
River processes result in distinctive 
landforms. In this Geofile, we 
look at the changes in height and 
gradient from source to mouth 
(the long profile) and the changes 
in valley shape and depth along a 
river’s course (cross profiles).

Long profiles
What is the long profile? 
The long profile of a river shows 

the changes in height of the river 
bed from its source, where the 
river begins, to the point where 
all energy is lost from the river 
system. This lowest point is often 
the sea (but could be a lake or even 
a swallow hole), and is called the 
base level. High levels of energy 
cause erosion and low levels cause 
deposition. The difference in height 
from source to base level and the 
volume of water flowing in the 

river affect its potential and kinetic 
energy, and therefore the work it 
can do.

Why do we need to study them? 
Sustainable management of 
river basins depends on our 
understanding of how rivers 
work. The long profile helps us to 
understand a river, because changes 
in gradient along the profile are 
caused by past or present variations 
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Figure 1: River Tees long profile

Upper Teesdale – the valley is widening, interfluves 
have been lowered and the channel is meandering



in the river’s use of its energy. So, 
studying these gradients helps us 
reconstruct the past, and gives clues 
to other factors which are currently 
affecting the river.

A river that is energy-efficient 
throughout its length would have 
a perfect concave profile called a 
graded profile. This provides a 
model against which reality can 
be compared. Factors which cause 
erosion in one section (or reach), 
will be compensated for elsewhere 
in the river system by an increase 
in deposition. The river is then said 
to be in dynamic equilibrium (i.e. 
in balance, but one which changes 
over time and space). Look at 
Figures 1 and 2 for the theoretical 
graded profiles of the River Tees 
and River Zambezi.

Case studies: the reality
We are going to compare the 
theoretical ‘graded’ profiles of the 

Tees and the Zambezi with the real 
long profiles of those rivers (Figures 
1 and 2). The aim is to identify the 
factors that are affecting the two 
rivers, and see which river is closer 
to being graded.

What causes the 
differences?
The rate at which a river adjusts 
its profile to a graded one depends 
on several factors. These factors 
are: time; climate; geology and 
tectonics; changes in base level; and 
people.

Time
If everything else stays the same, 
erosion by the river will reduce its 
height above base level along its 
whole length. Weathering and mass 
movement help to reduce the overall 
height of the land. The sediment 
created is carried as load and will 
eventually be deposited in the sea. 

This may extend the seaward end 
of the river, forming a delta. In 
this way, all continents are being 
lowered over time, providing there 
are no other changes. However, very 
few rivers actually display this neat 
graded profile along their whole 
length, because things do not stay 
the same for long enough! 

Climate
Precipitation is the input into the 
river system. Any change in the 
amount of water reaching the river 
will affect the energy available. 
So, long-term changes in climate  
will alter the rate at which a river 
can adjust its long profile to local 
variations in the other factors. It 
will speed up when precipitation is 
high and slow down when it is low. 
Sometimes climate changes replace 
river processes with glacial ones. 
This happened to the River Tees 
during the four British glaciations of 
the last million years. Since the ice 
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melted locally, river processes have 
only had 8–10,000 years to create the 
Tees valley we see today.

Geology and tectonics
Some rocks take more energy 
to erode than others. Where the 
resistant dolerite intrusion of the 
Whin Sill lies across the path of 
the River Tees (Figure 1), it has 
prevented the smooth graded profile 
from developing. The river has a 
concave profile above the Whin 
Sill. The waterfall called High 
Force is the erosion feature caused 
by the lowering of the long profile 
downstream of the sill. The River 
Zambezi in southern Africa (Figure 
2) has a markedly convex profile. 
Dramatic tilting of the plateau 
where the Zambezi starts has sent its 
water down a relatively new course 
(see Time). The river also meets 
the extraordinary geology of tough 
igneous basalt and less resistant 
limestone infill which has caused 
the formation of the Victoria Falls 
(Figure 2).

Changes in base level
A fall in sea level or a rise in the 
land (due to climatic or positive 
isostatic change) will lead to erosion 
by increasing the potential energy 
available. First at the coast (where 
the river may now have to fall into 
the sea over new cliffs), and over 
time (as the new waterfall retreats 
back up the long profile), a distinct 
convexity will travel upstream. 
This is called a knick point. 
When this knick point reaches an 
existing geological problem like the 
Whin Sill (Figure 1), erosion will 
slow down, because more energy 
is needed. The migration of the 
knick point upstream will also slow 
down. Further falls in sea level may 
see several knick points held up 
at the same point, increasing the 
convexity still more. The retreat of 
knick points upstream noticeably 
destabilises the banks of the channel. 
It causes slope instability on the 
valley side, and mass movement is 
increased. The development of the 
graded long profile of the Zambezi 
(Figure 2) has been held up on the 
tough basalt rocks in the Victoria 
Falls area. The Whin Sill dolerites 
have done the same for the River 
Tees (Figure 1).

A rise in sea level or a lowering 
of the land relative to the sea (due 
to climatic or negative isostatic 
change) will lead to deposition 

by decreasing the energy budget. 
Globally, most rivers are beginning 
to show the effects of the 3–5mm 
annual rise in sea level the world is 
now experiencing (eustatic sea level 
change). Deposition in rivers will 
increase as their energy budgets go 
into deficit. Erosion in the upper 
reaches will slow down. Already 
throughout the UK, river fish like 
trout and salmon are finding that 
the gravel they lay their eggs on 
is being covered by fine sediment, 
as deposition occurs to regain the 
energy balance.

People
Reservoirs and dams. Above High 
Force waterfall on the Tees is a 
relatively new reservoir (Cow Green) 
(Figure 1). This stores the winter 
floodwater from the Pennines that 
used to give the Tees its ability to 
erode High Force waterfall. Now 
that the flood flows are stored in the 
reservoir, there is no winter energy 
surplus, so no erosion. This waterfall 
cannot now retreat further upstream, 
so the convexity on the long profile 
caused by High Force will remain 
for the time being. However, Cow 
Green reservoir is now the base level 
for the upper part of the course, so 
there is deposition in the reservoir. 
This will eventually fill it up and 
restore the river’s connectivity with 
the lower part of the Tees which 
includes High Force.

Similarly the great dams of Kariba 
and Cahora Bassa on the Zambezi 
(Figure 2) have created new base 
levels on the river and so have 
reduced the potential energy in the 
upper Zambezi. The energy budget 
in this reach is now in deficit and 
the force of the water over the 
Victoria Falls is reduced, meaning 
theoretically that the return to a 
graded profile will take longer.

Land use. Over-grazing, and 
destruction of the vegetation cover 
in the catchment has had profound 
effects on the sediment carried 
by the Rivers Tees and Zambezi. 
Transporting this load uses up 
energy and reduces the rate of 
erosion.

What is the cross profile of 
a river valley?
The cross profile shows the change 
in gradient on either side of the river 
from one  watershed to the other. 
The steepness of the slopes, the 
changes in gradient and the width of 
the valley floor all give clues to the 
way the river is working, both now 
and in the past. 

Cross profile types
Any textbook will give you 
generalised cross profiles of rivers 
from source (erosion dominated) to 
mouth (deposition dominated). Real 
rivers show responses to a complex 
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range of factors. The Tees cross 
profiles are shown in Figure 3 and 
located on the map in Figure 1.

Actively eroding rivers
The diagram of the cross profiles 
of the Upper River Tees shows that 
the river is primarily cutting down 
strongly (vertical erosion). We 
already know that this happens when 
there is high potential energy, caused 
by a long fall to the base level, 
coupled with sufficient discharge. As 
the river cuts down and deepens the 
valley, gravity destabilises the slopes 
and weathered rock debris tumbles 
down to the river. Landslips, slides 
and mudflows speed up the process. 
For reasons that are not very clear, 
the river follows a curving (sinuous) 
course winding around the base of 
the lengthening valley slopes. It is 
impossible to see along the river 
valley because of the interlocking 
spurs. The channel occupies the 
whole valley floor (no lateral 
erosion). 

Erosion and deposition working 
together
The lower of the two cross sections 
of the River Tees near Middleton 
in Teesdale (Figure 3) shows a 
section of river whose erosion and 
deposition are beginning to be 
balanced. Discharge has increased 
as tributaries join the main stream. 
The increased volume of water 
means that the channel, if it is to be 
efficient, has to increase its length to 
make room for the increase, so the 
river has started to meander. As the 
water flows through these meanders, 
it is forced against alternate banks. 
This causes sideways or lateral 
erosion. The meander loops migrate 
across the valley floor, cutting into 
the valley sides, widening the valley 
floor, steepening and destabilising 
the valley side slopes. A meander 
bluff forms where river cliffs join 
up along the valley side. Meanwhile, 
other agents of weathering, and soil 
creep, are lowering the interfluves, 
shortening the slope even more. 
Over time the valley sides will 
become lower and shorter. The river 
deposits some of its load temporarily 
across the valley floor during 
flooding.

Deposition dominant
As a river nears its base level, 
discharge and load all increase. 
Most of a river’s energy in normal 
conditions is taken up dealing 
with this. Deposition occurs in the 

channel, as the river’s energy is not 
always sufficient. The valley floor is 
formed by thick layers of alluvium 
from the overtopping of the banks 
in flood. Left to itself, the river will 
frequently change course, spreading 
alluvium far and wide. The river 
channel moves freely across the 
flood plain, leaving abandoned 
meanders. Lateral erosion removes 
any remaining interfluves. The 
valley is no longer readily visible and 
has become a flood plain with very 
low slope angles. Weathering and 
soil creep have lowered the relative 
relief. Left to itself (which rivers 
rarely are), the river will extend the 
flood plain seawards and sideways, 
removing all interfluves and creating 
a very low angle cross profile.

Multiple phase rivers
As we saw when we looked at long 
profiles, base level changes cause 
adaptations to travel upriver as the 
river processes adapt to the new 
energy budget. This affects the cross 
profiles too. Most rivers show this. 

Fall in base level
Here a burst of extra energy allows 
the river to cut down into its 
existing valley floor. This leaves 
river terraces on either side for a 
while. Very useful for roads and 
settlement, they are transient 
features, vulnerable over time to 
lateral erosion, which removes 
them. A dramatic fall in base level 
can cause existing meanders to be 
cut down (incised) into the valley 
floor, preserving their sinuosity. 

Some splendid incised meanders lie 
above Barnard Castle on the River 
Tees (Figure 1). The town itself 
sits comfortably on the 170–190m 
terrace, which can also be identified 
further upstream in the cross section 
at Middleton in Teesdale.

Rise in base level
In this case the energy available 
to the river is reduced. This leads 
to deposition within the channel, 
causing it to split into more efficient, 
narrower channels which join and 
rejoin (anastomosing channels). 
This is braiding. The effect of this 
on the cross profile is to fill the 
valley floor, shortening the slopes on 
either side. This raises the base level 
for the slope processes and weakens 
the effect of mass movement and 
soil creep, so the slope processes 
slow down too. Interfluves will be 
lowered more slowly than before. 
Most rivers globally are currently 
undergoing this process, as the 
3–5mm per annum eustatic sea level 
rise, resulting from the warming of 
the sea, affects their energy budgets. 

January 2009 no.582 Long and Cross Profiles of two Rivers: the Tees and the Zambezi

Geofile Online © Nelson Thornes 2009

You should be able to construct long and cross profiles from an Ordnance 
Survey map. Try to include ideas about river processes, mass movement 
processes, time, climate, geology , base level change and people in all your 
answers.

Long profiles. Study the two profiles of the rivers Tees and Zambezi in 
Figures 1 and 2.
1. Which river profile appears closest to a graded profile?
2. Using the text, explain in your own words why this should be.

Cross profiles. Compare the two cross profiles of the River Tees in the 
North of England (Figure 3). Use a textbook for the simplified model 
profiles.
3. Can you identify sets of terraces? Are they paired? At what height are 
they? Has the river been helped by other agents of erosion. If so, which?
4. Describe clearly the differences in the cross profiles in terms of valley 
width and depth, steep and gentle slope gradients. Use real figures here, 
but remember that the slope angles have been exaggerated by the difference 
between the vertical and horizontal scales.
5. Explain what has happened to produce these two cross profiles.
 

F o c u s Q u e s t i o n s 


