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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 low-
gradient streams. 

• Explore how models can help 
scientists interpret the natural 
world. 

• Identify areas likely to have 
low-gradient streams. 

• Describe hazards of low-
gradient streams.

Think About It
During the Mississippi River flood of 1993, stream gauges at 
42 stations along the river recorded their highest water levels on 
record. The effects of the flood were catastrophic. Seventy-five 
towns were completely covered by water, 54,000 people had to 
be evacuated, and 47 people lost their lives. 

• What happens during a flood? 
Record your ideas about this question in your Geo log. Include a 
sketch of the water line (the line where the water surface meets the 
riverbank) during normal flow in the river and during a flood. Be 
prepared to discuss your responses with your small group and 
the class.

Investigate
In this Investigate, you will use a stream table to model how a 
low-gradient stream flows and what effects this can have on the 
areas surrounding the stream.

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

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

Section 5 Low-Gradient Streams
What Do You See?
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•  Make a batch of river sediment by 
mixing a small portion of silt with 
a large portion of fine sand. 

•  Cover three-fourths of the stream 
table with a layer of the river sediment 
at least 2.5 cm thick. 

•  With your finger, trace a winding 
river between 0.6 cm and 1.3 cm deep 
in the sediment. Make several bends. 

•  Using pieces of toothpicks or small 
blocks, set up communities of 
“buildings” along both the inside 
and outside of river bends.

•  Prop up the stream table about 
2.5 cm to create a very gentle slope. 

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

Before you begin, review all safety precautions 
provided in the Investigate in Section 4 
regarding the stream table setup.

 2. Using additional sediment, make 
landforms that you think are typical of 
areas with low-gradient streams. Refer 
to a topographic map for ideas.

 3. Turn on a water source or use a beaker 
filled with water to create a gently 
flowing river. Observe and record the 
changes to your stream table model. 

a) Which parts of the landscape are most 
prone to erosion? To deposition? 

b) What shape does the river 
channel take? 

c) Describe all the areas where silt is 
being deposited. Describe all the 
areas where sand is being deposited.

d) Observe and sketch the distributary 
system that develops where the river 
enters the “ocean.” 

e)  Increase the velocity of the river 
slightly. What happens? 

f)  Increase the velocity again. 
What happens? 

g)  What events might cause the velocity 
of your river to increase? 

h)  Would you expect the discharge to 
increase when the velocity of the 
river increases?

i)  In general, which have larger 
discharges: high-gradient streams 
or low-gradient streams? 

The stream table setup of a low-gradient stream. Pieces representing 
buildings and houses are placed in the sand on the inside and outside 
bends of the river.
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LOW-GRADIENT STREAMS
Meandering Streams
In the Investigate, you used a stream table to simulate how a low-
gradient stream flows and what can happen when that stream overflows 
its banks. As you saw from where you poured the water into your stream 
table “river” and where the water flowed out, there are big differences 
between high-gradient and low-gradient streams. High-gradient streams 
can result in downward erosion, or downcutting. This makes steep, 
straight valleys with little or no floodplains. On the other hand, low-

gradient streams wear land away 
both sideways and downward. This 
makes wider and wider valleys. (See 
the photograph in Figure 1.)

Typically, streams in the lower 
areas of a river system have lower 
gradients than those in higher areas. 
They also have wider channels and 
wider floodplains. The width of 
the valleys increases as discharge 
increases. This fact shows that rivers 
erode the valleys that they occupy.

Part B: Characteristics of 
Low-Gradient Streams 

 1. Complete the data table you began in 
Part B of the Investigate in Section 4. 

a) Look at a state, regional, or United 
States map to determine where the 
stream gradient for your river would 
be the gentlest. Note the location in 
your Geo log. 

b) Use the map to fill in rows (a) to (j) 
in the column labeled “Low-
Gradient Stream.” 

c) Use the USGS Web site (which you 
can find at the EarthComm Web site) 
to get data on the discharge of rivers 
in the United States to fill in rows (k) 
to (o) for the low-gradient stream. 

d) Why is this part of the river called a 
low-gradient stream? 

e) Compare the width of the floodplain 
in the low-gradient area with the 
width of the floodplain in the high-
gradient area of the previous section. 

f) Compare the stream velocity in the 
low-gradient area and the high-
gradient area. 

g) Compare the area of land available 
for farming in the low-gradient area 
and the high-gradient area. If there is 
a difference, why does it exist?

Figure 1 How does this stream differ 
from the one shown in Figure 1 of the 
previous section?

Digging Deeper
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Low-gradient streams cut wide valleys because their channels tend to 
shift sideways. Most low-gradient streams do this by meandering. A 
meandering stream is a stream with a channel that curves or loops back 
and forth on a wide floodplain. This is shown in Figure 2. Each curve is 
called a meander bend or meander loop. The velocity of the water is 
greatest on the outside of the meander bend. This is where erosion tends 
to occur. In contrast, the velocity is lower on the inside of the bend. This 
is where sediment is deposited. Over time, erosion on the outside of 
the meander bend combined with the deposition on the inside of the 
meander bend causes the river to meander farther and farther sideways. 
As a result, a wider and wider valley is cut. The flat, low-lying valley 
bottom surrounding the channel is called the floodplain. That is where 
water spreads when the river overflows its banks during floods. The 
floodplain is built of the sediments that the river has deposited during 
meandering, as well as sediments deposited during floods.

  Figure 2 Illustration of a meandering stream. Notice that erosion 
occurs on the outside of the meander bend while deposition occurs 
on the inside.

As each flood deposits some sediment on the inside of the meander 
bend, a low ridge, usually no more than a meter or so high, is formed. 
The area of the floodplain on the inside of the meander bend shows 
a large number of these ridges, called meander scars. They reveal the 
earlier positions of the meander bend.

Geo Words
meandering stream: a 
stream with a channel 
that curves or loops 
back and forth on a 
wide floodplain.

meander bend: one of 
a series of curves or 
loops in the course of 
a low-gradient, slow-
flowing river.

meander scars: low 
ridges on the part of 
the floodplain inside 
the meander bend 
caused by deposition 
of sediment during a 
flood.
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As a meander bend grows wider, its neck usually becomes narrower as 
well. Eventually, the meander bend is cut off during a flood as the water 
begins to flow across the narrow neck to follow a more direct route 
downstream. The more direct route is shorter and steeper than the longer 
route all the way around the meander. The river abandons the former 
meander bend. Soon afterward, the ends of the abandoned bend are 
plugged with river sediment. The bend becomes a curved lake, called an 
oxbow lake. Later floods deposit sediment in the oxbow lake. Eventually 
it is filled in completely with sediment. Oxbow lakes, including those 
partly or completely filled with sediment, are common features on the 
floodplains of low-gradient streams. If you are ever in an airplane flying 
over a big meandering river (like the Mississippi or the Missouri), look out 
the window and you will see the patterns of meander bends and oxbow 
lakes. (See Figure 3.) You also might be able to see meander scars, and 
even the faint outlines of former oxbow lakes, now filled with sediment.

Figure 3 Meander bends and oxbow lakes are characteristics of low-gradient 
streams. Continued plugging of the channel with fine sediment will 
eventually turn this meander into an oxbow lake.

Streams and the Hydrologic Cycle
The main factor that influences stream discharge is precipitation in 
the drainage area of a stream. Other factors can also be important as 
well. Water can be removed from a stream by loss of the water that 
lies beneath Earth’s surface (groundwater). It can evaporate into the 
atmosphere. Water may also be diverted from a stream for municipal 
water supply or crop irrigation. Water can enter the stream from the 
groundwater system. This can be from the melting of snow or glaciers, 
or the release of water from reservoirs. 

The flow of water in streams is closely connected to the groundwater 
system. Have you ever thought about why most rivers flow throughout 
the year, even during long periods when no rain falls to feed the 
river? Some of the rain that falls on the land runs off directly into 
streams. However, some soaks into the soil and becomes groundwater. 

Geo Words
oxbow lake: a 
crescent-shaped 
body of standing 
water situated in the 
abandoned channel 
(oxbow) of a meander 
after the stream 
formed a neck cutoff 
and the ends of the 
original bend were 
plugged up by fine 
sediment.
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Groundwater flows slowly through aquifers. When the aquifer intersects 
the ground surface an outflow of water results. Outflow from aquifers 
is a major source of water for many rivers, especially during periods of 
drought. Refer to the plot of the streamflow in Section 4. It did not rain 
everyday in the drainage basin of the river shown in the plot, yet water 
continued to flow in the stream. This is mainly the result of groundwater 
charging, or adding to, the stream. Groundwater that leaves an aquifer 
and flows into the bed of a stream is referred to as base flow. Water 
generally flows much more slowly through rock and sediment than it 
does over Earth’s surface. As a result, base flow can charge a stream 
even long after precipitation has stopped.

Figure 4 Groundwater flows through the aquifer to the stream. This 
prevents the stream from becoming dry during long periods of drought.

Hazards: Floods on Low-Gradient Streams
Flooding on low-gradient 
streams occurs when the stream 
channel cannot contain the 
discharge of water that is passing 
through it. The height of the 
water surface in a river channel, 
relative to sea level, at a given 
place along the river is called 
the stage of the river. During 
periods of normal flow in a river, 
water is confined to the channel 
of the river. When the stage of 
the river reaches what is called 
flood stage, water overtops 
the banks of the channel. The 
area of a river valley that is 
covered by water during a flood 
is the floodplain. (See Figure 5.) 
When water flows out onto the 
floodplain, it spreads out as a 
wide and shallow flow.

Geo Words
aquifer: a body 
of porous rock 
or sediment that 
is sufficiently 
permeable to conduct 
groundwater and to 
provide an adequate 
supply of water.

base flow: 
groundwater that 
leaves an aquifer and 
flows into the bed of 
a stream.

stage: the height of 
the water surface in a 
river channel, relative 
to sea level, at a given 
place along the river.

flood stage: the river 
stage (water level) 
at which a river rises 
above its banks and 
begins to cause a 
flood.

Figure 5 Deposition of fertile sediment 
on floodplains provides ideal 
farming conditions.
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The flow of water across a floodplain is shallower than in the channel. As 
a result, the friction between the flow and the ground plays a greater role 
than in the channel. The flow across the floodplain is slower than in the 
river channel. The slower flow across the floodplain cannot carry as much 
sediment in suspension as it did in the channel. Therefore, the floodwaters 
deposit much of its sediment load (mainly sand and silt) across the 
floodplain. In many areas, floodplain sediments create fertile land that 
is good for farming. In areas that are not agricultural, cleaning up the 
sediment left by a flood is an expensive, labor-intensive job. (See Figure 6.) 

  Figure 6 The flooding of the Red River of the North in Grand Forks, ND 
April, 1997, caused almost two billion dollars in property damage.

It is common for the discharge in low-gradient streams to change with the 
seasons. This is a result of seasonal changes in precipitation. For example, 
flooding is not common in Maine during the winter. During the winter, 
most precipitation is in the form of snow. The snow remains on the 
ground surface. However, in the spring, warm weather causes the snow 
to melt rapidly. Much of the snowmelt flows directly into streams or into 
groundwater systems. These systems then feed the streams. All of the 
snowmelt in the upstream parts of the drainage basin eventually drains 
into the low-gradient streams in the downstream parts of the drainage 
basin. This results in flooding. In such areas, the danger of flooding is 
especially great during heavy rains in warm spring weather after a very 
snowy winter. In contrast, during the hot summer months, precipitation 
is less abundant, and more water is lost to evaporation and growing 
vegetation. This reduces the risk of flooding.
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Geo Words
levee: a natural 
or human-made 
embankment built 
along the bank of a 
river to confine the 
river to its channel 
and/or to protect land 
from flooding.

avulsion: a major 
change in the course 
of a river when the 
river breaks out of its 
levees during a flood.

headworks: an 
engineering structure 
built to control the 
flow of river water 
out of a river channel 
during a flood.

Flooding is a natural process. It occurs as a river system develops and 
evolves. Humans often try to control this process. However, efforts along 
one section of a river can increase the effects of flooding along other 
sections downstream. Sound land-use planning allows for the natural 
development of floodplains. It helps limit property damage that could 
be caused by flooding.

In many large rivers, the land area through which the river flows is 
gradually subsiding relative to sea level. This causes the river to deposit 
some of the sediment it carries. This helps to maintain the same elevation 
of land relative to sea level. Most of this new deposition takes place in 
the channel itself, and also along its banks. As sediment is deposited 
along the banks, ridges called natural levees are formed. These natural 
levees stretch continuously along both sides of the river. With time, the 
river gets higher and higher above its floodplain. Eventually, during a 
large flood, the river breaks out of its levees. It finds an entirely new and 
lower course across the floodplain. This is called avulsion. This results 
in a catastrophic flood on the floodplain. Also, the river may no longer 
flow through a city that was once located somewhere downstream of the 
point of avulsion. 

Currently, some of the lower Mississippi River flows out to the Gulf of 
Mexico along the Atchafalaya River. This is west of the main Mississippi. 
The U.S. Army Corps of Engineers has built an enormous structure, called 
a headworks. It was built at the point along the Mississippi where the 
Atchafalaya branches off. Its purpose is to control how much water is 
diverted from the Mississippi.

  Figure 7 Without a headworks, probably most of the Mississippi would by now be 
flowing down the Atchafalaya, leaving the city of New Orleans as a backwater city.

Checking Up
1. How does 

meandering 
change the pattern 
of a stream 
channel in a low-
gradient stream? 

2. Why do low-
gradient streams 
have a broad 
floodplain? 

3. What types of 
sediment are 
carried and 
deposited by low-
gradient streams? 

4. What causes low-
gradient streams 
to flood?
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Think About It Again
At the beginning of this section, you were asked the following:

• What happens during a flood? 

Record your ideas about this question now. Apply your new knowledge of flow patterns 
in your answer.

Reflecting on the Section and the Challenge
This section helped you to realize that streams with lower gradients and larger discharges 
tend to have wider floodplains than streams with higher gradients and smaller discharges. 
Large, low-gradient rivers carry large amounts of sediment into lakes and oceans as they 
change the landscape and transport large volumes of water as part of Earth’s hydrosphere. 
By comparing the river system in your community with both high-gradient and low-
gradient streams, you will be able to better understand the characteristics of rivers that 
might affect the sites you are considering for development in Florida and Alaska. 

Understanding and Applying

 1. The stream gradient you measured in the investigation of high-gradient streams is 
really the gradient of the valley in which the river flows. If a stream meanders on its 
floodplain, is the gradient of the stream channel itself equal to, greater than, or less 
than the overall gradient of the valley? How might you measure the gradient of the 
stream channel, rather than the stream valley, using a topographic map? 

 2. Are the streams in your community generally high-gradient streams, low-gradient 
streams, or somewhere in between? Explain your interpretation. 

 3. Because they are physical barriers to travel, streams have been used as political 
boundaries throughout history. This includes boundaries between cities, counties, 
states, and countries. 

a) Do rivers serve as boundaries in your community? In your state? 

b)  On a map of the United States, identify rivers that form the boundaries between 
states, between the United States and Mexico, and between the United States 
and Canada. 

c) How could meandering of a stream channel on its floodplain affect boundaries? 

d)  How would communities react to the changing of boundaries because of the 
meandering of rivers? 

 4. Is a high-gradient stream or a low-gradient stream more likely to have a large 
population center near it? Explain your answer.  
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 5. Low-gradient streams have wide, flat floodplains. 

a) List some advantages to locating a community on a floodplain of a river. 

b) List some disadvantages to locating a community on a floodplain of a river. 

c) Do you think the advantages outweigh the disadvantages, or the other way around? 

 6. Compare the hazards posed by low-gradient streams with the hazards posed by high-
gradient streams. 

 7. Is there a time of year when a low-gradient stream poses a particular hazard to 
communities? Explain your answer.

 8. Preparing for the Chapter Challenge

How does the capacity for erosion and deposition compare for a low-gradient stream 
and a high-gradient stream? Write a short paper in which you address this question. 
Consider the risks and opportunities for development by low-gradient streams in 
both Florida and Alaska. How do these parts of drainage systems differ between the 
two states? Find out about simple engineering practices used to reduce the risks of 
developing on the floodplains of major rivers.

Inquiring Further
 1. The floods of 1993, 1997, and 2001

Research the Mississippi and Missouri River floods of the summer of 1993, the Upper 
Mississippi River flood in spring 2001, or the Red River flood in Grand Forks, North 
Dakota and East Grand Forks, Minnesota in the spring of 1997. What happened in 
cities on the floodplains? Pick a city that was affected by one of the floods and describe 
the impact of the flood. Was the city prepared for floods? What did the city do once it 
became clear that the river would flood? Was the city damaged? What has the city done 
to prepare for future floods?

Sandbags provide added protection against rising waters during a flood.
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