit 1 as soil filters some pollutants 

Soil Cloud Deposit all as water is purified as it evaporates 

Plants Animals Collect 1 as contaminants are ingested 

Plants Cloud Deposit all as water is purified as it is transpired 

Ocean Cloud Deposit all as water is purified as it evaporates 

Lake Cloud Deposit all as water is purified as it evaporates 

Lake Groundwater Deposit 1 as soil filters some pollutants 

Lake Animals Collect 1 as contaminants are ingested 

Lake River Collect 1 as water moves downstream 

Glacier Groundwater Deposit 1 as soil filters some pollutants 

Glacier River Collect 1 as runoff carries pollutants 

Glacier Clouds Deposit all as water is purified as it sublimates 

Groundwater Lake or River Deposit 1 as soil filters some pollutants 

River Groundwater Deposit 1 as soil filters some pollutants 

River Lake or Ocean Collect 1 as water moves downstream 

River Clouds Deposit all as water is purified as it evaporates 

River Animals Collect 1 as contaminants are ingested 

If you stay in Lake, River, or Ocean, collect one pollution bead as pollution is discharged into 
these water bodies. For any other moves, retain the pollution beads you already have, and 
collect or deposit pollution beads after you move to the new station. 
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Table 1. Record of your movement, pollution actions, and water state 
Turn Station Name Pollution 

Action 
Water state  

( solid/liquid/gas) 

 
1 
 

  
 

 

 
2 
 

   

 
3 
 

   

 
4 
 

   

 
5 
 

   

 
6 
 

   

 
7 
 

   

 
8 
 

   

 
9 
 

   

 
10 

 

   

 
11 

 

   

 
12 

 

 # beads left =   
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Table 2. Summary of the class’ movements and pollution actions 
Station 
Name 

Total # of 
occurrences 

# of pollution beads 
in container* 

Animals  
 

 

Clouds  
 

 

Glacier  
 

 

Groundwater  
 

 

Lake  
 

 

Ocean  
 

 

Plants  
 

 

River  
 

 

Soil  
 

 

*Each container started with 100 pollution beads, so if a station has more than 100 beads it 
accumulated pollution and if a station has fewer than 100 beads it was a source of pollution. 
 
 
2. How many state changes occurred as you moved from one station to another? 
 
 
 
 
 
 
 
 
 
 
3. Describe how changes of state occur as a water molecule moves through the hydrologic 

cycle and how that impacts the cycle. 
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4. Compare and contrast the effects that movement among the different compartments has on 
water quality. 

 
 
 
 
 
 
 
 
 
 
5. Explain how the sun, gravity, and geology influence the movement of water from the 

various compartments. 
 
 
 
 
 
 
 
 
 
 
6. For Oshkosh, how does the hydrologic cycle change throughout the year? 
 
 
 
 
 
 
 
 
 
 
7. How would the hydrologic cycle change if we moved to a more southern or northern 

location? 
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Exercise 2. Fox River Watershed Water Balance 
 
Purpose 
The purpose of this exercise is to become familiar with how water is budgeted in the various 
components of the hydrologic cycle for management purposes. 
 
Learning Outcomes – Upon completion of this exercise you should be able to: 

 Utilize Excel to conduct complex calculations 

 Create a water budget for the Fox River watershed 
 Evaluate water use levels under a variety of scenarios 

 
Background 
This exercise has been modified from Eric W. Peterson’s Hydrologic Cycle and Water Balance 
Equation exercise available at: 
http://serc.carleton.edu/NAGTWorkshops/hydrogeo/activities/10658.html 
 
A water balance is a simple approach to quantifying all the inputs and outputs within a given 
hydrologic system, such as a watershed. A water balance can be represented with the following 
equation: P = Q + ET + ΔS, where P is precipitation, Q is streamflow, ET is evapotranspiration, 
and ΔS is change in groundwater storage. The equation uses the principle of conservation in a 
closed system, in which water is neither lost nor gained, but simply changes location within the 
system. While watersheds are not closed systems, their function within the hydrologic cycle 
closely represents a closed system. 
 
The water balance equation is an essential tool in water resource management. With the 
equation, a mathematical model of all water entering, leaving, and stored within a watershed 
can be created. This allows water resource planners to model impacts of changing climate, land 
use, population, and water consumption patterns on available water resources at a variety of 
spatial and temporal scales. 
 
Equipment required 

 Computer with Excel 
 
 
Exercise 
1. Create a list and sketch a conceptual model of all the inputs and outputs to the Fox River 

Watershed.  
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Scenario 1 – Current conditions  
2. Complete the Fox River Water Balance Excel worksheet for Scenario 1: 

a. Annual precipitation: 81 cm (32 inches) 
b. Annual snowfall: 91 cm (36 inches) (~90% of snowfall is airspace and ~10% is 

water) 
c. Population: ~900,000 people 
d. Per capita personal water use: 300 gal/day 

i. This amount includes “virtual water” – water that is consumed indirectly such 
as from irrigation-based agriculture 

e. Per capita water use for thermoelectric generation: 1,255 gal/day 
f. Average annual discharge of the Fox River in Green Bay: 4,700 cubic feet per second 

(cfs) 
g. Of all rainfall and snowfall: 

i. 60% is evapotranspirated 
ii. 25% becomes runoff 
iii. 15% infiltrates the ground 

h. Of all the water that infiltrates the ground and remains in the soil-water belt: 
i. 50% recharges the groundwater 
ii. 15% returns to the surface as runoff 
iii. 35% is evapotranspirated 

i. Of all the water that infiltrates the ground and enters the groundwater: 
i. 10% returns to the surface to provide baseflow in rivers 
ii. 90% remains in long-term storage 

 
3. What is average annual discharge of the Fox River in Green Bay in gallons/day? 
 
 
 
 
 
4. Given the watershed characteristics, approximately how much water is lost via 

evapotranspiration? Report answer in both cm/year and percent. 
 
 
 
 
 
5. Of all the water that infiltrates the surface, what total percentage contributes to streamflow? 

Groundwater recharge? 
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6. How many people can the watershed potentially and sustainably support? 
 
 
 
 
 
7. Examine the formula for the two population calculations, how do they differ? 
 
 
 
 
 
8. How sustainable are current conditions? Why? 
 
 
 
 
 
9. Will groundwater levels change, and, if so, how?  
 
 
 
 
 

Scenario 2 – Future climate change 
Scenario 1 was based on actual average conditions within the watershed for the last several 
years. However, conditions within the watershed are dynamic and subject to change. 
Temperatures are projected to increase throughout the century, resulting in greater 
evapotranspiration. Precipitation is also projected to increase; however, precipitation events will 
likely become more intense and less frequent, resulting in more runoff and less infiltration.  
 
Visit the Wisconsin Initiative on Climate Change Impacts website at 
http://www.wicci.wisc.edu/index.php. Under the “Climate Change” tab click on the “Climate 
WG” link, then click on the “Maps” link, and then click on the “Interactive Maps of Recent and 
Projected Climate Change in Wisconsin” link. Select different periods of change, scenarios, 
variables, and specific variables (leave season as annual) and note how the climate is predicted 
to change. 
 
 
10. Complete the Fox River Water Balance Excel worksheet for Scenario 2. Adjust values from 

scenario 1 based on the predicted future climate changes. 
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11. Describe which variables you adjusted, how you adjusted them, and why. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
12. How many people can the watershed potentially and sustainably support? How did these 

change from scenario 1, why? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Scenario 3 – Population and water consumption change 
Population within the watershed may change dramatically throughout the century. Northwest 
Wisconsin has an aging population, so the region could experience a net decline in population. 
However, the area is a regional hub of manufacturing activity; if the manufacturing economy 
recovers, the region could experience a dramatic population increase. Harsher climates in other 
regions of the United States may also drive migration to Wisconsin, which is not projected to be 
as severely impacted by climate change as other states, such as Texas, Florida, and California. 
 
Additionally, our water demands and methods of generating electricity will likely change 
considerably as water and energy efficiency continues to increase and electricity generation 
shifts to “greener”, less water-intensive sources such as solar and wind power. 
 
 
13. Complete the Fox River Water Balance Excel worksheet for Scenario 3. Adjust values from 

scenario 2 to represent potential population and water consumption changes. 
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14. Describe which variables you adjusted, how you adjusted them, and why. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
15. How many people can the watershed potentially and sustainably support? How did these 

change from scenarios 1 and 2, why? 
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Figure 1. Fox River Watershed (from Calumet County Land Information Office website).
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Exercise 3. Hydrographs and Flood Frequency 
 
Purpose 
The purpose of this exercise is to gain experience working with stream hydrographs and 
discharge data. 
 
Learning Outcomes – Upon completion of this exercise you should be able to: 

 Graph discharge data and interpret a stream hydrograph 
 Plot regression line 
 Calculate recurrence interval using graph paper and Excel 

 
Background 
A hydrograph is a line graph that depicts discharge of water over time for a cross-section within 
a stream. Storm hydrographs show change in discharge following a storm event. A storm 
hydrograph will typically have one X-axis for time and two Y-axes – with discharge on one side 
of the graph and precipitation on the other side. Time typically extends from several hours 
before a storm event to several hours beyond the point at which the river returns to baseflow 
conditions. Discharge and precipitation are usually determined remotely using automatic gaging 
stations. The U.S. Geological Survey maintains a network of stream gages to monitor discharge, 
while the National Weather Service maintains meteorological stations throughout the U.S. The 
shape of a hydrograph is influenced by a variety of controlling factors, see Table 1.  
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Table 1. Factors influencing stream discharge (Q) (“+” = increases, “-” = decreases) 
 

Factor 
Peak 

Q 
Lag 
time 

Base 
flow 

Flood 
frequency 

 
Because 

As watershed size 
increases 

+ + + - larger watersheds receive 
more rain, but runoff has 
farther to travel so the soils 
can absorb more water 

A more circular 
watershed has  

+ - - + runoff does not have as far to 
travel so soils cannot absorb 
as much water 

As drainage density 
increases 

+ - - + there are more stream 
channels to more quickly 
convey water 

As relief increases + - - + steeper slopes generate more 
runoff and less water 
infiltrates the soil 

As precipitation intensity 
increases 

+ - - + rain falls faster than it can 
infiltrate and more runoff is 
generated 

As antecedent 
conditions are wetter 

+ - + + wet ground absorbs less 
water and generates more 
runoff 

As soils become sandier - + - - more water infiltrates the soil, 
but the soils cannot store the 
water 

As soils become more 
clayey 

+ - - + less water infiltrates the soil 
and more water runs off 

As a watershed 
becomes more forested 

- + + - trees intercept the water, 
increasing infiltration and 
decreasing runoff 

As vegetation density 
increases 

- + + - because vegetation slows 
runoff, increasing infiltration 

As urbanization 
increases 

+ - - + impervious surfaces prevent 
infiltration and increase runoff 

 
Equipment required 

 Ruler 
 Calculator 
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Exercises 

Part 1. Hydrographs 
Use your readings, lecture notes, or search the internet for “storm hydrograph” to identify the 
components on Figure 1. Storm Hydrograph. 
 

 
Figure 1. Storm Hydrograph 
 
 
1.           
 
2.           
 
3.           
 
4.           
 
5.           
 
6.           
 
7.           
 
8. Which of the following would reduce the amount of water flowing in a stream when storm 

events are not occurring? 
a. wetter antecedent conditions 
b. increased watershed size 
c. increased amount of forest 
d. increased precipitation intensity 
e. increased urbanization 

  

  1 

  4 

2 

3                        

 

5 

    6     7 
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9. Which combination of factors would most likely produce the highest peak discharge? 
a. small, circular, rural watershed with wet ground 
b. large, circular, urban watershed on a hillside 
c. large, elongate, urban watershed with intense storm 
d. small, circular, urban watershed with many streams 
e. small, circular, forested watershed with steep slopes 

 
10. Which of the following would result in greater flood frequency? 

a. decreased urbanization 
b. decreased drainage density 
c. decreased watershed size 
d. decreased relief 
e. decreased soil clay content 

 
 
Using the graph paper below, plot two hydrographs on one graph using the data in Table 2. 
Precipitation and Discharge Data for Two Stream Gaging Stations. 

 
Appropriately label the axes. The X-axis should span the entire timeframe. The Y-axes should 
range from 0 to slightly greater than the maximum values (e.g., if maximum discharge is 1,382 
cfs, the Y-axis range should be 0 – 1,400 cfs). Plot discharge on the Y-axis on the left side of 
the graph; plot precipitation on the Y-axis on the right side of the graph. 
 
Plot discharge data for each given time and connect each point with a straight line. Plot 
precipitation as a bar graph for each time interval that precipitation is recorded. The bar for 
each precipitation value should be centered on the appropriate time interval. See Figure 2. 
Hypothetical Storm Hydrograph for Two Stream Gaging Stations for an example of how your 
hydrograph should look. 
 
 

 
Figure 2. Hypothetical Storm Hydrograph for Two Stream Gaging Stations 
 



GEOG 364 – Exercise 3. Hydrographs and Flood Frequency 

Page 20 of 64 
 

Using the hydrograph you created, calculate the lag time following the precipitation event for 
both stations. Calculate lag time as the time difference from the start of the precipitation event 
to the peak discharge.  
 
11. What is the lag time for Station A? 
 
 
 
 
 
12. What is the lag time for Station B? 
 
 
 
 
 
13. What is the peak discharge for Station A?  
 
 
 
 
 
14. What is the peak discharge for Station B?  
 
 
 
15. How do the receding limbs on the hydrographs for the two stations compare?  
 
 
 
 
 
16. Assuming watershed size is equal, which station likely has a more urban watershed? How 

can you tell? 
 
 
 
 
  



GEOG 364 – Exercise 3. Hydrographs and Flood Frequency 

Page 21 of 64 
 

Table 2. Precipitation and Discharge Data for Two Stream Gaging Stations. 
Station A                    Station B 

Time Precip. 
(In) 

Discharge 
(ft3/sec) 

Precip. 
(In) 

Discharge 
(ft3/sec) 

Noon   1298   765 

3:00 PM   1291   768 

6:00 PM   1287   756 

9:00 PM   1293   791 

Midnight   1297   772 

3:00 AM   1299   758 

6:00 AM   1295   764 

9:00 AM   1297   782 

Noon 0.5 1376 0.5 2845 

3:00 PM 0.6 1456 0.6 3988 

6:00 PM 1.1 2245 1.1 5882 

9:00 PM 0.8 2578 0.8 6667 

Midnight 0.6 2897 0.6 5058 

3:00 AM   3218   3982 

6:00 AM   3456   2791 

9:00 AM   3877   2362 

Noon   4168   2023 

3:00 PM   3935   1676 

6:00 PM   3812   1348 

9:00 PM   3634   1201 

Midnight   3502   1032 

3:00 AM   3371   967 

6:00 AM   3013   903 

9:00 AM   2878   854 

Noon   2615   827 

3:00 PM   2467   792 

6:00 PM   2271   788 

9:00 PM   2119   781 

Midnight   2032   783 

3:00 AM   1964   789 

6:00 AM   1849   782 

9:00 AM   1792   778 

Noon   1706   780 
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Part 2. Flood Frequency and Recurrence Intervals 
Flood frequency can be determined from peak discharge data provided enough years of 
information is available. This allows you to estimate recurrence interval for a given discharge or 
the probability that a flood of a given discharge will occur in any given year. 
 
In Table 3 below, fill in the Rank column.  Enter 1 for the maximum discharge, 2 for the second 
highest discharge, 3 for the third highest discharge, etc., through 25 for the lowest discharge. 
 
Calculate the recurrence interval, R, for each peak discharge using the equation: R = (n+1)/m, 
where n = number of years of record and m = rank 
 
Table 3. Annual Peak Discharge of the Wisconsin River at Muscoda, WI, 1988 – 2012. 

Year 

Gage 
Height 

(ft) 
Discharge 

(cfs) 
Rank, 

m 
Recurrence 
Interval, R 

1988 3.5 13,200     

1989 5.7 24,200     

1990 8.7 42,600     

1991 7.6 36,600     

1992 7.5 33,500     

1993 10.3 59,600     

1994 6.9 31,200     

1995 5.9 24,700     

1996 8.7 44,800     

1997 7.9 39,700     

1998 7.9 39,200     

1999 5.5 22,600     

2000 6.6 28,600     

2001 8.3 44,400     

2002 7.9 41,600     

2003 8.2 42,100     

2004 8.2 41,300     

2005 5.0 21,500     

2006 3.2 12,600     

2007 3.2 12,600     

2008 8.6 44,300     

2009 4.9 20,700     

2010 9.6 57,000     

2011 9.1 52,000     

2012 5.1 22,500     

 
 

17. What is the annual peak discharge with a recurrence interval of approximately one year? 
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18. Approximately how often does a discharge greater than 40,000 cfs occur?  
 
 
 
 
 
Using the semi-log graph paper, plot discharge on the y-axis versus recurrence interval on the 
x-axis. Use a ruler to draw a straight best-fit line through the data points. A best fit line is a line 
that best summarizes all the data to a single line – or represents an average. Best-fit lines 
should not connect data points. See Figure 3 below for an example of a best fit line. You can 
use the best-fit line to estimate the value of one variable for a certain value of another variable. 
For example, we can estimate the discharge with a 20-year recurrence interval by following a 
line straight up from 20 years on the X-axis to the best-fit line and the drawing a line straight to 
the Y-axis and estimating the discharge value at approximately 64,000 cfs. 
 

 
Figure 3. Example of a Best-Fit Line and Estimating Discharge vs. Recurrence Interval 
 
 
19. Using the graph you plotted, estimate the peak discharge expected for a flood with a 

recurrence interval of 5 years. 
 
 
 
 
 
20. Using the graph you plotted, estimate the peak discharge expected for a flood with a 

recurrence interval of 50 years. 
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Discharge (cfs) 
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Exercise 4. Stream Cross-Sectional and Longitudinal Profiles 
 
Purpose 
The purpose of this lab is for you to gain experience working with stream survey data. 
 
Learning Outcomes – Upon completion of this exercise you should be able to: 

 Plot and interpret stream survey data 
 Calculate stream morphometric variables  

 
Background: 
Fluvial geomorphology is the study of how rivers shape the landscape. To understand how 
rivers change over time, scientists conduct a variety of repeat measurements for a particular 
reach of a stream or river. Two common variables measured include cross-sectional profiles and 
longitudinal profiles. Both variables are typically measured in the field with the use of a level 
and survey rod. 
 
A cross-sectional profile provides a view of the channel and floodplain perpendicular to the 
direction of flow at a particular point along the stream. A cross-sectional profile allows you to 
calculate a suite of channel morphometry variables, such as maximum depth, average depth, 
width, width:depth ratio, wetted perimeter (portion of the channel covered by water), and 
hydraulic radius (cross-sectional area / wetted perimeter). A stream’s cross-sectional profile 
changes as you progress from upstream to downstream. Channels typically become wider and 
deeper, resulting in greater cross-sectional area, wetted perimeter, and hydraulic radius, as you 
progress downstream. 
 
A longitudinal profile provides a view of the channel bed, typically the deepest point within a 
channel (thalweg), between two points. A longitudinal profile can be used to calculate the 
gradient of the channel. Channel gradient typically decreases as you move downstream. A 
longitudinal profile also allows you to analyze riffles and pools. Riffles are steeper zones with 
shallow water. Riffles are sometimes referred to as rapids. The top of a riffle is identifiable as a 
peak on a longitudinal profile. Pools are deeper areas of gentle slope with calm water. Pools are 
identifiable as troughs within the longitudinal profile. Analyses include riffle length and gradient, 
pool length and depth, and riffle-pool spacing. As you progress downstream, riffles typically 
become longer and less steep, while pools become longer and deeper, and riffle-pool spacing 
increases. 
 
Equipment required 

 Ruler 
 Calculator 
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Exercises

Part 1. Stream Channel Cross-Sections 
Using the graph paper provided, plot the stream channel cross-sectional profile using the cross-
sectional survey data in Table 1. See the example at the end of the exercise for assistance 
plotting graphs and making calculations. 
 
Create a graph with distance on the X-axis and relative elevation on the Y-axis. The axes should 
range from 0 to slightly greater than the maximum values (e.g., if maximum distance is 8.7 m, 
the X-axis range should be 0 – 10 m; if maximum relative elevation is 2.8 m, the Y-axis range 
should be 0 – 3 m). 
 
Convert survey rod measurement to relative elevation by identifying the maximum survey rod 
measurement, and then subtracting the survey rod measurement value for each measurement 
from the maximum survey rod measurement (e.g., if the maximum survey rod measurement is 
3.05 m, relative elevation = 3.05 m – survey rod measurement). Plot relative elevation at the 
proper distance on the graph and connect each point with a straight line.  
 
1. What is the maximum survey rod measurement? 
 
 
 
 
 
Calculate cross-sectional area at bankfull conditions (i.e., channel is completely full of water). 
Calculate water depth for each survey point by subtracting relative elevation from the maximum 
elevation of the lower of the two banks, including the water’s edge at both banks. (Tip: Think of 
the stream channel as a bowl, you can only fill a bowl as full as the lowest lip of the bowl).  
 
2. What is the maximum elevation for the lower of the two banks? 
 
 
 
 
 
3. What is the average water depth at bankfull? (Tip: Add all water depths and divide by the 

number of depth measurements. Be sure to include both water edges, so you should 
include two water depths with a value of 0.) 

 
 
 
 
4. What is the channel width at bankfull? (Tip: Determine the width of the water by reading 

the distance values for each water’s edge by drawing lines straight down on the x-axis then 
determine the difference between those values.) 
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5. What is the cross-sectional area at bankfull? (Tip: Cross-sectional area = width * average 
depth) 

 
 
 
 
 
6. What is the width:depth ratio at bankfull? (Tip: W:D ratio = width / average depth) 
 
 
 
 
 
7. What is the wetted perimeter at bankfull? (Tip: WP = width + (average depth * 2)) 
 
 
 
 
 
8. What is the hydraulic radius at bankfull? (Tip: HR = cross-sectional area / wetted perimeter) 
 
 
 
 
 
9. What is the average velocity at bankfull? (Tip: Add all water velocity measurements and 

divide by the number of measurements.) 
 
 
 
 
 
10. What is the discharge for bankfull conditions? (Tip: Discharge = cross-sectional area * 

average velocity) 
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Part 2. Stream Channel Longitudinal Profiles 
Using the graph paper provided, plot the longitudinal profile of the stream channel bed and 
water depth using the data in Table 2. Plot the longitudinal profile following similar steps for 
plotting a cross-sectional profile detailed in Part 1. To plot water depth, you must calculate 
relative water depth by adding water depth and relative elevation for each row in the table. You 
then plot relative water depth.  
 
 
11. What is the average water depth? 
 
 
 
 
 
12. How many complete pools are identifiable in the longitudinal profile? 
 
 
 
 
 
13. How deep is the deepest pool? (Tip: Pool depth = maximum elevation of the downstream 

riffle - lowest elevation in the pool) 
 
 
 
 
 

14. What is the slope of the downstream most riffle from 60 m to 72 m? (Tip: Slope = rise / run 
OR change in elevation / distance) 

 
 
 
 
 
15. What is the slope of the entire longitudinal profile?  
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Table 1. Cross-sectional survey and water velocity 
data. 

Dist. 
(m) 

Survey 
Rod 

(m) 

Relative 
Elevation 

(m) 

Bankfull 
Water 

Depth 

(m) 

Bankfull 
Water 

Velocity 

(m/sec) 

0.0 0.26    

0.5 0.21    

1.0 0.19    

1.5 0.33    

2.5 1.63   1.74 

3.5 1.81   2.43 

4.5 1.78   2.51 

5.0 1.80   2.35 

6.0 1.76   2.87 

6.5 1.80   3.26 

7.0 1.87   4.40 

7.5 1.90   4.73 

8.0 1.86   3.05 

8.5 1.76   2.46 

9.0 1.66   2.58 

10.0 1.16   2.29 

11.5 0.87   1.99 

12.0 0.72   1.63 

13.0 0.33    

14.0 0.35    

15.0 0.37    

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 2. Longitudinal profile and water depth data. 

Distance 

(m) 

Survey 
Rod 

(m) 

Relative 

Elevation 
(m) 

Water 

Depth 
(m) 

Rel. 

Water 
Depth 

(m) 

0 1.67  0.05  

7 1.69  0.06  

11 1.84  0.10  

16 1.99  0.25  

20 1.99  0.26  

27 1.85  0.10  

33 1.77  0.03  

35 1.78  0.05  

42 1.90  0.09  

46 1.94  0.13  

51 2.15  0.35  

57 1.94  0.15  

60 1.81  0.04  

66 2.02  0.05  

72 2.08  0.03  

76 2.18  0.10  

87 2.16  0.07  

92 2.15  0.06  
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Stream Channel Cross-section Example 
Dist. 
(m) 

Survey 
Rod 

(m) 

Relative 
Elevation (m) 

Bankfull Water 
Depth (m) 

Bankfull Water Velocity 
(m/sec) 

0 1.85 3.05 – 1.85 = 1.20   

2 1.78 3.05 – 1.78 = 1.27   

4 1.71 3.05 – 1.71 = 1.34   

4.8 2.19 3.05 – 2.19 = 0.86 1.23 – 0.86 = 0.37 2.34 

5.7 2.74 3.05 – 2.74 = 0.31 1.23 – 0.31 = 0.92 2.99 

6.1 2.97 3.05 – 2.97 = 0.08 1.23 – 0.08 = 1.15 3.68 

6.8 3.04 3.05 – 3.04 = 0.01 1.23 – 0.01 = 1.22 3.45 

7.9 2.98 3.05 – 2.98 = 0.07 1.23 – 0.07 = 1.16 5.67 

8.9 2.98 3.05 – 2.98 = 0.07 1.23 – 0.07 = 1.16 4.11 

9.8 3.00 3.05 – 3.00 = 0.05 1.23 – 0.05 = 1.18 5.48 

10.3 3.05 3.05 – 3.05 = 0.00 1.23 – 0.00 = 1.23 4.26 

11.1 2.99 3.05 – 2.99 = 0.06 1.23 – 0.06 = 1.17 3.13 

11.7 2.69 3.05 – 2.69 = 0.36 1.23 – 0.36 = 0.87 2.87 

12.4 2.36 3.05 – 2.36 = 0.69 1.23 – 0.69 = 0.54 2.09 

13.4 1.82 3.05 – 1.82 = 1.23 1.23 – 1.23 = 0.00  

15.3 1.84 3.05 – 1.84 = 1.21   

17.7 1.88 3.05 – 1.88 = 1.17   

 
 
 
 
Maximum survey rod measurement = 3.05 m 

Maximum elevation of the lower of the two banks = 1.23 
Average water depth = 0.84 m 

(0.00 + 0.37 + 0.92 + 1.15 + 1.22 + 1.16 + 1.16 + 1.18 + 1.23 + 1.17 + 0.87 + 0.54 + 0.00) / 13 

Channel width at bankfull = 13.4 m (right bank) – 4.2 m (left bank) = 9.2 m 
Cross-sectional area at bankfull = 9.1 m * 0.84 m = 7.64 m2 

Average velocity = 3.64 m/sec  
(2.34 + 2.99 + 3.68 + 3.45 + 5.67 + 4.11 + 5.48 + 4.26 + 3.13 + 2.87 + 2.09) / 11 

Discharge at bankfull = 7.64 m2 * 3.64 m/sec = 27.81 m3/sec 

Maximum survey rod measurement Maximum elevation of the lower of the two banks 

Channel width at bankfull 
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Stream channel longitudinal profile example 

Distance 
(m) 

Survey 
Rod 
(m) 

Relative 
Elevation (m) 

Water 
Depth 

(m) 

Relative Water 
Depth (m) 

0.0 0.98 1.78 – 0.98 = 0.80 0.14 0.80 + 0.14 = 0.94 

1.7 1.02 1.78 – 1.02 = 0.76 0.16 0.76 + 0.16 = 0.92 

3.3 0.92 1.78 – 0.92 = 0.86 0.08 0.86 + 0.08 = 0.94 

4.6 0.90 1.78 – 0.90 = 0.88 0.05 0.88 + 0.05 = 0.93 

7.6 0.89 1.78 – 0.89 = 0.89 0.01 0.89 + 0.01 = 0.90 

10.1 1.07 1.78 – 1.07 = 0.71 0.02 0.71 + 0.02 = 0.73 

14.0 1.18 1.78 – 1.18 = 0.60 0.03 0.60 + 0.03 = 0.63 

20.0 1.33 1.78 – 1.33 = 0.45 0.04 0.45 + 0.04 = 0.49 

23.0 1.63 1.78 – 1.63 = 0.15 0.31 0.15 + 0.31 = 0.46 

25.9 1.47 1.78 – 1.47 = 0.31 0.15 0.31 + 0.15 = 0.46 

30.3 1.35 1.78 – 1.35 = 0.43 0.03 0.43 + 0.03 = 0.46 

32.6 1.78 1.78 – 1.78 = 0.00 0.47 0.00 + 0.47 = 0.47 

35.0 1.63 1.78 – 1.63 = 0.15 0.30 0.15 + 0.30 = 0.45 

39.5 1.52 1.78 – 1.52 = 0.26 0.18 0.26 + 0.18 = 0.44 

43.5 1.38 1.78 – 1.38 = 0.40 0.04 0.40 + 0.04 = 0.44 

46.5 1.40 1.78 – 1.40 = 0.38 0.05 0.38 + 0.05 = 0.43 

49.5 1.58 1.78 – 1.58 = 0.20 0.24 0.20 + 0.24 = 0.44 

51.7 1.48 1.78 – 1.48 = 0.30 0.13 0.30 + 0.13 = 0.43 

54.0 1.40 1.78 – 1.40 = 0.38 0.04 0.38 + 0.04 = 0.42 

59.0 1.42 1.78 – 1.42 = 0.36 0.05 0.36 + 0.05 = 0.41 

64.0 1.45 1.78 – 1.45 = 0.33 0.03 0.33 + 0.03 = 0.36 

68.1 1.60 1.78 – 1.60 = 0.18 0.04 0.18 + 0.04 = 0.22 

71.4 1.62 1.78 – 1.62 = 0.16 0.03 0.16 + 0.03 = 0.19 

74.3 1.66 1.78 – 1.66 = 0.12 0.01 0.12 + 0.01 = 0.13 

76.5 1.70 1.78 – 1.70 = 0.08 0.06 0.08 + 0.06 = 0.14 

Depth of deepest 

pool = 0.40 

Profile Gradient = 

(0.80 – 0.08 / 76.5) 

= 0.95% 
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Three complete pools 

depth of 

deepest 

pool 
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Name and ID:             

Exercise 5. Watershed Morphometry 
 
Purpose 
The purpose of this exercise is to become familiar with topographic maps and how to quantify 
important watershed characteristics using them. 
 
Learning Outcomes – Upon completion of this exercise you should be able to: 

 Delineate a stream network 
 Determine stream order 

 Delineate a watershed 
 Calculate a host of watershed morphometric properties 

 
Background 
Watershed morphometric analysis is the quantification of watershed and stream network 
variables, such as gradient, relief, area, channel length, stream order. A major emphasis in the 
natural sciences over the last several decades has been to develop quantitative models to 
describe how drainage networks evolve over time and in response to changing conditions. The 
morphometric characteristics of a watershed provide important information about the hydrologic 
and geomorphic processes occurring within the watershed. Since the watershed is the basic unit 
in hydrology, watershed morphometry is fundamental in understanding the various hydrologic 
processes taking place. Morphometric analysis also provides a quantitative description of the 
watershed, allowing it to be compared to other watersheds. 
 
Morphometric analysis is one of the first steps in understanding the geomorphic processes and 
distribution of water in a given watershed. This information is essential to water resource 
managers tasked with ensuring that adequate land management and water allocation decisions 
are made to protect the long-term health of the watershed. 
 
Traditional watershed morphometric analysis requires careful and detailed interpretation of 
large-scale topographic maps. Visually delineating watersheds based on topography and precise 
measurement a host of properties is essential to be as accurate as possible. Today, most 
watershed morphometric analysis is conducted within a GIS, improving efficiency and reducing 
analyst error.  However, we will be using traditional techniques for this exercise. 
 
Equipment required 

 Scalex map wheel 
 Ruler 
 Calculator 
 Section of Lime Ridge, Wisconsin 1:24,000 scale USGS topographic map 
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Exercise 
 
1. Delineate the stream network for the watershed marked with a red dot. Use a blue colored 

pencil to highlight all mapped streams. Also add lines for unmapped streams by extending 
lines through all contour line crenulations. 

 
2. Classify stream order for all stream segments using the Strahler method. 
 
3. Count the number of streams of each order. 
 
4. Calculate the bifurcation ratio of each order by dividing the number of streams of one order 

by the number of streams of the next higher order. 
 
 

Stream 
Order 

# of 
Streams 

Bifurcation 
Ratio 

1 
 

  

2 
 

  

3 
 

  

4 
 

  

5 
 

 --------------- 

Total 
 

 --------------- 

 
 
5. Use the map wheel to measure the length of the main channel in feet from the outflow 

point of the watershed to the upstream most point of the dominant tributary – you must 
decide which tributary is the dominant tributary. 

 
Length of the main channel (show your work):        
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6. Calculate sinuosity of the main channel by dividing length of the main channel by the 
straight-line distance between upstream and downstream ends of the channel. Determine 
straight-line distance using a ruler and the representative map scale. 

 
Straight-line distance (show your work):         
 
 
 
 
Sinuosity (show your work):           

 
 
 
 
7. Determine the main channel relief by determining the difference in elevation at the 

upstream and downstream ends of the main channel. 
 

Main channel relief (show your work):         
 
 
 
 

8. Calculate the percent slope of the main channel by dividing main channel relief by the 
length of the main channel. 
 
Slope (show your work):           
 
 

 
 
9. You will now delineate the watershed of Smith Hollow. To begin, mark all topographic highs 

(denoted with closed contours) surrounding the stream network with a small “X”. Connect 
topographic highs following the drainage divides/ridgelines and splitting all U-shaped 
contours that indicate a hill. 

 
 
10. Calculate total relief of the watershed – total relief is the difference between the highest and 

lowest points within the watershed. 
 

Total relief (show work):           
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11. Determine watershed length in feet by measuring the straight-line distance from the outlet 
of the watershed to the edge of the watershed furthest from the outlet point. Determine 
straight-line distance using a ruler and the representative map scale. 

 
 

Watershed length (show your work):         
 
 
 
 
 
12. Use the map wheel to measure the length in feet of the perimeter of the watershed. 
 
 

Watershed perimeter (show your work):         
 
 
 
 
 

13. Overlay grid paper on the watershed and trace the watershed boundary onto the grid. 
Count the number of grid cells within the boundary; estimate the number of complete grids 
that are bisected by the watershed boundary. Use the representative map scale to calculate 
the area of one grid cell; grids cells are ¼” x ¼”. Determine watershed area in square miles 
by multiplying the number of grid cells by the area of one grid cell. 

 
 

Number of grid cells:            
 
 
Area of one grid cell (show your work):         
 
 
 
 
 
Watershed area (show your work):          
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14. Calculate the form factor of the watershed by dividing watershed area by the square of the 
watershed length. High form factors (>0.42) typically indicate a more circular watershed 
with high peak flows of short duration, while watersheds with a low form factor (<0.42) are 
typically more elongate with low peak flows of longer duration. 

 
 

Form factor (show your work):          
  
 
 
 
 
15. Calculate the elongation ratio of the watershed by dividing the diameter of a circle with the 

same area as the watershed by the watershed length. The formula to calculate the diameter 
of the circle = (√(watershed area / pi)) x 2. Elongation ratio is a measure of the shape of 
the watershed and is classified as circular (0.9 – 1.0), oval (0.8 – 0.9), less elongated (0.7 – 
0.8), elongated (0.5 – 0.7), and more elongated (<0.5). 

 
Elongation ratio and class (show your work):        
 

 
 
 
 
16. Determine stream frequency of the watershed by dividing the total number of stream 

segments by watershed area. Stream frequency depends on the climate, soil permeability, 
underlying rock type and topography. Areas with greater precipitation, impermeable soils 
and rocks, and steep slopes are likely to generate more runoff and have a higher stream 
frequency. A higher stream frequency indicates there are more stream channels as a result 
of more runoff and the watershed will likely have a shorter lag time and greater flood 
frequency and intensity.  

 
Stream frequency (show your work):         
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Name and ID:             

Exercise 6. Lake Morphometry 
 
Purpose 
The purpose of this exercise is to become familiar working with bathymetric data to analyze 
lake morphometry. 
 
Learning Outcomes – Upon completion of this exercise you should be able to: 

 Create a bathymetric map from sounding data 
 Calculate a variety of lake morphometry variables 

 
Background 
Many physical, chemical, and biological characteristics of a lake are directly related to the size 
and shape of the lake. Thus, understanding lake morphology is essential for water resource 
management. This first step in characterizing lake morphology is to create a map of the lake. 
Lake maps generally depict the shoreline of the lake as well as the bathymetry. Traditionally the 
shoreline was land surveyed using a level and surveyor’s rod, much like the stream surveys you 
are familiar with. Today shorelines are mapped using satellite or aerial imagery. Bathymetry 
was traditionally determined by dropping a weighted line and recording the depth at several 
locations throughout a lake. Echo locators (e.g. sonar) coupled with GPS are now typically used 
to record continuous depth measurements throughout a lake. Once a map has been generated, 
a variety of morphometric features can be estimated. These features include: 

 surface area 
 volume 
 maximum depth 

 mean depth 
 shoreline length 
 shoreline development 
 fetch 
 breadth 
 mean width 

 
Equipment required 

 Pencil 
 Scale/balance 

 Scissors 
 String 
 Tape 
 Ruler 
 Calculator 
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Exercise 
 
A scaled drawing of Titan Lake is shown in Figure 1. Within the lake are a series of depth 
soundings, reported in meters.  
 
1. Carefully plot depth contours in one meter intervals. The shoreline depth is 0 m. The 1 

meter line should enclose all values greater than 1 meter and exclude all values less than 1 
m. The 2 meter line should enclose all values greater than 2 meter and exclude all values 
less than 2 m. Continue for each line up to a 5 m depth contour. 

 
Now that the bathymetric map has been completed, we will calculate several morphometric 
variables for Titan Lake. 
 
2. Using a ruler and the standard square on figure 1, determine the fetch and breadth of Titan 

Lake by measuring the most extreme points on the primary axis of the lake (fetch) and 
secondary axis (breadth). Measure the length of one side of the standard square. Divide the 
length of the fetch and breadth by the length of the side of the standard square to 
determine fetch and breadth in km. 

 
 

a. Fetch =     km 
 
 

b. Breadth =     km 
 

3. Measure the shoreline length of Titan Lake by taping a piece of string along the entire 
shoreline of the lake. Then measure the length of the piece of string using a ruler. Divide 
the length of the piece of string by the length of the side of the standard square to 
determine shoreline length in km. 

 
 

a. Shoreline Length =     km 
 
 
4. Next you need to calculate the surface area of Titan Lake and the surface area of each 

depth interval. You will do this using the cut-and-weigh method. First you need to cut out 
the 1 km2 standard square and weigh it to determine the weight of a square with a surface 
area of 1 km2. Now cut out Titan Lake following the shoreline and weigh that piece of 
paper. You then need to cut out Titan Lake along the 1 m depth contour and weigh that 
piece of paper. Continue cutting and weighing to the 5 m depth contour. To estimate 
surface area in km2 for each depth interval, divide the weight of the paper at each depth 
interval by the weight of the standard square.  

 
 

a. Titan Lake Surface Area =     km2 
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5. You will now calculate the volume of Titan Lake. To do this you will calculate the volume for 
each depth interval and sum the volumes to get the total volume of Titan Lake. To calculate 
volume for each depth interval, you will use the equation to calculate a portion of a cone. 
This equation is:   

 
V = 1/3 * H * (A1 + A2 + (A1 * A2)) 
 
Where: V = volume of water; 
H = difference in depth between two successive depth contours in km; 
A1 = area of the lake within the outer depth contour being considered in km2; 
A2 = area of the lake within the inner contour line under consideration in km2. 

 
To calculate the volume of the innermost depth interval (i.e., 5 m), multiply the estimated 
area for that depth interval by 0.0005 km (0.5 m). 

 
a. Titan Lake Volume =     km3  

 

Depth 
Interval 

Weight  
(g) 

Estimated Area 
 (km2) 

Estimated Volume  
(km3) 

Standard 
square 

   

0 m/shoreline    

1 m    

2 m    

3 m    

4 m    

5 m    

 
 

6. Calculate the shoreline development index by dividing the shoreline length of Titan Lake by 
the circumference of a circle with an equal area. First you must determine the 
circumference of a circle with an equal area. Since the area of a circle = π * radius2, we 
divide surface area by π, then take the square root to get the radius. The circumference of a 
circle = π * diameter, so we multiple the radius by 2 and π to get the circumference. 

 
 

a. Shoreline Development Index =     
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7. Determine the maximum depth from the bathymetric map of Titan Lake and calculate mean 
depth by dividing total volume by the surface area of Titan Lake. 

 
 

a. Maximum Depth =     m 
 
 

b. Mean Depth =     m 
 
 
8. Calculate mean width by dividing the surface area of Titan Lake by the fetch. 
 
 

a. Mean Width =     km 
 



GEOG 364 – Exercise 6. Lake Morphometry 
 

Page 45 of 64 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
  
 
   
 
  
 

Standard 

Square 

1 km x 1 

km = 1 km2 

3.2 

0.5 

0.4 

1.5 
0.9 

1.1 

0.9 

1.1 

0.9 

0.8 0.4 

0.2 0.8 

0.5 
0.8 

3.2 

2.7 

1.2 

1.8 

1.2 
1.1 

1.4 

1.2 

1.1 0.6 

0.5 

0.4 

2.3 

2.5 

2.4 

2.1 

1.6 1.5 

2.4 

2.1 

2.2 

4.2 

3.9 

4.4 

4.1 

1.7 

5.6 

2.9 

0.9 

2.0 

0.8 

3.8 

Figure 1. Depth soundings for Titan Lake in meters. 

2.9 
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Name and ID:             

Exercise 7. Calculating Groundwater Budgets 
 
Purpose 
The purpose of this exercise is to become familiar with how to calculate groundwater budgets. 
 
Learning Outcomes – Upon completion of this exercise you should be able to: 

 Complete a water budget table 
 Create water budget graphs 
 Determine periods of water surpluses and deficits 

 
Background 
A water budget is an accounting of the inputs and outputs of water to the soil system and can 
be used to estimate water availability and groundwater recharge rates. Water budgets are used 
extensively by resource managers, especially in the agriculture sector. Water budgets provide 
an indication of the frequency and duration of irrigation necessary to support crops in a 
particular region. Water budgets are site specific and are dependent upon climate, soil texture, 
and landscape conditions. 
 
Field capacity is the maximum amount of water a soil can hold, which determines short-term 
water availability. Coarse-textured soils typically have relatively low field capacities and finer-
grained soils typically have higher field capacities. Potential evapotranspiration (PE) is the 
maximum amount of water the soil would lose to evaporation and transpiration if an unlimited 
supply of water was available. PE is influenced by a variety of factors including land cover and 
climate; temperature is the dominant control on PE rates. Actual evapotranspiration (AE) is 
the amount of evapotranspiration that is lost to evapotranspiration for the actual amount of 
water available. Precipitation (P) is the primary natural input to a soil and controls the actual 
amount of water available for evapotranspiration. When P > PE, AE = PE because more water is 
available than can be lost to evapotranspiration. When P < PE, AE = PE until the amount of 
water stored in the soil is depleted then AE < PE. When AE < PE, a water deficit occurs, as 
happens during drought conditions. Soil moisture storage (ST) is the amount of water 
remaining within the soil at the end of each month after the various inputs and outputs have 
been accounted for. Change in soil moisture storage (ΔST) is the amount of water added 
to or removed from the soil. If P > PE, excess water is added as recharge. If P < PE, water is 
removed from storage. All stored soil water may eventually be depleted if P < PE consistently. 
Deficit (D) is a period when insufficient water is available because AE < PE AND ST = 0. 
Surplus (S) is a period when water is available in excess of field capacity and occurs when AE 
= PE AND ST = field capacity.  
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Calculating Water Budgets 
Start with January and repeat the steps for each month.  
1. Calculate P – PE (subtract PE from P) – be sure to include the negative sign if PE > P. 
2. Calculate ST. For January, ST = field capacity or field capacity + (P – PE) if P – PE is 

negative. For all other months, ST = ST from previous month + (P – PE). Remember 
maximum value for ST is field capacity and minimum value is zero. 

3. Calculate ΔST. For January, ΔST = ST – field capacity. For all other months, ΔST = ST for 
that month – ST from the previous month.  

4. Calculate AE. For all months, if P – PE > 0, AE = PE, if P – PE < 0, AE = P + absolute value 
of ΔST 

5. Calculate D. For all months, D = PE - AE 
6. Calculate S. S = (P – PE) – ΔST, OR S = 0 if P – PE is negative. 
7. Sum each row to determine annual totals, excluding P – PE, ST, and ΔST. If P > PE, this is a 

wet climate; if P < PE, this is a dry climate. If you did your calculations correctly, Annual PE 
= Annual AE + Annual D. And if P > PE, Annual P = Annual AE + Annual S, if P < PE, 
Annual P + Field Capacity = Annual AE. 

 
Example water budget for Vancouver, Washington (Field capacity = 4 in) 
  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 

P 5.7 4.8 4.0 2.7 2.2 1.9 1.2 1.5 2.4 4.6 6.1 6.8  

PE 0.4 0.7 1.1 1.6 2.3 2.9 3.3 3.3 2.7 1.9 1.1 0.6  

P – 
PE 

             

ST              

ΔST              

AE              

D              

S              

 
Once you have completed the water budget table, you need to create a water budget graph. To 
do this, plot P, PE, and AE on a single graph with month on the x-axis and the other variables 
on the y-axis. You need to shade the areas on the graph when a surplus occurs (shade blue), 
when soil moisture storage is being utilized (shade yellow), when soil moisture recharge occurs 
(shade green), and when a deficit occurs (shade red). 
 
Surplus occurs when P – PE > 0 and ST = field capacity 
Recharge occurs when ΔST is positive. 
Utilization occurs when ΔST is negative. 
Deficit occurs when P – PE < 0, ST = 0, and AE < PE 
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Example water budget graphs for Vancouver, Washington. 

    
 
Exercises 
1. Complete the water budget tables for Steven’s Point, Wisconsin and Garden City, Kansas. 
 
2. Using graph paper or Excel, construct water budget graphs for both locations shading areas 

of surplus, utilization, recharge, and deficits in different colors. 
 
Water budget for Steven’s Point, Wisconsin (Fine Sand Soil, Field capacity = 4 in) 
  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 

P 1.1 1.1 1.9 2.8 3.9 3.9 3.5 3.9 4.0 2.4 2.2 1.3  

PE 0.0 0.0 0.0 1.2 2.6 3.6 4.1 3.9 2.8 1.6 0.2 0.0  

P – 
PE 

             

ST              

ΔST              

AE              

D              

S              

 
Water budget for Garden City, Kansas (Silty Loam Soil, Field capacity = 8 in) 
  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 

P 0.4 0.5 1.3 1.6 3.1 3.1 2.7 2.5 1.5 1.1 0.6 0.5  

PE 1.6 3.0 4.4 7.1 9.1 11.3 13.0 10.4 9.9 7.7 4.1 2.2  

P – 
PE 

             

ST              

ΔST              

AE              

D              

S              

 



GEOG 364 – Exercise 7. Calculating Groundwater Budgets 

Page 49 of 64 
 

3. Compare water budgets for Steven’s Point, Wisconsin and Garden City, Kansas. What kind 
of climate do you think each has? How can you tell? 

 
 
 
 
 
4. Steven’s Point, Wisconsin’s September P – PE is +1.2 in, but only 0.6 inch returns to the soil 

as ΔST. How much precipitation still needs to be accounted for, and what happened to this 
unaccounted for precipitation? 

 
 
 
 
 
5. Garden City, Kansas’s P – PE is negative each month of the year, but there is not a deficit 

for the first three months. How can this be? 
 
 
 
 
 
6. Garden City, Kansas is near the heart of wheat and corn production for Kansas, which is the 

top wheat producer in the country and one of the top corn producers. How is this possible? 
What implications does this have for the long-term sustainability of their groundwater 
resources? 

 
 
 
 
 
 
 
 
 
7. How does soil impact the water budget for a given location? 
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8. Describe the “water seasons” that occur at each location (i.e., surplus, deficit, recharge, 
utilization). What is the dominant water issue during each season? 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
9. The two locations have distinctly different annual water budgets. Assume that you are a 

water resource manager that needs to ensure high quality water resources (both surface 
and ground water). Discuss potential water-related problems, limitations, issues, etc. and 
how you would address those issues for each region.  
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Name and ID:            

Exercise 8. ERIC Lab Tour Report 
 

You must have been present at the ERIC lab tour to receive credit for this exercise. 
 
1. Provide a 250 – 300 word description of any one aspect of the ERIC lab presented during 

the tour. For example, you can describe one of the research projects being conducted from 
the lab, the type of laboratory equipment they use, sampling equipment used, funding 
sources and types of work they do for those funds, etc. Your description must be detailed 
and include specific information presented by the tour guide.  

 
 
2. Provide a 250 – 300 word description of a second aspect of the ERIC lab presented during 

the tour. The second aspect must be distinctly separate from the aspect you discussed in 
#1. Your description must be detailed and include specific information presented by the tour 
guide. 
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Name and ID:             

Exercise 9. Fox River Water Quality 
 
Purpose 
The purpose of this exercise is to gain hands-on experience in a field setting assessing the 
quality of water resources. 
 
Essential Learning Outcomes: 

 Conduct a site assessment 
 Measure water clarity 

 Analyze nitrogen, phosphorus, and total settleable solids content of a water sample 
 
Equipment required: 
Phosphorus colorimeter (2)  Nitrate colorimeter (2)  Vial cloth (2)  
Secchi disk (2)    Tape measure (2)   Turbidity tube (2) 
Thermometer (3)   Waste bottle (2)   Squirt water bottle 
Van Dorn sampler    Imhoff cone    Stirring rod  
Map (4)    Ruler (4)    Calculator (4) 
Timer/watch    Plastic beaker (4) 
 
Exercises: 

Part 1 – Total Settleable Solids 
Total settleable solids (TSS) is a measure of the amount of solid material that would settle out 
of suspension if the water were still. TSS is often measured in wastewater outflow to ensure 
that the water meets water quality standards. TSS can be measured relatively easily using an 
Imhoff cone – a cone-shaped device with gradations on the side to measure the volume of 
settleable solids in a given volume of water (typically one liter).  
 

A. To begin, fill the Imhoff cone to the one-liter mark with a well-mixed sample using a 
plastic beaker. 

B. Allow sample to settle in the Imhoff cone for 45 minutes. 
C. Gently stir the sample with a stirring rod to release the suspended matter clinging to the 

sides of the Imhoff cone. 
D. Let sample settle for an additional 15 minutes. 
E. At this point, one hour has passed. Record the volume of settleable solids (in milliliters) 

in the Imhoff cone. 
 
 

TSS:        
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Part 2 – Stream Visual Site Assessment 
The purpose of the site assessment is to provide a description of the current conditions within 
and surrounding the stream you are examining. A visual site assessment should be completed 
each time water samples are collected/analyzed.  
 
Stream name:             
 
County and State:            
 
Date and Time:             
 
Latitude and Longitude:           
 
Map name and series:            
 
Names of group members:           
 
Weather conditions:  ___sunny & clear  ___partly cloudy  ___cloudy/overcast 

___rain  ___rain in last 24 hrs?  ___48hrs? 
 
 
Length of stream walked:   ft (15-20X the stream width or 500 ft max) 
 
 
Stream width:   ft    Stream depth:         ft  
 
 
Floodplain land use (%):   Commercial   Residential   Industrial 
 
  Row Crops   Pasture   Wooded  Other: 
 
 
Riparian Cover (%):    Trees    Grasses   Bare ground 
(within 10 m)    
      Pavement   Buildings  Other: 
 
 
Stream bank (%):     Trees    Grasses   Bare ground 
Conditions    
      Pavement   Buildings  Other: 
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 Water Appearance     Water Odor  
___ clear ___ milky/gray   ___ none  ___ rotten eggs  
___ muddy  ___ green    ___ natural ___ sewage  
___ oily  ___ brown    ___ gas/oil  ___ chemical  
___ foamy  ___ black    ___ chlorine  ___ other  
___ scummy ___ other  
 
 
Algae Presence     Algae Appearance  
___ none present     ___ light green  
___ in spots      ___ dark green  
___ attached     ___ brown coated  
___ everywhere     ___ matted on stream bed  
___ hairy   
 
 
Air Temp:       Surface Water Temp:       Bottom Water Temp:     
 
 
Other observations  
Wildlife:              
 
 
Evidence of pollution:            
 
 
Litter in the area:            
 
 
Presence of discharge/withdrawal pipes? ___ yes ___ no   
 
 
Active discharge? ___ yes ___ no  
 
 
Misc. Notes:             
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Site Map Sketch 
Please draw a map of your stream walk. Include on your map things like buildings, parking lots, 
sidewalks, trees, land cover, water sampling location, areas of bank erosion, areas with 
constructed banks, and any other relevant features. 
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Before you begin, make predictions about expected results. 
 
1. How deep do you think you will be able to see the secchi disk? 
 
 
 
 
 
2. Which will give you a deeper reading, lowering disk depth or raising disk depth? Why? 
 
 
 
 
 
3. Which will give you a deeper reading, secchi disk or turbidity tube? Why? 
 
 
 
 
 
4. Which will have better water clarity, surface water or bottom water? Why? 
 
 
 
 
 
5. Do you think nutrient concentrations will be relatively high or low? Why? 
 
 
 
 
 
6. Which will have a higher nitrite concentration, surface or bottom water? Why? 
 
 
 
 
 
7. Which will have a higher phosphorus concentration, surface water or bottom water? Why? 
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Part 3 – Water Clarity 
Water clarity gives an indication of the transparency or amount of suspended material within 
the water column. The lower the water clarity, typically the higher the amount of suspended 
material. Water clarity also provides a measure of the depth of light penetration, which is 
important for several biological processes. You will measure water clarity using two different 
devices – a secchi disk and a turbidity tube. 
 
Secchi Disk 

A. Make sure the rope is securely attached to the secchi disk before you begin. 
B. Pick a location in which the water is shaded (if possible) and the deepest. 
C. Lower the disk until you can no longer distinguish between the white-black quadrants. 
D. Count the marks on the line as you lower the disk to use as a guide, then remove the 

disk from the water and use a tape measure to measure the depth from the top of the 
disk the point on the rope where the water surface was. Record the depth as LDD1 
(lowering disk depth 1) 

E. Now lower the disk completely until it touches the bottom and slowly raise the disk from 
the bottom until you can distinguish between the white and black quadrants and 
measure the depth as RDD1 (raising disk depth 1). 

F. Repeat this process at least three more times. The secchi disk depth will be an average 
of all secchi disk depth readings (water depth is not included). 

G. After you have completed your secchi disk readings, lower the secchi disk to the bottom 
and measuring the total water depth. 

 

Water 
Depth 
(cm) 

LDD 1 
(cm) 

RDD1 
(cm) 

LDD2 
(cm) 

RDD2 
(cm) 

LDD3 
(cm) 

RDD3 
(cm) 

LDD4 
(cm) 

RDD4 
(cm) 

Avg. 
Disk 

Depth 

 
 
 

         

 
 
8. How did your lowering disk depth readings compare to your raising disk depths? What 

would account for this difference between these two types of readings? 
 
 
 
 
 
9. How did your readings compare to your group mates’ readings? What are two factors that 

could account for those differences? 
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Turbidity Tube – Surface and Bottom Water 
Surface Water Readings 

A. Close the clamp on the turbidity tube. 
B. Submerse the turbidity tube and completely fill with water. With the turbidity tube filled, 

examine the water and the material floating in it. 
C. With the tube completely full, stand in a shady location and look down the turbidity 

tube. If you can distinguish between the white-black quadrants, record the depth as 
>60 cm. 

D. If you cannot distinguish between the white-black quadrants, release the clamp and 
slowly drain the tube until you can distinguish between the white-black quadrants. 

E. As soon as you can distinguish between the white-black quadrants clamp the drain hose. 
F. Record the water depth in the tube in centimeters by reading the scale on the tube. 
G. Repeat at least three times. The turbidity depth will be an average of all readings. 

 
 

Turbidity 
Tube Depth 1 
(cm) 

Turbidity Tube 
Depth 2 (cm) 

Turbidity Tube 
Depth 3 (cm) 

Turbidity Tube 
Depth 4 (cm) 

Avg. Turbidity 
Tube Depth 
(cm) 

    
 

 

 
Bottom Water Readings 

A. Close the clamp on the turbidity tube. 
B. You will collect the bottom sample using a Van Dorn water sampler. To use the Van 

Dorn sampler, hook both side loops on the center tabs, which keeps the two sides open, 
and close the drain hose clamp. While holding onto the brass messenger, lower the 
sampler until it is just above the bottom and gently move it about 2 feet to either side to 
circulate water through the sampler. Hold the rope tight and as vertical as possible and 
drop the brass messenger to close the sides. Raise the now-full sampler. 

C. Fill the turbidity tube with water from the Van Dorn sampler using the sampler’s drain 
and repeat steps C – G from the surface water readings directions. You only need to 
make one bottom depth reading. 

 
 

Bottom 
Turbidity Tube 
Depth (cm) 

 
 

 
 

10. How did your surface water turbidity tube depths compare to your secchi disk depths? What 
would account for differences between these two methods? 
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11. How did your surface turbidity tube depths compare to bottom turbidity tube depths? What 
accounts for the differences?  

 
 
 
 
 
12. What material do you think is responsible for decreasing water clarity at the surface? Is it 

the same on the bottom? 
 
 
 
 
 

Part 4 – Nutrient Concentration 
Use the provided nitrite-nitrogen and phosphorus colorimeters to measure the concentrations of 
these two elements in the Fox River. Follow the directions provided with the colorimeters. You 
will analyze two water samples for each nutrient – one from just below the water surface and 
one just above the river bottom. You will collect the surface sample using a plastic beaker. You 
will collect the bottom sample using a Van Dorn water sampler (see directions above). When 
you are finished, dump all liquids into the waste water bottle and rinse all equipment with the 
squirt bottle. 
 
 
Surface nitrite concentration:     
 
 
Bottom nitrite concentration:     
 
 
 
Surface phosphorus concentration:     
 
 
Bottom phosphorus concentration:     
 
 
13. Were nitrite levels relatively low or high at the surface? At the bottom? 
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14. Were phosphorus levels relatively low or high at the surface? At the bottom? 
 
 
 
 
 
 
15. What are likely sources of nutrients to this reach of the Fox River? 
 
 
 
 
 
 
16. How did your water clarity, nitrite, and phosphorus results compare to predicted results? 
 
 
 
 
 
 
17. How do you think water quality would vary if we measured it six months from now? 
 
 
 
 
 
 
18. How do you think we could improve the water quality of the Fox River? 
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Name and ID:            
 

Exercise 10. Annotated Outline of Watershed Management Plan 
 
 
1. Provide a 2 – 3 page annotated outline of your watershed management plan. 
 
Example: 
 
Mark Bowen 
GEOG 364 – Water Resource Management 
 

Watershed Management Plan for the North Dry Sac River, Southwest Missouri 
 

 Introduction 
o Watershed management plan is essential to protect important drinking water source, 

irrigation source, and protect a rare and endangered species – the Niangua Darter 
o Involves the City of Springfield, MO, farmers, and other local citizens living with the 

watershed 
o Several other agencies are involved including the U.S. Fish and Wildlife Service 

(because of the endangered species), Department of Conservation, Department of 
Natural Resources, and the non-profit group Watershed Committee of the Ozarks 

o Historically this was a rural watershed, but as the ex-urban area around Springfield 
has grown, population density in the watershed has increased. This has resulted in a 
decline in water quality and quantity. Of particular concern is the increased sediment 
load resulting in a loss of habitat for the Niangua Darter 

 

 Watershed Physical Description 
o The watershed is located on the Ozark Plateau in southwest Missouri. The watershed 

is north of the City of Springfield. 
o The watershed is located in the Springfield Plateau - Ozarks Highland Ecoregion. The 

area is a rolling plain with karst topography. Native vegetation was tallgrass prairie 
and deciduous hardwoods. 

o Koppen climate is classified as a Dfa climate – Hot Summer Continental climate 
o Stream hydrology (include hydrograph) 
o Inventory of lakes, reservoirs, and wetlands 
o Soils and geology 
o Aquifers 
o Land use and land cover 
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 Watershed Problems 
o Types of problems (e.g., overuse, pollution, competing uses, etc.) 
o Types of pollution 
o Sources of pollution 
o Impacts 

 As a water resource 
 On aquatic organisms/habitat 
 Misc. (e.g., economic, aesthetic, human health, etc.) 

 
 Mitigation Strategies 

o Type of work needed to address problems 
 Include specific examples (e.g., dam removal, establish riparian buffers, 

reduce groundwater pumping, etc.) 
o How strategies will reduce/mitigate impacts 

 

 Summary and Conclusions 
o Briefly summarize the primary problems and impacts 
o Briefly summarize the strategies to address the problems and impacts 
o Project future water resource scenarios with and without the plan 
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Final Project: Watershed Management Plan 
 

Assignment: Create a watershed management plan for a HUC-6 or HUC-8 watershed of your 
choice. You will work with one partner. The final project consists of a paper and a presentation. 
The paper has a 15-page minimum length and presentation time limit of 13 – 15 minutes. 
Figures and bibliography DO NOT count toward the page limit. To select a HUC-6 (accounting 
unit) or HUC-8 (cataloging unit) watershed, visit http://water.usgs.gov/GIS/regions.html, select 
the region you are interested in and scroll through the list to find a watershed. You must 
include a map of your watershed and a hydrograph of mean annual discharge for the period of 
record, so your watershed must include a stream gage. The paper must include at least 10 
references with at least 5 non-internet-based references. You should only use internet-based 
references to acquire data/maps that are not available from any other source (i.e., stream flow 
data from the USGS, soils data from the NRCS, etc.). 
 
The plan should include all of the following components: 
 Introduction (~1 – 2 pages) 

o Importance of establishing a watershed management plan 
o Stakeholders involved 
o Description and history of water use 

 Watershed Physical Description (~3 – 5 pages) 
o Geographic location (include map of watershed) 
o Ecoregion 
o Climate 
o Stream hydrology (include hydrograph) 
o Inventory of lakes, reservoirs, and wetlands 
o Soils and geology 
o Aquifers 
o Land use and land cover 

 Watershed Problems (~3 – 5 pages) 
o Types of problems (e.g., overuse, pollution, competing uses, etc.) 
o Types of pollution 
o Sources of pollution 
o Impacts 

 As a water resource 
 On aquatic organisms/habitat 
 Misc. (e.g., economic, aesthetic, human health, etc.) 

 Mitigation Strategies (~3 – 5 pages) 
o Type of work needed to address problems 

 Include specific examples (e.g., dam removal, establish riparian buffers, reduce 
groundwater pumping, etc.) 

o How strategies will reduce/mitigate impacts 
 Summary and Conclusion (~1 – 2 pages) 

o Briefly summarize the primary problems and impacts 
o Briefly summarize the strategies to address the problems and impacts 
o Project future water resource scenarios with and without the plan 
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Figures: Your paper must include at least one map of your watershed and at least one stream 
hydrograph. Your map can come from one of your references or you can design your own 
watershed map using ArcGIS, Google Earth, or other software/website. Any other additional 
figures you think will enhance your watershed management plan are encouraged. Figures must 
include captions and should be referenced in the text by the figure number and included at the 
end of the paper. 
 
Paper Format: 15 page minimum, Times New Roman size 12 font, double-spaced, 1” margins 
on all sides. Include your names and GEOG 364 – Water Resource Management in the upper 
left corner of the first page. Below that include the following title centered on the page: 
“Watershed Management Plan for the “  “ Watershed. Include page numbers on all 
pages. Separate the plan into the following subsections: Introduction, Physical Description 
of Watershed, Watershed Problems, Mitigation Strategies, and Summary and 
Conclusions 
 
You must include in-text citations at the end of sentences in which you obtained information 
from references. In-text citations should include the author’s last name and the year of 
publication (Bowen, 2013). If there are two authors, include both last names (Bowen and Long, 
2013), and if there are three or more authors include the first author’s last name and et al. 
(Bowen et al., 2013). The bibliography should be included at the end of the paper with 
references listed alphabetically by the first author’s last name. For each reference, you must 
include at least: all authors, year of publication, title, journal title (if applicable), journal volume 
number (if applicable), web address (if internet reference), and date of access (if internet 
reference). 
 
Presentation Format: The presentation should be organized and include information similar 
to your paper. Slides should be dominated by figures, NOT TEXT. Time limits are strict, and 
you will be deducted 1 point for each minute outside the time limit. You and your partner must 
talk approximately equally. Two points will be deducted from your final project score for each 
presentation that you are not present for. 
 
Submit: Your paper and presentation must be submitted electronically through the D2L 
dropbox before the start of class on May 07. The paper must be submitted as a Word or PDF 
file and the presentation must be submitted as a PowerPoint or PDF file. You must also turn in a 
hard copy of your paper at the start of class on May 07. 
 
Evaluation: Your watershed management plan is worth a total of 100 points; the paper is 
worth 75 points and the presentation is worth 25 points. Your grade will be based on the 
following: content, grammar, figures, references, quality and clarity of presentation, and 
partner assessments. I strongly encourage all of you to seek assistance at the Writing Center 
since this assignment constitutes 20% of your total grade. I also encourage you to submit 
rough drafts/outlines to me for feedback. 
 
Numerous watershed management plans are available on the internet for examples. I 
encourage you to examine several plans while developing your plan. However, DO NOT COPY 
ANY text directly from these plans – that is plagiarism and will result in a zero on this 
assignment and a failing grade for the course. If you rephrase any text in your own words, you 
must cite it!  


