CHAPTER 1

Perspectives on the Interactions
between Climate Change Parameters
and their Agricultural Significance:
An Overview

1.1

Introduction

The factors that influence the global climate system are called ‘climate
forcings’. The most important of these is the sun and the energy that it
transmits to earth. The overall state of the global climate is
determined by the amount of energy stored by the climate system,
and in particular the balance between energy the earth receives from
the sun and the energy which the earth releases back to the space,
called the global energy balance. How this energy balance is
regulated depends upon the flows of energy within the global climate
system. Major causes of climate change involve any process that can
alter the global energy balance, and the energy flows within the
climate system.
The atmosphere, however, does not operate as an isolated system.
Flows of energy take place between the atmosphere and the other
parts of the climate system, most significantly the world’s oceans.
Ocean currents move heat from warm equatorial latitudes to colder
polar latitudes. Heat is also transferred via moisture. Water
evaporating from the surface of the oceans stores heat which is
subsequently released when the vapour condenses to form clouds
and rain. The significance of the oceans is that they store a much
greater quantity of heat than the atmosphere. The top 200 metres of
the world’s oceans store 30 times as much heat as the atmosphere.
1
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Therefore, flows of energy between the oceans and the atmosphere
can have dramatic effects on the global climate.
In addition to the sun itself, there are a number of climate forcings
that influence the amount of solar energy that reaches the earth’s
surface, the amount that is retained on the earth itself, and the
amount that is radiated back into the atmosphere and retained there
as heat. Many of these climate forcings are found in the atmosphere
either as greenhouse gases (GHGs) or aerosols (fine particles or liquid
droplets). The most important greenhouse gas in earth’s atmosphere
is actually water vapour, which accounts for about 60% of the natural
greenhouse effect for clear skies (Kiehl and Trenberth, 1997). Human
activities have not directly resulted in a significant change in the
absolute amount of water vapour in the atmosphere (Gordon et al.,
2005). Because there is no significant direct human influence on water
vapour concentrations, the importance of water vapour as a
greenhouse gas is seldom a topic of discussion concerning climate
change. Instead, all the attentions go to the greenhouse gases whose
concentrations have been directly influenced by human activities. Of
these, CO2 is the single most important gas.
The projected climatic effects of the continuously increasing
concentrations of CO2 and other relatively active trace gases in the
atmosphere have caused concern over the last decades. The expected
changes at a global level will be reflected in changed weather
conditions in the growing season at regional and local level that
directly affect agriculture and natural vegetation, the source of all
food consumed by human beings and domestic animals. The
exchange of water and energy is determined both by the climate and
by the gas exchange properties of the vegetation. Feedback on land
cover, changed vegetation properties and local and regional climate is
therefore of prime importance.

1.2

The Climate System and the Interactions between its
Components

In order to develop a satisfactory understanding of climate and
climatic variation, we must take account of a wide range of
interactions between the atmosphere, oceans, cryosphere, land
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surface and biomass. These five can be regarded as the essential
components of the earth’s climatic system. The climatic system and
the principal interactions between its components are shown
schematically in Fig.1.1.

Fig. 1.1 Diagram showing the components of the climate system
(Source: IPCC, 1996)

1.2.1

The Atmosphere

The atmosphere is the most variable part of the system. It is the
gaseous envelope of the earth composed mainly of nitrogen (about
78%) and oxygen (about 21%) with much smaller quantities of other
gases including carbon dioxide (CO2), and a variable admixture of
water vapour. The density decreases with height, with half the
atmospheric mass in the layer below about 5-6 km. Temperature also
decreases with height through the troposphere, the well-mixed region
below about 10-15 km in which most of the clouds and weather occur.
Above the troposphere is the stratosphere (temperature constant or
gradually increasing with height to about 50 km) and mesosphere
(temperature decreasing to about 80 km). Higher still, above about
80 km, where the temperature rises again, is the ionized region
known as the ionosphere. The lower atmosphere is set in motion by

4

Global Climate Change and Agriculture: Implications for Food Security

differential heating and the motion transports heat in both its sensible
and latent forms, moisture (vapour, cloud, rain and snow), solid
material carried up from the surface (dust, salt and smoke particles)
and various liquid and gaseous forms of pollution. The lower
atmosphere interacts in various ways with the underlying land, ocean
and ice surfaces and with the ionized regions above. In particular, the
lower layers of the atmosphere are heated by contact with the
underlying land and ocean. Water vapour, evaporated from the
oceans by the incident solar radiation, condenses in the atmosphere
and the latent heat released in the ensuing process provides one of the
main energy sources for driving the atmospheric circulation.

1.2.2

The Oceans

The oceans comprise the salt water of the world oceans and adjacent
seas. The oceans store an immense amount of heat energy, much
more than the atmosphere. The ocean circulation is primarily driven
by the winds. The resulting currents carry large amounts of heat from
equatorial regions towards the pole and thus contribute to
maintenance of the global energy balance. Warm water moves
poleward whilst cold water returns towards the equator. Energy is
also transferred via moisture. Water evaporating from the surface of
the oceans stores heat which is subsequently released when the
moisture condenses to form clouds and rain.
The upper layers of the oceans interact with the overlying
atmosphere on time scales of months to years while the deeper ocean
waters have thermal adjustment times of the order of centuries. The
oceans also exchange carbon dioxide with the atmosphere. Heat
exchanges also occur vertically within the oceans, between surface
water, usually the top 200 meters or so, and the deep water. Seawater
in the high latitudes readily sinks, forming deep-water currents.
Considerable evaporation of moisture takes place from the warm
surface of the oceans. The salt which remains behind in the water
after evaporation makes the water heavier or dense. As in the
atmosphere, the surface and deep-water currents of the world’s
oceans are inter-linked forming the global ocean circulation. Many
believe that changes in this global ocean circulation influence climate
changes over hundreds and thousands of years.

Perspectives on the Interactions between Climate Change…

5

1.2.3 The Cryosphere
The cryosphere comprises the world’s ice masses and snow deposits
including the continental ice sheets, mountain glaciers, sea-ice and
snow cover. Snow-cover and sea-ice extent show large seasonal
variations while the glaciers and ice sheets vary much more slowly.
Nearly 80% of earth’s fresh water supply resides in the ice sheets of
Antarctica and Greenland. These are seen not merely as passive stores
of water, but rather as active participants in the climate-forming
process involving, possibly, glacial surges. Without the cryosphere,
more energy would be absorbed in the earth’s surface rather than
reflected, and consequently the temperature of the atmosphere would
be much higher. The changes in the global snow and ice cover, other
than in clouds, operate on long term scales except for seasonal snow
cover. Monitoring of seasonal snow cover since 1972 shows that the
extent of Northern Hemisphere snow cover has been less since 1987,
particularly in spring. This will decrease the regional surface albedo
with a consequent temperature increase in the winter period for high
latitude areas of the Northern Hemisphere, which will have the
largest impacts on agriculture in these regions. Thinning of the
mountain glaciers since the mid-and late-19th century has been
occurring in many parts of the world, and continues. This provides a
source of water for sea level rise.0
1.2.4 The Land Surface
The land surface comprises the land masses of the continents
including the mountains, surface rock, sediments and soil and may be
taken to include also lakes, rivers and ground water. These are
variable parts of the climate system on all time scales. Over long
periods, uplift, subsidence and continental drift lead to changes in the
elevations and positions of land masses. The earth’s surface is an
important source of airborne particles which may have an influence
on climate. The soil, in turn, evolves in response to climate and
vegetation. Land surface changes, particularly large-scale afforestation
or deforestation of areas will affect the regional albedo and
aerodynamic roughness. This will effect the transfer of energy, water
and other materials with the climate system. These effects often are
more regional in their impacts on climate in the planetary boundary
layer. Reductions in absorbed solar radiation due to higher surface
albedos reduce evapotranspiration but it is uncertain how the change
in precipitation relates to change in evapotranspiration.
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1.2.5

The Biomass

The biomass includes the plants on the land and in the ocean, and the
animals of the air, sea and land, including man. Although their
response characteristics differ widely, these biological elements are
sensitive to climate and, in turn, may influence climate. The biomass
plays an important role in the carbon dioxide budget of the
atmosphere and ocean and in the production of aerosols and in the
related chemical balances of other constituent gases and salts. Natural
changes in plants occur over periods ranging from seasons to
thousands of years in response to changes in temperature,
precipitation and radiation, and, in turn, alter the surface albedo and
roughness, evaporation and ground hydrology.
All land plants make food from the photosynthesis of carbon
dioxide and water in the presence of sunlight. Through this utilization
of carbon dioxide in the atmosphere, plants have the ability to
regulate the global climate. In the oceans, microscopic plankton
utilizes carbon dioxide dissolved in seawater for photosynthesis and
the manufacture of their tiny carbonate shells. The oceans replace the
utilized carbon dioxide by sucking down the gas from the
atmosphere. When the plankton die, their carbonate shells sink to the
seafloor, effectively locking away the carbon dioxide from the
atmosphere. Such a “biological pump” reduces the atmospheric
concentration of carbon dioxide by at least four-fold, significantly
weakening the earth’s natural greenhouse effect, and reducing the
earth’s surface temperature.

1.3

Continental Drift, Ocean Circulation and Climate
Change

In a simple way, climate change can be defined by the differences
between average weather conditions at two separate times. Climate
may change in different ways, over different time scales and at
different geographical scales. In recent times, there is a growing
interest in global warming, due to anthropogenic impact on climate
system, through the enhancement of the natural greenhouse effect. As
stated earlier, the global energy balance regulates the state of the
earth’s climate, and modification to it as a result of natural and manmade climate forcing, cause the global climate to change.
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Causes of climate change include changes in the earth’s orbit
around the sun, changes in the amount of energy coming from the
sun, changes in ocean circulation or changes in the composition of the
atmosphere. Large volcanic eruption can affect the global climate over
only a few years. By contrast, the movement of continents around the
world over hundreds of millions of years can also affect global
climate, but only over these much longer time scales.
The process by which the continents drift about the world is called
plate tectonics. The movement of the earth’s plates, on which the
continents ride, is very slow, being only a few centimeters each year.
However, over tens of thousands of millions of years, both the size
and position of land areas can change appreciably. Changes in the
distribution of land masses are believed to explain climate changes
that occur over tens or hundreds of millions of years. Though there is
no direct way of knowing what the earth’s climate was like hundreds
of millions of years ago, by using geological records of sea floor
sediments, it is possible to reconstruct what the climate may have
been like. Currently it is believed that the arrangement of continental
land masses significantly affect the ocean currents. Since the ocean
circulation is involved in the transfer of heat around the earth, so the
movement of land masses over tens and hundreds of millions of years
may influence climate changes over similar time scales. At times in
earth history, there have been super continents in which all the
continental plates were locked together in one area of the globe. The
last of these occurred about 250 million years ago, and is named
Pangea.
Such long-term changes to ocean circulation as a result of
continental drift may explain the gradual return to an ice-covered
world during the last 40 million years. Prior to that period, there was
little ice covering the polar region. As the supercontinent of Pangea
continued to break up, the continent of Antarctica became isolated at
the earth’s southern pole.

1.4

Complexity of Climate
Variables and their Relationships

The global climate system is made up of the atmosphere, the oceans,
the ice sheets (cryosphere), living organisms (biosphere) and the soils,
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sediments and rocks (geosphere). These components of the climatic
system affect, to a greater or less extent, the movement of heat around
the earth’s surface leading to variations in climate under different
circumstances. Climate variability is likely to increase under global
warming (Katz and Brown, 1992), both in absolute and in relative
terms. This is linked with thresholds which affect the occurrence of
many meteorological phenomena. For instance, tropical cyclones are
fed by water vapour evaporating from oceans at a temperature above
26 or 27⁰C. Therefore, higher average sea surface temperatures are
bound to result in a higher frequency of tropical cyclones (Sombroek
and Gommes, 1999). Precipitation changes may occur along with
other climatic change effects. In general, predictions from crop
models show that increased CO2 should increase productivity of C3
plants, but the associated predictions of temperature rise will be
detrimental. Not surprisingly, changes in precipitation patterns
(decrease of rainfall during growth period) could be more detrimental
for crop production than changes in temperature.
Climate constitutes a complex of inter-related variables. On
average, through a set of regulatory mechanisms, a smooth change in
one variable triggers smooth changes in most others; and such interrelations are independent of atmospheric CO2 (Sombroek and
Gommes, 1999). Some relationships between major climate variables
have been depicted in Fig. 1.2. Temperature, evapotranspiration and
rain are strongly correlated, which illustrates the likely intensification
of the hydrogen cycle. There is only a weak link between such factors
as cloudiness and wind. Combined with the projected pressure on
land and water use, competition for land and water will certainly
become a key social and political issue. In climate change scenarios,
temperatures are predicted to increase following the rise of CO2 and
other greenhouse-effect gas. Atmospheric CO2 and other greenhouse
gases play a part largely through their effect on the radiation balance
of the atmosphere. The risks associated with the climate change lie in
the interaction of several systems with many variables that must be
collectively considered.
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Fig. 1.2 Some relationships between major climate variables (average
temperature, Temp.; water vapour pressure, Vap.; rainfall, Rain; wind
speed, Wind; cloudiness, Clouds; and evapotranspiration potential, ETP).
Solid lines and dotted lines indicate positive and negative correlations,
respectively. The strength of the correlation decreases from double heavy
lines to thin single lines. (Source: FAO, 1995)

1.5

The Physical Basis of Climate

The behavior of the individual components of the climatic system and
the interactions between them are governed by a number of basic
physical laws. Fluid motion, for example, is considered by
conservation principles for mass, momentum and energy. These may
be expressed, for the atmosphere and oceans, by a coupled set of
mathematical equations which prescribe the time rate of change of the
various elements in terms of their initial configuration and certain
external influences. Mass conservation is expressible by continuity
equations for the basic fluid (air, water) and for the various active
admixtures (e.g., water vapour in the atmosphere, salt in the ocean).
Momentum conservation is expressed through the equation of motion
(Newton’s Law), and energy conservation through the so-called
thermodynamic energy equation. It is likewise possible to produce a
mathematical representation of processes governing the dynamics of
ice sheets or to set up equations describing moisture and heat flow in
the soil.
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One approach to understanding the physical basis of climate is to
use these mathematical expressions of the governing laws to build
mathematical simulation models of the various parts of the climatic
system. They provide also the theoretical and conceptual framework
within which to examine the climate machine itself at work.

1.5.1

Modeling Climate Change

Climate models are mathematical representations of the interactions
between the atmosphere, oceans, land surface, ice and the sun. This is
clearly a very complex task, so models are built to estimate trends
rather than events. Climate models attempt to simulate the behaviour
of the climate, in an attempt to understand the key physical, chemical
and biological processes which govern climate. Climate models give
us a better understanding of the climate system, providing us with a
clearer picture of past climates by comparison with records of
instrumental and palaeoclimatic observations, and enabling us to
predict future climate change. Models can be used to simulate climate
on a variety of geographical scales and over different periods of time.
Global climate models have been used extensively to project global
warming in the 21st century due to mankind’s greenhouse gas
pollution of the atmosphere. Estimates of future increases in
greenhouse gases are used as inputs in the model, which then
calculates how the global climate might evolve or respond in the
future to the enhanced greenhouse effect.
Climate models have to be tested to find out if they work. If a
model can correctly predict trends from a starting point somewhere in
the past, we could expect it to predict with reasonable certainty what
might happen in the future. If they get the past right, there is no
reason to think their predictions would be wrong.
Although climate models can guide us to understand the processes
which govern the climate, the confidence placed in such models
should always be questioned. Critically, it should be remembered that
all climate models represent a simplification of the climate system, a
system that may ultimately prove to be too complex to model
accurately. Climate models must therefore be used with care and their
results interpreted with due caution. Results from climate models
should always be validated or tested against real-world data, including
both instrumental and palaeoclimatic records where available.
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Feedback of Climate Change

Climate change feedback is important in the understanding of global
warming because feedback processes may amplify or diminish the
effect of each climate forcing, and so play an important part in
determining the climate sensitivity and future climate state. Feedback
in general is the process in which changing one quantity changes a
second quantity, and the change in the second quantity in turn
changes the first. The earth’s climate responds to changes in the
amount of energy stored by the climate system, and in particular
when the global energy balance between incoming energy from the
sun and the outgoing heat from the earth is upset. When ‘climate
forcing’ upsets the balance of the earth’s climate in this manner, it
responds not only to the process forcing the climate to change, but
also to feedback effects which can either amplify or diminish the
original influence.
Present global warming is believed to be largely the effect of manmade pollution of the atmosphere with excess greenhouse gases.
Globally, the average surface temperature has increased by about
0.6⁰C during the last 100 years. In the polar region, however, regional
warming has been considerably greater. In some parts of Antarctica
and northern Russia, temperatures have increased by about 2⁰C in
only 50 years. Many think that such rapid warming in these icecovered parts of the world is a consequence of the ice-albedo feedback
effect as explained in the following paragraph.
Ice, being white, reflects a lot of sunlight and keeps the surface
colder for longer. Highly reflective surfaces like ice have high
albedos. As an enhanced greenhouse effect warms the surface of the
earth, some of the ice at high latitudes melts, exposing either bare
ground or ocean, both of which have lower albedos (or reflectivities)
than ice. With a lower albedo, the exposed surfaces reflect less
sunlight, with more sunlight being absorbed. This causes a further
rise in surface temperature and in turn a further melting of ice. Here,
the climatic response to primary greenhouse heating acts as a
secondary climate forcing that augments the initial climate change.
The main positive feedback in global warming is the tendency of
warming to increase the amount of water vapor in the atmosphere,
which in turn leads to further warming. Negative feedback occurs
when the response to primary changes acts in the opposite direction
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to that of the initial climate forcing. Negative feedback reduces the
climate response to initial causes of climate change. The formation of
clouds in a greenhouse-heated world may cause a negative feedback.
A warmer atmosphere will contain more moisture, and consequently
more clouds. Clouds reflect a lot of sunlight and may help reduce the
amount of global warming due to anthropogenic greenhouse gas
emissions.

1.7

Global Warming

The continued increase in the atmospheric concentration of carbon
dioxide due to anthropogenic emissions is predicted to lead to
significant changes in climate. About half of the current emissions are
being absorbed by the ocean and by land ecosystems, but this
absorption is sensitive to climate as well as to atmospheric carbon
dioxide concentrations, creating a feedback loop. The earth has a
natural greenhouse effect which keeps it much warmer than it would
be without an atmosphere. The greenhouse effect occurs when shortwave solar radiation heats the surface of the earth, and the energy is
radiated back through the earth’s atmosphere as heat, with a longer
wavelength. Greenhouse gases in the atmosphere trap infrared heat
energy trying to escape back to space. This process raises the
temperature of the lower atmosphere and the earth’s surface in
contact with it. During the last 200 years, mankind has been releasing
substantial quantities of extra greenhouse gases to the atmosphere,
through the burning of fossil fuels and deforestation. These extra
gases are trapping more heat in the atmosphere, and it is now
suspected that the observed warming of the earth by about 0.6⁰C
since the late 19th century is due to this man-made enhancement of the
natural greenhouse effect. This climatic trend has been known as
‘global warming’, and may be distinguished from historical and prehistorical climate changes that have occurred naturally.
Future climate change and associated impacts will vary from
region to region around the globe. The effects of an increase in global
temperature include a rise in sea levels and a change in the amount
and pattern of precipitation, as well as a probable expansion of
subtropical deserts. Warming is expected to be strongest in the Arctic,
with the continuing retreat of glaciers, permafrost and sea ice. Other
likely effects of the warming include more frequent extreme weather
events including heat waves, droughts and heavy rainfall; ocean
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acidification; and species extinctions due to shifting temperature
regimes. Effects significant to humans include the threat to food
security from decreasing crop yields and the loss of habitat from
inundation.
Much of the debate surrounding global warming has centered on
the accuracy of scientific predictions concerning future warming. To
predict global climatic trends, climatologists accumulate large
historical databases, and use them to create computerized models that
simulate the earth’s climate. The validity of these models has been a
subject of controversy. Skeptics say that the climate is too complicated
to be accurately modelled, and that there are too many unknowns.
Some also question whether the observed climate changes might
simply represent normal fluctuations in global temperature.
Nonetheless, for some time there has been general agreement that at
least part of the observed warming is the result of human activity and
that the problem needs to be addressed.

1.8

The Impact of Climate Change on Ecosystem

Ecosystems are of great importance to human communities. They
provide supplies for human communities in the provision of food,
water, fuel, wood and biodiversity. They also provide important
regulation especially for components of the hydrological cycle. The
variety of plants and animals that constitute a local ecosystem is
sensitive to the climate, the type of soil and the availability of water.
Ecologists divide the world into regions characterized by their
distinctive vegetation. Changes in climate alter the suitability of a
region for different species, and change their competitiveness within
an ecosystem, so that even relatively small changes in climate will
lead, over time, to large changes in the composition of an ecosystem.
Large changes are also expected in the polar regions both in the
amount of sea-ice cover and in vegetation with large implications for
managed and unmanaged ecosystems both on land and marine areas.
Changes in dry lands in their extent or the nature of their vegetation
are also of great concern. Significant disruptions of ecosystems from
disturbances such as fire, drought, pest infestation, invasion of
species, storms and coral bleaching events are expected to increase.
The stresses caused by climate change, added to other stresses on
ecological systems (e.g., land conversion, land degradation,
deforestation, harvesting and pollution) threaten substantial damage
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to or complete loss of some unique ecosystems, and the extinction of
some endangered species. Coral reefs and atolls, mangroves, boreal
and tropical forests, polar and alpine ecosystems, prairie wetlands
and remnant native grasslands are examples of systems threatened by
climate change. Possible adaptation measures to reduce the loss of
biodiversity include the establishment of refuges, parks and reserves
with corridor to allow migration of species, and the use of captive
breeding and translocation of species (Houghton, 2004).
About ocean ecosystems, there is considerable evidence that
physical, chemical and biological activities in the oceans have been
affected by climatic change. Changes in ocean water temperature and
possible changes in some of the patterns of ocean circulation will
result in changes in the regions where upwelling occurs and where
fish congregates. Some fisheries could collapse and others expand.
Some of the most important marine ecosystems are found with coral
reefs that occur in many locations throughout the tropical and subtropical world. They are especially rich in biodiversity and are
particularly threatened by global warming. Within them the species
diversity contains more phyla than rainforests and they harbor more
than 25% of all known marine fish (Houghton, 2004). They represent a
significant source of food for many coastal communities.
Coastal wetlands and estuaries are among the most productive
ecosystems on earth. The high productivity of these systems is related
to the inputs of freshwater and to the fluctuating water levels caused
by the ocean tides. Freshwater inputs to estuaries deliver not only
nutrients that support high production, but also large quantities of
suspended sediments, which are critical to the accretion of wetland
soils that allow plants to avoid permanent inundation by the sea. In
addition, the mixing of freshwater and seawater in estuaries creates
water circulation patterns that tend to retain nutrients, which further
enhances coastal ecosystem productivity. Coastal wetlands support
dense population of animals, many of them migratory and of great
commercial value. The movements of many migratory aquatic
animals (e.g., crabs, fish) to deeper sea water are regulated by
estuarine salinity, which changes as freshwater inflows mix with tidal
salt water. Temperature conditions are also an important
environmental cue for migration. Further water temperature
regulates many ecological processes and the distribution of many
coastal wetland species. Coastal wetland ecosystems are also among
the most altered and threatened natural systems.
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Important impacts include increased nutrient loading leading to
eutrophication, direct loss through habitat destruction, changes in
hydrology, introduction of toxic materials, and changes in species
composition due to over-harvest and introduction of new species.
Most coastal wetland loss has been due to draining and filling.

1.8.1

Ocean Carbon Process

An important role the oceans play in the climate system is as a carbon
reservoir or ‘sink’. The oceans cover 71% of the earth’s surface. With
the exception of where they are ice-covered, the oceans are in direct
contact with the atmosphere and gases exchange between the
atmosphere and the oceans. Both physical/chemical and biological
processes are responsible for this transfer of CO2 between the
atmosphere and the oceans. Thus, one of the great but undervalued
services that the ocean provides human societies is that it slows the
progression of human-induced global warming by removing
anthropogenic carbon from the atmosphere (Richardson et al., 2011).
The total amount of carbon in the ocean is about 50 times greater than
the amount in the atmosphere, and is exchanged with the atmosphere
on a time-scale of several hundred years. Dissolution in the oceans
provides a large sink for anthropogenic CO2, due in part to its high
solubility, but above all because of its dissociation into ions and
interaction with sea water constituents. The annual two-way gross
exchange of CO2 between the atmosphere and surface ocean is about
90 PgC/yr, mediated by molecular diffusion across the air-sea
interface. The flux can be estimated as the product of a gas transfer
coefficient, the solubility of CO2, and the partial pressure difference of
CO2 between air and water. The natural transfers result from heating
and cooling, and biological production and respiration. Carbon is
transferred within the ocean from natural sink regions to natural source
regions via ocean circulation and the sinking of carbon rich particles.
In temperate and high latitudes there is a peak in ocean biological
activity during spring. During the winter, water rich in nutrients is
transferred from deep water to levels near the surface. As sunlight
increases during the spring, an explosive growth of the plankton
population occurs, known as the ‘spring bloom’. Plankton are small
plants (phytoplankton) and animals (zooplankton) that live in the
surface waters of the ocean; they range in size between about
0.001mm across and the size of typical insects on land. Herbivorous
zooplankton graze on phytoplankton; carnivorous zooplankton eat
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herbivorous zooplankton. Plant and animal debris from these living
systems sink in the ocean. While sinking, some decomposes and
returns to the water as nutrient, some (about 1%) reaches the deep
ocean or the ocean floor, where it is lost to the carbon cycle for
hundreds, thousands or even millions of years. The net effect of the
‘biological pump’ is to move carbon from the surface water to lower
levels in the ocean. As the amount of carbon in the surface water is
reduced, more carbon dioxide from the atmosphere can be drawn
down to restore the surface equilibrium. It is thought that the
‘biological pump’ has remained substantially constant in its operation
during the last century unaffected by the increase in carbon dioxide.

1.9

Agricultural Greenhouse Gases

The temperature of the atmosphere near the earth’s surface is raised
through visible shortwave light coming from the sun to the earth,
passing unimpeded through a blanket of thermal, or greenhouse
gases. Infrared radiation reflects off the planet’s surface toward space
but does not easily pass through the thermal blanket. Greenhouse
gases within the atmosphere trap some of the outgoing infrared
radiation emitted by the earth and the atmosphere. In addition to
water vapour, important greenhouse gases are carbon dioxide (CO2),
methane (CH4), nitrous oxide (N2O), tropospheric ozone (O3) and
chlorofluorocarbon (CFCs), together with clouds. These gases keep
the earth’s surface and troposphere 33⁰C warmer than it otherwise
would be. Changes in the concentrations of these greenhouse gases
will change the efficiency with which the earth cools to space. The
atmosphere absorbs more of the outgoing terrestrial radiation from
the surface when concentrations of greenhouse gases increase. This is
emitted at higher altitudes and colder temperatures and results in a
positive radiative forcing which tends to warm the lower atmosphere
and earth’s surface. The natural concentration ranged from about 190
to 280 parts per million (ppm). When CO2 concentrations were low, so
too were temperatures, and when CO2 concentrations were high, it
was warmer. The amounts of all these gases in the atmosphere are
now being increased as a result of man-made processes, such as fossil
fuel burning and deforestation. The atmospheric concentration of
carbon dioxide, for example, has increased by 30% since the 18th
century, whilst levels of methane have more than doubled. Water
vapour, whilst not directly released by man-made processes in
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substantial quantities, may be increasing as a result of climate
feedback effects.
The exact ratio between the land-use related emissions and those
from natural ecosystems (swamps, tundra), fossil fuels (coal, oil, gas)
and geological sources (volcanoes) are a bone of contention among
industrialized and developing countries. The required reductions of
emissions to achieve stabilization of atmospheric concentrations of
current levels are believed to be > 60% for CO2, 15-20% for CH4 and
70-80% for NO2 (Sombroek and Gommes, 1999). This implies the need
for up-to-date and complete information not only on land cover and
land uses per country, but also on the kind of crops grown, their
intensity, their rotation and the amounts of input (energy, fertilizers).

1.10

Volcanic Aerosols

Volcanic activity can inject large amounts of sulphur containing gases
(primarily sulphur dioxide) into the stratosphere. Once reaching the
stratosphere, some gases rapidly oxidize to sulphuric acid and
condense with water to form an aerosol haze. The volcanic aerosols
increase the planetary albedo and the dominant radiative effect is an
increase in scattering of solar radiation, which reduces the net
radiation available to the surface/troposphere, thereby leading to a
cooling. This can produce a large, but transitory negative radiative
forcing, tending to cool the earth’s surface and lower atmosphere for
periods of up to 2-3 years. Thus individual volcanic eruptions can
produce large radiative cooling on climate. To have the global effects
though, the latitude of eruption must lie between 30⁰N and 30⁰S.
Eruptions poleward of these latitudes will only affect the hemisphere
where the eruption occurs. Though volcanic pollution from smaller
eruptions, ejected only a few miles into the atmosphere, is removed
within days by rain, the volcanic dust and aerosols in the stratosphere
may remain for up to two years, gradually spreading over much of
the globe by winds. Volcanic aerosols result in a 5 to 10% reduction in
direct sunlight, largely through scattering as a result of the highly
reflective sulphuric acid aerosols. Large eruptions, such as the Mount
Pinatubo in the Philippines which occurred in 1991, can bring about a
short but noticeable global cooling of up to 0.3⁰C. It is possible that
the longer term changes in the intensity of volcanic activity on the
earth may explain incidences of longer time climate change during
history of the earth.
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Theories concerning the climatic impact of such emissions vary.
Some suggest that an initial severe global cooling may have occurred
due to reduction in the amount of incoming sunlight, scattered and
reflected by the secondary sulphuric acid aerosols. Others suggest
that the extra volumes of carbon dioxide enhanced the earth’s
greenhouse effect, causing a longer term global warming. Though the
exact nature of the climatic effects is not known, it is likely that these
effects were responsible for the mass extinction of living species that
occurred at this time, including many other living organisms on land
and in the oceans.

1.11

Direct and Indirect Effects of
Climate Change on Agriculture

Direct effects occur primarily through changes in temperature and
precipitation that will bring changes in land suitability and in crop
growth. The projected net effect will be an increase in the area of land
in higher latitudes suitable for crop production, because of milder and
shorter winters, but a decrease in land suitability in arid and semiarid areas. Given the higher temperatures at high latitudes and the
CO2 fertilization effect, boreal and north temperate forests in North
America, northern Asia and Europe and parts of China are likely to
grow more rapidly (FAO, 2003). Tropical forests may decline in area
and productivity, because of decreased rainfall and higher
temperatures, with some loss of biodiversity. Sea level rise induced
by global warming could lead to loss of land through flooding and
saltwater intrusion, and damage to mangrove swamps and spawning
grounds. Sea temperature rise can disrupt ocean currents and fish
breeding patterns.
Indirect impacts operate primarily through effects on resource
availability, notably water resources, and on ecosystems as they
respond to shifts in temperature and precipitation; and through the
loss of biodiversity. In qualitative terms, many indirect effects of
climate change on agriculture can be conjectured. Most of them are
estimated to be negative (Sombroek and Gommes; 1999; Das, 2003).
These effects include:


decrease in the overall predictability of weather and climate
making the day-to-day and medium-term planning of farm
operations more difficult;
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changes in water availability owing to remote climate
changes; for example, agriculture along the Nile in Egypt
depends on rainfall in the upper reaches of the Nile such as
Ethiopian Highlands;



environmental and social stress in many regions of rangelands
and drylands affecting agricultural production; declining
human health affecting labour productivity in agriculture; loss
of biodiversity from some of the most fragile environment,
such as tropical forest and mangroves;



flooding from unmanageable catchments and inundation of
land areas due to storm surges; sea-level rise would submerge
some valuable coastal agricultural land;



higher pathogen survival rates leading to extension of
cropping areas and providing more host plants for pathogens;
the incidence of diseases and pests, especially alien ones,
could increase;



the stability of agriculture and forestry systems would be
threatened as native forests take centuries to adjust to rapidly
changing temperature, and agriculture would face almost
impossible adjustment; present agro-ecological zones could
shift in some cases over hundreds of kilometers horizontally,
and hundreds of meters altitudinally, with the hazard that
some plants, especially trees, and animal species cannot
follow in time, and that farming systems cannot adjust
themselves in time;



higher temperatures would allow seasonally longer plant
growth and crop growing in cool and mountainous areas,
allowing in some cases increased cropping and production. In
contrast, in already warm areas climate change can cause
reduced productivity;



the current imbalance of food production between cool and
temperate regions and tropical and subtropical regions could
worsen;



forest-fire would become more frequent in arid and semi-arid
regions affecting the productivity and the biodiversity of the
forest.
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1.12

Effects of the Greenhouse Gases on Plant
Physiological Process

The greenhouse gases CH4, N2O and chlorofluorocarbons (CFCs)
have no known direct effects on plant physiological processes. They
only change global temperature and are therefore not discussed
further in this chapter. Instead, concentrations should be on the
effects of increased CO2, tropospheric ozone (O3), increased surfacelevel ultraviolet (UV-B) radiation through depleted stratospheric
ozone, increased temperatures and the associated intensification of
the hydrological cycle. In the context of the direct effects of climate
change on crops, a key consideration is the increasing concentrations
of atmospheric CO2. While any increase in surface-level UV-B and O3
can lead to adverse effects on crops over a broad geographic scale,
elevated concentrations of CO2 are considered to provide a
fertilization effect. Surface-level (UV-B) radiation and ozone (O3) are
components of the global climate and any increase in their levels can
lead to adverse effects on crop growth and productivity on a broad
geographic scale. Possible increases in surface UV-B radiation are
attributed to the depletion of the beneficial stratospheric O3 layer. On
the other hand, increases in surface-level O3, that are largely the result
of photochemical oxidant pollution, are also part of the general
increase in the concentrations of the greenhouse gases that may lead
to global warming.

1.12.1 The CO2 Fertilization Effect
Higher concentrations of atmospheric carbon dioxide, due to increase
use of fossil fuels, deforestation and biomass burning, may have a
positive effect on photosynthesis. Increased carbon dioxide
concentrations stimulate photosynthesis, enabling plants to fix carbon
at a higher rate. This process leads to increased biomass production,
particularly under optimal growing conditions of light, temperature,
nutrients and moisture supply. The effect is particularly applicable to
what are called C3 plants (such as wheat, rice and soybean), but less
so to C4 plants (such as maize, sorghum, sugarcane, millet, and many
pasture and forage grasses). Under ideal conditions it can be a large
effect; for C3 crops under doubled carbon dioxide, average increase in
production can be around +30%, although grain and forage quality
tends to decline with carbon dioxide enrichment and higher
temperatures. Enhanced growth has also been observed for young
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tree stands but no significant response has been measured for mature
forest stands. Ozone exposure limits carbon dioxide response in both
crops and forests.
Higher CO2 values would also mitigate the plant growth damage
caused by pollutants such as NOx and NO2 because of smaller
stomatal openings. Higher percentages of starch in grasses improves
their feeding quality, implying less need for feed mixes when
silaging.

1.12.2 The CO2 Anti-transpirant Effect
With increased atmospheric CO2 the consumptive use of water
becomes more efficient because of reduced transpiration. This is
induced by a contraction of plant stomata and/or a decrease in the
number of stomata per unit leaf area. This restricts the escape of water
vapour from the leaf more than it restricts photosynthesis. With the
same amount of available water, there could be more leaf area and
biomass production by crops and natural vegetation. Plants could
survive in areas hitherto too dry for their growth.

1.12.3 Ultraviolet Radiation and Ecosystem
The potential adverse impact of increased ultraviolet UV-B radiation
on plants and animals is a matter of serious concern, simply because
they form the basis of our food supply. Significant changes in the
health or growth of plants and animals may reduce the amount of
available food. Increased ultraviolet radiation (UV-B, between 280
and 320 nanometers), due to depletion of the stratospheric ozone
layer, mainly in the Arctic region, may negatively affect terrestrial
and aquatic photosynthesis and animal health. Over the last decades,
a decrease of stratospheric ozone was observed at all latitudes.
However, the biological and physiological effects of UV-B can vary
over several orders of magnitude with even slight changes in the
amount and wavelength of UV-B. It has been noted that there are
damaging effects of increasing UV-B on crops, animals and plankton
growth. It has been reported that UV-B affects the ability of plankton
organisms to control their vertical movements and to adjust to light
levels. Also, reductions in yield of up to 10% have been observed at
experimentally very high UV-B values, and would be particularly
effective in plants where the CO2 fertilization effect is strongest. On
the other hand, UV-B increase could increase the amount of plant
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internal compounds that act against pests. Clear lakes and oceans in
alpine and polar regions, where UV-B penetrates deep into the water
column, may be particularly vulnerable. The biological organisms in
polar waters are even more at risk because of the limited repair
capabilities under the inhibitory effects of low temperatures.

1.12.4 Effect of Tropospheric Ozone on Plants
Tropospheric ozone is a particularly difficult greenhouse gas to keep
track of, due to its short lifespan and the fact that ozone
concentrations can vary hugely from place to place. Tropospheric
ozone originates about half from photochemical reactions involving
nitrogen oxides (NOx), methane or carbon monoxide, and half by
downward movement of stratospheric ozone. In the tropics,
tropospheric ozone concentrations are generally lower than at
northern mid-latitudes. However, this does not apply to periods
when biomass burning releases precursor substances for the
photochemical formation of ozone. High ozone concentrations have
toxic effects on both plant and animal life. The response of plants to
O3 may be viewed as the culmination of a sequence of physical,
biochemical and physiological events. The O3 diffuses from the air
into the leaf through stomata, and these exert control on O3 uptake.
Plants are able to detoxify O3 or its metabolites and can repair or
compensate for O3 impacts, so visible signs of ozone injury may not
occur if the rate of O3 uptake is sufficiently small. When resources
have to be devoted to repair or compensation mechanisms, or when
O3 uptake is too large for full repair to be achieved, growth and yield
may be reduced in the absence of visible injury by O3. The principal
modes of action of O3 on plants are through injury to proteins and
membranes, reduction in photosynthesis (i.e., carbon gained),
changes in allocation of carbohydrate, and acceleration of senescence.
The main result of O3 exposure is therefore a reduction in the capacity
of the plant to accumulate photosynthate through loss in
photosynthetic capacity and increased foliage senescence.

1.12.5 Combined Effects of CO2, UV-B and/or O3 on Plants
The decrease in stratospheric ozone (O3) and the consequent possible
increase in ultraviolet-B (UV-B) is a critical issue. In addition,
tropospheric concentrations of greenhouse gases such as carbon
dioxide (CO2) are increasing. The changes in CO2, tropospheric ozone
and increased UV-B do not necessarily occur simultaneously. CO2
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increase is worldwide, but with a strong seasonality in middle and
higher latitude; significant increase of UV-B is largely limited to
subpolar regions (and mainly during the northern hemisphere winter
months) and high near-surface O3 levels are mainly restricted to the
neighbourhood of major cities, such as airports and crop fields (Seitz,
1994). An analysis of the available literature suggests that sorghum,
oats, rice, pea, bean, potato, lettuce, cucumber and tomato are among
the crop species that appear to exhibit a high degree of
responsiveness to the joint effects of all three environmental variables
(CO2, O3 and UV-B). A critical limitation in this type of assessment is
the fact that almost all of our knowledge has been primarily derived
from the studies on crop response to single rather than to all the
variables (CO2, UV-B or O3). Compounding this limitation is the lack
of the impacts of possible changes in temperature and moisture
regime. There is clear evidence from satellite and from surface
monitoring that stratospheric ozone is being depleted, probably
because of emissions of chlorine- and bromine-containing substances,
so that globally the column of ozone from the surface through the
atmosphere is thinning at about 3% per decade, a rate that seems to be
increasing (Houghton et al., 1992). The consequence of this thinning is
that ultraviolet (UV-B) radiation at the ground, normally severely
attenuated by stratospheric O3, will increase. Even if annual mean
UV-B exposure has not changed, there are indications that thinning of
stratospheric ozone, similar but less extreme than that observed in the
Antarctic, can occur episodically at temperate latitudes. There is also
evidence of increase in background tropospheric ozone concentration
in the United States, Europe and Southeast Asia, as well as the regular
occurrence on a regional scale of high concentrations of tropospheric
O3 associated with stagnant weather systems in summer. These
concentrations have been demonstrated to reduce the growth and
yield of many agricultural crops (Unsworth and Hogsett, 1999).

1.13

Effects of Higher Temperature

In middle and higher latitudes, global warming will extend the length
of the potential growing season, allowing earlier planting of crops in
the spring, earlier maturation and harvesting, and the possibility of
completing two or more cropping cycles during the same season.
Crop-producing areas may expand poleward in countries such as
Canada and Russia, although yields in higher latitudes will likely be
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lower due to the less fertile soils that lie there. In warmer, lower
latitude regions, increased temperatures may accelerate the rate at
which plants release CO2 in the process of respiration, resulting in less
than optimal conditions for net growth. When temperatures exceed
the optimal for biological processes, crops often respond negatively
with a steep drop in net growth and yield. Another important effect
of high temperature is accelerated physiological development,
resulting in hastened maturation and reduced yield.
Higher night temperature may increase dark respiration of plants,
diminishing net biomass production. Higher cold-season temperatures
may lead to earlier ripening of annual crops, diminishing yield per
crop, but would allow locally for the growth of more crops per year
due to the lengthening of the growing season. Winter mortality of
pests is likely to be reduced at high latitudes, resulting in greater crop
losses and higher need for pest control. Higher temperatures will also
allow for more plant growth at high latitudes and altitudes.

1.14

Climate Change Impact on Agriculture and
Food Security

Agricultural systems are influenced directly by climatic conditions
and thus, potentially vulnerable to climate change. Agriculture, in
turn, is part of complex food systems that are also vulnerable – so that
food security is threatened not only by climate impacts on crop yields,
livestock and fisheries, but also by climate impacts on the processing,
transport and consumption of food. Four factors are particularly
important in considering the effects of climate change on agriculture
and food production (Houghton, 2004). The availability of water
crucial for plant growth and increased yield is the most important of
the factors. A second factor, which tends to lead to increased
production as a result of climate change, is the boost to growth that is
given, particularly to some crops, by increased atmospheric carbon
dioxide. A third factor is the effect of temperature changes; as
temperatures rise, yield of some crops are substantially reduced. A
fourth factor is the influence of climate extremes, heatwaves, floods
and droughts that seriously interfere with food production.
The multi-decadal cooling of the late 16th century in Europe
resulted in one of the peak cooling excursions of the so called Little
Ice Age epoch of Europe. This example of climate variability provides
impact of a mere 0.5°C cooling in annual mean temperature on
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society. Increases were observed in surface global temperatures
during the 20th century, and interannual climate variability has been
observed in many regions of the globe (Salinger et al., 1997). If
climatic variability in the order of 0.5°C can cause such dramatic
effects on glaciers, flood events and storm surges, agricultural
commodity prices, wine yields, and other societal effects as
documented for the 16th century, then this poses questions of what are
the impacts of the projected increasing climatic variability and change
during the 21st century. There is now better understanding of the
climate system, and the natural and anthropogenic factors that have
caused climate variability and change over the past century as well as
the factors that may cause likely changes in climate and its variability
during the 21st century impacting significantly global food and fibre
production (Salinger et al., 2000).
In general, global food production has been growing faster than
human population. There are, however, marked disparities between
continents. Of major concern is the fact that the crop production areas
of the earth are limited in extent and yield. Arable land growth lags
behind population growth, which indicates some intensification of
production. In Asia upper limit of available land has been reached in
several countries, resulting in very high cropping intensities and a
dominant role for irrigation. In arid and semi-arid regions of Africa,
the present climates itself is marginally productive and even a slow
and small change towards a worsening climate can create greater risk
to agriculture. There is wide consensus that climate change, through
increased extremes, will worsen food security in Africa. In Latin
America, the increase in arable land is achieved only at a high
ecological cost (especially deforestation) which may have direct
relevance to climate change. This new world situation leads to climate
becoming more and more a significant factor in grain production. As
grain reserves continue to fall, climate change becomes more
important as a sensitive controlling parameter in determining future
supply. The response of crop yields to climate change varies widely,
depending on the species and cultivar; soil properties; pests and
pathogens; the direct effects of CO2 on plants; and interaction
between air temperatures, water stress, mineral nutrition, air quality,
and adaptive responses. In some ways, agricultural systems are
analogous to the climate system in that they are comprised of several
different interacting components. Climate change can positively or
negatively affect some or all of these components in ways that leads
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to both net increases or decreases in the overall productivity of the
system. As in the climate system, the interactions between these
various components of agricultural systems are complex and they are
influenced by many other factors than just climate.
Even though increased CO2 concentration can stimulate crop
growth and yield, but that benefit may not always overcome the
adverse effects of excessive heat and drought. Precipitation changes
may occur in the tropics, where some crops are near their maximum
temperature tolerance and where dryland agriculture predominates,
yields would then decrease generally with even minimal changes in
temperature. The areas where there is large decrease in rainfall, crop
yields would be even more adversely affected. Extreme events also
will affect crop yields. Higher minimum temperatures will be
beneficial to some crops, especially in temperate regions, and
detrimental to other crops, especially in low latitudes. Higher
maximum temperatures will be generally detrimental to numerous
crops (Das, 2004).
Rural population, over 2.6 billion who depend on agriculture for
sustenance and livelihood are often vulnerable to the direct impacts
of adverse climate events. In total 2.2 billion tons of cereals are
produced yearly for food and feed, providing two-thirds of total
protein intake by humans. In addition, 260 million tons of meat and
about 139 million tons of fish (36 million tons of freshwater; 72 million
tons of marine and 31 million of tons of other aquatic animals) are
produced annually (FAO, 2007). Aquatic products contribute 50% or
more of total animal protein intake in some small islands and
developing countries (FAO, 2008).

1.15

Climate Change Impact on Soil and Water Resources

Degradation of soil and water resources is one of the major future
challenges for global agriculture. Being exposed to degradation as a
result of poor land management, soil could become infertile as a
result of climate change. Temperature increases would have negative
impacts on natural vegetation in desert zones. Plants with surface
root systems, which utilize mostly precipitation moisture, will be
vulnerable. It is established that those processes mentioned above are
likely to be intensified by adverse changes in temperature and
precipitation. Land use and management have been shown to have a
greater impact on soil conditions than the indirect effect of climate
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change; thus, adaptation has the potential to significantly mitigate
these impacts. The effect of climate change on soil erosion and
sedimentation in mountain regions may be indirect but could be
significant. Part of generated sediment may be deposited on
agricultural land or in irrigation canals and streams, which will
contribute to deterioration in crop production and in the quality of
agricultural lands. The combined effects of subsidence and sea level
rise could cause serious damage and sedimentation problems in
addition to coastal erosion and land loss in deltaic areas of many
regions throughout the globe.

1.16

Climate Change Impact on Fisheries and
Aquaculture

Fish provide essential nutrition and income to an ever-growing
number of people around the world, especially where other food and
employment resources are limited. In many developing countries, it is
frequently the case that most households in rural areas around lakes,
rivers and wetlands are involved in fishing on at least a seasonal
basis. Climate changes may affect fisheries and aquaculture directly
by influencing fish stocks and the global supply of fish for
consumption, or indirectly by influencing fish prices or the cost of
goods and services required by fishers and fish farmers. Many fishers
and aqua-culturists are poor and ill-prepared to adapt to change,
making them vulnerable to impacts on fish resources. Increasing
seasonal and annual variability in precipitation and resulting flood
and drought extremes are likely to be the most significant drivers of
change in inland aquaculture and fisheries (Das, 2003).

1.17

Interaction between Agricultural and
Non-agricultural Ecosystems

Agricultural ecosystems cover an estimated 40% of earth’s surface,
but they also create impacts on other ecosystems. One of the major
ways that agriculture affects distant ecosystems is through its
modification of global water flows. About two-thirds of the water
removed from rivers is used for irrigation (Scanlon et al., 2007), and
the water that flows from agricultural lands into rivers and lakes
carries with it agricultural fertilizers that reduce water quality in
aquatic ecosystems (Galloway et al., 2004). However, less obviously,
agriculture alters atmospheric flows of water due to the impact of
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irrigation and deforestation on global evapotranspiraton (Gordon
et al., 2005). It is via both direct and indirect impacts on other
ecosystems that agriculture has increased the supply of desired
ecosystem services, such as food and fibre, but at the same time led to
unintended declines in non-agricultural ecosystem services, such as
fisheries, flood regulation and downstream recreational opportunities
(Millennium Ecosystem Assessment, 2005). Abrupt changes in
ecosystem services can occur due to shifts between different
ecosystem regimes, and this presents a substantial challenge to
ecosystem management and development goals (Folke et al., 2004).

1.18

Vulnerability and Adaptation to Climate Change

Adaptation to climate presents some unique difficulties. High degree
of weather variability in many regions may be misconstrued as
climate change by the farming community. Errors of over- and underweighting new information are possible. Farmers may switch to
longer maturing varieties believing that the climate has warmed and
seasons have lengthened only to suffer frost damage when the
apparent warming was short-lived. Or, they may remain with shorter
remaining varieties, possibly suffering yield loss because of a
shortened grain filling period as development is pushed by warmer
temperatures, regretting that they had not moved to longer maturing
varieties.
For poorer regions, it is the poorest members of these areas or
those that could be made poor by climate change that are most at risk.
The wide uncertainty with regard to local and regional climate
change means it is difficult to rule out negative possibilities for any
area. Those who are currently poor, malnourished and dependent on
local production for food are the most vulnerable in terms of hunger
and malnutrition to climate change. Similarly, severe economic
vulnerability is most likely where a large share of the world’s
population depend on agriculture, leaving little alternative
employment opportunities.
Local and regional vulnerabilities to climate change are a result of
inequities that exist within and across nations, and may be attributed
to factors such as unequal economic relationships, unequal access to
entitlements, power relationships and institutional factors. Thus,
equitable solutions to climate change must be initiated by an
understanding of differential vulnerability to climate change. Issues
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requiring attention and serious consideration include vulnerability
and equity between nations, how vulnerability and adaptation
interact with poverty, regional imbalances in adaptive capacity, and
differential absorptive capacity to undertake adaptation projects and
programs (Adger et al., 2006). If climate policy is to respond to equity
concerns, then inequities within countries and across different social
and gender groups also need to be acknowledged as well as
identifying winners and losers, opportunities and challenges
(Leichenko and O’Brien, 2008).
A major reason for identifying vulnerabilities of different types
and at different scales is to better understand what can or might be
done to guard against potential losses or, for that matter, take
advantage of potential opportunities. Identifying locations that are
vulnerable to yield loss due to increases in the likelihood of extreme
heat during critical crop development may suggest consideration of
alternative varieties

1.19

Conclusions

The accumulation of greenhouse gases is not the only change in the
atmosphere as a result of human activities. Different types of aerosols
are also introduced to the atmosphere via human activities. These
different aerosol types have different influences on the climate system –
some result in net warming of the planet due to their absorption of
energy and retaining it as heat and some others result in net cooling
of the earth because of their scattering or reflection of incoming
radiation. Global climate conditions are dictated by the amount of
energy stored as heat at the earth’s surface and redistribution of this
energy. Heat is stored in many other compartments in the earth
system. By far the greatest amount of the additional heat energy that
has accumulated on the earth in recent decades is stored in the
oceans.
Given that such a large percentage of the heat energy stored on the
earth is found in the oceans, changes in ocean heat content are a
robust indicator of global climate change. In addition to increase in
ocean temperatures, climate change is causing changes in the physical
chemistry of the oceans including changes in salinity distributions as
well as acidification of surface water. The changes in salinity
distributions signal changes in the global hydrogen cycle and the
acidification potentially threatens many different types of marine
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organisms and influences the functioning of the global carbon cycle.
The changes in the oceans generated by elevated CO2 concentrations
and global warming not only impact living conditions for marine
organisms, they will ultimately also influence the ecosystems on the
land including agricultural and livestock production. The following
chapters consider how the climate change-induced changes in the
ecosystem can influence the climate conditions experienced by
organisms living on land as well as in oceans and risks that climate
change poses for lives on ecosystems.
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