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Chapter 4  Surface Processes

Learning Outcomes
In this section, you will

• Use models and real-time 
streamflow data to understand 
the characteristics of high-
gradient streams. 

• Identify characteristics of 
high-gradient streams. 

• Calculate stream slope 
or gradient. 

• Identify areas likely to have 
high-gradient streams. 

• Assess possible hazards and 
benefits of a high-gradient 
stream on a community.

Think About It
Look at the two different streams shown in the illustrations above.

• How are the two streams different?
• Could both streams be located in the same geographic area?
Record your ideas about these questions in your Geo log. Be 
prepared to discuss your responses with your small group 
and the class.

Investigate
In this Investigate, you will run a model that examines the 
effect that a high gradient has on the way a stream flows.

Part A: Investigating High-Gradient Streams Using 
a Stream Table

Before you begin, it would be a good idea to cover tables with 
newspaper or other material to make cleanup easier. Keep paper 
towels nearby for cleanup.

 1. To model a high-gradient stream, set up a stream table as 
follows. Use the photograph on the next page to help you 
with your setup.

Section 4 High-Gradient Streams
What Do You See?
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•  Cover the bottom of a stream table 
with a layer of sand about 2.5 cm 
thick. 

•  Using additional sand, make high 
mountains separated by narrow river 
valleys at the upper end of the stream 
table. 

•  Using pieces of toothpicks or small 
blocks, set up communities of 
“buildings” in the stream valleys 
and on the hillsides and hilltops. 

•  Prop up the stream table about 30 cm 
to create a steep slope. You may need 
to support the lower end to prevent it 
from sliding. 

•  Be prepared to drain, bail, or recycle 
the water that accumulates at the 
lower end of the stream table.

 2. Turn on a water source with a low rate 
of flow or use a beaker full of water to 
control the rate of flow. Observe and 
record the changes in the stream valleys 
and hillsides. You may wish to take 

  a before and after video or photo to 
record your observations of the 
stream table. 

Be ready to turn off the flow of water at any 
moment. Mass wasting (sand slide) is possible.

a) Which parts of the landscape are 
most prone to erosion—the steeply 
sloping or gently sloping parts?

b) Where is sediment deposited?

c) Where does water flow fastest and 
where does it flow slowest?

d) Where is the largest volume of water 
flowing in the stream and where is 
the smallest?

 3.  Turn off the water and rebuild your 
landscape and “community.”

If toothpicks were used, be sure to retrieve them 
from the sand. Wash your hands after handling 
the sand.

Stream table setup for a high-gradient stream.
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Part B: Stream Gradients

 1. Streams and rivers always flow 
downhill. The gradient, or slope, of 
a stream or river expresses the loss in 
elevation of the stream or river with 
distance downstream. Obtain one or 
more topographic maps that cover your 
community and nearby areas. Identify 
the stream or river nearest to your 
school. Find two adjacent contour lines 
that cross the river. Note the contour 
interval. It may be 5, 10, 20, or 40 ft, 
or it might be in meters instead.

a) Record the contour interval as 
change in elevation.

 2. Use a piece of string to measure the 
distance between the two points along 
the river where the contour lines cross 
the river. Use the scale on the map to 
convert this distance on the map to 
miles or kilometers on the ground. 

a) Record this value.

 3. Use the two values you obtained to 
calculate the stream slope, or gradient, 
in feet per mile or in meters per 
kilometer. To do this, divide the change 
in elevation by the horizontal distance 
between the two points. For example, 
if the river drops two meters over a 
horizontal distance of four kilometers, 
the gradient of the river is one-half 
meter per kilometer. The gradient can 
also be expressed as just a number, by 
using the same units of measurement 
for both the vertical drop and the 
horizontal distance. In the example 
above, the gradient would be 2 m 
divided by 4000 m, or 0.0005. 

a) Record the gradient of the stream. 

 4. Study the data for the Mississippi River 
System in the table on the next page. 
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Data on the Mississippi River System
for Various Locations on the Mississippi River and its Tributaries, 

August 2009

Location
Contributing 

Drainage Area
(mi2)

Discharge
(ft3/s)

Floodplain 
Width (mi)

Distance to 
Sea (mi)

Elevation
(ft)

North Fork Shoshone River, 
Wapiti, Wyoming 699 628   0.04 2300 5580

Shoshone River, Cody, 
Wyoming 1603 1190 0.2 2270 4900

Missouri River, Culbertson, 
Montana 91,557 6960 1.4 1800 1880

Missouri River, Hermann, 
Missouri 522,500 81,800 2.5 780 480

Mississippi River, Chester, 
Illinois 708,600 181,000 6.0 625 340

Mississippi River, Vicksburg, 
Mississippi 1,144,500 495,000 30 205 50

a) Search for patterns in the data that 
would allow you to characterize how 
a river changes over its course. For 
example, using the data, complete 
the following sentence: “As the 
distance from the sea decreases, 
floodplain width…” (A floodplain is 
the area of a river valley next to the 
channel, which is built of deposited 
sediments and is covered with water 
when the river overflows its banks at 
flood stage.) Write down two more 
sentences that describe patterns or 
relationships in the data.

b) Use the data to make a graph 
showing one of the patterns that 
you have just described. 

c) Calculate the stream gradients (in 
feet per mile) between the following 
segments of the Mississippi: 

 i)  Between Hermann, Missouri and 
Vicksburg, Mississippi. 

 ii)  Between the Shoshone River at 
Wapiti and Cody, Wyoming. 

d) Describe the relationship between 
stream gradient, elevation, and 
stream discharge.

 The Missouri River near Culbertson, Montana.
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 5. Obtain a copy of the data table shown 
on the next page to include in your Geo 
log. Use a topographic map of your area 
to fill in rows (a) to (j) in the table for 
your local stream.

 6. Go to the EarthComm Web site at http://
www.agiweb.org/education/earthcomm2/ 
to find the USGS Web site that gives 
data on the discharge of rivers in the 
United States. 

a) Use the data on the Web site to record 
the discharge (or flow), in ft3/s, the 
drainage basin area (ft2), and stream 
velocity (calculate using discharge 
and drainage area) of your local river. 
Use the data from the location that is 
closest to your school. If your river 
is not listed, use data for the next-
closest river. Complete rows (k) to (o) 
for your local stream. 

 7. Look at the state or regional 
topographic or shaded relief maps to 

determine where the gradient of your 
river is greatest. Note this location in 
your Geo log.

a) Fill in rows (a) to (o) in the column 
labeled “High-Gradient Stream” in 
the table for this location, as you did 
for your local river. 

 8. Use your completed data table to do
the following: 

a) Compare the width of the floodplain 
in your local area and in the high-
gradient area. 

b) Compare the stream velocity in the 
two areas. 

c) Compare the current discharge of 
your local stream to the maximum 
and minimum discharges. How 
do you account for the differences 
between the numbers? 

(Note: You will record the data for a low-
gradient stream in the next section.)

 The Mississippi River near Natchez, Mississippi.
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Comparison of Characteristics of Local and High- and Low-Gradient Streams

Characteristic Local Stream High-Gradient Stream Low-Gradient Stream

(a)  Difference in elevation (ft) 
between highest and lowest 
points in study area

(b) Stream gradient (ft/mi)

(c)  Steepness of valley walls 
(steep, moderate, gentle)

(d)  Channel shape (straight, 
curved, meandering)

(e) Channel width (mi)

(f) Floodplain width (mi)

(g)  Area of land available for 
farming in valley

(h)  Number of tributaries within 
four miles

(i) Rapids or waterfalls present

(j)  Could a large boat travel 
upstream here?

(k) Drainage basin area (ft2)

(l) Current discharge (ft3/s)

(m)  Current stream velocity (ft/s)

(n) Minimum discharge (ft3/s)

(o) Maximum discharge (ft3/s)
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CHARACTERISTICS OF HIGH-GRADIENT STREAMS
In the Investigate, you ran a model that examined the effect that 
a stream’s high gradient has on its streamflow. You may have been 
uncertain about the difference between a stream and a river. Geologists 
use both words to describe a flow of water in a natural channel on Earth’s 
surface. The word “river” is usually used for a flow in a relatively large 
channel. The word “stream” is usually used for a flow in a relatively small 
channel. Often, however, the word “stream” is used in a general way for 
all flows in natural channels, large and small. Very small streams are often 
called brooks or creeks.

The gradient is the slope of a stream or river. It is expressed as the loss in 
elevation with distance downstream. High-gradient streams are usually 
located in the headwater areas of river systems. The headwaters are the 
areas of the river system that are farthest away from the mouth of the 
river. The headwaters are at the highest elevations in the river system. 
Slopes of the land surface are generally much steeper at the headwaters 
than in the lower parts of the river system. (See Figure 1.)

The velocities of flow in high-gradient streams are high. They are 
sometimes greater than 3 m/s (10 ft/s). However, because such streams are 
usually in the headwaters of the river system, they have not collected much 
water from upstream. They also are relatively small and shallow. Streams 
with high velocities and shallow depths exert very strong forces on the 
stream bottom. The reasons for that are complicated and have to do with 
the dynamics of flowing water. High-gradient streams can move very large 
particles on the streambed. During floods, the particles can be the size of 
large boulders. In some high-gradient streams during floods, you can stand 
on the bank of the stream and hear a thunderous roar. This is caused by 
boulders colliding with one another as they are moved by the stream.

High-gradient streams can exert large forces on the streambed. As a result, 
they tend to erode their valleys rapidly. Erosion of a valley by a stream is 

called downcutting. Sometimes streams cut 
straight down to form canyons with vertical 
walls. However, usually the valley is in the 
form of a “V” with steeply sloping sides. 
Weathering produces loose material on the 
valley slopes. That material then slides down 
or is washed down by rainfall to the stream. 
The stream carries the material downstream. 

High-gradient streams cut their valleys 
vertically downward very rapidly. It is too 
rapid for the valleys to widen out to form 
floodplains. In most high-gradient streams, 
the sloping sides of the valley come down 
very near the stream channel. (See Figure 2.)
There is only a limited area of flat land 
available for farming in the valleys.

Geo Words
stream: a small or 
large flow of water in 
natural channels.

river: a relatively 
large flow of water in 
a natural channel.

brook: a term used 
for a small stream.

creek: a term used for 
a small stream.

gradient: the slope 
of a stream or river 
expressed as a loss 
in elevation of the 
stream or river with 
distance downstream.

headwater: the area 
of the river system 
that is farthest away 
from the mouth of 
the river.

downcutting: erosion 
of a valley by a 
stream.

floodplain: the area 
of a river valley 
next to the channel, 
which is built of 
deposited sediments 
and is covered with 
water when the river 
overflows its banks 
at flood stage.

Figure 1 The slope of the land at 
the headwaters of a river is 
generally very steep.

Digging Deeper

EC_Natl_SE_C4.indd   414 7/12/11   9:55:02 AM



EarthComm
415

Section 4  High-Gradient Streams

 

 Figure 2 Illustration of high-gradient streams in the highlands and a 
low-gradient stream forming a broad valley below.

In the Investigate, you compared different points along the Mississippi 
River. You noticed that high-gradient streams tend to have a relatively 
high velocity. However, they have a low stream discharge. Stream 
discharge is the volume of water passing a point along the river in a unit 
of time. It is calculated by multiplying the cross-sectional area of the river 
channel by the velocity of the water. It is not easy to measure the cross-
sectional area of the river channel. Imagine finding the depths all across 
the river from a bridge. Then imagine plotting these depths on a graph 
to show the cross section, and then measuring the area of the cross 
section. The discharge is measured in cubic feet per second (often called 
“cusecs”) or in cubic meters per second (often called “cumecs”).

Stream velocity and stream discharge vary a lot over time. This can 
be seen in a sample plot of stream discharge from the USGS real-time 
water data Web site. (See Figure 3 on the next page.) For this stream in 
the Appalachian Mountains of Maryland, the average daily discharge is 
higher during the winter than the summer months. On average, greater 
amounts of precipitation fell during winter. Periods of high rainfall fill 
cavities in the soil. Additional rainfall on saturated slopes causes steep 
rises in the graph. The peak in March was caused by the melting of large 
volumes of winter snow from the upper slopes in the drainage area. 
This is common over much of the colder and temperate areas of the 
United States. During the summer months, several peaks coincide with 
periods of thunderstorms, the greatest of which occurred after several 
days of intense storms. However, unlike winter flows, the summer 
base level can fall dramatically during periods of low rainfall and high 
summer temperatures.

Geo Words
stream discharge: 
the volume of water 
passing a point along 
the river in a unit of 
time.

EC_Natl_SE_C4.indd   415 7/12/11   9:55:02 AM



EarthComm
416

Chapter 4  Surface Processes

  Figure 3 Plot of stream discharge versus time for the Little 
Patuxent River in Savage, Maryland.

Checking Up
1. Why can high-

gradient streams 
move large 
sediment particles? 

2. What is stream 
discharge? 

3. How does stream 
discharge change 
from high-gradient 
to low-gradient 
streams? 

4. Why do high-
gradient streams 
cause downcutting 
of their valleys? 

5. What causes 
stream discharge to 
change over time?

Think About It Again
At the beginning of this section, you looked at two illustrations of streams and 
were asked the following:

• How are the two streams different?
• Could both streams be located in the same geographic area?
Record your ideas about these questions now. In your answers, draw on your 
understanding of stream systems.

Reflecting on the Section and the Challenge
In this section, you used a stream table to explore how particles of sediment 
were moved and deposited (erosion and deposition) along rivers that had steep 
gradients. You used a topographic map to calculate the gradient (the change 
in elevation with horizontal distance) of a stream near your school. You also 
searched for patterns and relationships between variables used to characterize 
a river along its course. Finally, you examined real-time data of streamflow 
in a river that flows near your community. These explorations will help you 
characterize the relationship between geology and surface change. You will
need to include this information in your Chapter Challenge.
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Understanding and Applying

 1. Describe three characteristics of a high-gradient stream. 

 2. Is the major stream in your community a high-gradient stream? How do you know? 

 3. How does the elevation of your community compare to the elevation of areas around 
high-gradient streams? 

 4. What events would cause the velocity of your river to increase? To decrease? 

 5. Is there a time of year when a high-gradient stream is likely to pose a hazard to 
communities? Explain your answer.

 6. Preparing for the Chapter Challenge

Write a short paper in which you describe the relationships between upland regions, 
slopes, and the strength of erosional processes. Also, discuss some of the potential 
dangers of high-gradient streams to development. Apply these ideas to the evaluation
of your Florida and Alaska Olympic Games sites.

Inquiring Further
 1. Interaction between humans and rivers

Many stories and novels have been written that focus on rivers, or on the interactions 
between humans and rivers, including The Adventures of Huckleberry Finn, by Mark 
Twain, Siddhartha, by Herman Hesse, and A River Runs Through It, by Norman 
Maclean. Write a story or essay that involves a river and members of your community. 
What you write does not have to be centered on the river, but it should involve some 
interaction between community residents and the river or stream.

 2. Big Thompson, Colorado flood
Find information on the Big Thompson, Colorado flood of July 1976 and describe how 
it is related to high-gradient streams and land use. What factors caused this flood to be 
so catastrophic?
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