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1 Water and carbon cycles
Water and carbon cycles as
natural systems
Systems in physical geography
Physical geography as a field of study has many subsections, for example
geomorphology (the study of the Earth’s surface) and climatology (the
study of climates and their distribution). Two general approaches are used
for explanation: models and systems.
l A model is an idealised representation of reality.
l A system is a set of interrelated events or components working
together.
l A system consists of inputs, stores and outputs, with a series of f lows or
connections between them.
Output
Component/store
Input

Figure 1.1 A closed system

Input

Store/component

Flow

Store/component

Exam tip
Systems are a core concept
in physical geography.
They must be understood
at a variety of scales, for
example for water, the
global hydrological cycle,
drainage basin system
and the hill slope drainage
system.

Output

Figure 1.2 An open system

Systems can be classified as:
l isolated: there are no interactions with
anything outside the system boundary – there is
no input or output of energy or matter
l closed system: there is transfer of energy into
and beyond the system but no transfer of matter
(see Figure 1.1)
l open system: both energy and matter transfer
freely into and out of the system (see Figure 1.2)
l subsystem: a component of a larger system.
The Earth system has five subsystems, each of
which is an open system with interrelationships
between them (see Figure 1.3).
Dynamic equilibrium is where there is
a balance between inputs and outputs. For
example, wave currents remove and replace sand
on a shore line but the beach apparently stays
the same.
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Atmosphere:
the blanket of
air that surrounds
the Earth’s
surface
Hydrosphere:
all of the water
existing on or
within the solid
surface of the
Earth

Biosphere:
zone of all
living things

Cryosphere:
all forms of
frozen water

Lithosphere:
the rock shell
of the Earth’s
surface

Figure 1.3 The five subsystems of the Earth system

Copyright: sample material

Exam practice answers and quick quizzes at www.hoddereducation.co.uk/myrevisionnotes

9781471886713.indb 6

1/28/17 4:47 PM

Exam tip
The concepts of positive
and negative feedback must
be applied to a range of
concepts. Correct sequencing
is important – remember,
the same catalyst can lead
to both positive and negative
feedbacks.

Application of the system concept to the water
and carbon cycle

1 Water and carbon cycles

Feedback occurs when a change in one part of the system causes a
change in another part. There are two types of feedback:
l Negative feedback: a feedback which keeps a system in its original condition
– for example, increase in CO2 ➝ increase in temperature ➝ increased plant
growth ➝ increased uptake of CO2 ➝ reduction in CO2, which counterbalances
initial increase.
l Positive feedback: a feedback where there is a progressively greater
change from the original condition of the system – for example increase in
temperature ➝ increase in oceanic temperature ➝ dissolved CO2 released
from warmer oceans ➝ increase in CO2 ➝ further atmospheric warming.

Four vital cycles connect the Earth’s subsystems. These are:
the water cycle
l the oxygen cycle
l the carbon cycle
l the nitrogen cycle
l

They are all fundamental to life on Earth and to a study of physical
geography. Both the carbon and the water cycles are under pressure from
growing populations and climate change.

The water cycle
Global distribution and size of major
water stores
About 71% of the Earth’s surface is covered in water. The sizes of the
world’s water stores are shown in Figure 1.4.
All water

Ocean
97%

Fresh water
Ice caps and
glaciers 79%
Ground
water
20%
Easily accessible
surface
fresh water
Water within
living
organisms 1%
Rivers 1%
Atmospheric water
vapour 8%

Fresh
water
3%

Easily
accessible
surface
fresh water
1%

Exam tip
It is important to be able
to recognise and explain
the dynamic, cyclical
relationships between these
water stores.

Lakes
52%
Soil
moisture
38%
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1 Water and carbon cycles

Water exists in three states: solid (ice), liquid and gas (water vapour). The
types of water and their global distribution are outlined in Table 1.1.
Table 1.1 Types of water and global distribution
Type of water store

Description

Oceanic water

l
l

There are five oceanic bodies of water and several smaller seas covering
approximately 72% of the Earth’s surface.
The Pacific Ocean is the largest.

Cryospheric water

l
l

Composed of sea ice, ice caps, ice sheets, Alpine glaciers and permafrost.
Mainly in high-altitude and high-latitude areas, including: ice sheets of
Antarctica, Greenland, Arctic areas of Canada and Alaska; ice caps such
as the Himalayas, the Rockies, the Andes and the southern Alps of New
Zealand.

Terrestrial water

l

Rivers, the largest by discharge of water being the Amazon. Lakes –
Canada and Finland have the largest number of lakes.
Wetlands, where water covers the soil – these are present on every
continent except Antarctica.
Groundwater, soil water and biological water also make up terrestrial
water.

l
l

Atmospheric water

l

The most common form is water vapour. Important as it absorbs and
reflects incoming solar radiation. Warm air holds more water vapour
than cold air – a small increase in water vapour will lead to an increase in
atmospheric temperatures (positive feedback, see page 7).

Processes driving change in water stores
over time and space
Water changes from one state to another, for example ice melts to form
water (latent heat is needed), water freezes to form ice (latent heat is
released). The following processes are key to an explanation of how water
changes from one state to another:
l evaporation
l condensation
l cloud formation
l precipitation
l cryospheric processes (at different sizes and timescales)

Evaporation
Evaporation is a physical process where liquid becomes gas.
Requirements include: heat energy, provided either by the movement of
water or by solar energy and air that is not saturated and can therefore
absorb evaporated water molecules/water vapour. Transpiration is
linked to evaporation – it is a biological process where water is lost from
plants through pores called stomata. Together the two processes are
termed evapotranspiration. Factors affecting these processes include:
l temperature
l wind
l humidity
l climatic factors such as hours of sunshine

8

Revision activity
For each of the factors
listed, write a sentence
stating how they
affect evaporation and
transpiration.
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1 Water and carbon cycles

Condensation
This is a physical process where gas (water vapour) becomes liquid. It
happens when air cools and is less able to hold water vapour (dew point).
In the cooling process the water molecules condense onto nuclei (dust,
smoke) or onto surfaces, for example grass, which form water droplets
or frost. Precipitation (rain, sleet, snow, hail) occurs when the air can no
longer hold the condensed water.

Cloud formation
Clouds are visible masses of water droplets or ice crystals held in the
atmosphere. They form when:
l air is saturated either because it has cooled below the dew point or
evaporation means the air has reached its maximum water-holding
capacity
l condensation nuclei are present
The greater the amount of moisture in the cooling air, the greater the
condensation and cloud formation.

Causes of precipitation
The condensation which is a direct cause of precipitation can occur when:
l air temperature is reduced to dew point, for example warm moist air
passes over a cold surface on a clear night, or when heat is radiated out
into the atmosphere and the ground gets colder, cooling the air above it
l volume of air increases as it rises and expands but there is no addition
in heat (adiabatic cooling). In this example the air may be forced to rise
for three different reasons, each resulting in precipitation:
Air is forced to rise over hills and mountains = orographic
rainfall.
Air masses of different temperatures and densities meet, the warm
air rising over the cool sinking air = frontal rainfall.
Warm air rises from hot surfaces on a sunny day = convectional
rainfall.

Cryospheric processes
These affect the mass of ice at any scale. They include:
l accumulation – inputs to a glacial system due to snowfall
l ablation – output of a glacial system due to melting
l sublimation – ice changing directly into water vapour

Revision activity
Construct a diagram to
summarise the processes
involved when water
changes state.

Now test yourself
1 What is the difference between an open and a closed system?
2 Give an example of positive feedback in the water cycle.
3 Explain how the processes of evaporation and condensation relate to the formation of (a) clouds, (b)
rainfall.
4 How do the following affect evapotranspiration: temperature, wind, humidity?
5 Why do sunny days lead to bursts of heavy rainfall?

Answers on p. 224
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1 Water and carbon cycles

Drainage basins as open systems
A drainage basin is an area of land drained by a river and its tributaries. Its
boundary, or watershed, is marked by ridges of high land beyond which
rainfall will drain into a neighbouring drainage basin.
The drainage basin system:
l forms a subsystem of the hydrological or water cycle
l is an open system as it has inputs and outputs of both matter and energy
l is composed of inputs (precipitation), f lows and transfers (throughfall,
stemflow, infiltration, percolation, overland flow and groundwater flow)
and outputs to the sea or atmosphere (evapotranspiration) – see Figure 1.5.
Table 1.2 explains the key terms for the drainage basin system.
Energy from
the sun

Ocean to land water
vapour transport 40

Watershed
Stores
Inputs

Land
precipitation
113

Total
evapotranspiration Evaporation
73
and transpiration
from vegetation
Evaporation
from water
surface
Lake

Percolation
Soil

Overland flow

Outputs

Surface flow
Infiltration
Throughflow
Groundwater

Units: 1,000 km3/yr
of exchanges

Ocean
evaporation
413

Interception
Throughfall
Stemflow
River flow

Flows

Ocean
precipitation
373

Channel
fall
River
discharge

Ocean precipitation 373

Groundwater
flow
40 units returned to oceans by
surface and subsurface flows

Figure 1.5 The drainage basin system
Table 1.2 Key terms for the drainage basin system
Precipitation

May fall as rain, hail, sleet or snow. The duration and intensity will impact
processes within the system.

Evapotranspiration

Combined loss of water through evaporation and transpiration by plants.

Run-off

The output of water from the drainage basin system as it moves across the
land surface either as overland flow or channel flow.

Interception store

Vegetation cover intercepts the precipitation and a store may be held
on leaves and branches. Density of vegetation will affect this. Tropical
rainforest can intercept 58% of rainfall.

Surface storage

This mainly occurs in built environments as puddles. In natural
environments, infiltration normally occurs more quickly than rainfall and
there will only be surface puddles after very long periods of rainfall or on
impacted surfaces or bare rock.

Soil water storage

Pore spaces between soil particles fill with air and water. The amount of
pore space varies in different soils: clay 40–60% volume, sand 20–45%.

Groundwater store

Water stored underground in permeable and porous rocks.
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The volume of water in a river channel.
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Vegetation cover intercepts the precipitation and a store may be held on
leaves and branches. Density of vegetation will affect this. (Sometimes
referred to as interception store.)

Stemflow

Water flows down the stems of plants and trees.

Infiltration

Water soaks into the soil. Rate = infiltration rate. The texture, structure and
organic content of soil all affect infiltration rate. The rate normally declines
during the early part of a storm.

Overland flow

Rainfall flowing over the ground surface either because the soil is
saturated or because the rainfall is exceeding the soil infiltration capacity.

Channel flow

The flow of water in rivers.

Throughfall

Water moving from vegetation to the ground.

Throughflow

The lateral movement of water down a slope to a river channel. Slower than
overland flow but the rate is increased by root systems of vegetation.

Percolation

Downward movement of water into underground stores.

Groundwater flow

Downward and lateral movement of water within saturated rock. This is a
very slow movement. Water-bearing rocks are called aquifers.

Inputs

Stores
Recharge area

Flows
Discharge area

Groundwater system

Water table
Days
Years

1 Water and carbon cycles

Vegetation store

Revision activity
With a copy of Table 1.2,
in pairs test each other
on the key terms. Either
give the term and ask for
an explanation or give the
explanation and ask for the
term to which it refers.

Decades
Flow lines

Centuries
Millennia

Figure 1.6 Varying timescales in the drainage basin
system

Water balance
The long-term balance between the inputs and outputs in the drainage
basin system is known as the water balance. It is expressed in an
equation as:

Typical mistake
Drainage basin systems
are not static, they are in a
constant dynamic state due
to climatic change.

P = Q + E ± (S)

P = precipitation

Exam tip

Q = runoff (measured in river discharge)

Definitions of terms used in
the drainage basin system
frequently form 1-mark
multiple–choice questions.
The use of the correct term
in an explanation of extended
writing will also gain credit,
for example when asked to
account for different flood
hydrograph patterns (see
Figure 1.8, p.13).

E = evapotranspiration
S = change in storage
Positive water balance – precipitation exceeds evapotranspiration.
Negative water balance – evapotranspiration exceeds precipitation.
Storage affects water balance, for example in winter when precipitation
is likely to be high, the soil storage may lead to a surplus of moisture
and increased runoff. In summer, utilisation of water by humans and
vegetation is likely to be high and there may be a soil moisture deficit.
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1 Water and carbon cycles

In autumn, initial precipitation will recharge the soil store. Figure 1.7
applies these terms to a soil water budget graph.
The soil moisture store is now all used
up. Any precipitation is likely to go
straight into the soil rather than travel
to the river channel. River levels will fall.
Some rivers dry up completely
As it warms up potential
evapotranspiration exceeds
precipitation. The water store
is being used by plants
(utilisation)

There is a deficit of soil
water. Plants either wilt
or have adaptations to
survive dry conditions

120

Precipitation (mm)

100
80
60
40
20
Total rainfall: 750 mm
0

J

Exam tip
It is essential to understand
the factors that affect
water balance, for example
the seasonal change in
Figure 1.7. You may be asked
to apply this understanding
to a graph resource
representing an unfamiliar
example.

Soil moisture
recharge
Soil moisture
utilisation
Soil moisture
deficit
Soil moisture
surplus
Precipitation
Potential
evapotranspiration

F M A M J J A S O N D
Month

Precipitation is greater than
potential evapotranspiration.
All space in the soil has been
filled and so it is in surplus.
Groundwater gets recharged.
Overland flow can occur
leading to floods

The soil water store is fully
recharged
Precipitation is greater than
potential evapotranspiration.
The soil water store will start
to fill again, recharge

Figure 1.7 Annotated soil water budget graph

Runoff variation
The flows of water within a drainage basin system end up either in the river
(which then transfers the water by channel flow) or in groundwater stores.
The water leaving the drainage basin through channel flow is called runoff.
The measure of river f low is river discharge (the volume of water
passing a measuring point, measured in cumecs and calculated by
multiplying cross-sectional area by velocity).
Drainage basins all have individual characteristics. Interpreting the
runoff variation and seasonal changes of a river’s f low in a particular
drainage basin can provide vital information for the management of water
resources.
The annual variations in the amount of discharge in a river in response
to climatic factors and drainage basin characteristics are called a river
regime and can be plotted on a hydrograph (a graph showing river
discharge against time).
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Typical mistake
Be clear on the differences
between runoff, overland
flow and discharge.

Revision activity
Produce a sketch graph of a
named river regime. Write a
short paragraph describing
the trends on the graph
and annotate the variations
shown. Remember, annotation
is more than labelling – it
provides explanation.
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6 Name the flows in the drainage basin system and for each state a factor that will affect the
rate of flow.
7 Explain the term water balance.
8 List the factors that lead to variations between different river regimes.

Answers on p. 224

The flood hydrograph
A particular type of hydrograph is the f lood hydrograph, which plots
changes in the discharge of a river in response to a storm or rainfall event.
The key features of a f lood hydrograph are shown in Figure 1.8.

Bankfull discharge −
it is at this point a river
will begin to overflow

Lag time

Peak
discharge

Discharge
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Storm flow

Peak
rainfall

Overland
flow and
throughflow

40

Base flow

20

Rainfall event

0

mb
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Rainfall (mm)
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ng li
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The rising limb
indicates how
quickly a river
responds to a
‘storm’

When describing trends
on a graph – for example,
a hydrograph – follow a
sequence of general pattern,
peaks and troughs, rate of
change – steep/gentle. Give
evidence: quote figures and
units.

40

Amount of
flood water

Rainfall

Exam tip

20

Discharge (m3s–1)

The time taken from
the peak rainfall to
the peak discharge

The amount of water
in cubic metres that
passes a point in the
river in one second

10

6 12 18

24
48
72
Hours after start of rainstorm
Baseflow is the amount of water that would be in
the river without the addition of the storm water

Figure 1.8 A flood hydrograph

Flood hydrographs can be described as:
l f lashy: short lag time, high peak, steep rising and falling limbs
l subdued: long lag time, low peak, gently rising and falling limbs

Exam tip
Explaining the responses to
rainstorm events on a flood
hydrograph is a key area
where you may have to apply
your understanding.
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1 Water and carbon cycles

Now test yourself
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