CHAPTER 1

INTRODUCTION
TO WATERSHED
DYNAMICS

The title of this book, Watershed Dynamics, refers to the idea that streams,
rivers, lakes, and other water bodies are dynamic systems, continuously changing in many ways—physically, chemically, and biologically. Have you ever
wondered why some streams dry up during the summer while others continue to flow? Or where the water in a river comes from when the weather
has been dry for several months? Have you wondered what sorts of organisms live in water, and why different varieties live in ponds vs. streams? Or
how the fish and invertebrates you find in a stream during periods of low
flow could possibly have survived the muddy, raging currents during spring
runoff?
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These are examples of the dynamic relationships that take place in water
and the surrounding landscape. Every body of water interacts with the atmosphere, receiving precipitation and exchanging gases between water and
air. Every water body also interacts with the surrounding landscape, receiving runoff along with sediments and dissolved materials that get carried along
during rainfall or snowmelt events. Humans of course are an integral part of
these dynamic systems, both affecting and being affected by water in all aspects of our lives.
When you turn on a kitchen faucet in New Orleans, Louisiana, some of
the water that comes out has already been through several sets of human
kidneys. The reason: New Orleans draws its drinking water from the Mississippi River, which extends 2350 miles upstream and gets used in many
ways before making its way south to New Orleans. The river begins with
rainfall and snowmelt draining into Lake Itasca, Minnesota. As it works its
way downstream from Minnesota to Louisiana, Mississippi River water is
used for drinking, bathing, washing, agriculture, and industry in over 70
communities along the way. In each city or town, some water drains directly
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back into the river after use, but much is routed through wastewater treatment plants. There, excess organic matter and other contaminants are
removed before the water returns to the river and continues its journey
downstream.
It may seem distasteful to think of drinking water that has been “treated”
by kidneys and sewage treatment plants. Perhaps you’d rather drink “pure”
water—say, the water melting from a 10,000-year old glacier or a prehistoric, deep underground aquifer. Unless you live in a very unusual place, this
probably isn’t possible. The water that we all drink has been recycled through
natural processes, human-engineered systems, or both. All of our water,
whether it comes from a reservoir, a well, or even a bottle, is affected by how
people use the land through which that water once flowed.
Protection of water resources is vital but also complicated. People have
wide-ranging interests and concerns about land use and water resources, and
management decisions are made based on combinations of science, politics,
and values. For some people, the top priority is economic development, with
the goal of creating jobs and encouraging commercial, industrial, and residential growth. In this case, abundant, inexpensive water is a high priority.
Other people focus on preserving wild spaces and natural ecosystems, or protecting the purity of drinking water. These people are likely to want to restrict rather than promote construction of new development projects. The
goal of watershed management is to balance multiple, competing demands,
using scientific studies in combination with human judgment to make decisions about various watershed management options.

W H AT I S A WAT E R S H E D ?
A watershed is the
region of land draining into a stream,
river, pond, lake, or
other body of water.

A watershed is the region of land that contributes water to a stream, river, pond,
lake, or other body of water. The boundary around a watershed is called the
watershed divide. This is the line that divides one watershed from the next.
Rain that falls on one side of the divide will drain into a stream in one watershed, and rain falling on the other side will drain into a different watershed.
One way to think of a watershed is to imagine a bowl. The body of water—such as a pond—is at the bottom of the bowl. The sides of the bowl
represent the land draining into the pond, and the top edge is the divide that
defines the boundaries of the pond’s watershed. Of course, actual watersheds
are not circular. Instead, they have irregular boundaries that follow the topography of the land. Using Protocol 3 (p. 57), you will learn how to delineate watershed boundaries by connecting the points of highest elevation in
the land surrounding a stream or other water body.
Every land area, regardless of its location, is part of a watershed. As you
might imagine, watersheds vary widely. Some are hilly and others are relatively flat. Some are forested and others contain cities. Some cover vast
areas of land, and others are much smaller. The headwaters of a small stream
near the top of a mountain may have a watershed the size of several football fields.
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In contrast, the watershed of the Mississippi River covers about 40 percent
of the lower 48 states! Of course, the Mississippi River is supplied by thousands
of tributary streams and rivers, each of which has its own watershed. When
considering huge watersheds such as that of the Mississippi River, the numerous smaller watersheds within it are called sub-watersheds (see Figure 1.1).
F I G U R E 1 .1 .
The Mississippi River water shed is made up of many
smaller sub-water sheds.

No two watersheds are exactly alike. The boundaries and characteristics
of a watershed depend on many factors, including the geology of the region.
What type of bedrock lies under the soils? Is the terrain steep and hilly, or
broad and flat? Are there volcanoes in the area? Have glaciers covered the
land in the distant past, leaving behind vast deposits of sand and gravel?
Climate also plays a major role in defining watershed characteristics. How
much precipitation occurs per year? Does it occur primarily during a few
wet months, or is it evenly distributed throughout the year? How warm are
the summers, and how extreme are the winters? How strong are the winds?
What types of vegetation are able to survive?
Vegetation is another key characteristic of watersheds. Because roots absorb water and anchor soil, the types of plants growing in a watershed determine how much—and how quickly—water runs off after storms or spring
snowmelt. The vegetation in a watershed also affects the types of habitat
available for animals and other organisms.
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On Earth, water shifts continuously between gaseous, liquid, and solid
forms—between water vapor in the atmosphere and rain or other forms of
precipitation falling on land or into the sea (Figure 1.2). When precipitation
falls onto land, it can return to the atmosphere, percolate into the soil, or run
off into surface water bodies such as streams, rivers, lakes, or wetlands. Water flows downhill through watersheds, emptying into larger bodies of water
and eventually into an ocean. At all stages along the way, water vapor returns to the atmosphere through evaporation from land and water surfaces.
F I G U R E 1. 2 .
Water cycles be tween land, water, and the atmospher e.

PRECIPITATION

EVAPORATION
and
TRANSPIRATION

SURFACE
RUNOFF

PERCOLATION
to
Groundwater

Some of the water that soaks into the ground percolates downward to become groundwater. Groundwater trickles in a general downhill direction
through layers of crushed rock, gravel, soil, or other permeable material.
Depending on factors such as soil type, geologic conditions, and precipitation patterns, the velocity of groundwater flow can range from several meters
per day to only a few meters over the course of an entire year. Groundwater
is the source of water for wells and springs, and it also slowly feeds into
lakes, streams, and rivers. During periods with no rainfall, streams that receive groundwater are less likely to dry up than those fed solely through
surface runoff.
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Not all of the water that soaks into the ground becomes groundwater.
Plants take up the water they need to sustain life. Through a process called
transpiration, plants release water vapor back into the atmosphere. Gradually
clouds form and grow, and the water cycle continues as precipitation once
again falls to the Earth.
Of all the water on Earth, 97 percent is in the oceans and only 3 percent is
fresh water. Of the fresh water, less than one percent is found in lakes, rivers,
and other surface water bodies. Most fresh water is stored in ice caps and glaciers, or underground in the form of groundwater (Table 1.1). Nevertheless,
the tiny fraction of the Earth’s water that actively circulates as fresh water plays
an incredibly important and dynamic role in life on Earth, sustaining human
life and the lives of all other land-dwelling and fresh-water species.
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Transpiration is the
process through
which plants release
water to the
atmosphere.

T A B L E 1 .1
Dis tr ibution of Fresh Water on Ear th

Water Source

% of Fresh
Water on Ear th

Ice caps, glaciers, permanent snow, and permafrost

69.6%

Groundwater

30.1%

Lakes, rivers, wetlands, and other surface water

0.30%

Soil moisture

0.05%

Atmosphere

0.04%

Source: Gleick, P. H., 1996: Water resources. In Encyclopedia of climate and weather, ed. by S. H.
Schneider, New York: Oxford University Press, (2) 817–23.

Although wetlands contain only a tiny fraction of the fresh water on Earth,
they represent an important component of the water cycle. Marshes, swamps,
bogs, and other wetlands are heavily vegetated areas that are saturated with
water for at least part of the year. They cover approximately 6 percent of the
Earth’s surface, ranging from tropical mangrove swamps in Panama to peat
bogs in the United Kingdom.
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Wetlands play vital roles in physical, chemical, and biological processes
in the Earth’s water cycle. Physically, wetlands help to reduce flooding by
storing great volumes of water, slowly releasing it to downstream waters in
the weeks and months after each storm. Because wetlands release water slowly
over time, they help to maintain flow in streams and rivers during dry periods of the year. Wetlands also help to purify the water that flows through
them. Sediments settle out and some dissolved pollutants get broken down
or taken up by plants as water trickles slowly through wetlands. And finally,
wetlands provide a rich variety of habitats that support a diverse system of
living things. Migrating birds take advantage of the abundant food supplies
they find in wetlands, as do many other forms of wildlife.
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Although the Earth contains vast amounts of water, supplies are not always
sufficient in any particular location to meet the needs of various competing
uses. Humans use water to irrigate crops, generate power, and support a
wide range of industrial, commercial, and agricultural applications. We also
rely on it for recreational activities such as fishing, boating, and swimming.
In our homes, each of us uses an average of 300 to 400 liters of water per
day for household uses (Table 1.2). This doesn’t include all the water it takes
to produce the food we eat and the products we use. For example, a cow
drinks roughly four liters of water for each liter of milk produced. To manufacture a new car requires over 8,500 liters of water, much of which is used in
making the tires.
TA B L E 1. 2
Typical Water Use in Amer ican Homes

Type of Use

Typical Water Use

Tap water (hand washing, tooth
brushing, etc.)

up to 5 liters per minute

Dripping faucet

up to 55 liters per day

Toilet (installed before 1992)

14 liters per flush

Toilet (low-flow)

6 liters per flush

Shower

8–20 liters per minute

Bath

100–200 liters per bath

Clothes washer

90–150 liters per load

Dishwasher

20–60 liters per load

Lawn watering

20–40 liters per minute

Source: www.h2ouse.org, developed by the California Urban Water Conservation Council.

Competing with all of these water uses is our desire to protect habitats for
a wide range of aquatic organisms. We choose to protect some species because
of their value for human uses such as sport fishing. Others are targeted for
protection because they are endangered or are particularly important in maintaining healthy ecosystems. To help meet critical habitat needs, many states
have passed legislation specifying minimum allowable flow rates in designated
rivers or streams. In some cases this means that water must be released from a
reservoir to maintain downstream flows during dry seasons. In other cases,
irrigation or other uses might need to be reduced in order to maintain critical
levels of flow needed for survival of fish and other aquatic organisms.
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Water policies often are controversial because they deal with conflicting
needs and values. Which is more important—irrigating crops or providing
high flows for recreational uses such as whitewater rafting? Which should
take precedence—providing water for new residential development, or maintaining critical flows needed to preserve a valued wetland? Issues such as
these are particularly difficult because the times when water is in shortest
supply also are the times of greatest need for habitat protection as well as for
residential, commercial, and industrial water uses.

DISCUSSION QUESTIONS
w What would you say if someone told you that you were drinking recycled
water that had already passed through several wastewater treatment systems?
w What is the source of water for your school or home? Does it come from
surface or groundwater? Do you know the name of the watershed you
live in?
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w Historically, wetlands have often been considered “wasted” land that can
be drained, filled, and used as “new” land for development and construction. What are some possible ecological consequences of this type of development strategy?
w Consider the water use data in Table 1.2. If your community were experiencing a water shortage, what water use restrictions would be most worth
exploring, and why?
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