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‘You can’t see it; yet the sky is blue. You can’t touch it; yet you can feel its movement. It
is very light and easily moved; yet it can support weights of hundreds of tons, destroy
buildings and even move the Earth. It has no voice; yet conversation and music are
impossible without it. It won’t stop a bullet; yet it protects us from cosmic missile attack.
It dries the washing; yet it brings us rain. It doesn’t generate heat; yet it keeps the earth
from freezing. It is non-ﬂammable; yet it allows us to make ﬁre. It lacks life; yet it sustains
it. These are a few of the multitude of attributes of the wonderful material that is ‘Air’.’
Frank Fahy
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Summary of Atmosphere Indicators

Indicator

The
Tropics

Central &
Southern
Africa

Northern
Africa &
Middle
East

South
Asia

South East
Asia

Caribbean

Central
America

South
America

Oceania

Rest
of the
World

World

177-4,593

15-227

3-214

43-901

30-2,026

9-111

24-401

41-659

13-53.7

5,52525,381

5,89129,986

Carbon
Dioxide &
Greenhouse
Gas Emissions

CO2
emissions*
1950 to
2008
Greenhouse
gas emissions – per
capita**
1990 to
2006

2.4-2.9

2.3-1.9

3.05-3.15

1.2-1.6

2.3-3.6

3.7-3.9

4.1-4.7

4.7-5.3

7.9-7.0

7.66-7.75

5.6-5.7

Electricity
Generation
1980 to 2010

Total
Electricity
Generation#

542-2,927

56-126

11-108

75-543

106-1,140

31-66

60-242

185-664

18-38

7,47117,286

8,01320,213

Renewable
Electricity
Generation#

270-954

46-83

0.6-5

30-84

19-189

2.3-2.7

21-64

149-520

2.6-5.5

1,4843,198

1,7544,152

% Electricity
Generated
from
Renewables

50-33

83-66

5.4-4.7

40-15

17.7-16.6

7.4-4.1

34-27

81-78

14.4-14.4

19.9-18.5

21.9-20.5

PM10 Air
Quality^

77-39

80-35

164-78

81-65

82-41

48-28

48-33

53-28

39-22

73-34

76-36

Air Pollution
1990 to 2010

Red: Situation is deteriorating
Green: Situation is improving

* CO2 emissions in millions of tonnes of carbon dioxide; **emissions in tonnes of CO2 equivalent;
#
net generation (gross electricity generation less electricity required for power station operations) in billion kilowatt hours;
^
measured in micrograms/cubic metre (μg/m3)

Despite its critical importance to life on Earth
the atmosphere is amongst the least known
and appreciated of our global systems. It
plays a vital role in the provision of essential
ecosystem services, including protecting life
from damaging solar radiation, providing
the air we breathe, regulating climate and
being integral to the hydrological cycle. The
atmosphere is being increasingly impacted
by human activities at multiple scales which
affect the broader environment and human
health and well-being. For example, increased
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atmospheric concentrations of greenhouse
gases are causing the world’s climate to change.
Climate change has a wide-ranging impact on
habitats, species distributions, human health,
agriculture, sea levels and the frequency and
intensity of extreme weather events. Emissions
of ozone-depleting substances have decreased
over the past two decades but the “hole” in the
ozone layer over Antarctica is now larger than
ever. Human and environmental health suffers
and millions of people are affected adversely by
outdoor and indoor air pollution. Such impacts

are global in their nature but are likely to be felt
more strongly in the world’s most vulnerable
communities – most of which are in the Tropics.

Headline indicator

Carbon dioxide and greenhouse gas emissions:
Carbon dioxide and other greenhouse gases
(GHG) are critical components of the earth’s
atmosphere and their concentrations strongly
influence the planet’s climate at local, regional
and global scales. Human-caused increases
in emissions of these gases threaten the
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Is it getting better?
Carbon dioxide and greenhouse gas emissions
Carbon dioxide (CO2) emissions have increased worldwide
in the past 200 years. The Tropics region emits less CO2 and
greenhouse gases than the Rest of World, although its share of
global emissions is increasing. Despite accounting for around
40% of the global population the Tropics only contributes 15%
of current greenhouse gas emissions. Regionally, emissions
from South-East Asia and South Asia are increasing rapidly but
are still small relative to the contribution from the Rest of the
World, particularly on a per capita basis.
Electricity supply
Since 1980 global electricity production has increased by 150%,
with the relative contribution to global electricity generation
from the Tropics increasing from 7% to 15% in the 30 years to
2010. The Tropics produced 23% of global renewable energy
in 2010, mostly through hydro-electricity although other
sources such as biofuels, solar and wind power are being
increasingly utilised.
Air pollution
Globally air quality has improved in the 20 years to 2010. The
extent of improvement is variable and is in part dependent
on climatic and geographical constraints. Despite major
improvements, no tropical region has yet reached the World
Health Organization’s PM10 guideline of 20 g/m3.

Image: Mark Ziembicki.

environment and our relationship with it.
Measuring emissions of GHGs is a good
indicator of progress towards responding
to climate change.

change effects. In this regard, how energy is
created, distributed and used is an important
indicator of future climate change risks and
sustainable development.

Supplementary indicators

Air quality (PM10): Air pollution has both human
and environmental impacts from short or long
term exposure. Air quality indicators reflect a
combination of industrial output, economic
growth and environmental governance. From a
public health perspective an important measure
of air quality is the concentration of particulate

Electricity supply: Electricity generated from
coal and gas is the largest sectoral contributor
to carbon dioxide and greenhouse gas emissions.
Conversely, electricity generated from low
carbon technologies and renewables may be
regarded as low impact with regard to climate

matter less than 10 micrometres (μm) in
diameter. Particulate air pollutants are measured
as the mass of particles that are less than 10 μm
in diameter divided by the volume of air sampled
in cubic metres (PM10).

Links to other dimensions

Land degradation, corals, mangroves, agriculture,
water supply, health, economic output, biodiversity.

Carbon dioxide emissions

The earth’s atmosphere is primarily composed
of nitrogen, oxygen and argon, but it is the
greenhouse gases (GHG) – which comprise less
than 1% of atmospheric gases – that play a key
role in maintaining an optimal temperature on
the earth’s surface for sustaining life by absorbing
and emitting infrared radiation. That is, GHG’s
such as carbon dioxide (CO2), methane (CH4),
nitrous oxide (N2O), ozone (O3), fluorinated
gases and water vapour play a critical role in the
energy budget of the earth (Baede et al. 2001).
This energy balance is complex, with surface
temperatures and weather conditions influenced
by the patterns and flow of GHG’s, aerosols and
clouds in the lower and upper atmosphere.
Carbon dioxide (CO2) is the most common GHG,
and is primarily generated through respiration in
living organisms and the combustion of fuels. It
is also the carbon source for photosynthesis in
plants. Natural emissions of CO2 from respiration
and decomposition are approximately twenty
times greater than anthropogenic (or humaninduced) emissions, but are balanced through
the natural uptake of CO2 by plants and marine
plankton (Sabine et al. 2004). Anthropogenic
emissions of CO2 have been the major cause of
increased concentrations of atmospheric CO2
since industrialisation (Sabine et al. 2004).
Over the past 400,000 years, atmospheric GHG
levels have fluctuated, with CO2 concentrations
ranging from 180 to 300 parts per million
(ppm) (Petit et al. 1999). However, since
industrialisation atmospheric CO2 emissions
have increased from around 285 ppm in 1750
(Forster et al. 2007) to 394 ppm in 2010 (NOAA
2013). Critically, the rate of increase during
this period has been much greater than in the
past and is primarily due to the burning of fossil
fuels and deforestation. Current atmospheric
concentrations of CO2 are at their highest levels
for the past 650,000 years (Siegenthaler
et al. 2005).
The relationship between increased CO2
emissions and a warming climate was first
suggested over a century ago (Field et al. 2004),
but it has only been in recent decades that the

16

SECTION 2  THE ECOSYSTEM  

weight of scientific evidence has led to increased
public awareness and political action. The first
World Climate Conference was held in 1979,
which resulted in the establishment of the
Intergovernmental Panel on Climate Change
(IPCC) in 1988; the United Nations Framework
Convention on Climate Change (UNFCCC) was
adopted in 1992; and the Kyoto Protocol in 1997
(see Box 2.1).

Trends
According to World Resources Institute estimates,
global anthropogenic CO2 emissions increased
by 400% between 1950 and 2008 from 5,892
to 29,986 million tonnes (Mt) (see Figure 2.1). In
1950, the Tropics accounted for 3% of reported
CO2 emissions. By 2008, emissions had risen
to 15% with increases at 5.8% per annum from
177 Mt to 4,600 Mt. Over that period annual
CO2 emissions in the Rest of the World increased
from 5,500 Mt to 25,000a Mt at a rate of 3.0%
per annum. This excludes emissions from land
use, land use changes, forestry and bunker fuels
because time series data are not available.
Among the tropical regions South East Asia
reported the greatest increase in CO2 emissions
between 1950 and 2008, followed by South Asia
and South America (see Figure 2.1). Over this
period South East Asia increased its annual CO2
emissions from 30 Mt to 2,026 Mt (7.5% per
annum), South Asia from 43 Mt to 901 Mt (5.4%
per annum) and South America from 41 Mt to
659 Mt (4.9% per annum).

increased slightly from 7.7 tpp in 1990 to 7.8 tpp
in 2005, while in the Tropics it increased from 2.4
to 2.9 tpp.
In contrast to total CO2 emissions, the highest
per capita CO2-equivalent emissions of GHG’s
in the Tropics are in Oceania, primarily due to
tropical Australia and Hawaii. If these two nations
are excluded from the Oceania dataset, per capita
emissions fall from 7.8 to 2.7 tpp in 1990 and
from 7.0 to 2.1 tpp in 2005. South America and
Central America are the second and third highest
per capita emitters of GHG’s, while South Asia is
the lowest at 1.6 tpp.
Central & Southern Africa and Oceania emissions
fell between 1990 and 2005 while increasing
in all other regions. Oceania had the greatest
reduction, with emissions falling by 0.9 tpp,
followed by Central & Southern Africa with a 0.4
tpp reduction.
South East Asia reported the greatest increase
in per capita CO2-equivalent GHG emissions in
the 15 years to 2005, up by 1.3 tpp to 3.6 tpp,
followed by Central America and South America
with 0.6 tpp. Overall, South East Asia
is increasing both its total and per capita
emissions more rapidly than other tropical
regions, in part reflecting the relatively high
levels of economic growth.

In contrast, Oceania and the Caribbean had the
lowest increase in CO2 emissions, with Oceania’s
increasing from 13 Mt in 1950 to 54 Mt in 2008
(2.5% per annum) and the Caribbean from 9 Mt
to 111 Mt (4.5% per annum).
Globally, annual CO2-equivalent per capita
emissions of all GHG’s increased slightly between
1990 and 2005, from 5.6 tonnes per person
(tpp) to 5.7 tpp (see Figure 2.2). Emissions in the
Rest of the World were much higher overall and
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Box 2.1 The Kyoto Protocol – and beyond
The Kyoto Protocol is an international agreement linked to the United Nations
Framework Convention on Climate Change (UNFCCC). It was adopted in 1997 and
entered into force in 2005. The primary difference between the UNFCCC and Kyoto
Protocol is that the convention is non-binding, while the Kyoto Protocol is a binding
commitment by 37 industrialised nations and the European community to reduce
greenhouse gas (GHG) emissions (UNFCCC 1997). These nations committed
to an average decrease in GHG emissions of 5% between 2008 and 2012
(UNFCCC 1998).
Subsequent efforts by the global community to further reduce GHG emissions
have had limited success. While the 2010 Cancún Conference gained voluntary
agreements from 76 nations to control emissions (which at the time were
responsible for 85% of anthropogenic CO2 emissions), the targets are not binding.
At the 2012 Doha Conference, Kyoto Protocol nations agreed to extend the
Protocol to 2020, with additional pledges to reduce greenhouse gas emissions
(UNFCCC 2012a). However, many of the largest greenhouse gas emitters (e.g. the
U.S. and China) are yet to ratify the protocol.
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Figure 2.1   CO2 emissions
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 Source: WRI (2012), EC-JRC/PBL (2011), State of the Tropics project.
*Excludes contributions from land use, land-use change, forestry and bunker fuels.
Percentages are the proportion of global emissions from the Tropics and Rest of the World.
Wanakbori thermal power station, India. Image: Dhruv Patel.

Carbon dioxide and other
greenhouse gas sources
The carbon cycle is complex, with carbon cycling
between living organisms, soil, water and the
atmosphere (see Figure 2.4). The cycle varies
naturally with CO2 levels ranging from 180
to 300 ppm in the atmosphere over the last
420,000 years (Petit et al. 1999). Other gases,
including methane (CH4), nitrous oxide (N2O)
and ozone (O3) are also greenhouse gases
and, like CO2, have both natural and
anthropogenic sources.
The main sources of anthropogenic CO2 include
burning of fossil fuels (oil, coal, and gas), land
use change, deforestation and industry (IPCC
2007a). For methane and nitrous oxide, the
main anthropogenic source is agricultural
activity (Bousquet et al. 2006), with landfill and
mining also important contributors. Methane
also originates from a variety of natural sources
Tonnes CO2decomposition,
equivalent
including vegetation
termite
activity, bushfires and oceanic microbial activity
10
(Bousquet et al. 2006). The contribution of
GHG’s like methane and nitrous oxide to total
emissions is 8much lower than for CO2, but
many of these gases are much more potent.
For example,6methane is 21 times and nitrous
oxide 310 times more potent as a GHG than CO2
(Forster et al. 2007).

Effects and consequences
There is increasing consensus amongst the
majority of scientists that rapidly increasing
concentrations of anthropogenic emissions
of GHG’s into the atmosphere are already
having notable impacts on the world’s climate
(IPCC 2007b). Direct effects of climate change
include sea level rise, increased land and ocean
temperatures (10 of the warmest years recorded
since 1880 have been since 1998), receding snow
and glacier cover and changes in rainfall rates,
distribution and intensity (Forster 2007;
IPCC 2007a).
All communities will be affected by the impacts
of climate change, but these effects will vary
from place to place. For example, coastal
communities will need to contend with rising
sea-levels and associated storm surge events
and even these effects are likely to vary between
regions. Globally, between 1950 and 2000 the
highest annual sea level rises were in South Asia
and South East Asia, with higher than average
rises also recorded along the east coast of North
America (Church et al. 2004) (see Table 2.1).

The consequences of a changing climate on
human health are projected to be wide ranging,
and to include increases in weather-related
mortality, infectious disease rates and respiratory
4
illnesses. Many of these consequences will vary
between regions (see Table 2.1). Temperature
In 2004, the highest sectoral contributors to
increases associated with climate change are
anthropogenic
2 GHG emissions were power
also expected to increase the range of many
generation (26% of total emissions), industrial
Tropics
Rest of the World
World
vector-borne diseases including malaria and
activities (19%) and forestry/ deforestation
0
dengue,
due
primarily
to increased or changed
(17%) (see Figure
2.3).1992
Certain1994
industries
1990
1996
1998
2000
2002
2004
vector distributions and decreased incubation
have particularly large carbon footprints. For
Year
periods for vectors and parasites (Githeko et
example, cement production is a key industrial
al. 2000).
contributor, accounting for 4% of annual CO2
emissions (Canadell et al. 2007). Cement
Changing rainfall patterns and intensity
production emits CO2 as both a waste product
associated with climate change will also impact
from the heating of calcium carbonate to
water supply and security for many nations.
produce lime, and from the fossil fuels used in
Beyond the need for drinking water, this can
the heating process.
have direct impacts on power generation (from
hydroelectric supply) and food security (see
Table 2.1). Aquaculture production in South East
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Figure 2.2  Greenhouse gas emissions per capita
(CO2-equivalent)*
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Source: WRI (2012), EC-JRC/PBL (2011), State of the Tropics project
* Excludes contributions from land use, land-use change, forestry and bunker fuels.
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Asia is considered to be particularly vulnerable
to climate change due to a combination of
increased sea levels, severe weather events and
changing rainfall patterns (IPCC 2007c).

Figure 2.3  Proportion of anthropogenic greenhouse gas emissions
(CO2 equivalent) by sector, 2004
3%

8%

Mitigation
Fossil fuel power generation is the major
source of anthropogenic CO2 emissions.
Efforts to reduce emissions have so far focused
on developing low carbon technologies for
power supply and increasing renewable power
generation. Globally, between 1980 and
2010 renewable electricity generation (from
hydropower, solar, wind and geothermal sources)
increased from 1,750 billion to 4,150 billion
kilowatts (an increase of 2.9% per annum) (EIA
2013b). However, the proportion of electricity
generated from renewable sources dropped
slightly over this period from 22% to 21% (see
Electricity Supply Indicator).
The increased focus on the role of renewable
energies in reducing CO2 emissions has led to
considerable research and investment in new
technologies. In 2008, hydroelectricity was the
largest source of renewable power with 3,100
billion kilowatt hours (kWh) generated, followed
by wind with 210 billion kWh (EIA 2011) (see
Electricity Supply Indicator). Nonetheless,
hydroelectric power still contributes to GHG
emissions, primarily in the form of methane
(Canadell & Rupach 2008), and has other
environmental effects associated with water
quality, biodiversity and sedimentation (IEA
2012a) (see Box 2.2). Mitigation efforts also
include developing a variety of carbon capture
technologies (see Box 2.3).
Land use change and deforestation is the
third greatest anthropogenic contributor to
annual CO2 emissions (see Figure 2.3). Among
terrestrial systems, tropical forests are the
greatest carbon sinks, locking up large quantities
of carbon in both biomass and soil (Sabine et
al. 2004). Sustainable forestry in the Tropics
has the potential to be a major contributor to
global carbon sequestration. However, the loss

Power Supply

26%
13%

Industry

Forestry / Deforestation
Land use change
Agriculture

Transport

14%

19%

Commercial
Residential Buildings
Water / Wastewater

17%
Source: Adapted from data in Intergovernmental Panel on Climate Change (IPCC 2007b).

of natural forests remains one of the world’s
greatest conservation challenges (Canadell &
Raupach 2008). Initiatives such as the United
Nations’ Reduce Emissions from Deforestation
and Forest Degradation (REDD) are helping.
REDD aims to encourage carbon retention in
forests by allowing nations to purchase CO2
credits, through agreements with developing
nations, to retain carbon stocks in forests that
would otherwise be logged (UN REDD 2009).
“REDD+” goes beyond deforestation and
forest degradation, and includes the role of
conservation, sustainable management of forests
and enhancement of forest carbon stocks.
The Kyoto Protocol also allows signatories with
emissions targets to implement sustainable
development projects (Clean Development
Mechanisms) to reduce CO2 emissions in

developing nations as a means of meeting their
Protocol obligations (UNFCCC 2013). These
Clean Development Mechanisms promote
sustainable development in poorer nations,
reduce global emissions and provide flexibility in
meeting emissions targets. Large-scale examples
include technology transfers for renewable
energy projects (Gillenwater & Seres 2011).
Other projects are much smaller in scale, and
are directed at improving household efficiencies.
For example, in Nigeria the introduction of
efficient wood fuel stoves to around 12,500 poor
households reduced firewood consumption by
80% compared with traditional wood fireplaces
(UNFCCC 2012b).
There are also a number of natural feedback
mechanisms in the carbon cycle that can
help mitigate climate change, including the
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concentration of aerosols in the atmosphere –
such as dust – which reflect infrared radiation
back into space. Interestingly, while ozone acts
as a GHG in the lower part of the atmosphere
(troposphere), in the upper atmosphere or
stratosphere it reflects infrared radiation (Forster
et al. 2007).
Natural sinks are also important in the mitigation
of anthropogenic greenhouse gas emissions. One
of the largest sinks for CO2 is the ocean, though
the increase in the concentration of oceanic
CO2 is causing acidification. Acidification has a
direct impact on many marine organisms; corals,
calcareous phytoplankton, bivalves and crustaceans
require calcium carbonate for their shells and
skeletal structures. (see Corals Indicator) (Kurihara
2008). Ocean acidification has the potential
for major losses of marine biodiversity, with
cascade effects up food chains. Natural feedback
mechanisms and sinks have contributed to the
mitigation of anthropogenic emissions to date,
but their capacity is finite, and more sustainable
solutions are required.

Looking forward

Box 2.2  Hydroelectricity – past, present and future
The first hydroelectric system was developed in 1881 to
provide electricity for street lighting. Today, hydroelectricity
is the world’s largest source of renewable energy. However,
as a proportion of total renewable power generation
its contribution has been falling since 2004 as new
technologies have developed (REN21 2012).
Although renewable, hydroelectricity’s green credentials
have recently been questioned, as the dams typically
needed for generation have been identified as a significant
source of methane - a greenhouse gas (GHG) 21 times
more potent than CO2. Dam construction results in the
submersion of large areas of land, with the vegetation
rotting and generating methane gas that is released to
the atmosphere. Some research suggests that tropical
hydroelectric dams in particular generate more GHG than
conventional thermal plants (Giles 2006). Other research
indicates the extent of GHG emissions from hydroelectric
dams is dependent on the age, size and location of the
project, with overall GHG emissions lower per unit of
energy generated than previously estimated (Barros et
al. 2011). Construction of dams also results in habitat
loss in flooded areas and can have significant effects on

downstream ecosystems due to changes in flow regimes,
water temperatures, sedimentation and dissolved oxygen
levels. These effects can have wider impacts on the local
ecology, especially river reliant species like migratory
fish. Compulsory community displacement from large
hydroelectric dam projects has had significant social and
economic impacts on affected communities. Recent
examples include the large-scale environmental and social
issues associated with the Three Gorges Dam in China and
the Bel Monte Dam in Brazil (AIDA 2011, International
Rivers 2012).
Hydroelectricity is also vulnerable to supply interruptions
caused by droughts and upstream water over extraction.
Although typically located on rivers with reliable flows or
fed by large dams, many hydroelectric systems have been
subject to reduced flows as a consequence of changing
rainfall patterns (Aichinger 2011, Bekoe & Logah 2013).
Modelled climate impact scenarios also suggest that
hydroelectric systems reliant on glacier feeds may be
increasingly vulnerable to interrupted or reduced water
flows (dé Lúcena et al. 2009).

Attempts under the Kyoto Protocol and
other agreements to limit GHG emissions are
encouraging, but current trends have global
emissions increasing rather than stabilising or
decreasing. While anthropogenic emissions
may have a local source, the impacts of not
reducing emissions will be felt globally, and the
consequences of climate change are likely to be felt
disproportionately in many tropical regions. Even if
emissions are reduced, communities, nations and
regions will need to build resilience and adaptive
capacity to cope with the unavoidable impacts of
climate change.
Nonetheless, addressing anthropogenic GHG
emissions and climate change is a global challenge
that will require global solutions that balance
the need to improve the quality of life and living
standards of many people in the world while
minimising the carbon footprint.
Hydroelectricity, Ghana. Image : World Bank Photo Collection.
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Figure 2.4   The carbon cycle*

Source: Diagram adapted from USDOE, Biological and Environmental Research Information System (NASA 2011).
*M
 ovement of carbon between land, atmosphere, and oceans in billions of tons of carbon per year.
Yellow numbers are natural fluxes, red are human contributions. White numbers indicate stored carbon.

Box 2.3 Carbon capture technologies
Carbon capture technologies aim to either prevent CO2
being released into the atmosphere or to stimulate
greater CO2 consumption by plants or inorganic
materials. This may be through biological carbon
capture whereby, for example, power station flue gases
are passed through algal cultures to capture CO2 and
generate feedstock for biofuels (Saunders et al. 2012).

Other carbon capture technologies involve storing
GHGs underground in depleted oil and gas fields.
However, the longer term reliability of this technique
remains unproven (IEA 2009).
Another proposal for capturing (or sequestering)
carbon is to seed oceanic waters with elements like

iron to stimulate phytoplankton blooms. The theory is
that iron stimulation will fertilise large phytoplankton
blooms that will take up large quantities of carbon
which, when they die, will settle out to the ocean floor.
However, the validity of this approach is subject to
considerable scientific debate (Tollefson 2012).
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Table 2.1   Potential consequences of climate change in tropical regions
Region

Agriculture

Water

Ecosystems

Coasts

Health

Central & Southern Africa

Agricultural production &
food security
severely compromised.

Increased pressure on water
resources leading to increased
water stress & decreased water
security.

Impacts on grassland & marine
ecosystems. Increased risk
of desertification. Coral &
mangrove systems impacted.

Increased flood risks for
Eastern Africa with impacts
on fisheries, tourism & coastal
communities. Intrusion
of salt water into
freshwater resources.

Risk of increased transmission
of diseases including malaria.

Northern Africa & Middle East

Loss of agricultural area &
reduced productivity.

Severe water stress likely.

Increased desertification.

Low-lying, densely populated
coastal areas at high risk of
flooding and inundation.

Increased frequency &
occurrence of climate-induced
disease & heat stress.

Decreases in crop yield. Shifts
& loss of agricultural area.

Increased water stress &
changing water regimes from
accelerated glacier loss.

Significant loss of mangrove
ecosystems. Impacts on
coral ecosystems.

Significant loss of coastal
ecosystems through flooding &
sea water intrusion. Increased
flood risk in urban coastal
areas.

Increased frequency &
occurrence of climateinduced disease & heat stress.
Expansion of habitat for
disease vectors.

Decreases in crop yield. Shifts
& loss of agricultural area.
Potential reductions in fisheries
/aquaculture.

Increased water stress & flood
risk from changed rainfall
patterns & intensity.

Glacier retreat. Changes in
both terrestrial & marine
ecosystems. Increased
extinction risk for
flora & fauna.

Significant loss of coastal
ecosystems through flooding &
sea water intrusion.

Increased frequency &
occurrence of climate-induced
disease & heat stress.

Caribbean

At risk of desertification &
salinisation leading to
reduced productivity.

Water security & supply
variability impacts.

Increased risk to terrestrial,
coastal & marine communities
from increased hurricane
activity.

Sea level rise and storm surge
to affect coastal communities,
mangroves & fisheries.

Increased frequency &
occurrence of climateinduced disease & heat stress.
Expansion of habitat for
disease vectors.

Central America

At risk of desertification &
salinisation leading to
reduced productivity.

Water security & supply
variability impacts.

Increased risk of desertification
in semi-arid areas.

Many coastal areas &
mangrove systems very
vulnerable to sea level rise &
storm surge.

Increased frequency &
occurrence of climateinduced disease & heat stress.
Expansion of habitat for
disease vectors.

South America

At risk of desertification &
salinisation leading to
reduced productivity.

Water security & supply
variability impacts.

Significant risk of increased
extinction rates. Changes
in habitat from forests to
grasslands. Increased risk of
forest fires.

Sea level rise to affect coastal
communities, mangroves,
fisheries & water supply

Increased frequency &
occurrence of climateinduced disease & heat stress.
Expansion of habitat for
disease vectors.

Shifts & loss in both
agricultural area &
productivity.

Water resources particularly
on small islands severely
compromised. Overall water
stress to increase.

Increased droughts & fires
(Australia). Coral & mangrove
ecosystems under threat.
Increased extinction risk for
flora & fauna.

Significant risk to coastal
infrastructure from sea level
rise. Increased risks from storm
surge etc.

Increased occurrence of
climate-induced heat stress.

Shifts in agricultural
areas & impacts on agricultural
productivity.

Increased flood & drought risk.
Potential increase in water
stress.

Glacier retreat, loss of snow &
ice cover. Shifts in dispersal of
some species & loss of others.

Significant loss of coastal
wetlands & threats to
coastal communities.

Reappearance of historic
diseases (e.g. malaria). Greater
exposure to water & insectborne disease & increased
heat stress

South Asia

South East Asia

Oceania

Rest of the World

Sources: IPCC (2007c), IFAD (2011 a,b,c), BOM/ CSIRO (2011)
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Electricity generation

Since the invention of the battery in 1800
electricity has become an integral part of
human society, and how it is created, distributed
and managed will help shape the future of
communities and ecosystems. Electricity’s first
wide-scale application was as street lighting
in a number of European and North American
cities in the late 1870s. Since then electricity
generation has increased and access to it
has had major impacts on how businesses
and households operate, providing opportunities
to introduce time saving equipment
and technologies.
Although the first wide-scale application of
electricity for domestic use occurred more than
140 years ago, as recently as 2010 almost 1.4
billion people (or 20% of the global population)
still had no access to electricity, with an
additional one billion people having only limited
access (IEA 2011a). Despite projections of
continued increases in electricity production it is

expected that many people, particularly in rural
areas that are typically supplied before urban
regions, will continue to have limited access into
the foreseeable future (IEA 2010). This appears to
especially be the case for sub-Saharan Africa and
southern Asia.

security suggest that the types of fuel sources
used to produce electricity will need to change,
with renewable and low-carbon technologies
necessarily providing a greater share of
generation capacity.

Electricity can be generated from several fuel
sources, and how each country chooses to
develop their electricity supply sector is based
on a range of criteria including supply risks and
price, and numerous social and environmental
considerations. At present the main fuels used
to generate electricity are coal, gas, water
(hydroelectric) and nuclear (IEA 2012b). Most
electricity is produced from fossil fuels which
generates carbon dioxide (CO2) emissions in the
combustion process that contribute to increased
atmospheric greenhouse gas concentrations and
climate change (see Greenhouse Gas Indicator).
Projecting ahead, concerns about climate
change and national concerns regarding fuel

Trends
Global electricity generation1 increased from
8,000 billion kilowatt hours in 1980 to more
than 20,000 billion kilowatt hours in 2010,
a 150% increase, or 3% increase per annum
on average (although the energy intensity of
economic activity is declining). Most of this
electricity is generated in the Rest of the World,
with the Tropics accounting for only 7% of global

1
For simplicity the term ‘electricity generation’ is used,
though it refers to ‘net electricity generation’. Net electricity
generation is gross electricity generation less the electricity used
in station operations.

Figure 2.5  Electricity generation*
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generation in 1980, increasing to 15% in 2010
(see Figure 2.5).
In the Tropics, South America was the largest
electricity producer in 1980, but was overtaken
by South East Asia in 1994. Between 1980
and 2010 South East Asia increased electricity
generation by almost 1,000% from 106 billion
kilowatt hours to 1,140 billion kilowatt hours.
Most of this increase occurred in tropical
China. After South East Asia the largest
generators in the Tropics in 2010 were South
America and South Asia respectively, with
Oceania and the Caribbean the smallest
generators. Lower production in Oceania and
the Caribbean regions reflects their relatively
small populations, at around 12 and 40 million
respectively. In the period 1980 to 2010,
Northern Africa & the Middle East increased
electricity production by more than 800%,
while in Oceania and the Caribbean,
production doubled.

Globally around 20% of electricity comes
from renewable sources such as hydroelectric,
solar, wind and biomass. Although renewable
generation has increased by almost 240% since
1980 (increasing from 1,800 billion kilowatt
hours to 4,200 billion kilowatt hours in 2010),
its proportion of global production has fallen
slightly, from 22% in 1980 to 21% by 2010 (see
Figure 2.6, Table 2.2). The proportion of global
renewable electricity generation in the Tropics
has increased from 15% to 23% over that time.
Renewable energy represents a significantly
greater proportion of electricity production
in the Tropics compared with the Rest of the
World (see Table 2.2), although the proportion
has declined significantly, from 50% in 1980
to 33% in 2010 driven largely by a large
decrease in South Asia. In the Rest of the World
the proportion of electricity generated from
renewable sources fell from 20% in 1980 to 17%
in 2005, before increasing to 19% in 2010.

South America generates the largest amount of
renewable electricity among the tropical regions,
with 520 billion kilowatt hours in 2010, followed
by South East Asia (190 billion kilowatt hours),
with Northern Africa & Middle East, Oceania and
the Caribbean producing the least (see Figure
2.6). Since 1980 renewable electricity generation
in South East Asia has increased by almost
900%, though it began from a low base. Central
& Southern Africa and South America have the
highest proportions of electricity generated
from renewable sources. In 1980 these regions
generated more than 80% of their electricity
from renewable sources (see Table 2.2), primarily
through hydroelectricity. This fell to 66% and
78% respectively by 2010, as the supply from
renewables has not kept pace with the overall
increases in generation capacity. In contrast,
the Caribbean and Northern Africa & Middle
East have the lowest proportion of renewable
electricity generation, representing less than
5% of overall electricity production in 2010.
Except for Oceania, the proportion of electricity

Figure 2.6   Renewable electricity generation*
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generation from renewable sources fell in all
tropical regions between 1980 and 2010. In
South Asia, despite the energy supply from
renewable sources almost trebling, its proportion
of the electricity mix fell from 40% to 15% as
total generation increased more than seven-fold.

Energy sources
Both fossil fuels and renewable resources are
used for electricity generation. The main fossil
fuels used are coal and gas, which accounted for
41% and 22% of global generation respectively
in 2010. Hydroelectricity is the major source
of renewable energy, accounting for 16% of
global electricity generation in 2010 (see Table
2.3). Looking forward, the dominance of coal in
the generation mix may change as the impacts
of anthropogenic CO2 emissions on climate
change translate into policies to mitigate
emissions growth (IEA 2010). This will include a
greater emphasis on developing commercially
viable low carbon technologies, as well as
increasing operational efficiencies to lower
fossil fuel consumption. Increased generation
from low carbon sources is expected to be from
both existing (e.g. wind, solar) and emerging
technologies (e.g. hydrogen fuel cells,
wave energy).
For each nation the choice of fuels used for
electricity generation is influenced by supply,
cost and accessibility factors, as well as social
and political sensitivities. For example, Saudi
Arabia, a major oil producer, uses oil as the
primary fuel for electricity generation (Table
2.3). Similarly, in Australia coal is abundant and
cheap, and accounted for 77% of electricity
generation in 2008-09 (EIA 2012a). However,
despite also having significant uranium supplies,
no nuclear power capacity exists in Australia due
to social sensitivities.
Although not large on a global scale, biomass is
still an important part of the overall energy mix
in many nations, and especially in developing
nations. Biomass sources for electricity
generation vary markedly, and include industrial
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Table 2.2   Proportion of total electricity generated by renewable sources (%)*
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by-products like sugarcane bagasse (which is
increasingly used in sugar producing nations
such as Ecuador and Brazil) and methane from
landfill sites. For both these sources there is
scope to increase generation, with estimates
that only 10% of landfill methane emissions
are captured (Themeilis & Ulloa 2007). For
many communities in parts of Africa and Asia
though, the lack of access to reliable electricity
requires ongoing dependence on biomass such
as firewood for domestic cooking, lighting
and heating. However, such sources can have
considerable environmental and health impacts
(IEA 2010).
Nuclear fuel generates 13% of global electricity.
From a greenhouse gas perspective it is a low
carbon technology, and has the potential to
help nations meet emission reduction targets.
However, nuclear generation tends to face
significant opposition due to public concerns

about radiation, waste management and the
threat of weapons proliferation (IAEA 2009).
Hydroelectricity provided about 16% of
global electricity generation in 2010 and 82%
of renewable generation, although on both
these measures its significance has decreased
since 1980 (EIA 2013). Rapid development of
renewable technologies such as solar and wind,
especially in the past 10 to 15 years, has been
a factor in this. For example, generation from
non-hydro renewable sources increased at 33%
per annum between 2000 and 2010, compared
with 3.8% per annum for hydro. Although this is
off a low base, it is significantly faster than the
increase in total electricity generation (3.3% per
annum), and has outstripped projected growth
rates (IEA 2011b).
Although still in its developmental phase, wave
power is emerging as a potentially cost-effective,
low carbon electricity source. It does, however

come with some environmental issues most
notably its potential to cause changes to coastal
dynamics, sediment transport and marine
habitats. These issues will need to be addressed,
though they are considered manageable, with
scope for development in temperate and tropical
regions (Barstow & Falnes 1996, Boehlert 2007).
Another renewable energy source in
demonstration phase is hydrogen generators and
fuel cells (Niez 2010). Hydrogen provides a heat
source for steam production that drives turbines
for electricity generation. A key benefit of using
hydrogen is that generation can readily occur in
remote locations and can provide a combined
heat and power source.
In the short to medium term, improved
efficiency in the production and consumption
of energy is considered the most economic
and available means of reducing greenhouse
gas emissions and improving energy security
(Beér 2006). Increased efficiencies result in
lower CO2 emissions and improved economics.

These goals are also critical for many emerging
nations, particularly India and China, due to their
increasing demand for fossil fuels.

Infrastructure
Along with water, telecommunications and
transport, infrastructure for the generation,
transmission and distribution of electricity
provides a foundation for social and economic
development (Stevens et al. 2006). Expanding
and maintaining complex, stable and costeffective national and international infrastructure
networks requires long term planning, and has
geo-political, security, economic, environmental,
demographic and technological implications for
nations (Stevens et al. 2006).
Between 2000 and 2010 global investment in
transmission and distribution infrastructure
was around US$127 billion per year, or 0.22%
of global GDP. By 2030, this is expected to
increase to US$241 billion, or 0.24% of global

GDP (Stevens et al. 2006). For developed nations
with extensive and integrated transmission and
distribution networks already in place, most
investment will be for the maintenance and
upgrading of infrastructure (Stevens et al. 2006).
In developing regions though, expansion of the
electricity network will consume the bulk of
investment. Historically, social and economic
considerations have been the major factors
influencing electricity network development.
However, there is now an increasing emphasis
on developing environmentally sustainable
infrastructure that mitigates wider environmental
impacts on biodiversity, air and water quality and
environmental health (IEA 2011a).
In nations where electricity infrastructure is
unreliable, demand tends to exceed supply,
with the reasons for constrained supply
varying depending on national histories and
political stability. In 2007-08 in Nigeria, a
nation with major oil and gas reserves, power
outages averaged 46 days per year due to
limited generation and transmission capacity,

Table 2.3   Top five nations for electricity production by fuel type - 2010
Rank

Fuel type (% of world generation)
Coal/Peat

Natural Gas

Hydro

Nuclear

Oil

Rank 1

China (38)

USA (21)

China (21)

USA (30)

Saudi Arabia (13)

Rank 2

USA (23)

Russia (11)

Brazil (12)

France (16)

Japan (10)

Rank 3

India (8)

Japan (6)

Canada (10)

Japan (10)

USA (5)

Rank 4

Japan (4)

Iran (4)

USA (8)

Russia (6)

Iran (5)

Rank 5

Germany (3)

UK (4)

Russia (5)

Rep. Korea (5)

Mexico (4)

8,698

4,768

3,516

2,756

989

41

22

16

13

5

World production (TWh)*
Proportion of world generation (%)
Source: IEA (2012b), State of the Tropics project.
*Terawatt hours.
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poor maintenance and insufficient feedstock
(EIA 2012c). Without increased investment in
electricity infrastructure this situation is unlikely
to improve, as ongoing demand will continue to
outstrip supply. Similarly, in Angola the ad hoc
nature of the distribution network means that
only 30% of the overall population and 10%
of the rural population has physical access to
electricity (EIA 2012d). As a consequence in both
nations, particularly in rural areas, the majority of
households rely on biomass for cooking, lighting
and heating (EIA 2012c).
In other parts of the Tropics rapid economic
growth has created challenges in meeting
increased demand for electricity. In India the
electricity deficit is estimated at around 8.5% of
demand (KPMG 2012). Increases in generation
capacity to meet this shortfall are focused on
coal, with plans for up to 455 new coal fired
power stations and up to 519,000 megawatt
generation capacity (Yang & Cui 2012). As well
as environmental issues, the focus on coalbased electricity generation is impacting energy
security, with India moving from being a net
exporter of coal to the fourth largest importer in
2010 (Yang & Cui 2012).
In some nations and regions, part of the
increased demand for electricity is being
met through national and international grid
networks (see Box 2.4). These networks help
spread generation and transmission risks and
potentially create a more reliable supply.
However, distributed electricity networks also
come with risks that need to be managed,
including distribution bottlenecks, impacts
of natural disasters and industrial or political
sabotage (OTA 1990, Aichinger 2011). The
gridded nature of electricity networks also
increases the risk of cascade effects through
the systems, with equipment failure affecting
electricity supply in areas outside the immediate
region of damage (Bernstein et al. 2011,
The Economic Times 2012). Complicated
electricity networks, especially those that cross
national boundaries or are managed through
distributed computing networks, can also be
vulnerable to cyber-attack (SANS Institute

2001, ICS CERT 2012). In fact, the reliance of
distributed networks on electronic information
and communication technologies is seen as a
key vulnerability in the power supply industry
(Aichinger 2011).
In addition to existing threats, climate change
modelling suggests that electricity networks
will be at greater risk of extreme weather
events, resulting in more service interruptions
and higher costs to develop and maintain
infrastructure (Shaeffer et al. 2012). For
example, energy infrastructure in the Gulf of
Mexico is considered vulnerable to the effects of
more severe weather events and to longer-term
changes such as rising sea levels. Recognising
this, Mexico’s Climate Adaptation Strategy has a
focus on establishing decentralised, small-scale
and robust energy supply systems to meet these
challenges (Ebinger & Vergara 2011, Hurd 2012).
As energy security is increasingly recognised
as a critical issue for many nations, developing
sufficiently robust electricity networks to cope
with changing conditions is essential.

The future for renewable energy
Power generation research is recognised as
entering a transitional phase, with an increasing
proportion of research and development
expenditure and capital investment shifting to
lower carbon technologies (IEA 2010). Between
2004 and 2009 investment in renewable energy
increased almost 600%, from US$17 billion
to US$115 billion. This was not only due to
global recognition of the need to reduce CO2
emissions, but also as the result of increased
concerns about energy security (IEA 2010).
The cost effectiveness of renewable energy has
improved rapidly in recent years as technology
has improved and as larger scale projects have
become feasible. A better understanding of the
environmental costs of electricity production
from fossil fuels is also making renewable
technologies more socially appealing in many
nations. Unfortunately though, pricing in most
electricity markets does not reflect the true
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costs of production as there is no account for
costs related to environmental damage (IEA
2011b).
In addition to reduced CO2 emissions, the
modular nature and supply diversity that
comes with many renewable technologies
can also improve energy security. The use of
renewable power at a community level is gaining
momentum in a number of developing nations,
where reliable access to distributed power
generation is limited. Renewable, stand-alone
energy systems can be an effective means
of providing electricity to isolated or remote
communities (IEA 2011b). For example, in
Timor-Leste, a nation where energy poverty is
chronic, the Australian Alternative Technology
Association’s International Project Group
provides stand-alone solar electricity systems
to communities, contributing to improved
educational, health and communication
opportunities (ATA 2013).
Renewable power sources are not without
challenges. A major limitation is the lack of
a cost-effective base load supply in many
systems. Without sunlight or wind, and an
effective backup storage capacity to meet
demand when supply is low, these renewables
cease to generate electricity. To date a lack of
cost-effective storage capacity has constrained
the expansion of many renewables. Even
hydroelectricity, which has been a reliable form
of base load renewable energy, is beginning to
suffer supply issues in some regions (see Box
2.2). Development of hybrid systems which
combine multiple renewables or renewable
and conventional energy sources helps address
supply interruptions and fluctuations, making
them especially viable for modular community
supply (Niez 2010).
A number of emerging renewable energy
technologies are also being met with community
resistance on the basis of aesthetic and health
concerns. Wind power in particular is often
criticised as unsightly and noisy, with the noise
affecting human wellbeing and local biodiversity,
particularly birds. Research has found that

impacts on local biodiversity and visual amenity
are possible (Macintosh & Downie 2006), but
there is no substantiated evidence for human
health impacts (NHMRC 2010).

Looking forward
Access to reliable power is recognised as critical
to poverty reduction and to improving living
standards. Looking forward, as electricity
demand increases, an ever greater share of this
demand will need to be achieved in a sustainable
manner to minimise environmental effects. In
many cases, economic growth in developing
nations will be major drivers of increased
energy demand. Many of these nations are in
the Tropics, where an expanding middle class is
expected to have a major impact on consumer
demand for a wide range of goods and services,
including energy (IEA 2010). Fortunately though,
many of these nations will have the opportunity
to exploit renewable technologies that are being
developed and commercialised, rather than
relying on fossil fuel technologies. As well as
slowing growth in anthropogenic CO2 emissions,
these alternative and sustainable electricity
options can also act to address energy security
issues currently facing many nations.

Box 2.4  International power sharing
The electricity supply industry has supported national
and international network connectivity since these
systems were first established over a century ago. The
major benefits of interconnection are larger and generally
more efficient and reliable networks, although a range of
legal, political, technical and economic issues need to be
addressed and managed if they are to be effective.
Greater independence and transparency in the global
electricity supply industry in recent years has led to
increased cooperation and cross-border trade in electricity
(APEC 2002). For example, a number of significant
international agreements are in place in Southern and
Western Africa, Central and North America, the European
Union and the Greater Mekong region (Castalia Strategic
Advisors 2009).

In West Africa the 15 nations comprising the Economic
Community of West African States (ECOWAS) established
a regional electricity supply agreement (WAPP) which
aims to improve the reliability, security and cost of supply.
A similar cross-border trade initiative has also been
established by 12 Southern African nations (SAPP) with
similar goals (EIA 2012d). The outcome of these programs
has been variable and is largely dependent on compliance
with the legal framework regarding the reliability of supply.
The WAPP has proven to be successful, in part due to
strong government commitments to the Treaties and
Protocols, while the SAPP has suffered a number of supply
and reliability issues resulting from national failures to meet
their commitments (Castalia Strategic Advisors 2009).

Electricity lines, Vietnam. Image: United Nations.
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Wind farm, Africa.
Image: Warrenski.
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Air pollution

Air pollution arises from a range of processes
including burning fossil fuels for energy and other
industrial activities, vegetation fires and volcanoes.
Burning fossil fuels creates greenhouse gases
(GHG) and air pollutants. While they have the
same source their impacts are different, with air
pollution impacts tending to be more localised,
immediate and obvious. Nonetheless, GHG
and pollutants may interact in the atmosphere
and separately or jointly cause a variety of
environmental impacts on local, regional and
global scales. They may also have significant
health impacts.
The six main air pollutants are particulates, carbon
monoxide (CO), sulphur dioxide (SO2), nitrogen
oxides (NOx), ozone (O3) and heavy metals (see
Box 2.5). Air pollution can include primary or
secondary pollutants, gases and particulates,
and may be local or non-local in origin. Larger
particles and materials like coarse sand tend to be
suspended for a short time due to their size and
weight while smaller particles, aerosols and gases
can remain in the atmosphere for long periods.
Air pollution has been a human health issue ever
since fire has been used for heating and cooking.
Demographic transition from rural to urban
settings has been a factor in declining urban air
quality, especially since the industrial revolution
(Bruce et al. 2000, Mosley 2013). Today air
pollution is a problem that primarily affects urban
environments although pollutants may spread
over regional and even global scales (Lawrence et
al. 2007, Liu & Mauzerall 2007). For example, in
recent years smog haze of aerosol pollutants from
Europe and Asia has occasionally reached the Artic,
demonstrating the pervasive effect and global
‘reach’ of air pollution (Law & Parrish 2010).
Air pollution can also have negative impacts on
biodiversity and ecosystems. Freshwater and
estuarine systems may be affected by acidification
and excess nutrient loads resulting in algal blooms
and low oxygen levels (Lovett & Tear 2008). Air
pollution also acidifies and depletes important
nutrients in soil which can impact productivity.
Certain airborne pollutants also affect the
photosynthetic ability of plants.
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From a human health perspective an important
measure of air quality is the concentration of
particulate matter less than 10 micrometres (μm)
in diameter. These particles are readily breathed
in and can cause lung damage or breathing
difficulties, with smaller particles generally posing
greater risks to human health. The World Health
Organization (WHO) has identified an annual
mean PM10 threshold of 20 μg/m3 to minimise
health effects, though nations are free to set their
own ambient air quality standards.
Policies that reduce GHG emissions targets can
significantly reduce the costs of meeting air quality
targets and vice versa.

Trends
Annual mean PM10 concentrations
Particulate air pollutants are measured as the
mass of particles that are less than 10 μm in
diameter divided by the volume of air sampled
in cubic metres (m3). Globally the annual mean
PM10 concentration almost halved in the twenty
years to 2010, from 75.8 μg/m3 to 35.9 (see Figure
2.7), with the downward trend observed in both
the Tropics and the Rest of the World (see Figure
2.7). In 2010 PM10 concentrations were slightly
higher in the Tropics (39.4 μg/m3) than in the Rest
of the World (34.4 μg/m3). Both these figures are
considerably higher than the WHO guideline
of 20 μg/m3 for minimising health impacts
(WHO 2006).
In the Tropics, Northern Africa & Middle
East consistently averaged the highest PM10
concentrations, and Oceania the lowest, at 78
μg/m3 and 22.1 μg/m3 respectively in 2010. In
Northern Africa & Middle East, many particulates
are likely to be natural in origin as the region has
naturally high dust and aerosol sea salt levels
(Pozzer et al. 2012). Oceania, South America (28.1
μg/m3) and the Caribbean (28.2 μg/m3) are the
only tropical regions to have PM10 concentrations
below 30 μg/m3 although, again, none of these are
within the WHO threshold.

Box 2.5  Major air pollutants
Particulate matter: Particulate matter is a mix of extremely small
particles and liquid droplets including acids (such as nitrates and
sulfates), organic chemicals, metals, and soil or dust particles. The
size of particles is directly linked to their potential health impacts.
Particles less than 10μm in diameter (PM10) pose the greatest threat
because they can penetrate deep into the lungs and bloodstream.
Exposure to small particles can affect both the lungs and the heart.
Carbon monoxide (CO): CO is a colourless, odourless gas that
originates from the burning of fossil fuels, mostly in cars. CO can
cause harmful health effects by reducing oxygen delivery to the
body’s organs (such as the heart and brain) and tissues. At extremely
high levels CO can cause death. CO can affect concentrations of
GHG in the atmosphere, including methane, tropospheric ozone and
carbon dioxide.
Sulphur dioxide (SO2): SO2 is primarily formed during the
combustion of fossil fuels. SO2 air pollution has significant impacts
on human (respiratory) health and can influence habitat suitability
for plants and animals. SO2 emissions are also a precursor to acid rain
and atmospheric particulates.
Nitrogen oxides (NOx): NOx are highly reactive gases produced
from the reaction of nitrogen and oxygen in the air during
combustion, and include nitrogen dioxide (NO2), nitrous acid and
nitric acid. NOx gases react to form smog and acid rain, and are
central to the formation of tropospheric ozone. NO2 has adverse
respiratory effects for healthy people and those with existing
respiratory conditions.
Ozone (O3): Ground-level ozone pollution (tropospheric ozone)
is created when UV rays react with ozone precursors and oxygen
to form ozone. Anthropogenic ozone precursors include NOx and
volatile organic compounds formed during the combustion of fossil
fuels. Ozone pollution is mainly generated in urban settings, but can
be transported to other areas by prevailing winds. Exposure to ozone
can inflame lung tissues, cause respiratory infections and aggravate
existing respiratory conditions.
Heavy metals: Anthropogenic heavy metal air comes from sources
such as combustion of fossil fuel, metallurgical processes such as the
purification of metal and garbage incineration. Heavy metals are toxic
even at low concentrations in air, and their presence is correlated with
cancer, neurotoxicity, immunotoxicity and cardiotoxicity.
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Figure 2.7  PM10 air quality
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South Asia has had the smallest proportional
decrease in PM10 concentrations since 1990
(19%), and Central & Southern Africa the
largest (57%).

Air pollution effects
Air pollution generated through human activities
is widely recognised as having both acute
and chronic impacts on human health. These
impacts are most common and severe in urban
environments. However, rural populations are
also affected, particularly by indoor air pollution.
The WHO estimates that approximately 3 billion
people cook and heat their homes using open
fires and stoves that burn biomass (wood, animal
dung and crop waste) and coal, and that nearly
2 million people die prematurely from illness
attributable to indoor air pollution. Drought
induced dust storms and wildfires, often caused
or exacerbated by human activities,
also affect health in rural populations.

The effects of PM10 on human health have
been widely researched. A review in the United
States found that mortality increases by around
0.5% for every 10 μg/m3 increase in PM10
(Samet et al. 2000). Air pollution also tends
to be associated with economic development
and industrialisation. In China for example, a
nation that is experiencing sustained and rapid
economic growth, almost 75% of the urban
population is exposed to air quality that does
not meet national standards (Shao et al. 2006).
Urban air pollution also affects the integrity
of buildings and structural metals and can
contribute to increased maintenance costs
(Kucera & Fitz 1995).
The long-term environmental impacts of air
pollution are increasingly recognised for their
global impact, especially with respect to climate.
These impacts vary dependent on the type of
pollutant. For example, acid forming aerosols
(SO2) and nitrogen deposition pose the greatest
environmental risks to the ozone layer and forest
ecosystems, and cause numerous problems for

global ecosystems (Percy 2003, Percy & Ferretti
2004, Paoletti et al. 2009).
Although ozone is a natural compound in air
it may also act as a pollutant in increased
concentrations. Formed by the reaction of
nitrogen oxides, high concentrations in the
lower atmosphere cause atmospheric haze
and irritation to airways and eyes. Within the
ecosystem, increased ozone concentrations can
reduce the photosynthetic capacity of plants,
reduce agricultural yields and contribute to fish
kills (EPA 1997).
Sulphur dioxide reacts with other compounds
in the atmosphere to produce sulphuric acid
and acid rain, which was a leading cause of
deforestation in parts of Europe in the twentieth
century (Bussotti & Ferretti 1998). It can also
increase the acidity in freshwater lakes with
impacts on aquatic ecosystems.
Nitrogen is an essential nutrient for plants, but
increased levels in the atmosphere can lead

to higher than normal deposits in plants, with
impacts on plant community composition and
biodiversity (Lovett & Tear 2008). Increased
levels of nitrogen can also change the microbial
ecology of soils, potentially reducing biodiversity
and impacting soil fertility. Nitrogen is readily
leached from soil during rain, and the runoff can
lead to eutrophication of freshwater lakes and
rivers (see also the Renewable Water indicator).

Managing air pollution
Air pollution remains a major concern in many
urban environments, even where there have been
considerable efforts to reduce anthropogenic
emissions (see Box 2.6). Recognition of links
between atmospheric sulphur emissions in
Europe and acidification of lakes in Scandinavia
was the impetus for the 1979 Geneva Convention
of Long-range Transboundary Air Pollution. Since
then most nations have adopted air quality
guidelines. For many industries there are also
national emission standards to manage air
quality, though the effectiveness varies depending
on the level of governance. Many of these policies
also include standards for the management of
greenhouse gases and carbon dioxide emissions.
In many nations’ stricter vehicle emission
standards have encouraged manufacturers to
increase fuel efficiency and decrease emissions
for a range of pollutants, with tangible
improvements to air quality. Lead is a prime
example. Once commonly used as a fuel additive,
lead was a major and dangerous air pollutant that
has now essentially been phased out globally
(O’Brien 2011). The value of environmental and
health benefits from eliminating lead emissions
from fuel is estimated to exceed costs by more
than 10-fold (Tsai & Hatfield 2011). The move
towards stricter vehicle emissions standards is
expected to continue.
In recent decades there has been a change in the
origin of many air pollutants. Tighter emission
regulations in Europe and North America
have resulted in a decrease in the contribution
from these areas. While there have been
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improvements in air quality in many cities in the
north, recent research suggests that in regions of
rapid economic and population growth, without
the implementation of adequate air quality
standards, global anthropogenic air pollutants
will increase (Pozzer et al. 2012). This is the case
in many parts of Asia (Shao et al. 2006; Streets
& van Aardenne 2010) and other nations with
rapidly developing megacities (Lawrence et
al. 2007). Emissions of NOx, which are mainly
sourced from the energy, transport and industrial
sectors illustrate the general change in primary
origin of global air pollutants. In 2000, East Asia
overtook Europe and North America as the major
source of NOx emissions. Nonetheless, global
emissions are expected to begin falling by 2030
as efficiencies and regulations improve worldwide
(Streets & van Aardenne 2010).

Looking forward
Widespread recognition of the detrimental
impacts of air pollution on human health
and ecosystem function has led to the
implementation of policies to improve air quality.
Although there have been major improvements
in urban air quality in many parts of the world,
some pollutant categories remain problematic
and, from a human health perspective, most
nations fail to meet WHO health-related air
pollution guidelines.

Box 2.6  Hong Kong’s air quality improvements
As in many other urban environments air quality in Hong Kong is
largely determined by emissions from motor vehicles and power
plants. Efforts to improve air quality have therefore focussed on
reducing emissions from these two sources.
To reduce local-sourced particulate pollutants from power stations,
in 1997 Hong Kong banned the construction for new coal fired plants
and encouraged the use of natural gas. More stringent emission caps
for power companies have also been applied since 2005. As a result,
power plant emissions have been substantially reduced even though
demand for power has increased. At a regional level Hong Kong is
working with neighbouring, Guangdong Province, to develop cooperative programs to address smog problems in the Pearl Harbour
Delta region.
Efforts to reduce vehicle emissions have been multifaceted, and
include tighter sulphur content regulations for fuels (especially
diesel) to reduce SO2 emissions. Other programs include retrofitting
of emission reduction devices to motor vehicles, grants to upgrade
public transport vehicles from diesel to liquid natural gas and
penalties for excessive vehicle emissions (HK EPD 2013).
These changes have had a significant impact on Hong Kong’s air
quality, even though there have not been improvements in all air
pollutant classes (HK EPD 2010). Furthermore, economic losses
associated with air pollution (estimated at approximately US$5
billion per annum) have not decreased , and in 2010 there were
over 3,100 premature deaths and 155,000 hospital bed days linked
directly to the effects of polluted air (HEI 2013).

While emissions and environmental impacts
of SO2 have been reduced markedly, the
management of other pollutants such as NOx
and ozone has been less effective. There is
clearly significant scope to improve human and
environmental health by improving air quality.
Nonetheless, economic and population growth
in the Tropics will, at least in the short term,
increase demand for goods and services that
contribute to air pollution. These pressures will
require an increased and ongoing commitment to
improving standards and mitigation measures in
order to improve air quality.

Pollution in Hong Kong. Image: Danielle Viera.
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‘Kapag may usok, may apoy’
There is no effect without some cause.
Filipino proverb

38

SECTION 2  THE ECOSYSTEM  

ESSAY 1

THE CLIMATES OF THE TROPICS

STATE OF THE TROPICS

Essay 1

The climates of the Tropics,
and how they are changing
Blair Trewin
Bureau of Meterology
Blair Trewin has been a climate scientist with the Australian Bureau of
Meteorology since 1998. He is a member of the World Meteorological
Organisation’s (WMO) Expert Team on Climate Change Detection and
Indices, and was the scientific co-ordinator of WMO’s annual Statement
on the Status of the Global Climate in 2010 and 2011. He was the 2012-13
President of the Australian Meteorological and Oceanographic Society and
is the editor of the Australian Meteorological and Oceanographic Journal.

39

The climates of the Tropics, and how they are changing
Blair Trewin

Many features combine to make up the diverse
climates of the Tropics. It is a warm region;
mean annual temperatures exceed 20°C almost
throughout the Tropics, except at high elevations,
and exceed 25°C in many parts of the tropical
zone. The tropical zone encompasses some of the
wettest locations on Earth, as well as some of the
world’s driest deserts. It also includes some of the
world’s communities most vulnerable to natural
disasters; population pressures drive settlement of
flood- or drought-prone areas, and less developed
countries lack the resources to create resilience to
extremes of climate. Limitations in physical and
human infrastructure also contribute to limited
capacity to warn of, or respond to, major disasters,
although this is an area where great strides have
been made in many countries in recent decades.

this is a relatively narrow definition; on most
continents, the poleward boundary of the zone
thus defined is some distance within the Tropics
of Cancer and Capricorn, even at sea level. Such
a definition also excludes high-altitude areas
within the Tropics, as mean temperatures typically
decrease at a rate of about 6°C per 1000 metres.

What makes up a tropical climate?

This low annual range of temperature makes
traditional mid-latitude definitions of seasons of
limited value; while it is possible to define “winter”
and “summer” in any location that is not actually
on the Equator, in many tropical locations, it is

The classical definition of a tropical climate is one
in which the mean temperature of the coolest
month exceeds 18°C (see Figure E1.1), although

A small annual range of temperature is
characteristic of the Tropics. Near the Equator,
the difference in mean temperature between
the warmest and coldest months is rarely more
than 4°C, and at some locations (such as Quito,
Ecuador) it is less than 1°C. Annual ranges of
temperature become larger as one moves further
from the Equator, but even at the limits of the
tropical zone, few locations have an annual range
of more than 15°C.

Figure E1.2   Mean monthly rainfall and temperature at Bamako, Mali.
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more common to speak of seasons in terms of the
monsoon, “warm” and “cool” or “wet” and “dry”
seasons. Outside the immediate proximity of the
Equator, the coolest month is usually in “winter”
(most often January in the Northern Hemisphere
and July in the Southern Hemisphere), but the
hottest month is not necessarily in “summer”. In
continental regions where there is a sharp, welldefined wet season – the African Sahel, much of
the Indian subcontinent, and to a lesser extent
northern Australia – the hottest weather occurs
in the weeks prior to the onset of the wet season,
sometimes with a smaller secondary peak at the
end of the wet season (see Figure E1.2).
The equatorial zone is also characterised by
consistent warmth and very small day-to-day
temperature fluctuations; for example, at
Singapore, the highest temperature on record
is 36°C, and the lowest 18.9°C. Many locations
within 15° latitude of the Equator, especially on
islands or near the coast, have never reached 40°C
and have highest recorded temperatures less
than 5°C above the average daytime maximum
temperature of the warmest month. This is in
part due to island and coastal temperatures being
largely controlled by ocean temperature, although
in equatorial regions, even continental interiors
(such as the Amazon basin) rarely, if ever, reach
40°C. Extreme temperatures are higher further
from the Equator, although they still fall short of
the world’s highest extremes, most of which have
occurred slightly outside the Tropics (including
most of the instances of temperatures measured
under standard conditions of 50°C or above).
While tropical climates are characterised by
small variations in temperature, they include an
immense variety of rainfall regimes. The Tropics
include the driest parts of the world, the Atacama
Desert on the west coast of South America where
mean annual rainfall is less than 1 millimetre, as
well as some of the wettest, locations in western
Colombia and in Hawaii which receive more than
10,000 millimetres a year.
The classical model of tropical rainfall is one of
an equatorial zone where rain occurs all year,
transitioning to a “monsoon” or “savanna”
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Figure E 1.1   Map of the major global climatic zones

A

B

Source: Chen & Chen 2013
Note: Major global climatic zones include tropical zones (blue, type A), according to the Köppen climatic classification.
In this classification tropical zones are defined by the mean temperature of the coolest month, and by rainfall
(A: Tropical, B: Dry, C Mild temperate, D: Snow, E: Polar).
WHO/ UNICEF (2012).
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Figure E1.3   Mean monthly rainfall and temperature at four near-equatorial locations:
(A) Singapore, Singapore; 						(B) Manaus, Brazil; 					
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Note: Blue bars are montly rainfall averages and the red line is mean temperature.

climate with a well-defined wet and dry season
(in summer and winter respectively), with the wet
season becoming shorter with increasing latitude
before it disappears altogether as one moves into
the arid zone near the Tropics. This structure exists
most clearly in west and central Africa north of the
Equator, and in the Indonesian/Australian region.
Reality is a good deal more complex than that, but
strong seasonal variations of rainfall are a common
feature of tropical climates. Even near the Equator,
a wide range of rainfall regimes exist. Regions
such as the equatorial parts of the Indonesian
archipelago, parts of equatorial Africa, and
western Colombia are wet all year, but some other
equatorial regions have a distinct drier season –
sometimes relatively but not totally dry (as with
the mid-year period over much of the Amazon),
but in some regions, the near-total seasonal
dryness of the savanna zone extends all the way
to the Equator, as in western Africa. Highland
East Africa has a more complex pattern still, with
two rainy seasons (March-May and OctoberNovember), and dry conditions in between,
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especially on the north side of the Equator. Some
examples of rainfall regimes in near-equatorial
locations are shown in Figure E1.3.
Moving away from the Equator and into the 1020° latitude range, climates where there is a single,
clear-cut wet season, most commonly in that
hemisphere’s summer, become the norm. In some
parts of the world, such as west and central Africa
(both north and south) and much of northern
Australia, almost all the year’s rain falls within
four or five months with the remainder of the year
being almost completely dry (e.g. Figure E1.2).
Elsewhere, especially within reasonable proximity
of east coasts (e.g. southern coastal China, the
east coasts of Africa and South America south of
the Equator, large parts of India, and much of the
Queensland coast in Australia), rain can occur
in all months of the year but there is still a clear
distinction between the wetter and drier months.
A variation on this theme comes in some parts of
the world where coasts are at right angles to the
trade winds; many of these locations are relatively
rainshadowed during the summer monsoon and

receive their heaviest rain when the monsoon
retreats in autumn and the trade winds become
re-established. Examples include the central coast
of Vietnam and the east coasts of southern India
and Sri Lanka (all of which have their peak rainfall
in October and November), and parts of coastal
Brazil whose rainfall peaks between April and June.
Figure E1.4 illustrates some climates of this type.
Island climates can be more complex still, with
substantial changes in the seasonal regime over
short distances depending on aspect. In the
southwest Pacific, windward southeast sides of
islands receive significantly more rainfall than
leeward sides during the “dry” season, and thus
have a more even spread of rainfall than leeward
sides or island interiors. On the larger islands the
heating of land and convergence of sea breezes
during the warmest months of the year causes the
development of convective cloud and showers in
the late afternoon.
At the outer limits of the Tropics, in areas
sufficiently far from east coasts, the wet
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(C) Nairobi, Kenya and 						
Rainfall (mm)

(D) Lambarene, Gabon.
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Figure E1.4   Examples of monsoonal climates in India:
(A) Nagpur, in central India 						
Rainfall (mm)

(B) Chennai, on the southern east coast.
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Box E1.1 Climatic definitions of the Tropics
The traditional definition of the Tropics is the area
between the Tropics of Cancer and Capricorn
(approximately latitude 23°N and 23°S respectively).
The most widely used system of climatic classification,
the Köppen classification (Chen and Chen, 2013), has
two major classifications within the Tropics, humid
tropical climates and arid/semiarid climates. The main
temperature criterion for humid tropical climates is that
the mean temperature of the coolest month is above
18°C, with various rainfall-based criteria distinguishing
humid tropical climates from arid/semiarid climates. In
regions where humid tropical climates transition to moist
temperate climates rather than arid/semiarid ones, the
boundary of humid tropical climates is generally fairly
close, in low-altitude areas, to the Tropic of Cancer/
Capricorn, although it is a little closer to the equator
in east Asia.

A wide variety of definitions are in use for various
applications; for example, the UK Meteorological Office
report on temperatures in the region between 30°N and
30°S, while NASA report on a zone bounded by 24°N
and 24°S. The IPCC Fifth Assessment Report also reports
various results for the region between 30°N and 30°S.
Some characteristic features of tropical climates can
extend well beyond the Tropics. The Indian monsoon’s
influence extends throughout the subcontinent, including
those areas north of the Tropic of Cancer, and monsoontype features can also extend well beyond the Tropics
in other regions, particularly east Asia. Most tropical
cyclones form within the Tropics, but many of them move
well outside the Tropics during their lifetime, particularly
in the North Atlantic where destructive tropical cyclones
have occurred as far north as Newfoundland.

season peters out altogether and the climate
becomes consistently arid under the fringes of
the subtropical high pressure belt. Many of the
world’s major deserts have their equatorward
limit between latitude 15° and 20°, including
the Saharan and Arabian deserts, the Australian
deserts, and Africa’s Kalahari. South America is too
narrow in this latitude range to support a major
continental desert, but does have the world’s most
extreme example of a coastal desert dominated
by the stabilising influence of cool ocean currents
offshore; the narrow Atacama Desert along the
west coast of Peru and northern Chile. A similar
mechanism governs the Namib Desert on the west
coast of southern Africa.

Major features of the
tropical circulation
The most fundamental feature of the tropical
atmospheric circulation is a zone where warm air
rises from the surface to the upper atmosphere
(a process known as convection), creating a
zone of low pressure at the surface. Once in the
upper atmosphere, this air moves towards the
poles before descending in the subtropics, the
descending air creating a zone of high surface
pressure (the subtropical high or ridge). To
complete the process, air then flows at surface
level from the high-pressure area in the subtropics
towards the low-pressure zone near the Equator.
The whole structure is known as the Hadley Cell
(see Figure E1.5).

Papua New Guinea. Image: Mark Ziembicki.

The zone of near-equatorial low surface pressure is
variously known as the Intertropical Convergence
Zone (ITCZ), or the monsoon trough; the former
term is derived from the fact that it is where
surface winds flowing in from the subtropical
ridges of the Northern and Southern Hemispheres
converge. The ITCZ moves with the seasons, being
centred (on a global-mean basis) north of the
Equator during the Northern Hemisphere summer,
and south of the Equator during the Southern
Hemisphere summer (although it generally
stays closer to the Equator when in the Southern
Hemisphere due to the lesser influence of the
continents, and in the central and eastern Pacific
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remains north of the Equator all year). As an active
area of convection it also tends to be the most
favoured zone for the formation of storms.
The winds between the subtropical ridge and the
ITCZ are referred to as the “trade winds”. Due to
the effect of the Earth’s rotation, these winds are
deflected to the left in the Southern Hemisphere
and to the right in the Northern Hemisphere, and
hence generally blow from the southeast and
northeast respectively. If the ITCZ is some distance
from the Equator, the trade winds from the
opposite hemisphere will cross the Equator and
thus shift direction – so, for example, during the
Northern Hemisphere summer, winds originating
in the Southern Hemisphere turn from southeast
to southwest as they cross the Equator. In some
parts of the world, the trade winds interact with
circulations around subtropical high-pressure
systems and troughs to generate additional
convergence zones. The South Pacific Convergence
Zone (SPCZ), which typically runs southeast from
the tropical western Pacific to French Polynesia
(and is a very strong influence on the climate of
many South Pacific island countries), is the bestknown example.
In those areas which are crossed by the ITCZ
during the course of the year, the result of this is
seasonally reversing winds (the original definition
of the monsoon); for example, over the Indian
subcontinent, winds are generally southwesterly
when the ITCZ is to the north (normally between
June and September) and northeasterly when the
ITCZ is to the south. Similarly when the SPCZ is to
the north of Fiji (Southwest Pacific) the winds are
generally southeasterly and cool due to their high
latitude origin. When the SPCZ is to the south of
Fiji the winds are northerly and warm with more
moisture content.
Cold and warm fronts, which are regular features
of the circulation at higher latitudes, are generally
absent from the Tropics. Mid-latitude systems
can, however, have an indirect influence on the
Tropics, particularly through driving surges of
cool, dry air into the Tropics as a result of high
pressure building behind cold fronts passing at
higher latitudes. South America, where the Andes
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Figure E1.5   The global circulation, including an illustration of the Hadley Cell
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Source: Gary Hicks, Science Photo Library

act as a barrier to westward diffusion of cold air at
low levels, is particularly noted for this, with such
surges occasionally reaching the Equator, but it is
also a feature of regions such as northern Australia,
eastern parts of central America, and east Asia. In
the latter two cases, the relative proximity of very
cold continental air masses to the north means
that such surges can bring low temperatures into
the Tropics; for example, locations such as Hong
Kong and Hanoi occasionally have mid-winter
daytime maximum temperatures below 10°C.

Strong mid-latitude systems can also interact with
tropical systems such as the SPCZ on occasions to
amplify rainfall in those regions.
As many of the weather features which formed the
basis of the development of weather forecasting
at higher latitudes are absent in the Tropics, the
science of forecasting took longer to develop in the
Tropics; in particular, surface pressure gradients are
not as reliable a guide to surface wind speed and
direction as they are at mid-latitudes.

Key drivers of climate change and
variability in the Tropics
There are many factors which influence variations
of climate in the Tropics on a variety of timescales,
from those which operate on a timescale of weeks,
to long-term changes over a period of decades
or centuries. These interact to create complex
patterns of variability overlying longer-term trends.
The most significant long-term driver of climate
change in the Tropics over the last century, as
elsewhere on the globe, has been the increased
concentration over time of greenhouse gases
such as carbon dioxide (CO2) in the atmosphere.
Successive assessments have given an increasing
level of confidence that observed increases in
temperature over the last 50 to 100 years are
primarily attributable to increased concentrations
of greenhouse gases driven by human activity.
Regional attribution of temperature trends cannot
be done with quite the same level of confidence
in the Tropics that it can in some other regions
because of more limited observations, but
nevertheless, the IPCC AR5 (IPCC, 2013) concluded
that it is likely that human influence has made a
substantial contribution to the observed warming
since 1950 in each of the inhabited continents,
including those located primarily or partly in
the Tropics.
Other changes in radiative forcing can affect
climate globally or regionally. In contrast with the
influence of greenhouse gases, aerosols can have
a measurable cooling effect (especially in heavily
polluted areas) and may also be linked to changes
in atmospheric circulation – for example, some
studies have linked increased aerosols in east Asia
to changes in the north Australian monsoon which
have led to increased rainfall in north-western
Australia. Natural forcings, such as variations in
solar activity or major volcanic eruptions, can also
have an influence on global climate. The 1991
eruption of Mount Pinatubo in the Philippines
suppressed mean global temperatures by up to
0.4°C over a period of several years, while 19th
century eruptions such as those of Tambora
(1815) and Krakatoa (1883) are believed, from the
available data, to have had even larger impacts.
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Figure E1.6  
The typical atmospheric circulation pattern in the tropical Pacific Ocean
and how it changes during an El Niño year.
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The climate also has numerous internal modes
of variability. The most prominent of these is
the El Niño-Southern Oscillation (ENSO). This
phenomenon is characterised by changes in
ocean temperatures in the eastern and central
equatorial Pacific but has impacts on climate over
many parts of the world. During an El Niño event,
the waters in this region (which are normally
substantially cooler than other equatorial waters,
due to the influence upwelling from below the
ocean surface off the west coast of South America)
are warmer than normal (by 1 to 2°C in a typical
event, although in the strongest events, such as
1982-83 and 1997-98, anomalies have reached
4°C) (see Figure E1.6). This results in a weakening
of the easterly (equatorial) trade winds in the
Pacific (the surface part of what is known as the
Walker Circulation) on both sides of the Equator,
with flow-on consequences for the atmospheric
circulation over a large part of the world. El Niño
events are associated with a high risk of dry
conditions over areas such as the western Pacific
including eastern Australia, southern Africa, much
of the Indian subcontinent, and northeast Brazil,
while they are associated with high rainfall in east
Africa and on the west coast of South America.
Through their influence on the location of the
ITCZ and SPCZ (Australian Bureau of Meteorology
and CSIRO, 2011), El Niño events also have a
strong influence on the rainfall on many Pacific
Islands (positive or negative, depending on island
location). La Niña events are the near reverse of El
Niño – that is, waters are cooler than normal in the
eastern and central equatorial Pacific – and have
broadly opposite climatic impacts.
The typical lifecycle of El Niño and La Niña events
is 9-12 months; they tend to form between March
and May, when the temperature gradient across
the equatorial Pacific is at its weakest, and break
down early in the following years. It is rare for an
event to continue into a second year (although
more common for La Niña to do so than El Niño).
On average 2-3 events of each type occur each
decade, but there is no consistent cycle; in some
periods, such as the 1950s and 1970s, La Niña
predominated and El Niño events were rare,
whereas for much of the 1980s and 1990s El Niño
events occurred regularly and La Niña events were

few and far between. This interdecadal variation
in the relative frequency of El Niño and La Niña
events contributes to a pattern referred to as the
Interdecadal Pacific Oscillation (IPO), although the
extent to which the IPO functions independently
of ENSO is a matter of some debate.
Conditions in the equatorial Indian Ocean also
vary on seasonal timescales in a way which has
broader influences on the tropical climate. There
is a tendency for below-normal temperatures in
the eastern Indian Ocean, off the south coast of
Java and Sumatra, to be associated with abovenormal temperatures off the African coast, and
vice versa. This is referred to as the Indian Ocean
Dipole (IOD), with its positive phase denoting
warm conditions in the western Indian Ocean and
cool conditions in the east. The positive phase of
the IOD, which is more likely to occur during El
Niño years but can also occur during other ENSO
phases, tends to be associated with wet conditions
in east Africa, and below-normal rainfall over
large parts of Australia, especially in the Southern
Hemisphere winter and spring. The dynamics of
the IOD are less well-understood than those of
ENSO and seasonal prediction of its behaviour is
still in its infancy.
On longer timeframes, the tendency of
temperatures in the North Atlantic to persist
above (or below) the long-term trend over
periods of 20-30 years has been referred to as
the Atlantic Multidecadal Oscillation (AMO).
During warm phases of the AMO, one of which has
been in progress since the mid-1990s, there are a
number of impacts on tropical climate, including
a tendency towards increased tropical cyclone
activity in the North Atlantic, and increased rainfall
in the Sahel and the Indian subcontinent.
Climate models suggest that AMO phases are
linked with small shifts in the broader ocean
circulation but the mechanisms of this are
still poorly understood, and no demonstrated
predictability currently exists.
An influence which operates on shorter
timeframes is the Madden-Julian Oscillation
(MJO) (Wheeler and Hendon 2004). This can be
characterised as an eastward-moving “pulse” of
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cloud and rainfall near the Equator which typically
recurs every 30 to 60 days, and is most visible over
the Indian Ocean and the western Pacific. Active
phases of the Indian and Australian monsoons
are most likely to occur when the MJO pulse
passes local longitudes, something which is also
associated with a higher risk of tropical cyclone
formation. The MJO is predictable with useful skill
over periods up to about three weeks, supporting
forecasting of wet and dry periods on timescales
longer than those feasible with conventional
weather-forecasting methods.

Long-term temperature trends and
variability in the Tropics
Like the rest of the world, the Tropics have warmed
over the last century (see Figure E1.7), with steady
warming from the early 20th century to about
1940, then a levelling off until the mid-1970s, then
a rapid rise to the end of the century. Depending
on the data set used, the total warming over the
1910-2012 period in the Tropics and near-Tropics
has been 0.7-0.8°C, about 0.1°C less than that over
the globe as a whole. Warming over the Tropics
has been slower than over higher latitudes of the
Northern Hemisphere, but faster than over mid- to
high latitudes of the Southern Hemisphere.
Finer geographic patterns of warming over the
century are challenging to assess, due to very
limited pre-1950 data over continental Africa,
the Amazon and much of the tropical Pacific. In
the last 30 years, the Sahara, Sahel and Arabian
Peninsula have been amongst the most rapidlywarming parts of the world, whilst large parts of
the eastern and central tropical Pacific have seen
weak cooling, associated with decadal variability in
the El Niño-Southern Oscillation (ENSO).
Temperatures averaged over the Tropics show
more interannual variability than those averaged
over the globe as a whole. This partly reflects the
smaller area over which averaging is being done,
but also reflects the fact that the bulk of ENSO’s
influence on temperature is felt in the Tropics. A
strong El Niño year will typically be about 0.2°C
warmer in the Tropics than the years around it, and

a strong La Niña year about 0.2°C cooler, whereas
for the globe as a whole the signal is about half
that size (WMO, 2012). The most recent strong El
Nino year, 1998, is clearly the warmest year on
record in the Tropics to date, whereas globally it is
closely matched with 2005 and 2010. Recent years
have seen La Niña predominate over El Niño, with
particularly strong events in 2008 and 2011,
and hence tropical temperatures in the last few
years have been relatively low compared with
global means.

How has tropical rainfall changed
over time?
Rainfall in many tropical regions of the world has
shown marked fluctuations from year to year, and
from decade to decade. Many of these fluctuations
are associated with ENSO, which has a marked
influence on rainfall in many parts of the Tropics.
Over land, there are more tropical regions where El
Niño has a drying influence than there are regions
where it is associated with increased rainfall (the
reverse is true over the oceans), and hence total
tropical rainfall on land is generally substantially
higher in La Niña years, and lower in El Niño years.
The IPCC 5th Assessment Report (AR5) (IPCC,
2013) reported that downward trends in total
tropical rainfall which had prevailed from the
1970s to the 1990s had reversed in the last decade,
and that there was now no significant trend over
either the 1901-2008 or 1951-2008 periods.
This reversal is largely associated with decadal
fluctuations in ENSO, with the dominance of El
Niño through the 1980s and 1990s replaced by
a number of major La Niña events in the years
from 1999 onwards. The IPCC also cautions that
confidence in reported rainfall trends in the Tropics
is low in the first half of the 20th century, and
medium from 1950 onwards, due to limitations in
the available data.
Focusing on the most recent 30 years, rainfall has
increased significantly since 1979 in a number of
tropical regions, including the Sahel (which was
affected by chronic drought from the mid-1970s
to the 1990s but has been quite wet in recent
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Figure E1.7  
Mean annual temperatures (anomalies from 1961-90 mean) for the globe
(blue line) and for areas between latitudes 30°N and 30°S (red line)
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years), southern Africa from Zambia southwards,
the western tropical Pacific and much of northern
Australia, especially the Northern Territory
and northern Western Australia. The only large
areas showing significant decreases over that
timeframe are Brazil south of about 10°S and the
central equatorial Pacific. Few tropical areas show
significant trends over the 20th century as a whole,
partly because few areas have consistent data over
that length of time.
There are also few coherent signals of changes
in rainfall extremes, at either end of the scale.
The IPCC reports indications of an increase in the
frequency of high precipitation extremes in parts of
South America, but mixed or inconclusive changes
in other tropical land areas. There is low confidence
in assessment of changes in flooding, and also for
drought in many areas. (In part, this is because
of a wide range of indicators used for drought –
some are purely rainfall-based, others attempt to
incorporate other variables such as temperature
and soil moisture). The strong increases in rainfall

since 1960 in north western Australia have been
accompanied by a decrease in drought, while west
Africa shows a likely increase of drought since
1950 (although this signal is dominated by the
protracted late 20th century drought in the Sahel).

Tropical cyclones – their
occurrence and long-term changes
Tropical cyclones (generally referred to as
hurricanes in the Atlantic and Northeast Pacific,
and typhoons in the Northwest Pacific) are
amongst the most significant atmospheric
phenomena in the Tropics. They can be
exceptionally destructive, through a combination
of extreme winds, very heavy rain leading to
freshwater flooding and landslides, and storm
surges causing dangerously elevated sea levels in
coastal areas near landfall. In the most extreme
cases (Figure E1.8), maximum wind gusts have
exceeded 300 km/h, daily rainfalls have occurred
in excess of 1000 millimetres in 24 hours, and
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Box E1.2 How do we monitor climate in the Tropics?
One of the major challenges in monitoring climate change
and variability is that of obtaining appropriate long-term
observations to do so.

valuable tool has been the Tropical Rainfall Measurement
Mission (TRMM), a joint US/Japan satellite launched in 1997
– and sea surface temperature.

On land, much of our information comes from
“conventional” meteorological observing stations, set up
under the auspices of meteorological authorities in the
countries where they are located. These stations measure a
range of variables, most often temperature and rainfall. Few
of these were set up with the primary intention of assessing
climate change; more commonly, they were established
to support weather forecasting, or for purposes such as
tracking seasonal rainfall for agriculture.

All of these data sets have their challenges, and these
challenges are particularly acute in many tropical
areas. In many less developed countries – which are
disproportionately located in the Tropics - maintaining
conventional land-based observation networks over time
has been difficult, due to factors such as a lack of funds,
a lack of personnel with suitable technical expertise, and
armed conflict or civil unrest, and while the situation is
improving in some countries, it is deteriorating in others.
Even where observations are being made, they are
often not accessible in a timely manner because of poor
communications, while many historical observations are
available only in hard-copy documents (often held by
former colonial powers) and are thus effectively unavailable
for analysis. Some countries also limit the sharing of their
data for commercial or military reasons. Work is ongoing
amongst many national and international institutions (e.g.
Thorne et al 2011) to address these issues, but progress is
slow. Elsewhere, regions such as northern Australia and the
Amazon basin in Brazil are in countries with well-developed
national meteorological services, but have very sparse
populations and hence sparse observation networks. The
consequence of all of this is that stations with 100 years
or more of continuous reliable observations, relatively
common in Europe and North America, are few and far
between in the Tropics, especially in Africa and parts of
South America.

In the ocean, observations such as those of winds, pressure
and sea surface temperature have been made from ships
since the 19th century. These have been supplemented over
time by a range of moored and drifting buoys, which are
particularly valuable in ocean regions away from shipping
lanes. More recently, subsurface information has become
available through tools such as the Argo floats, which
spend most of their lives drifting about 1500 metres below
the surface but rise to the surface, taking measurements
on the way, every few days; this information is especially
important in monitoring and predicting El Niño and La
Niña events, as changes in the subsurface of the equatorial
Pacific are often a precursor to changes at the surface.
Remotely sensed data sets, mostly from satellites, are
becoming increasingly important in climate monitoring.
Satellites and, for systems near land, radar are especially
critical in monitoring tropical cyclones, as cyclones
spend the bulk of their lives over oceans with few or no
conventional observations (only in the North Atlantic are
aircraft routinely used for tropical cyclone monitoring),
and even when they make landfall, instruments often
fail to capture the cyclone’s full intensity (either because
there are no instruments in the right place, or because
those which are there fail to survive the cyclone). Prior
to the satellite era, some tropical cyclones which stayed
out to sea throughout their lives are likely to have been
missed altogether, especially in the Southern Hemisphere
and the central North Pacific. Satellites are also used to
track elements such as cloud cover, rainfall – an especially

Satellite observations have been very useful for ongoing
climate monitoring, and are now routinely used for tracking
seasonal rainfall, especially in Africa where they have been
critical in providing real-time information from regions such
as the Sahel and the Horn of Africa where such information
is difficult to obtain from more traditional sources. The main
disadvantage of satellite-based data sets is their relatively
short length, normally insufficient for assessments of longterm climate change. Few satellite-based data sets go back
further than the late 1970s, although with careful analysis,
satellite data suitable for tropical cyclone analysis extends
into the late 1960s.
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storm surges have driven coastal waters 10 metres
or more above their normal levels. In particular,
cyclone-related storm surges have caused
catastrophic loss of life on a number of occasions
along heavily-populated, low-lying coastlines,
especially around the coast of the Bay of Bengal.
To obtain sufficient energy to form or maintain
intensity, tropical cyclones normally need to
be over water with a sea surface temperature
of at least 26°C. They also require sufficient
Coriolis force to generate initial rotation, so do
not normally occur within about 4° latitude of
the equator. Once formed, their intensity and
longevity is governed by numerous factors,
including sea temperatures, the available moisture
in the surrounding environment, and the presence
or absence of wind shear (differential wind speed/
direction at different elevations), which if present
to an excessive degree can rapidly weaken a
cyclone. Tropical cyclones will normally weaken
quickly once they move over land (although the
moisture associated with cyclones can penetrate
inland for very long distances, especially over
continents with few topographic barriers such
as western and central Australia). They will also
normally lose intensity as they move over cooler
waters, although under certain conditions they
can transition into intense extratropical cyclones
(which are distinguished from tropical cyclones by
having a cold rather than warm core in the upper
levels, and by their typically larger size) as they
move to higher latitudes – something especially
common in the North Atlantic and Northwest
Pacific. Tropical cyclones are typically smaller than
mid-latitude systems, especially at low latitudes;
some highly destructive systems, such as Tracy
(which largely destroyed Darwin in 1974), have
had fields of gale-force winds only a few tens of
kilometres across.
The majority of tropical oceans are able to
support tropical cyclone formation for at least
some of the year. The world’s most active tropical
cyclone region is the Northwest Pacific, which on
average has about 30% of the global total (which
is normally 85-90 cyclones per year), with the
Philippines being the world’s most frequently hit
country. The Northwest Pacific also has the highest

Figure E1.8  
Satellite image of Typhoon Haiyan approaching the Philippines, 7 November 2013

frequency of intense tropical cyclones, and has had
the majority of the world’s most intense systems,
and most intense landfalls. Northwest Pacific
cyclones can occur at any time of year, although
they are most common from July to October, and
least common from January to April. The North
Atlantic, Northeast Pacific, Southwest Pacific and
North and South Indian Oceans also experience
regular tropical cyclones, and regular landfalls
on most of the surrounding coasts and islands
(except for the African coast, where landfalls are
rare on the east coast and almost unknown on the
west). The Southeast Pacific is too cool to support
tropical cyclones, and they are also exceptionally
rare in the South Atlantic.
Whilst most tropical cyclones form within the
Tropics, some go on to have significant impacts
outside the Tropics, especially in the North
Atlantic and Northwest Pacific, where sea surface
temperatures near or above 26°C extend well
north of the Tropics during summer and early
autumn. Tropical cyclones regularly make landfall
on the Japanese island of Honshu and on the
Korean Peninsula, between latitudes 35 and 40°N,
and have also done so at similar or higher latitudes
in the northeast United States and the Atlantic
provinces of Canada, causing major destruction as
far north as 48°N in Newfoundland.

Source: NASA Images.

The total number of tropical cyclones globally
remains remarkably stable from year to year; years
with fewer than 75, or more than 100, cyclones
are rare. However, the geographic distribution of
cyclones shows more interannual variability, with
ENSO acting as a strong influence. In general,
El Niño years see an eastward displacement of
cyclones in the Northwest and Southwest Pacific;
fewer cyclones make or approach landfall on the
coasts of Australia and China, and more occur in
the central South Pacific and in longitudes near
and east of Japan. El Niño years also tend to see
fewer tropical cyclones in the North Atlantic,
and more in the Northeast Pacific. La Niña years
generally display the opposite pattern.
The IPCC Fifth Assessment Report (IPCC
2013) reported little evidence of significant
trends in global tropical cyclone activity, with
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low confidence in observed changes of most
indicators, both in terms of total numbers and
of intensity, although more confidence exists
in a few regions for limited time periods (e.g.
for an increase in the frequency and intensity of
the most intense tropical cyclones in the North
Atlantic since the 1970s, something to which the
current warm phase of the AMO is at least partly
contributing). To some extent, this reflects the
large uncertainties which arise from changes in
observing technologies over time; outside the
North Atlantic, most tropical cyclone intensity
assessment (Velden et al. 2006) depends on
satellite data (see Box E1.2) which have only been
consistently available since the late 1970s. The
IPCC assessment of projections of future tropical
cyclone activity is that it is likely that the total
number of tropical cyclones will either decrease or
remain essentially unchanged, while the number
of intense cyclones is likely to increase, but at a
rate which is sufficiently slow that it is unlikely to
be statistically distinguishable from interannual
variability for many years to come.

What lies ahead for the
tropical climate?
Like the rest of the world, the Tropics are projected
to warm substantially over the coming 50 to 100
years. The actual amount of warming, particularly
in the second half of the century, depends largely
on the trajectory of greenhouse gas emissions;
the lowest-emission scenarios considered by IPCC
(IPCC 2013) indicate warming of global mean
temperature (from a 1986-2005 baseline) of
around 1°C by mid-century and 1-2°C by 2100,
whereas under high-emission scenarios projected
global temperature changes are 1-2°C by midcentury and 3-4°C by 2100.
Most model projections indicate that warming
trends over the Tropics will be marginally smaller
than those for the globe as a whole, continuing
the 20th century pattern of the strongest
warming being at high latitudes of the Northern
Hemisphere and the weakest warming at mid- to
high latitudes of the Southern Hemisphere. There
is no clear indication of significant differences in
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Summary of land and water indicators

Indicator

The
Tropics

Central &
Southern
Africa

Northern
Africa &
Middle
East

South
Asia

South East
Asia

Caribbean

Central
America

South
America

Oceania

Rest
of the
World

World

28

38

5

21

53

31

39

20

34

16

20

37-39

39-41

41-47

58.8-59.1

24-31

54-56

47-50

26-29

55-45

35 – 37

36-38

Internal
109 m3/year

29,334

5,084

146

1,012

5,128

93

877

9,994

1,104

20,326

42,369

External
109 m3/year

22,043

3,687

169

779

1,403

1

42

3,500

0

4,127

11,418

Land Degradation
(% Land Area Degraded
1981-2003)
Agricultural Land* %
(1980-2009)

Renewable
Water**

Red: Situation is deteriorating
Green: Situation is improving

* The sum of area that is temporary and permanent pasture, temporary and permanent crops, mark and kitchen gardens and temporarily fallow land (FAOStat 2013)
** The maximum theoretical yearly amount of water actually available (for human and environmental use). Internal renewable water resources are based on surface water run-off from rainfall and snow, as well
as long term average groundwater that is recharged from rainfall and snow that falls within a nation’s borders. External renewable water is water that flows in from outside a nation’s borders (including the
proportion of transboundary lakes) in rivers and underground aquifers.

Tropical ecosystems and human communities
need productive, healthy land and clean water to
achieve environmental and development goals.
Land degradation and misuse of water resources
are common issues across the globe. Most of the
world’s renewable water resources are found in
the Tropics, where pressures on the resource are
increasing at a rapid rate. The impacts of climate
change along with rapid population growth,
and industrial and agricultural development
will increasingly threaten finite land and water
resources into the future.

activities, land use and management must be
included in any discussion of tropical ecosystems.

There is a balance between preserving natural
ecosystems and having enough land and water
to provide food, shelter and industry for human
communities. Humans are often in direct
competition with natural ecosystems for land
and water resources, most of which are used
for large scale production of food and other
consumable products. Given the vast area of
land now used for agriculture and other human

Supplementary indicators
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Headline indicator

Land degradation
Land degradation affects the integrity and
functioning of ecosystems and, along with climate
change and biodiversity loss, is a major threat
to the environment, economies and society. It
is caused by a number of factors including poor
agricultural practices, deforestation, overgrazing
and industrial activity.
Agricultural land
All nations rely on agriculture for the majority of
their food production and, increasingly, as a source
of energy. Agricultural land is capable of producing
food and other plant and animal products for local
human populations and trade. As populations
increase, demand for more agricultural land, and
more productivity from existing agricultural
land will rise.

Renewable water resources
The state of the hydrological cycle and water
quality are major factors contributing to
ecosystem health and human wellbeing. The
amount of water available for ecosystems and
human society is limited to only 0.3% of total
water on Earth. Renewable water refers to the
proportion of this available water that is regularly
replenished. Efficient and sustainable use of
this resource is critical for the maintenance of
ecosystem services and sustainable development.

Links to other dimensions

Protected areas, aquaculture, mangroves, health,
economic output, biodiversity.

CHAPTER 3

LAND AND WATER

STATE OF THE TROPICS

55

Is it getting better?
Land degradation
Nearly a third of all land in the Tropics
became degraded between 1981 and 2003
compared to the global average of 20%.
South East Asia had the greatest area of land
degradation at 53%. Deforestation followed
by poor agricultural practices were the major
causes of land degradation in the Tropics.
Water erosion is considered the main type of
damage to land in the Tropics and in the Rest
of the World.
Agricultural area
Although the amount of land used for
agriculture increased by only 2% in the
Tropics between 1980 and 2009, productivity
of that land has increased dramatically. For
example, livestock production increased by
89% for cattle/buffalo and 44% for sheep
and goats compared with much more modest
growth in the Rest of the World (3% and 4%
respectively). Total cereal production in the
Tropics has more than doubled in that time
but still lags the Rest of the World in terms of
both tonnage and yield.
Renewable water resources
The Tropics has just over half of the world’s
renewable water resources (54%) of which a
quarter is generated outside national borders.
Despite this, almost half of the tropical
population was considered vulnerable to
water stress in 2010.
Current water use patterns are considered
unsustainable in many regions. Agriculture
accounts for 81% of water withdrawals in
the Tropics compared with 69% globally.
Although tropical rivers are on average
less polluted than those in the Rest of the
World, there is large regional variation with
South East Asia having the highest pollution
discharge in the world.

Taro fields, French Polynesia. Image: Pierre Lesange.

Land degradation

The United Nations defines land degradation
as “the long-term loss of ecosystem function
and services, caused by disturbance from
which the system is unable to recover unaided”
(UNEP 2007). It may be caused by a number of
factors, often acting in combination, including
deforestation, poor agricultural practices,
overgrazing and industrial activities (Van
Lynden & Oldeman 1997, Lambin et al. 2003,
Zika & Erb 2009).
Land degradation ranks with climate change
and biodiversity loss as a major threat to
the environment, economy and society.
(UNEP 2007). It can interrupt biological
cycles with ecological, economic and social
impacts which may in turn further reinforce
poor land use practices (UNEP-GEF 2006).
Indeed, unsustainable land use is a key driver
of degradation (Maitima et al. 2009). Land
degradation affects a large proportion of
the world’s land mass, affecting as much
as a third of the world’s population, with a
disproportionate impact on poor nations.
The primary types of land degradation include
wind and water erosion, soil acidification, loss
of soil fertility, compaction, salinisation and
loss of soil carbon (WMO 2005). However,
the wide and complex range of physical and
chemical processes associated with land
degradation can make it difficult to accurately
measure and identify the source of land
degradation, especially at regional and global
scales. Inherent difficulties in isolating the
effects of spatial and temporal variability
in climate and rainfall also complicate
measurement (see Box 3.1).

occurred prior to 1981. Box 3.1 provides details
on the methodology.
Globally an additional 35 million square
kilometres of land was degraded between 1981
and 2003, or around 20% of the global land
mass, although not all nations experienced
measurable degradation (Bai et al 2008a).
Relative to 1981, by 2003 an additional 28%
of the Tropics’ land mass was experiencing land
degradation, compared with 16% for the Rest of
the World (see Figure 3.1).
Of the tropical regions South East Asia had the
greatest proportion of its land area degraded
over this period (53%) with 11 of its 14 nations
registering increases in area of degraded land.
Central & Southern Africa recorded degradation
across an additional 38% of its land area, with
all but two of its nations experiencing notable
degradation (see Figure 3.1). In Central America
an additional 39% of land was degraded, with all

nations reporting some degree of degradation.
Northern Africa & Middle East had the lowest
proportion of land degraded between 1981 and
2003, reflecting the large expanse of desert
area across this region which has naturally low
measurable NDVI and NPP, and limited change
over time.
Globally, deforestation and poor agricultural
practices are the two primary human-induced
causes of land degradation. These practices result
in water erosion and chemical contamination,
the two main types of human induced land
degradation. In the Tropics deforestation was
identified as the major cause of land degradation,
being a key factor in land degradation in 57 of
80 nations. Poor agricultural practices were
a major factor in 31 nations (see Table 3.1). In
contrast, agriculture is the leading cause of land
degradation in the Rest of the World (59 out of
85 nations) compared with deforestation in 46
nations (see Table 3.1).

Figure 3.1  
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The extent of land degradation that occurred
between 1981 and 2003 is assessed here using
remote sensing techniques to estimate changes
in the net primary productivity of soil after
controlling for a range of key factors such as
changes in rainfall and urbanisation. The data
do not take into account soil degradation that
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Source: Bai et al (2008b), State of the Tropics project.
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Across the Tropics deforestation was the primary
cause of human induced degradation in all
regions except Northern Africa & the Middle
East, where it was overgrazing. In South America
and Oceania overgrazing was the second most
frequent cause of land degradation, while for all
other tropical regions poor agricultural practices
% Degraded area
were the second most frequent cause.
60

Globally, water erosion is the main type of land
degradation followed by chemical contamination
50
(e.g. soil acidification, increased sodicity,
salinisation and other chemical alterations to soil
quality (WMO 2005)). In40
Northern Africa & the
Middle East wind rather than water erosion was
the most common type of
87/108
30land degradation.

Causes and effects20
Land degradation has a significant
impact on
10
the global and human environment through

climate change and biodiversity impacts (see
Box 3.2), damage to fresh and marine water
systems and increases in persistent organic
pollutants (UNEP–GEF 2006). Although erosion
and other soil changes can be natural processes,
accelerated losses are often due to poor land
management practices. The footprint of these
impacts frequently extends well beyond the
immediate area of degradation with downstream
(or downwind) effects including eutrophication,
sedimentation and infrastructure damage (WMO
2005). Since 1960, eutrophication associated
with land degradation and deforestation has
resulted in more than 245,000km2 of coastal
harbours and waters becoming hypoxic, or
biological dead zones (Diaz & Rosenberg 2008).
Land degradation can be both a cause173/202
and a
consequence86/94
of poverty, with flow on effects to
social structures. The lack of economic resilience
in many communities on marginal agricultural
lands contributes to the complicated issue of
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resource and land use sustainability (see Box
3.3); with much of the land degradation in these
regions driven by short-term needs for food
and shelter (Kates & Haarmann 1992). A series
of case studies across Asia, Africa, Central and
South America revealed that land degradation
reduced agricultural output by 3 to 7% of GDP,
with strong links between poverty and land
degradation across all regions (Berry et al. 2003).
Variability in factors like soil cover and type,
population density and rainfall mean that some
land areas are more vulnerable to degradation than
others. Drylands cover 40% of the global land area
and are particularly vulnerable to degradation due
to low and variable rainfall, high transpiration rates
and high temperatures (Safriel & Adeel 2005, Zika
& Erb 2009). This is reflected in highly variable
spatial and temporal vegetation cover which
makes monitoring dryland degradation particularly
complex (Lepers et al. 2005, Middleton & Thomas
1992). Despite this vulnerability drylands support

0
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Change in area of degraded land (% of land mass), 1981 to 2003*
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* Land degradation is assessed using RUE-adjusted NDVI. Numbers above bars represent number of nations for which the area of degraded land increased/ total number of nations in each region. Urban areas and inland waterways are excluded from the analysis.

one-third of global agriculture (Zika & Erb 2009),
though for many regions and particularly in Asia,
desertification and top soil loss are major issues
(Lepers et al. 2005).
Many community-based programs in sub-Saharan
Africa use soil and water conservation techniques
that integrate local technologies and adaptive
management (UNDP 2012). For example, in
Namibia community-based solutions include
rotational grazing and herd culls at the start of dry
seasons to reduced pressures on pastures (WRI
et al. 2011). Likewise, many developed nations
recognise the importance of community-based
natural resource management programs, and
integrate them as key aspects in national land care
policy (see Box 3.4).

Looking forward
Land degradation is a major global issue with
environmental, social and economic impacts. As
with many environmental indicators, increasing
pressures from population growth, climate
variability and poor management practices are
increasingly affecting land productivity. Efforts
to address land degradation in the Tropics will
require integrated approaches that recognise and
address poverty, degradation, resource use and
climate change.

Box 3.1  Measuring land degradation
A significant challenge associated with monitoring land
degradation is the difficulty in accurately assessing regional
and global changes over time. However, advances in
remote sensing technology offer opportunities to develop
reproducible global scale measures of land productivity
and degradation (Zika & Erb 2009, Lepers et al. 2005).
One technique that has been developed is the Normalised
Difference Vegetation Index (NDVI) which is used to
estimate net primary productivity (NPP).
NPP is a measure of net change in carbon content in
vegetation and can be used as a simple indicator of land
degradation. Decreases in NPP indicate reduced plant
growth and health, and can be interpreted to imply
reduced soil quality, while increases in NPP represent an
improvement (Bai et al. 2008a).
Changes in NPP can arise from both natural and human
induced activities. Seasonal climatic variations produce
natural changes in productivity across landscapes, and
droughts are an extreme climatic event which will lower
NPP. Consequently, methods have been developed to
discriminate between natural change in NPP and change
associated with human induced land degradation. One

such technique is the Rain Use Efficiency (RUE)-adjusted
NDVI which compensates for changes in rainfall on NPP
and allows a better estimate of human induced change (Bai
et al 2008a, Prince et al. 1998). With this technique
a negative trend in RUE-adjusted NDVI is interpreted
as degradation.
Whilst these approaches provide a useful method for
assessing land degradation, they have their limitations
(Bai et al 2008a, Wessels et al. 2007, Wessels et al.
2012). RUE-adjusted NDVI is a useful proxy measure of
land degradation but it does not accurately discriminate
between true land degradation and land use change
(e.g. forest to agriculture). The coarseness of resolution
(>1km) for many remote sensing data sets means that
fine scale change is often difficult to identify and for many
applications the utility lies in national or global change
patterns rather than absolute measures at local scales
(Nielsen & Adriansen 2005). Notwithstanding these
limitations remote sensing is currently the most effective
and reproducible method for monitoring land degradation
at regional, continental and global scales.

To this end the United Nations Conference on
Sustainable Development (Rio+20) recognised
the urgent need to reverse land degradation and
to achieve a ‘land-degradation-neutral’ world (UN
2013). The United Nations Convention to Combat
Desertification also has a goal of Zero Net Land
Degradation, with a provisional target date of
2030 (UNCCD 2012). Any strategy will need to
integrate local and regional land use variability
into monitoring programs to ensure accurate and
reproducible measures of success.

Zorro villiage, Burkina Faso. Image: Ollivier Girard CIFOR.
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Box 3.2  Land degradation and climate effects
Land degradation has a direct influence on people’s
lives through productivity losses and desertification.
Although the local processes directly linking land
degradation and human impacts are well known,
many of the global connections are less well
understood. Research has demonstrated that land
degradation can significantly affect local and regional
nutrient and water cycles, biodiversity, global carbon
sequestration and, as a result, climate (Lambin et al.
2003, UNEP-GEF 2006).
Land degradation is a result of multiple drivers,
both human and biophysical. In Africa it is estimated
that more than 60% of land degradation risks are
a result of climatic stresses such as variable soil
moisture, moisture stress, and high soil temperatures
(WMO 2005).
The combination of these stresses and poor land
management practices can result in increased
degradation, and exacerbate the impacts of droughts
and large-scale meteorological phenomena like the
El Niño Southern Oscillation and North Atlantic
Oscillation (WMO 2005).
Vegetation loss can be both a cause and a consequence
of land degradation. For example, loss of vegetation
can drive a feedback process through decreased
evaporation and increased albedo (radiation reflection
to the atmosphere) which reduces cloud formation
(WMO 2005).
This in turn can lead to reduced rainfall, further
compounding vegetation loss and lower evaporation.
These effects can be felt well beyond the immediate
area of impact, as has been the case with deforestation
in the Amazon Basin (WMO 2005).
Looking forward, modelling suggests that a doubling
of global carbon dioxide concentrations could increase
the area of global desert by 17% (WMO 2005). This
is in addition to increased risk of degradation due to
changes in rainfall patterns and intensity.

Image: Sam Beebe.

Box 3.3  Land degradation, poverty and environmental refugees
Land degradation is a key factor in economic
and social poverty, affecting up to 1.5 billion
people worldwide. For many subsistence
farming communities agriculture is undertaken
on poor quality soils that are particularly
vulnerable to degradation.
When drought occurs or crops fail, those
families that do not have the economic
resilience to remain within the community are
displaced as environmental refugees (Lonergan
1998, Myers 2002). Such displacements may
have national or international destabilising
effects due to sudden changes in population
densities, numbers and the need for
humanitarian aid (Lonergan 1998).
In 2000 and 2011, the combination of drought
and conflict in the Horn of Africa caused the
displacement of more than two million people
as environmental refugees (Myers & Kent

Kenya. Image: USAID.
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2001, OCHA 2011). A further 10 million people
were severely affected by the drought without
being displaced (OCHA 2011). Multiple factors
influenced these crises, though long term land
degradation is recognised as affecting both the
environment and human capacity to respond
to these events (Myers 2002, Raleigh 2011).
International aid efforts may alleviate
the worst effects of drought and famine,
but can only ever address the immediate
crisis (Myers & Kent 2001). More effective,
longer term national and regional land
management solutions are required to
mitigate the compounding effects of extreme
climatic events and land degradation on
human populations.

Box 3.4  Innovation in addressing land degradation
Increasing recognition that land degradation is a key issue
for economic and environmental well-being is leading
to some innovative approaches to address the problem
(Alexander & Nelson 2003, ALI 2012, Fernendez-Gimenez et
al. 2008). In 1986 both the Australian ‘Landcare’, and German
‘Landschaftspﬂegeverbände’ were established as bottom-up
collaborative programs for sustainable land use management.
Since then, the Landcare initiative has been exported to more
than 20 nations as a community-based model for improved land
management and remediation of land degradation (Catacutan et
al. 2009). It has become one of the most successful sustainable
land management programs in the world, with a locally-driven
but globally-supported framework.
Growing concerns over increases in greenhouse gas emissions
are also prompting a rethink on alternative uses of marginal
agricultural lands. The ‘Carbon Farming Initiative’ is an Australian
program that promotes revegetation of these lands to bind carbon
(Barbier 2012). The program is considered a model for other nations
to manage land degradation and store carbon while generating an
income for communities on marginal agricultural land.

Revegetation nursery. Image: Mark Ziembicki.
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Table 3.1   Dominant causes and types of human induced land degradation
Primary causes of Degradation

Region

Number
of nations
reporting

Cause

Primary degradation types

Number
of nations

Type

Number
of nations

80

Deforestation
Agriculture

57
31

Water erosion
Chemical contamination

68
29

Central & Southern Africa

31

Deforestation
Agriculture

22
12

Water erosion
Chemical contamination

26
8

Northern Africa & Middle East

11

Overgrazing
Agriculture/ Deforestation

11
2

Wind erosion
Water erosion

9
7

South Asia

3

Deforestation
Agriculture

3
3

Water erosion
Chemical contamination

3
3

10

Deforestation
Agriculture

10
7

Water erosion
Chemical contamination

10
6

Caribbean

6

Deforestation
Agriculture

6
2

Water erosion
Chemical Contamination/ Physical Deterioration

6
1

Central America

8

Deforestation
Agriculture

6
5

Water erosion
Chemical contamination

7
5

South America

8

Deforestation
Overgrazing

6
4

Water erosion/Chemical Contamination
Physical deterioration

6
2

Oceania

3

Deforestation
Overgrazing

2
1

Water erosion

3

85

Agriculture
Deforestation

59
46

Water erosion
Chemical contamination

70
37

Tropics

South East Asia

Rest of the World

Source: Bot et al 2000 (based on GLASOD survey), State of the Tropics project.
Note: Cause and type of land degradation is assessed at the national level. As nations may report more than one primary cause and/ or type of degradation, the regional aggregation of primary causes and types may be greater than the number of nations.

Agricultural land area

All nations rely on agriculture for a large
proportion of food production and, increasingly,
as a source of energy. In the late 1800s the
economist Thomas Malthus suggested that
agricultural production was a major constraint
on population growth. However, the increase
of land available to agriculture, coupled with
improvements in productivity, have seen
agricultural output outpace population growth,
especially since the ‘Green Revolution’2 that
commenced in the mid-20th century. The Green
Revolution has contributed to a significant
reduction in the proportion of the global
population that is undernourished. Its impacts,
however, have not been universal. In Africa, for
example, the benefits of improved agricultural
technology and techniques have often lagged
behind other parts of the world.
Historically increased agricultural output was
linked to increased cultivated area, but since 1960
cultivated area has increased by only 10% while
production has almost doubled. This increase
in intensity of land use has come at the cost
of greater use of other resources. For example,
the use of exploitable, renewable freshwater for
agriculture increased from around 10% in 1950
to 30% by the late 1990s (Shiklomanov 2000).
Since the start of the Green Revolution there has
also been rapid growth in the use of fertilisers
and pesticides.
Although the increase in agricultural land since
1960 has been relatively modest, most of this
additional land has come at the expense of
intact tropical forests (Gibbs et al. 2010). That
is, agricultural expansion has, and continues
to be, a major driver of tropical deforestation.
Deforestation has significant impacts on natural
ecosystems that provide locally and globally
important services such as carbon storage,
hydrological cycles and biodiversity. While some
biodiversity may be maintained on land used for
food production, most biodiversity, especially
in the Tropics, requires relatively undisturbed
habitats (GO-Science 2011).
The global population is expected to increase by
almost 30% by 2050 and consumption patterns
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are changing. Meeting the food, fodder and
energy requirements of an increasingly affluent
global population without further undermining
environmental systems is a crucial challenge
(Mueller et al. 2012). More integrated approaches
to conservation and food security will be required
if the objectives of sustainable development and
a healthy environment are to be achieved.

decline occurred in the pastoral lands of
tropical Australia.

Trends

Although weather and drought conditions will
affect year-to-year production, there is a clear
shift to more agricultural production occurring
in the Tropics. Between 1980 and 2010 cattle/
buffalo holdings in the Tropics increased by 46%,
and sheep/goat holdings by 99%. In comparison,
over the same period, cattle/buffalo holdings
in the Rest of the World increased by 2%, and
sheep/goat holdings by 10% (see Figure 3.3).
In 1980, there were 770 million head of cattle/
buffalo in the Rest of the World, compared with
565 million in the Tropics. By 2010, cattle/buffalo
numbers in the Tropics exceeded those in the
Rest of the World (830 million and 790 million
respectively). Globally, almost 95% of
the increase in cattle/buffalo holdings occurred
in the Tropics.

Agricultural land includes temporary and
permanent pasture, temporary and permanent
crops, market and kitchen gardens and
temporarily fallow land3. Globally, the area of
agricultural land increased at a rate of 0.3% per
annum between 1961 and 1994, whereupon it
was relatively stable until 2001 before declining
modestly to 2010. It is estimated that from 1980
to 2010 the area of agricultural land increased
by 1,150,000km2 (6.5%) in the Tropics, and by
1,170,000km2 (4.0%) in the Rest of the World
(see Table 3.2). In 2010 there was an estimated
18.9 million square kilometres of agricultural land
in the Tropics, representing 38.9% of its land area
(up from 36.5% in 1980), while in the Rest of the
World there was 30.1 million square kilometres of
agricultural land, representing 36.9% of its land
area (up from 35.3% in 1980).
Of the tropical regions, South Asia has the highest
proportion of land area classified as agricultural
(61% in 2010) (see Figure 3.2). At the other end
of the spectrum, 27% of land in South America is
classified as agricultural, and in South East Asia
the proportion is 32%. Northern Africa & the
Middle East reports the largest increase in total
agricultural land area between 1980 and 2010,
with an additional 510,000km2 under agricultural
production (a 14% increase), with particularly
large increases in Mali, Niger and Sudan. Other
regions with large increases were South East Asia
(370,000km2 a 32% increase), South America
(360,000km2 or 12%) and Central & Southern
Africa (320,000km2 or 6%). Oceania was the
only region to experience a decline in agricultural
land area with a fall of 460,000km2 (-21%) to 1.8
million square kilometres. The majority of this

Increases in the area of agricultural land have
been relatively modest in most regions over the
past 30 years, but there have been significant
increases in agricultural output in terms of
both livestock holdings and cereal production,
including in the Tropics (see Figure 3.3).

In the Tropics, South America has had the greatest
increase in cattle/buffalo production since 1980,
with the number increasing by 104 million to 245
million head in 2010 – an increase of 74% and
accounting for 37% of the total global increase
in holdings. Other tropical regions to report large
increases in cattle/buffalo holdings are Central &
Southern Africa (an additional 66 million head, or
a 61% increase), Northern Africa & Middle East
(39 million, 90%), South Asia (26 million, 15%)
and South East Asia (22 million, 45%). Increases
were more modest in Central America and
Oceania, while in the Caribbean there was a slight
decrease in cattle/buffalo numbers.
For sheep/goats the greatest increase in holdings
in the Tropics since 1980 was in Central &
Southern Africa, with an additional 190 million
head to 315 million (154% increase). Other
regions with major increases were Northern
Africa & Middle East (an additional 116 million,
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Table 3.2   Agricultural land*
1980

1985

1990

1995

2000

2005

2010

Change
(1980 to 2010)
Area

Tropics

%

17.7

18.0

18.3

18.5

18.6

18.8

18.9

1.15

6

Central & Southern Africa

5.6

5.6

5.7

5.5

5.6

5.8

5.9

0.32

6

Northern Africa & Middle East

3.7

3.7

3.9

4.0

4.1

4.2

4.2

0.51

14

South Asia

1.2

1.2

1.2

1.2

1.2

1.2

1.2

0.01

1

South East Asia

1.1

1.2

1.3

1.3

1.4

1.4

1.5

0.37

32

Caribbean

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.00

2

Central America

0.7

0.7

0.7

0.7

0.7

0.7

0.7

0.05

7

South America

3.1

3.2

3.3

3.5

3.4

3.5

3.5

0.36

12

Oceania

2.3

2.3

2.1

2.2

2.1

2.0

1.8

-0.46

-21

Rest of the World

28.9

29.4

30.0

30.7

30.8

30.4

30.1

1.17

4

World

46.6

47.4

48.3

49.2

49.3

49.2

48.9

2.32

5

Source: FAOStat (2013), State of the Tropics project.
*million km2

or 99%), South Asia (75 million, 83%) and South
East Asia (24 million, 132%). Oceania recorded
a drop in sheep/goat numbers of almost four
million, or a reduction of 60% on 1980 levels,
driven by changes in Australia.
The vast majority of the world’s cereal production
is in the Rest of the World, although there has
been a shift to greater production in the Tropics
from 17% in 1980 to 24% in 2010. Between
1980 and 2010 cereal production in the Tropics
increased by 340 million tonnes (131%) to almost
600 million tonnes. Over the same period cereal
production in the Rest of the World increased
by almost 600 million tonnes, to 1,880 million
tonnes in 2010, an increase of 46%. With the
exception of the Caribbean and Central America,
each of the tropical regions more than doubled
cereal production in the 30 years to 2010. The

biggest increases were in Central & Southern
Africa with an increase of 173% to 96 million
tonnes, Northern Africa & Middle East with an
increase of 159% to 21 million tonnes, and South
East Asia with an increase of 153% to 243
million tonnes.
Compared with the Tropics, increases in cereal
yield (harvested production per unit of harvested
area) in the Rest of the World were slightly higher
between 1980 and 2010, at 73% versus 67%,
although yields in the Tropics are significantly
below that of the Rest of the World (see Figure
3.3). In 2010 the cereal yield in the Rest of the
World was almost 60% higher than in the Tropics,
up from around 50% higher in 1980. That is, the
benefits of improved technology and production
methods is having a greater impact in the Rest
of the World, with more land under cereal

crops being the major factor driving increased
production in the Tropics. The harvested cereal
area in the Rest of the World decreased by 16%
from 550 million to 460 million hectares in the
30 years to 2010, while in the Tropics it increased
by almost 40% to 230 million hectares. In the

The “Green Revolution” refers to the rapid increase in agricultural
outputs in the 20th century, driven by advances in the sciences,
substantial public investments and policy support for agriculture.

2

3
FAO defines agricultural area as the sum of areas under (a) arable
land - land under temporary agricultural crops, temporary meadows
for mowing or pasture, land under market and kitchen gardens and
land temporarily fallow. Abandoned land resulting from shifting
cultivation is not included in this category; (b) permanent crops - land
cultivated with long-term crops which do not have to be replanted for
several years (such as cocoa and coffee); land under trees and shrubs
producing flowers, such as roses and jasmine; and nurseries (except
those for forest trees, which should be classified under “forest”); and
(c) permanent meadows and pastures - land used permanently (five
years or more) to grow herbaceous forage crops, either cultivated or
growing wild (wild prairie or grazing land).

Tropics the greatest improvements in cereal
yields have been in South America (by 125% to
3.8 tonnes per hectare), South Asia (by 99% to
2.8 tonnes per hectare) and South East Asia (by
83% to 4.0 tonnes per hectare). The Caribbean
was the only tropical region to report a fall in the
cereal yield over this period, falling by 15% to 1.6
tonnes per hectare. Nonetheless, relatively low
yield growth in Central & Southern Africa and
Northern Africa & Middle East – which account
for 40% of the harvested area in the Tropics – has
acted to constrain yield growth for the Tropics as
a whole.

Issues
While improvements in agricultural productivity
over the past 60 years may have limited the
expansion of agricultural land into forests and other
habitats to an extent, improvements in productivity
have also had other significant environmental
consequences. These impacts include changes in
land use and increased land degradation, increased
allocation of finite resources to agriculture (with
diminishing returns), and climate change impacts.
For human society, increased competition between
the food and non-food agricultural sectors is
contributing to food security and affordability issues
in many societies.
Globally, most of the increase in agricultural area
since 1980 has been due to the conversion of forests
to agricultural land for either cropping or livestock
(Gibbs et al. 2010). The net change in forest area to
agricultural cropping is estimated at 45,000km2 per
year, and there are further losses associated with
the conversion of forests to woodland/ grassland for
livestock (Holmgren 2006). It is also estimated that
16,000km2 of agricultural land is converted to urban
uses each year. Much of this land is often prime
agricultural land on the urban fringe.
Unsustainable agriculture is also a leading cause
of land degradation (see Land Degradation) and,
along with deforestation, poor agricultural practices
are a major cause of land degradation globally,
contributing to the loss of around 20,000km2 of
agricultural land each year.
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Figure 3.2   Agricultural land area in the Tropics*
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Source: FAOStat (2013), State of the Tropics project.
*Percentage (%) of total available land

With respect to resource allocation, much of the
improvement in agricultural productivity has been
associated with increased irrigation and greater use
of inorganic fertilisers (Nellemann et al. 2009).
Despite our dependency on irrigation for agriculture,
the relative share of global water supplies for
the agricultural sector has been decreasing over
time as demand for municipal and industrial uses
has increased more rapidly (Shiklomanov 2000).
Nevertheless, agriculture still accounts for around
70% of water use, and total withdrawals across all
sectors have been increasing rapidly. Even before
considering changing food consumption patterns,
more water will be needed to produce food for a
growing human population. Less than 30% of global
cultivated land is irrigated, but already around 1535% of global irrigation withdrawals are estimated
to be unsustainable (MEA 2005), with impacts on
ecosystem health in affected areas.

in high-income and rapidly developing nations.
Since the 1960s fertiliser consumption has
increased by a factor of four, but inappropriate
and excessive use is having many environmental
impacts. Aquatic ecosystems are particularly
affected where nutrient enrichment creates
eutrophic and biological dead zones (Nellemann
et al. 2009). Recent research suggests there is
significant scope to reduce the environmental
impacts of agriculture by eliminating nutrient
overuse while still allowing for considerable
increases in production (Mueller et al. 2012).
The supply of many inorganic fertilisers is also
finite, and costs have increased significantly
recently, and are expected to remain high in the
longer term. In the absence of improved farm
management practices, higher fertiliser prices
combined with the impacts of water scarcity
and land availability could constrain future
opportunities to increase agricultural productivity
(OECD/FAO 2012).

Increased fertiliser use has also been important
in improving agricultural productivity, especially
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Figure 3.3   Change in livestock numbers and cereal yield between 1980 and 2010
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production
faster rate than population over the past 60 years,
an estimated 12% of the world’s population (870
million) is chronically undernourished (FAO 2012a).
Although this proportion is declining, the extent
of the problem at any given time is influenced by
factors such as economic and weather conditions
and, ultimately, food availability and prices.

Except for during the 1973-75 food crisis, in the 40
years to 2003 the FAO Food Price Index (FPI)4 of
real food prices trended downwards (FAO 2011).
However, the trend has reversed since 2003 and
there was a significant increase in 2007-08. Several
factors are
contributing to this trend but the
1980
2010
increase in production of biofuels – often supported
by government subsidies – is recognised as a major
cause (Mitchell 2008). Especially in 2007-08,
other factors such as higher energy-related input
costs, drought, inventory rundowns, export bans
and speculative activities have also played a role,
but many of these impacts were the result of, or
exacerbated by, increased biofuels production.

Looking forward, the FPI is likely to continue to
increase which will have flow on effects for global
undernourishment. Concerns are now being
expressed that the decline in real agricultural
commodity prices is over, along with the era
of affordable access to food (Pardey et al. 2012).
There is no evidence that small-scale agriculture
producers are benefitting from this increase
in prices.
Despite a significant proportion of the world’s
population remaining undernourished, competition
between agricultural food and non-food production
will continue to potentially exacerbate the problem.
The main non-food competitors are biofuel
production, cotton production and feedstock
supplies to meet changing food consumption
patterns. With biofuels, concerns regarding
greenhouse gas emissions and declining oil reserves
are seeing large shifts in agricultural production
towards bio-ethanol and bio-diesel production,
which has been a major contributor to sharp price
increases for some agricultural staples (see Box 3.5).

Meat production is increasing due to changes in
diets, particularly in rapidly growing developing
economies and future demand is expected to
outstrip supply (FAO 2002). This will further
increase pressure on agricultural land, though it may
be partly offset by the intensification of livestock
production (FAO 2002). However, while intensive,
industrialised livestock farming requires less land for
stock it requires large quantities of feedstock grain
which requires more land. In addition, intensive
livestock farming produces large quantities of
organic wastes and greenhouse gas emissions which
can be difficult to manage.

Benefits/utility
Agricultural production and economic
development are intrinsically linked. Historically,

The Food Price Index (FPI) is calculated using international prices for
cereals, oils, dairy, meats and sugar.

4

Box 3.5  Biofuels
Demand for biofuels is increasing, reflecting concerns about the future
of fossil fuel supplies and their contribution to anthropogenic climate
change. Many nations are keen to develop biofuel industries to improve
national energy security, as well as take advantage of other economic and
environmental benefits (Peskett et al. 2007).
Responses to the development of the biofuels industry have been divided.
Supporters of the industry see it as mitigating greenhouse gas emissions
and providing alternative economic opportunities and security for poorer
regions. Detractors suggest that biofuel production is occurring at the
expense of food production (Peskett et al. 2007), which is affecting food
supply, prices and security, with disproportionate impacts on the poor.
Like all activities, biofuel production has costs and benefits and tends
to have both ‘winners’ and ‘losers’. For crops that have lost traditional
markets or are in excess supply, biofuel production can benefit both
local and national economies. Similarly, the use of agricultural waste for
biofuel production can be beneficial. But shifts in agricultural production
to meet international energy demand at the expense of local or national
food demand can have significant costs in the form of food shortages and
commodity price increases, with associated impacts on human wellbeing.
For example, in the Caribbean, sugar cane that was once destined for
overseas markets is now used to produce biofuels following declines in

European sugar imports (Peskett et al. 2007). This has supported farm
incomes and provided a degree of income and industry diversification.
In contrast, in Brazil and the United States, the switch from food crops
such as soya bean and wheat in the 1980s to bio-ethanol crops such as
sugar cane and corn resulted in the production of fewer staple food crops
and led to price increases (Rathmann et al. 2010). On the positive side
though, a number of biofuel programs are targeting marginal or degraded
agricultural lands, although the long-term viability of many of these
programs remains uncertain (FAO 2008, Koh & Ghazoul 2008).
Increases in land area dedicated to biofuel crops will inevitably entail
losses of existing agricultural land used to produce food, or an expansion
of the agricultural footprint into forests, woodlands and grasslands.
From an environmental perspective, and especially in the Tropics, the
conversion of primary and secondary forests to farmland can lead to
significant biodiversity loss and community displacement. The increase
in palm oil plantations in South East Asia is an informative example. It is
estimated that 55-59% of oil palm expansion in Malaysia and Indonesia
occurred in forest areas (Koh and Ghazoul 2008). While palm oil exports
have contributed to economic growth, there have also been adverse social
and environmental effects, particularly at the community level (TauliCopuz & Tamang 2007).

Oil palm plantation. Image: CIFOR.
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Box 3.6  Sustainable farming
Historically most agriculture was sustainable; food scraps
were recycled to feed livestock and livestock waste was used
as fertiliser. This was functional because there were small
populations to sustain. As populations increased and food
production became increasingly modernised the sustainability
of large-scale production processes decreased. Widespread
availability of inorganic fertilisers and synthetic pesticides since
the 19th century has made these products relatively cheap
and accessible, contributing to significant improvements in
agricultural productivity and food security. However, these
practices have come with associated environmental costs.
Increasing recognition of the environmental impacts of many
modern farming techniques combined with higher input costs
has led to a small but growing movement among primary
producers to more sustainable (or ‘organic’) agricultural
methods (OECD/FAO 2012).
The basis of sustainable farming is improved land management
practices (see Land Degradation), including reducing reliance
on inorganic fertilisers and pesticides. Methods include no-till
farming, crop rotation, the use of green manures and other
practices that improve the retention of moisture and organic
matter in soils and reduce erosion (Derpsch 2004; Huggins &
Reganold 2008).
These methods can also increase carbon sequestration and
reduce greenhouse gas emissions (Omonode et al. 2011).
Compared with conventional farming, organic farming has been
demonstrated to retain significantly higher organic content,
have thicker topsoil depth and less soil erosion (Reganold et
al. 1987). In the long term organic farming is therefore more
effective at maintaining soil productivity, but yields are 5-34%
lower depending on soil type, crop and farm practises (Seufert
et al 2012).
Sustainable, organic farming can also benefit poor communities
as it reduces the need for inorganic fertilisers and pesticides.
It has been suggested that at a local level, sustainable/organic
agriculture may be a realistic alternative to intensive agriculture
within 30 years (FAO 2002), although a key trade-off will be
improving yields to ensure the environmental benefits of these
practices are not negated by a need for increased farmland at
the expense of forests and biodiversity.

improvements in agricultural productivity have
allowed labour to be released for other economic
activities. Productivity improvements since the
mid-20th century have also contributed to the
significant alleviation of hunger in the world with
the proportion of the global human population
that is undernourished falling from 37% in 1969-71
to 12% in 2010-12 (FAO 2006, FAO 2012a). Much
of the global undernourishment that persists
today is due to distribution issues rather than any
shortfall in agricultural production (Motes 2010).
An obvious benefit of improved productivity and
production is improved food security, especially in
developing nations (IFPRI 2002). South America,
South East Asia and South Asia in particular have
made enormous gains in agricultural productivity
over the past 50 years, contributing to substantial
reductions in the number of undernourished
people in these regions. Modest productivity
improvements have been made in sub-Saharan
Africa but the number of undernourished
people has increased in Central and Southern
Africa, Northern Africa and the Middle East. The
productivity improvements have been offset by
high fertility rates, drought and conflict.
Although most of the international development
focus is on rural farming, urban subsistence
agriculture is also a key contributor to food
security. It is estimated that between 10% and
70% of urban households in developing nations
participate in urban agriculture to some extent
(Zezza & Tasciotti 2010). Food produced is mostly
for personal consumption and provides a degree
of food security and dietary diversity for many of
the urban poor (Holmer & Drescher 2005, Zezza
&Tasciotti 2010). Urban agriculture projects can
also assist with local economic development,
social inclusion and urban environmental
management (Veenhuizen 2006), with much
of this production using sustainable farming
principles (see Box 3.6).
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Looking forward
Substantial progress has been made towards
more productive use of agricultural land over
the past few decades, though in many instances
it has come at a cost to natural ecosystems,
particularly in the Tropics. Looking forward,
ongoing improvement in agricultural technology
and techniques will need to continue if the
demands of a larger and increasingly wealthy
global population are to be met without
significant additions to the stock of agricultural
land, against a backdrop of climate change. This
will require ongoing and increased investment in
crop and animal science to improve productivity
and resilience, and to improve our understanding
of land and soil dynamics.
More sustainable and productive use of existing
agricultural land, water, fertiliser and other
inputs will need to be the focus of research and
development in this sector. The greatest risks
to sustainable use of agricultural land in the
future include water availability, climate change
and competition with the bio-energy sector.
Rather than converting land not already used
for agriculture, the rehabilitation of degraded
land will be necessary to limit biodiversity and
ecosystem services losses. Additionally, creating
mechanisms that value natural ecosystems at
the same scale as productive agricultural land
will assist sustainable development in the Tropics,
and will assist in constraining the loss of primary
forests to agricultural activities.
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Cattle herd, Victoria River, Northern Australia.
Image: Mark Ziembicki.
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Coffee grower, YUS Conservation Area, Papua New Guinea.
Image: Mark Ziembicki.
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King George Falls, Western Australia.
Image: Mark Ziembicki.
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Renewable water resources

Water is essential for all human and ecosystem
processes. Unlike many other natural resources,
water is highly mobile and crosses geo-political
boundaries. Freshwater constitutes only 2.5%
of the total water resources on the planet;
69% of this proportion is in polar ice sheets
and permanent snow cover and 30% is in
underground aquifers. Only 0.3% is available as
surface water (Shiklomanov 1993). Due to its
mobility and ability to change state (from liquid
to gas to solid), water is a difficult resource to
catalogue and monitor.
Water availability at a national level can be
difficult to define, as there are 263 river basins
that either traverse or straddle a total of 145
national borders (Giordano & Wolf 2002). These
international river basins hold around 60% of
the world’s freshwater surface flows and support
almost 40% of the global population. Due to
its unequal distribution water can be difficult
to share equitably among and within nations.
Tropical regions with monsoonal climates receive
more rainfall than arid or temperate regions,
while rainfall patterns determine water volumes
and availability. For example, the Amazon River
carries around 20% of the global freshwater
runoff, while the entire area of continental
Europe accounts for only 7% (Gleick 1993).
Regardless of the unequal supply among nations,
management and governance of water resources
has implications for access to safe drinking
water and for food production, and also for the
provision of underlying ecosystem services such
as erosion prevention and flood mitigation that
support human wellbeing.
The 1992 Rio Summit recognised water as a
finite and vulnerable resource, and developed
a framework for the improved and sustainable
management of freshwater resources across
multiple users and sectors, including the
environment (WWAP 2012). Water availability
and security remain major issues facing
many nations today and, looking forward,
the combined impacts of climate change and
population growth are expected to exacerbate
issues surrounding sustainable management of
renewable water resources in the future.
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Trends
Data on renewable water resources are limited,
and time series data are not available (see Box 3.7).
Global renewable water resources5 are estimated
at 53,800 billion cubic metres, with nations in
the Tropics accounting for 29,400 billion cubic
metres (54%), and the Rest of the World 24,400
billion cubic metres (see Figure 3.4). At a national
level the renewable water resource is the sum of
internal and external renewable water resources
(see Box 3.7). Internal resources primarily consist
of rain, snow or groundwater within a nation,
while external resources consist of cross-border
river flows, trans-boundary lakes and regional
underground aquifers. However, only a proportion
of renewable water is actually available for
human use. This portion is the ‘exploitable’ or
‘potentially utilisable’ renewable water resource.
Globally it is estimated that only 9,000 billion
cubic metres (17%) of renewable water resources
are exploitable (WMO 1997, Molden et al. 2001).
The unexploited proportion of renewable water
resources is primarily accounted for in flood events
and minimum long-term river flows (also known
as base flows).
In the Tropics, South America has the largest
regional renewable water resource at 13,500
billion cubic metres per year, which is almost
50% of all renewable water in the Tropics. South
East Asia has the second largest resource at
6,500 billion cubic metres. The Caribbean has
the smallest resource at 94 billion cubic metres,
followed by Northern Africa & Middle East with
315 billion cubic metres.
Many nations rely on a large proportion of their
renewable water supply being sourced from
outside their borders. In the Tropics 25% of
renewable water comes from outside national
borders, while for the Rest of the World it is
17%, with the extent of dependency varying
considerably across nations and regions. Of the
tropical regions, Northern Africa & Middle East
and South Asia have the largest proportion of
renewable water coming from external sources at
54% and 44% respectively, with Oceania (0%),
the Caribbean (1%) and Central America (5%)

having the lowest dependency on external sources.
Relying on external water resources does however
entail additional supply risks, which are typically
managed by the negotiation of formal or informal
treaties (see Box 3.8).
From a human perspective, water scarcity is
defined as less than 2,000 cubic metres of water
available per person per year (FAO 2000). In 1962,
25 nations worldwide suffered water scarcity. By
2010 the number more than doubled to 54 nations
(see Figure 3.5). In the Tropics the situation is even
worse. The number of nations experiencing water
scarcity more than tripled since 1962, from 8 to 26.
By 2010, three of the eight tropical regions had at
least half their nations experiencing water scarcity.
The statistics relating directly to the number of
people affected are equally dire. Whereas less
than 3% of the global population was estimated
as vulnerable to water scarcity in 1962, by 2010
the number had increased to 39%. Again the
proportional change in the Tropics is worse. Rapid
population growth has seen a jump from 1% of
the population affected in 1962 to almost 50%
in 2010. This scarcity is most acute in South
Asia, where more than 90% of the population
are considered vulnerable, up from less than 1%
in 1962. At 62%, Northern Africa & Middle East
has the second highest proportion of population
vulnerable to water scarcity in the Tropics, up from
18% in 1962.
In contrast, with a large renewable water supply,
the nations of South America have no identified
water scarcity issues (see Figure 3.4). Although
both Central America and Oceania have
relatively low renewable water resources, their
small populations mean there is no identified
water scarcity.
Water use by humans is primarily for agricultural,
industrial and municipal purposes. Globally
agriculture accounts for 69% of total water
withdrawals each year, with industry using
19% and municipal demand 12% (see Table
3.3). Agriculture is the largest sectoral user of
renewable water in both the Tropics (81%) and
the Rest of the World (64%). In the Rest of the
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Box 3.7  Data limitations and renewable water resources allocation
Data for national allocations of external renewable
water resources are sourced from the Food and
Agriculture Organization AQUASTAT database (FAO
2013), with estimates based on long-term rainfall.
Internal renewable water resources are based on surface
water run-off from rainfall and snow, as well as longterm average groundwater that is recharged from rainfall
and snow that falls within a nation’s borders. External
renewable water refers to water that flows in from
outside a nation’s borders (including the proportion of
transboundary lakes) in rivers and underground aquifers.
Internal and external renewable water resources make
up the total renewable water resource5.

There are inherent difficulties in accurately measuring
annual water resources in many nations, including
spatial and temporal distribution (FAO 2013). This is
likely to be the case until there is improved international
cooperation and resourcing (World Water Assessment
Programme 2012).
The AQUASTAT dataset does not identify the source
of external water. As such, regional external water
allocations and total water resources reported here
include both intra- and inter-regional distributions. As
such, at the regional level the reported data for these
variables are likely to be overstated.
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World industrial withdrawals have the second
largest demand while in the Tropics municipal
withdrawals are greater than industry (see
Table 3.3). Global withdrawals from these three
sectors are only around 7% of renewable water
resources, but 43% of exploitable water.
In the Tropics the proportion of freshwater
withdrawals that are for agriculture are
particularly high in South Asia and Northern
Africa & Middle East (both at 91%). South Asia
also uses the greatest proportion of renewable
water resources at 28% (see Table 3.3). South
America and Oceania have the lowest impact
on water resources, extracting less than 1%
of renewable water annually. The Tropics uses
around 4% of its renewable water compared
with 11% for the Rest of the World. However, the
unequal distribution of water resources among
nations and regions still leaves much of the
Tropics suffering chronic water stress.

Water use, scarcity and
international water treaties
In the 20th century water use increased at
more than twice the population growth rate
and, in some areas, reliable access to water is
now limited or non-existent (FAO 2012b). The
combination of population growth, economic
development and, urbanisation and pollution are
placing increased pressure on water resources
(FAO 2012b, WWAP 2012).
Some 40% of the world’s population live in the
263 major river and lake basins shared by more
than one nation, with around two billion people
also dependent on more than 300 transboundary
groundwater aquifer systems (Giordano &
Wolf 2002, UN-Water 2008). Water security
is critical to each nation’s ongoing viability, and
this security can be problematic for nations
that rely on external sources. Globally there are
around 300 trans-boundary water agreements

Defined by the FAO as the maximum theoretical yearly amount of
water actually available (for human and environmental uses).

5

Image: World Bank Photo Collection.

which secure water supply rights among nations
(Jagerskog & Phillips 2006).
As water scarcity (and the risk of water scarcity)
increases, greater efforts are being made to
improve water-use efficiency. Many of these
efficiencies have been in agriculture – the
largest sectoral user of water. With the global
population set to increase by around 30% by
2050 it is estimated that cereal production
will need to increase by around 45% and
meat production by 75% to meet demand
(Alexandratos & Bruinsma 2012). Significantly
more water will be required to meet these
increasing demands. Water-related productivity
gains have been achieved through developing
more water efficient plants, improving
agricultural practices and increased investment
in water saving infrastructure (Gonzalez-Valero
& Chevion 2011, FAO 2012b).
Even where national water resources are
considered sufficient, uneven distribution can
mean that regional mismatches in supply and
9 3
(10urban
m year)
demand occur. Although
centres and
agricultural areas tend to develop where water
15,000
supplies are sufficient, changing rainfall patterns
or excessive urban growth can result in demand
exceeding supply. Another scenario may be
if upstream water resources are increasingly
utilised there is less left10,000
available for downstream
users. Although expensive, desalination is
increasingly used to meet supply shortfalls,
particularly for the municipal sector. Over 150
nations use desalination to meet some of27%
their
freshwater demand (see5,000
Box 3.9), and in 2008
there were almost 14,000 facilities worldwide
with capacity to supply over 52 million cubic
metres of fresh water per day (Henthorne 2009,
Fichtner 2011) (see Figure 3.6).
0

Central &
Groundwater is a key component of the
Southern
hydrological cycle and a major water source.Africa
However, as it is not readily visible, the location,
quantity and function of groundwater resources
is poorly understood (Revenga et al. 2000).
Renewable groundwater resources comprise
about 22% of renewable water resources, and
are used extensively by humans, representing
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Figure 3.4  
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Source: Aquastat (FAO 2013), State of the Tropics project.

Like surface water, groundwater resources are
25% of total water withdrawals, and 50%
26%
ofInternal
potableRWR
water (Giordano 2009).
ThisRWR
use (Actual) not distributed equitably, and there is greater
External
risk of unsustainable extraction in regions
often has little regard for sustainability and
where water is scarce. In Libya and Saudi Arabia
long-term viability. Much of global agricultural
extraction is estimated at over 500% of the
production relies on groundwater for irrigation
and many major urban centres are dependent on renewable supply (Giordano 2009). Ironically,
the over extraction of groundwater, particularly
groundwater (WWAP 2009).
21%
for irrigation, can lead to waterlogging and
salinisation of surface soils (Giordano 2009).
Unlike surface water, groundwater is considered
less vulnerable to seasonal rainfall variation due
Over extraction of groundwater is also affecting
to its large storage volume compared to flow,
fossil groundwater aquifers. Unlike renewable
providing a valuable resource43%
in the absence
5%isolated
groundwater sources, fossil aquifers are
of surface waters (Giordano 2009). A range of
54%
1%
from recharge potential,
with the available
natural processes (which will vary by aquifer),
water considered to be ancient and largely noncan affect the quality of groundwater for human
Northern
Africa & recharge
South
Asia soil canSouth
Asia
Caribbean
Centralare
America
Although
these aquifers
used as South America
use.
For example,
through
filterEastrenewable.
Middle
East
a water supply, they are a finite, non-renewable
out many impurities but the underlying geology
resource (Lopez-Gunn et al. 2011). For example,
may result in high concentrations of harmful
in Yemen’s capital Sana’a, current extraction
metals and other elements such as arsenic
of water from fossil aquifers is unsustainable.
and fluoride, which can affect the health of
Where the water table was 30 metres below the
communities reliant on these resources (Fawell
surface in the 1970s, it is now down to 1,200
& Nieuwenhuiujsen 2003).
metres in some areas, and there is the risk the
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city could run out of water within five years,
creating more than two million water refugees
(Waughray 2011).
Less well recognised is the effect invasive species
can have on water resources and water use.
Invasive plants in particular can have major
impacts on both water quality and quantity
at local, national and regional levels. In South
Africa, for example, it is estimated that the
four most invasive plant species use over one
billion cubic metres of water per year, equating
to 2% of South Africa’s renewable water (WRI
2000). Invasive plants can also physically block
waterways and channels, affecting the supply
and quality of water for downstream users. These
impacts can be significant, reducing downstream
water availability by up to 80% (WRI 2000).
The impact of changing climate patterns and
more intense drought and flood events will
also need to be factored into agricultural and
water management practices (WWAP 2009).

Pollution is an increasing risk to water quality
worldwide. Deteriorating water quality has far
reaching implications for human and ecosystem
health. For humans, changes in water quality can
reduce the amount of potentially exploitable
water that is available for use, which can increase
water scarcity or the cost of obtaining water.
Pollutants that affect water quality can be
biological, chemical or physical in origin, and the
consequences depend on both the natural state
of the water resource and its use.

of eutrophication include agricultural run-off,
erosion, and industrial effluent and sewage
discharges. The pollutant sources vary among
water basins, with many systems in Europe
and North America contaminated by fertiliser
runoff, while in many Asian and African nations
sewage and animal manure contamination is the
primary cause of eutrophication (Liu et al. 2012).
Increased nutrient loads can stimulate harmful
algal blooms and lead to hypoxic or dead zones,
particularly in coastal areas which have flow
on effects to coastal marine ecosystems and
fisheries. By the beginning of the 21st century
776 locations around the world had seasonal and
persistent hypoxic or eutrophic coastal systems,
of which 80 are in the Tropics. Records for these
occurrences date back to 1700 though all but
one tropical occurrence has been reported since
1980 (Diaz et al. 2011).

Nutrient overloading, or eutrophication, has
become the most widespread water quality
issue globally (WWAP 2009). Major causes

Between 1970 and 2000 the number of rivers
polluted with dissolved inorganic nitrogen or
phosphorus is estimated to have increased by

Nonetheless, despite increasing climate change
risks, changing demographics are expected to
be the primary driver of increased water scarcity
into the future (Vorosmarty et al. 2010).

Water quality and quantity

Box 3.8  Cross border waters and water treaties
International water sharing obligations were recognised as far
back as 1911 with the non-binding Madrid Declaration on the
‘International Regulation Regarding the Use of International
Water Courses for Purposes Other than Navigation’. Other
non-binding treaties subsequently established a range
of other ‘customary international water laws’ (Salman
2007) which have been useful in managing international
waters and minimising harmful unilateral decision-making
(Giordano & Wolf 2002). In 1997 the United Nations adopted
the Convention on the Law of Non-navigational Uses of
International Watercourses, though its utility is limited due to a
lack of signatories (Cooley et al. 2012).
In addition to international conventions governing water
rights, many nations that share transboundary water resources
negotiate their own bilateral or multi-lateral agreements
(Cooley et al. 2012). Some 145 such treaties were established
in the 20th century. Many of these treaties are bilateral,
suggesting that even when water systems span many nations
the rights of all nations that may depend on the water course
% Population
are not always recognised (Jagerskog
& Phillips 2006). For
example, the Nile River basin encompasses 12 nations and
100
is subject to several water treaties (UNDP 2006, Ahmed et
al. 2008). Some of these are bilateral, and water security has
been a factor in some of the historical
80 conflicts between these
nations. Economic development and population growth in
Sudan and Ethiopia are also expected to increase the draw on
11/35
the Nile’s waters and, without agreement
from other basin
60
states, the risk of water-related conflict is likely to increase.
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30% and 25% respectively (Liu et al. 2012).
While dissolved inorganic nitrogen was mostly a
problem in Europe in 1970, is now increasingly a
global issue,
6/11 with its occurrence rising steadily in
South China and India (Liu et al. 2012). Similarly,
phosphorus pollution has increased in systems in
South Asia, Africa and South America.

industrialisation andScarcity
urbanisation
1962 among nations
Scarcity 2011
and regions, even though agriculture is also a
significant contributor to BOD.

Water sources that are eutrophic as a result of
sewage effluent can also contain high pathogen
levels which can render water unfit for human
5/9
and animal consumption.
This water is often
40
Similarly, the Mekong River basin covers six nations. Four of
Another indicator of nutrient pollution is
used for agriculture, but there is still the risk
the six nations established the Mekong Basin Commission
biochemical oxygen demand (BOD), which 2/12 that pathogens survive, and can be conferred
to develop a cooperative approach to water management,
2/11
measures the amount of oxygen used by
to humans via produce. Surveys in Ghana’s
although the absence of China and20
Burma/Myanmar is
organisms to break down organic material
urban markets found pesticide residues, faecal
problematic, especially as they plan to develop large upstream
1/12 of
0/8eggs on vegetable0/7
3/9 counts and parasite
1/35
in water, and is an1/4
indicator of the degree
coliform
dams which will impact water flows. This demonstrates
the
0
organic water pollution.
samples at levels above recommended standards
risks of the non-binding international framework for the
Central &
Northern Africa
South Asia
South East Asia (Amoah
Caribbean
Central
America sewageSouth America
et al. 2006), and
in Bangladesh
consistent management of trans-border water resources
Southern Africa
& Middle
For theEast
nations for which data are available,
related contamination of surface water in many
(Jagerskog & Phillips 2006).
the Rest of the World had a BOD of 307 tonnes
communities has contributed to greater use of
per day compared with 129 tonnes per day in
groundwater for drinking (but which has brought
Water-related issues often occur within nations (Jagerskog &
the Tropics (see Figure 3.7). However, in the
with it arsenic contamination problems).
Phillips 2006). For example, competition between agricultural
Tropics there are large variations among regions,
and municipal/industry users has been a significant issue in
with South East Asia reporting a BOD of 390
Chemical pollutants can include substances
nations including the United States, India, Bolivia, China and
tonnes per day and Oceania less than five
such as heavy metals, hydrocarbons and
Yemen (Gleick & Heberger 2012, UNDP 2006).
tonnes per day. In part, this reflects the level of
petroleum products, pesticides and herbicides.
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Unlike biological contamination which can have
widespread impacts across river basins, the
effects of many chemical contaminants tend
to be more regional and ecosystem dependent.
However, due to their persistence they require a
much greater effort to remediate and manage.
For many of these substances a major concern
is their ability to be incorporated in the tissues
of plants and animals and accumulated in food
chains to higher order consumers like humans
(Banks et al. 2007).
Physical contaminants include nonbiodegradable rubbish like plastics, building
materials, discarded fishing gear and other such
items. Increased sediment loads are also an
issue, although the natural levels of sediments
can be highly variable between systems and
seasons. River systems such as the Nile, Yangtze,
Pearl, Mississippi and Irrawaddy have naturally
high sediment loads that may be in the order of
hundreds of millions of tonnes per year (Wang
et al. 2012). However, human activities such as

poor land use practices and deforestation mean
additional sediment loads well above natural
levels are a common problem.
Emerging water quality issues include the
rise in new contaminants such as endocrine
disruptors. These are increasing in waters
receiving sewage and some industrial effluents.
These contaminants include pharmaceuticals,
hormones and phthalates, which are persistent
in the environment and can have effects on
biota even at very low concentrations, as
well as pose health risks to humans (Fawell &
Nieuwenhuiujsen 2003).
Another less recognised contributor to
deteriorating water quality is over-extraction,
which can see water volumes decrease or
cease. Flow on effects may include stagnation,
increased water temperatures, pollutant
accumulation, blue-green algae contamination
and loss of supply to downstream users. In
Australia, reduced flow in the Murray-Darling

River from a combination of drought and
over-extraction between 1997 and 2006 meant
that the nation’s longest river failed to flow to
the sea over 60% of the time (CSIRO 2008).
This has had major impacts on coastal wetland
ecosystems, changed the make-up of the
region’s biota, increased sedimentation (causing
semi-permanent blockages at the river mouth),
caused major water stress to users in the lower
parts of the system and led to blue-green algae
outbreaks (Paton et al. 2009; Paton 2010).
Similar examples can be found for other systems
around the world, including the Ganges, Amu
Darya, Nile, Jordan, Yellow and Colorado Rivers
(Revenga et al. 2000, Waughray 2011).
Deterioration of groundwater quality is also
generally linked with over extraction, which can
lead to increases in compounds and elements
like fluoride and arsenic. Over extraction also
increases the risk of saltwater intrusion into aquifers,
reducing both the quantity and quality of fresh
water available for human use (WWAP 2012).

Figure 3.6   Global desalination capacity and number of desalination plants
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Figure 3.7   Biochemical oxygen demand emissions
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Table 3.3   Sectoral water withdrawals
Sectoral withdrawals in billion cubic metres/ year
(proportion of total withdrawals %)

Agricultural

Industrial

Municipal

Water
pressure
(freshwater
withdrawal
as % of
TRWR*)

Total

1,019
(81)

102
(8)

137
(11)

1,258

4.3

Central & Southern Africa

46
(75)

4.2
(7)

11
(18)

62

1.2

Northern Africa & Middle East

47
(91)

0.9
(2)

3.5
(7)

51

16

South Asia

452
(91)

13
(2)

34
(7)

499

28

South East Asia

344
(77)

61
(14)

41
(9)

446

7

Caribbean

9.3
(63)

1.1
(8)

4.3
(29)

15

16

Central America

42
(68)

7.9
(13)

12
(19)

61

7

South America

76
(63)

12.8
(11)

31
(26)

119

0.9

Oceania

3.4
(63)

1.3
(24)

0.7
(13)

5.5

0.5

Rest of the World

1,684
(64)

629
(24)

331
(12)

2,644

11

World

2,703
(69)

731
(19)

468
(12)

3,902

7.3

Tropics

Source: Aquastat (FAO 2013) and State of the Tropics.
Note: Totals may not add up due to rounding. *TRWR – Total Renewable Water Resources
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Recently, increased nutrient levels detected in some
aquifers, particularly shallow ones, are thought to be
associated with fertiliser overuse, land fill leachates
and urbanisation (Revenga et al. 2000).
Environmental flows are the quantity, quality,
and timing of water flows required to maintain
underlying ecosystem and human services.
Maintenance of environmental flows helps
ensure the sustainability of water resources
through maintenance of ecosystem services
including water purification and biodiversity.
The underlying parameters of flow intensity,
timing, water quantity and quality vary among
systems and are major contributors to the
biodiversity and ecological health of aquatic
ecosystems. Historically, developmental
requirements outweighed ecological needs for
water resources (see Box 3.10), though there is
an increasing recognition of the need to balance
human and environmental requirements for
water flows (King & Brown 2006).
One of the limitations to quantifying renewable
water resources globally is the lack of adequate
and consistently available data. In fact, despite
the critical importance of water to all life on
Earth, the number of functioning hydrological
stations has decreased since 1985, which is
impacting data collection and monitoring
activities (Revenga et al. 2000). Addressing these
issues will require considerable international
effort and adequate resourcing to ensure
measurable improvements (see Box 3.10).
Similarly, while data for many water pollutants
may be available at local and watershed
level, this is mainly in developed nations.
Globally the data are fragmented with little in
the way of consistent long term monitoring
programs (Revenga et al. 2000). This is despite
international recognition of the burden water
pollution from sewage, industry and agriculture
poses to society and the environment.

Looking forward
The cycling of water through the Earth’s
ecosystems means that we often perceive water
as an infinite, renewable resource. However,
it is both finite in its quantity and quality. The
variable nature of the hydrological cycle, the
Earth’s topography and its political boundaries
means that water availability is variable to both
humans and the environment in many areas. The
future of water use, particularly in light of the
effects of a changing climate, will depend on the
ability of humanity to adapt and to use and reuse
water resources sustainably to ensure that both
the environment and society have adequate
supplies of good quality water.
Water quality issues have increased significantly
in the Tropics in the last few decades.
Increasing pressures from growing populations,
urbanisation, industrialisation and economic
development mean that urgent action is required
to ensure there are adequate environmental
flows and that available water resources are
used sustainably. To this end, there is an urgent
need for improving sustainable planning and
management practices in the region.

6
MENA refers to the group of 22 nations that form the Middle East and
Northern Africa region as recognised by international agencies. They
are: Algeria, Bahrain, Djibouti, Egypt, Gaza Strip, Iran, Iraq, Israel, Jordan,
Kuwait, Lebanon, Libya, Malta, Morocco, Oman, Qatar, Saudi Arabia,
Syria, Tunisia, United Arab Emirates, West Bank, Yemen.
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Box 3.9  Desalination in the Middle East and Northern Africa (MENA)6
The Middle East and Northern Africa is one of the most
water scarce regions in the world. Chronic water stress
is an issue in at least 16 of the 22 MENA nations. In this
region, where withdrawals exceed renewable water
resources, the balance needs to be supplemented from
other sources (Fichtner 2011).
Given the need to offset shortfalls in renewable water
supplies, and the region’s large human population and
solid economic growth, MENA nations have become
leaders in the use of desalination technologies (Immerzeel
et al. 2011). The region now accounts for over 60% of
global desalination capacity (Gleick et al. 2006, Fichtner
2011). Desalination, however, has both economic and
environmental costs. Although there have been significant
improvements in the productivity and efficiency of
desalination practices it remains an energy intensive
process. For example, according to 2006 estimates,
on average around 3kWh of energy was required to
produce one cubic metre of freshwater (Henthorne 2009,
Immerzeel e tal. 2011).
The energy intensity of desalination contributes to
greenhouse gas emissions, particularly in plants powered

by fossil fuels. Several MENA nations are currently trialling
pilot plants using renewable energy technologies, and are
developing plans to build large-scale commercial plants
using renewable energy (Fichtner 2011).
Desalination plants produce a high temperature,
hypersaline water discharge that must be managed to
avoid environmental impacts when released. For some
desalination plants discharge streams may also include
anti-fouling compounds, corrosion contaminants (heavy
metals) and coagulants which affect local biota (Dawoud
& Mulla 2012). In coastal areas the most common
disposal method is discharge back into the ocean. For
inland regions though, seawater disposal is not possible,
making management of this waste stream more difficult.
Due to the density of desalination plants along the semienclosed Arabian Gulf and Red Sea there are concerns
about the cumulative effects of multiple hypersaline
brine discharges on the local ecology and water chemistry
(Purnama et al. 2005, World Bank 2011). The greatest risks
are likely to be on mangroves, sea grass meadows and
endangered dugong populations.

Desalination plant. Image: Ryan Lackey.

CHAPTER 3

LAND AND WATER

STATE OF THE TROPICS

81

Box 3.10  Integrated Water Resource Management (IWRM)
Competition for water resources has existed between nations for
millennia, but competition also exists between social and environmental
sectors within nations. Integrated Water Resource Management aims
to promote the coordinated development and management of water,
land and related resources, in order to maximise the resultant economic
and social welfare in an equitable manner without compromising the
sustainability of the environment. The benefits of IWRM were recognised
as far back as the 1930s, though early efforts focussed on engineering
solutions to supply industrial, municipal and agricultural users, with little
recognition of environmental requirements.
Even in the 1970s there was little recognition of the need for
environmental flows (Snellen & Schrevel 2004), and it wasn’t until the
1992 Earth Summit that the global community recognised the need for an
integrated approach to the development, management and use of water
resources for both humanity and the environment.

Water management in India. Image: Nestlé.

Although progress has been slow in many regions (and difficult to
quantify, as many effects are subtle), efforts to improve water resource
management and sustainability over the past 20 years have improved
outcomes in many nations, across a range of economic, social, health and
environmental services. These include improved water use governance;
increased stakeholder and government engagement in water management;
and improved environmental governance (Poff et al. 2003, WWAP 2012).
Since the 1992 Earth Summit, 80% of UN member nations have undertaken
reforms to improve water management and sustainability (UNEP 2012).
Despite these efforts, most nations believe their water risks are increasing,
and in all but the most developed nations, priorities remain primarily humancentric with environmental flows given a low priority (WWAP 2012). Globally
the main water risks include water scarcity, extreme water events (both
droughts and floods) and water quality deterioration, with demographic
changes exacerbating these risks (WWAP 2012).
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Pygmy seahorse, Philippines.
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Humpack whale.
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‘Don’t bargain for fish which are still in the water.’
Indian Proverb
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Summary of ocean indicators

Indicator

The
Tropics

Central &
Southern
Africa

Northern
Africa &
Middle
East

South
Asia

South East
Asia

Caribbean

Central
America

South
America

Oceania

Rest
of the
World

World

Wild Marine Catch*
1950 to 2010
(million tonnes)

2-32.2

0.3-2.3

0.1-1.0

0.6-4.3

0.8-18.2

0.03-0.2

0.03-0.7

0.2-5.0

0.03-0.6

14.8-45.1

16.8-77.3

Aquaculture Production*
1950-2010
(thousand tonnes)

156 –
21,849

0.4 – 351

0.0 – 27.1

32.2 –
4,182

123 –
16,273

0.0 – 36.7

0.0 – 176

0.0 – 790

0.07 – 12.7

448 –
38,086

604 –
59,936

Coral Reef
Distribution
%

95

6

4

5

27

3

2

1

47

5

100

Reefs at
Risk**
1998-2010

29-47

33-64

18-33

19-21

58-61

53-65

27-32

34-54

7-28

13-28

27-45

2,949/44

21/5

335/2

31/2

226/7

832/11

733/6

483/3

288/8

1,535/11

4,484/53

175-143

34.8-30.2

1.98-1.41

9.4-9.3

64.2-47.2

6.2-6.05

16.6-11.6

21.2-18.8

20.6-18.6

10.1-6.80

185-150

99

22

4

52

71

8

15

16

70

26

100

Coral Reefs

Coral
Disease^

Mangroves

Decrease in
Mangrove
Area
1980-2005
(‘000 km2)
Mangrove
Diversity
% of total
species#

Red: Situation is deteriorating

* Wild marine catch and aquaculture production not identified as improving or deteriorating as defining “good” or “bad” will depend on perspective;
** % of reefs at high risk from integrated local threats; # numbers will not equal 100 as many species are found >1 region;
^ number of coral diseases reports / number of nations reporting disease.

Oceans comprise 76% of the Tropics. They are
generally shallower and warmer than in other
parts of the world, and also tend to be lower in
nutrients hence support lower densities of marine
organisms. However, although lower in overall fish
biomass the Tropics’ share of the overall global wild
marine fish catch is increasing. This is due in part
to the extensive coral and mangrove ecosystems
in the Tropics and overfishing in other regions.
Coral reefs and mangrove systems support a large
proportion of tropical fisheries as well as providing
a number of other ecosystem services to society.
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Oceans, and in particular coastal marine waters,
are fundamental to the health and well-being
of many communities in the Tropics. A large
proportion of the human population in the
Tropics is directly dependent on marine resources,
particularly on fisheries, for sustenance. For many
tropical nations, valuable income is also generated
from coral reef associated tourism. Oceans
also play a vital role in terms of the protective,
regulatory and supporting services they provide,
such as their role in acting as a carbon sink, in
climate regulation and nutrient cycling.

Headline indicator

Wild marine catch: Fish are the primary source
of animal protein for many coastal communities
worldwide. Communities that rely on small-scale
fisheries are largely located in the Tropics and
about half the wild marine fish catch is taken
by these small-scale operations. Sustainable
management of this resource is essential to
maintain the ecological integrity of oceans as
well as providing a sustainable resource
for coastal communities into the future.
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Supplementary indicators

Aquaculture production
Aquaculture is the cultivation of aquatic
organisms such as fish, crustaceans, molluscs
and aquatic plants under controlled conditions.
Increased aquaculture production is associated
with a transition to more sustainable fishing
practices. Assuming continued population
growth and constant per capita demand for
seafood, responsible aquaculture represents the
best hope of both meeting demand and halting
the decline of wild stocks.

Is it getting better?

Corals: Most coral reef systems are located in
the Tropics and provide a range of goods and
services to tropical nations both directly and
indirectly. For many tropical island nations,
coral reefs are important for fisheries, provide
protection to coasts and are an important
source of income through tourism.

Aquaculture production
In 2010, the Tropics produced 36% of reported global
aquaculture production, up from 26% in 1950. The
rapid growth in aquaculture in the Tropics, particularly
high intensity mono-cultures, has had some negative
environmental effects including impacts on water quality
and the introduction of invasive species. However, there
are major improvements being made in productivity
and environmental practices and greater emphasis on
sustainable poly-cultures, particularly in the Tropics.

Mangroves: Mangroves are important nurseries
and habitats for marine life and act as filters of
terrestrial pollutants, protecting nearby coral
reef and seagrass systems.

Links to other dimensions

Renewable water resources, land degradation,
agriculture, aquaculture, protected areas,
biodiversity, carbon dioxide and greenhouse
gas emissions.

Wild marine catch
Globally, wild marine catch quadrupled between the
1950s to when it peaked in the mid-1990s. Since then
catches have declined or stabilised despite increasing
fishing effort. However, in the Tropics marine fish catch
has increased over the past 50 years. Human population
growth, particularly in tropical coastal communities,
and increasing affluence, is forecast to further increase
pressures on marine fish stocks.

Corals
Threats to coral reef systems increased markedly
between 1998 and 2010 with over half the reefs in the
Tropics now considered to be at medium or high risk of

Vietnam. Image: Dave Mills, Worldfish.
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damage. Coral reefs in all tropical regions are suffering
from increased threats locally and globally. Primary
local threats include coastal development, overfishing/
destructive fishing, pollution and sedimentation.
Increased water temperatures and ocean acidification
are the greatest global threats. Loss of coral reef
systems is having wider ecosystem and human
well-being ramifications because of declining fish
populations and erosion of protective services
offered to coastal communities.
Mangroves
The Tropics host nearly 95% of the world’s mangroves
by area and 99% of mangrove species. Mangroves have
decreased in area since 1980 with all tropical regions
suffering declines. The greatest threats to mangroves
include illegal forestry, coastal development, aquaculture
and pollution. Loss of mangroves increases the risk of
adverse impacts of extreme weather events on coastal
communities, and contributes directly to losses of fisheries
resources. Some tropical nations have recognised the value
of mangrove ecosystems and are improving legislative
protection as well as initiating reforestation efforts to
improve coastal mangrove systems.

Wild marine catch

The oceans cover 71% of the Earth’s surface and
contain around 97% of its water (NOAA 2011).
It is estimated that 25% of all species diversity
exists in the oceans, of which 91% is still
undescribed (Mora at al. 2011).
Oceans and marine life support many elements
that are critical for human life. Marine organisms
are significant contributors to the oxygen cycle
and oceans play a major role in influencing
the Earth’s climate and the water cycle. Many
human activities are affecting the health of
oceans – both directly and indirectly. The impact
of increased anthropogenic carbon dioxide
emissions is the most pervasive. These emissions
are changing ocean acidity and contributing to
climate change, with associated effects on sea
levels, precipitation patterns, the incidence of
extreme weather events and potential changes
to ocean circulatory patterns (UNEP 2007).
Urbanisation is also having significant impacts
in many coastal ecosystems. Coastal
development such as dredging, reclamation
and the construction of physical barriers (such
as sea walls) can disrupt currents, sediment flow
and discharge, with impacts on sensitive
coastal ecosystems.
The ocean’s marine life represents an important
resource which provides food, medicine, and raw
materials that support human life and economic
activities. In 2007, fish accounted for 16% of the
global population’s intake of animal protein, and
20% in low-income food-deficit (LIFD) nations
(FAO 2010a). Most of these nations are in the
Tropics. As around half the global wild marine
catch is in small-scale fisheries7, sustainable
fish stocks are critical to the lives of millions of
people in developing nations.
For many developing nations rising incomes are
contributing to increased demand for seafood.
In others, ongoing poverty means there is a
high reliance on subsistence fishing as the
primary protein source (Delgado et al. 2003).
As the global population increases there will
be greater demand for seafood, and a need
for more sustainable approaches to fishing

92

SECTION 2  THE ECOSYSTEM  

Figure 4.1   Wild marine catch
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Source: FAO (2013), State of the Tropics project.

and aquaculture. Persistent over-fishing has
had long-term impacts on the productivity of
marine ecosystems, notably in areas where
poverty overshadows environmental concerns,
and where unregulated and illegal fishing is
prevalent. As such, the sustainable management
of wild marine stocks is a critical issue for
the wellbeing of many small-scale fishing
communities. Collapse of these fisheries would
have significant food security implications.
To some extent aquaculture is reducing
pressure on wild fish stocks, but the benefits
are offset by the extensive use of fishmeal (see
Box 4.1). Globally, aquaculture’s proportion of
total fisheries production is increasing rapidly.
However, in many developing nations much of
the production is increasingly high-value fish
destined for export markets rather than for local
consumption, meaning that food security is
an ongoing issue, even in many fish-producing
nations.

Marine catch 8
Global fisheries production (excluding aquatic
plants) increased from 18 million tonnes in 1950
to 154 million tonnes in 2011. Over this period
the wild marine catch increased from 16 to 79
million tonnes, but its proportion of the global
catch fell from 89% to 51%. At the same time
aquaculture’s contribution to global production
increased from 3% in 1950 to 41% in 2011. The
wild marine catch increased rapidly from the
1950s to the late-1980s, driven by a combination
of rapid human population growth, subsequent
rises in food demand, coupled with technological
advances that improved the precision and
efficiency of fishing effort and made commercial
fishing in deeper offshore waters viable.
The Tropics accounted for almost two million
tonnes of the marine wild catch in 1950 (12%),
increasing to 32 million tonnes in 2010 (42%)
(see Figure 4.1). The proportion of the wild
marine catch from the Tropics has increased
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Figure 4.2   Wild marine catch – the Tropics
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rapidly since the late 1980s, reflecting both the
steady decline in the catch in the Rest of the
World (notably in northern Europe and North
America), and increased production in the
Tropics. In the Tropics, South East Asia and
South America are the major producers (see
Figure 4.2). In South East Asia the wild marine
catch increased from less than one million
tonnes in 1950 to more than 18 million tonnes
in 2010. The majority of the increase was in
Indonesia (up by 4.7 million tonnes), China
(3.0 million tonnes), Philippines (2.2 million
tonnes) and Vietnam (2.0 million tonnes).
The combination of strong population
growth and rising living standards in these
nations contributed to strong demand for
fisheries output.
The rapid increase in production in the Tropics
to 1970 was driven by Peru’s anchoveta catch.
Between 1950 and 1970 Peru’s marine catch
increased at an average rate of almost 30% per
annum, from 75,000 tonnes in 1950 to 12.5

million tonnes in 1970. Between 1960 and 1970
anchoveta accounted for 98% of Peru’s wild
marine catch. Overfishing and the disruptive El
Niño and La Niña weather patterns contributed
to the fishery’s collapse in the early 1970s, and
almost two decades of poor catches followed.
Production has since started to recover, supported
by improved fisheries management (see Box 4.1).
In the Rest of the World the wild marine catch
peaked in 1988 at 59 million tonnes, and has
since fallen by 640,000 tonnes per annum on
average, to around 45 million tonnes in 2010.
Over the same period the wild marine catch in the
Tropics increased by 450,000 tonnes per annum.
Nonetheless, since the peak in the global catch in
1996, the rate of increase in the Tropics has fallen
considerably, from an average rate of 5.1% per
annum in the 14 years to 1996, to 0.1% per
annum in the 14 years to 2010.
Up to the mid-1990s increases in catch were
supported by the exploitation of new fisheries.

For example, there was a rapid expansion of
commercial fishing into the open oceans in the
1980s and 1990s (Swartz et al. 2010). Slower
growth in the rate of expansion (and the marine
catch) since then reflects that most commercially
viable wild fisheries have now been exploited.
The moderation in growth of fisheries since the
mid-1990s also reflects international efforts to
improve fisheries management as the serious
ecological and socio-economic consequences
of over-exploitation in broad scale fisheries is
increasingly recognised. Efforts in this area aim
to prevent over-exploitation of species, maintain

There is no clear definition of what a small-scale fishery is, but they are
characterised as requiring only a small capital investment to operate in,
use low technology gear and vessels (often non-motorised) and catch
fish primarily for subsistence or local markets.

7

8
Data are sourced from the Food and Agriculture Organization
(FAO). The data are considered to be the best available, though are
subject collection and reporting limitations. For example, it is widely
acknowledged that the small-scale fisheries catch is significantly underreported in official statistics.

Box 4.1  Anchoveta fishing in Peru
Off the coast of Peru is one of the world’s most
productive fishing areas. The coastal upwelling created
as the cold Humboldt current collides with the
continental shelf forces nutrient rich cool water to the
surface feeding a rich phytoplankton and zooplankton
‘soup’ which is a major source of food for a variety of
animals, including anchoveta (Aranda 2009).
The extreme abundance of anchoveta and their
proximity to the coast has made their capture,
processing and export a major economic activity in
Peru. Nonetheless, the fishery is susceptible to El
Niño events which cause ocean currents to change
direction, surface temperatures to rise, and the
upwelling to stop. In the absence of this food source
the anchoveta and other animals either migrate, or
feed at greater depth where they are not accessible
to fishers.
The Peruvian anchoveta fishery began in the early
1950s and is one of the most important fisheries
in the world in terms of landings and fishmeal
production (The Economist 2011). Once it was
identified as a valuable economic resource, landings
of Peruvian anchoveta increased rapidly, from 1,200
tonnes in 1951 to more than 6.6 million tonnes in
1963, with the majority of the catch processed for
fishmeal export. By 1963 Peru was the world’s largest
producer of fishmeal.

Between 1951 and 1964 the fleet increased from 25 to
1,744 vessels (Aranda 2009). Alongside poorly defined
fisheries management principles, rapid fleet development
reflected an ‘open access’ environment where there were
no or limited restrictions to access rights. As a result, a
significant over capacity occurred where fishers invested
in larger and more modern vessels and equipment to
ensure larger individual shares.

In the 1990s the privatisation of state-owned fishing
assets saw strong investment to upgrade the fleet and its
capacity, despite the introduction of laws in 1992 designed
to prevent capacity building. The ensuing over-capacity
led to the development of a range of policies aimed to
ensure the industry’s sustainability. Vessel restrictions were
introduced in 1998, and in 2008 individual vessel quotas
(IVQ) were introduced.

By 1965 scientists recognised the risks of over-exploitation
and recommended the introduction of a total allowable
catch of seven million tonnes. Nonetheless, in 1971 catches
reached 12.3 million tonnes – the highest level ever
reached for a single-species fishery in the world. In 1972
the industry was hit by a particularly strong El Niño event,
and during 1972-73 anchoveta landings collapsed to less
than two million tonnes.

The IVQ model allocates temporary access rights to a
vessel and a fishing license. Should a boat be withdrawn,
its rights can be accumulated to other boats belonging
to the same boat owner, but there is no increase in vessel
numbers. A key aim of the IVQ model is to reduce overcapacity and move towards a smaller, more efficient fleet.
Other policy changes include an enforced sustainable
quota aimed at ensuring five million tonnes of anchoveta
are left each year as spawning stock, and mandatory
installation of satellite-tracking devices on vessels (The
Economist 2011).

The government nationalised the industry in 1973 to
rationalise activity and preserve the resource. However,
subsidising the fishing fleet during consecutive years
of poor catch was impossible and led to the industry
being denationalised in 1976. Anchoveta stocks began
to recover in the early 1980s but another strong El
Niño event in 1982-83 affected production and stocks
did not recover through the 1980s. By the late 1980s,
twenty years of poor catch was reflected in the age and
condition of the remaining fishing fleet which numbered
less than 400 vessels.

Recognition that over-exploitation of anchoveta could lead
to the collapse of a nationally significant industry was a
key factor in introducing more sustainable fishing practices
in Peru. After accounting for the El Niño impact in 1998,
the benefits of this approach are reflected in the relatively
stable catch over the past 20 years.

Anchoveta fishing boat. Image: Derek Law.
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biodiversity and ensure a sustainable food supply
(Mora et al. 2009). Nonetheless, overfishing
– when production exceeds the capacity for
replacement by reproduction and growth –
remains common. Fisheries typically progress
through sequential stages of development,
going from being undeveloped to developing,
fully exploited, overfished, collapsed, and then if
possible to recovery (Sea Around Us Project 2011).
The Food and Agricultural Organization of
the United Nations (FAO) estimates that the
proportion of underexploited or moderately
exploited stocks declined from 40% of species/
stocks in the mid-1970s to 15% in 2008, and
that the proportion of overexploited, collapsed
or recovering stocks increased from 10% to 32%
(FAO 2010a)9. The proportion of fully exploited
stocks has been relatively stable at about 50%
since the 1970s. FAO estimates that in 2008:
• 3
 % of stocks were underexploited and 12%
moderately exploited, and therefore, able to
produce more than their current catches;
• 5
 3% were fully exploited, with current
catches at or near their maximum sustainable
production; and
• 2
 8% were overexploited, 3% collapsed and
1% recovering from depletion, and therefore
yielding less than their maximum potential
production.
 ther research suggests the situation may be
O
considerably worse, with 33% of stocks overexploited and 24% collapsed in 2008 (Froese et
al. 2012).
In 2006 the proportion of stocks in the
Tropics and the Rest of the World that were
overexploited or collapsed was estimated to be
roughly similar, at around 45% (Sea Around Us
Project – unpublished data). Nonetheless, it is
likely that poorer data availability in the Tropics
combined with higher levels of illegal, unreported
and unregulated fishing mean that, relative to the
Rest of the World, there is considerable underreporting in official catch statistics for the Tropics.

The increased proportion of overexploited,
collapsed or recovering stocks combined with
limited scope to expand into new fisheries
means that many wild marine fisheries will not
be able to increase production until effective
management plans are put in place to rebuild
overfished stocks (FAO 2010a).

Fishing communities
Capture fisheries represent the most intensive
use of wild species by humans, providing food
security and income for millions of people (BIP
2012). Many of the world’s fisheries are severely
overfished due to both small-scale, subsistence
fishers and large-scale, commercial fishing
operations.
Small-scale fisheries account for more than half
of the global fish catch and employ more than
90% of the world’s 35 million capture fishers
(FAO 2010a). Almost all of the catch from smallscale fisheries is used for human consumption,
and many of the communities that rely on these
fisheries are in the Tropics – in Asia, Africa, Latin
America, the Caribbean and Oceania.
Despite the significant contribution of smallscale fisheries to food security, data on catch is
lacking and the economic contribution fisheries
provide to communities is poorly understood.
For example, research undertaken in a number
of tropical nations suggests that poor data
for small-scale fisheries contributes to a large
underestimate of marine catch with actual
catches being between 1.7 to 6.2 times higher
than official estimates (Zeller et al. 2006,
Jacquet et al. 2010, Ramdeen et al. 2013).
This lack of reliable information compromises
the effectiveness of fisheries management
and increases the likelihood of fishing access
being over-licensed, to the detriment of marine
ecosystems and national food security.
Compared to large-scale commercial fisheries,
small-scale fisheries receive little attention from
policy-makers. The communities supported by
small-scale fisheries are typically poor, have

95

insecure access rights to fishery resources and
are not adequately represented in decisionmaking processes. In the short term these
communities are likely to be the most affected
by the implementation of sustainable fisheries
management, but have much to gain in the long
run if more equitable fisheries management
can be achieved. The FAO is currently taking
leadership to address these issues (see Box 4.2).
The development of large, capital-intensive,
commercial offshore fleets using modern
technologies to target fish is affecting smallscale fisheries, often reducing the volume of
stock accessible to coastal subsistence fishers
using small and often non-motorised craft.
Reflecting the small-scale and localised nature
of fishing in Africa and Asia, production in these
regions is less than 2.5 tonnes per fisher per
annum, compared with 24 tonnes per fisher
in Europe’s more industrialised fisheries
(FAO 2010a).
The increase in distant-water fishing contracts,
which allow foreign nations to fish other
nation’s waters, are also affecting local fishing
communities in many developing nations.
Licence fees for these contracts are typically
paid to central governments, and the fishing
communities that bear the major costs of
these contracts – through reduced fish stocks
and habitat destruction – typically see
limited benefits from the allocation of
contract revenues.

Marine catch and biodiversity
Fishing occurs in most marine environments
ranging from coastal habitats including
mangroves and seagrass beds, to coral reefs and
deep sea habitats. These habitats are impacted
to varying degrees by a range of factors including
pollution from land-based sources, destructive

FAO notes that probably only around 10% of the exploited fish stocks
are assessed. Although the assessed stocks account for almost 80% of
declared landings, for the large majority of exploited fish stocks there is
little or no information on their status.

9

fishing practices and overfishing. These factors
are in turn likely to be exacerbated by climate
change, which may not have an immediately
obvious effect but will accumulate over time if
not addressed. For example, the International
Panel on Climate Change’s high carbon dioxide
emission scenarios suggest that drastic changes
in tropical oceans and coastal habitats would
occur by the end of the century. Resulting
habitat degradation and environmental change
could reduce fisheries productivity in the
Tropics by up to 50%, especially in near shore,
shallow water environments such as coral reefs
(Pratchett et al. 2011).
One reason for the declining marine catch is the
‘tragedy of the commons’ where, in the absence
of clearly defined property rights, anyone with
access to a shared resource has an interest in
over-exploiting it, and it is in no individuals
interest alone to maintain it. As witnessed in
the Peruvian anchoveta fishery (see Box 4.1) this
can lead to significant over capacity as fishers
have incentives to invest in larger and more
modern vessels to ensure larger individual shares.
Without intervention, collapse of the resource is
inevitable, with significant socio-economic and
ecological consequences.
The tragedy of the commons effect has been
exacerbated by government subsidies – notably
in Europe and East Asia – which can act to
support otherwise marginal fisheries. Globally,
capacity enhancing fishing subsidies for items
such as fuel and boat construction or renovation
was estimated at US$16.2 billion in 2003
(Sumaila et al. 2010), and is contributing to
fleet capacity that is significantly greater than is
needed to fish sustainably (Schorr 2004).
An indicator of the direct impact of overfishing
is the Marine Trophic Index (MTI). Until the early
1980s, the MTI indicated that global fisheries
catch increasingly consisted of smaller fish
that are lower in the food web (BIP 2012). This
process, known as ‘fishing down marine food
webs’, is a major issue as it demonstrates that
larger predators are caught preferentially in
such numbers that their stocks do not recover.
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The loss of top predators and the reduction of
the trophic structure have consequences for
ecosystem stability and function, and threaten
biodiversity more broadly.
Although there are large regional variations
in the MTI, overall it has been stabilising or
improving since the mid-1980s. While this is
promising, the Fishing-in-Balance Index suggests
that the improvement largely reflects the spatial
expansion of fishing effort (Kleisner & Pauly
2011). That is, the expansion of fishing effort
into areas where higher level predators have
not previously been targeted is contributing to
increases in the MTI.
The condition of recently exploited deep water
habitats is also starting to cause concern as
there is a greater awareness of the impact of
modern fishing techniques on these previously
inaccessible ecosystems. Deep ocean species
are increasingly targeted as more accessible fish
stocks are depleted and more strictly regulated.
Species from deep water habitats are particularly
vulnerable to overfishing because they tend
to be slow growing and long lived compared
with species from shallower waters. Although
improving, a lack of data for these environments
means that fishing’s impacts are poorly
understood at present.
Environmentally destructive fishing practices
that have degraded marine habitats have further
impacted fisheries over the past twenty years.
The use of destructive fishing gear and practices
– such as bottom trawlers, dynamite and poison
– are still widely employed, even though their
damaging impacts are well understood.
Another major issue is by-catch, which is
the unintentional taking of non-targeted
species including marine mammals, turtles
and birds. It is estimated that 27 million tonnes
of fish are discarded each year in commercial
fisheries (Alverson et al. 1994). These practices
impact biodiversity and compromise the
productivity of global fisheries and the
viability of marine ecosystems.

Looking forward
As human populations continue to grow, the
future benefits that fishery resources can provide
will depend largely on how well they are rebuilt
and managed (Sumaila et al. 2012). A key
challenge will be maintaining marine biodiversity
and ecosystem services while also developing
sustainable marine fishing practices.
New approaches to fisheries management
being developed include the ecosystem
approach to fisheries management (EAF) and
co-management. EAF has a greater focus on
ecosystem health and sustainability, and gives
greater prominence to the ‘precautionary
approach’ in fisheries management. The EAF also
aims to deliver food and income security in an
equitable manner. Practical issues associated
with the effective implementation of EAF
are being addressed (Paterson & Petersen
2010), though there are particular challenges
in developing cross-border institutional and
governance frameworks that address complex
economic, social and environmental policy issues
(FAO 2010b).
Widespread acceptance of ecosystem and
co-management approaches to fisheries
management represents a shift away from
traditional single-species management tools
such as maximum sustainable yield (Botsford
et al. 1997). However, marine environments are
complex, and fishing occurs at multiple scales,
targets a wide variety of species and uses many
different types of fishing gear. As such, a range of
methods and management tools are needed for
appropriate, sustainable fisheries management.

10
The ecosystem approach to fisheries management (EAF) presents
a more holistic approach than traditional fisheries management
methods, and strives to take into account the structure and functioning
of ecosystems and their components, as well as the needs and desires
of societies in the context of sustainable use of marine resources. In
addition to sustainability, the concept of equity is given prominence.
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Box 4.2  Small scale fisheries
In 1995 FAO developed the Code of Conduct for
Responsible Fisheries in response to growing concerns
over the sustainability of global fishery resources.
The code explicitly recognises the importance of
small-scale fisheries in poverty alleviation and food
security, and acknowledges the right of small-scale
fishers to secure a livelihood and preferential access
to traditional fishing grounds. Threats to communities
relying on these fisheries extend beyond reduced

Fishing, Philippines. Image: Richard Messenger.

fish catch due to increased competition with external
fishers, and include the impacts on fisheries from
pollution, coastal development and other land based
practices (FAO & WFC 2009).
The 29th session of the Committee of Fisheries of
the FAO agreed that, in view of the important role
played by small-scale fisheries, FAO should continue
to give priority to small-scale fisheries and ensure

adequate visibility for them, particularly in relevant
international forums that deal directly or indirectly
with these fisheries. The Committee also approved
development of a new international instrument on
small-scale fisheries to complement the existing
Code of Conduct for Responsible Fisheries, with input
from all relevant stakeholders (FAO 2011).
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Aquaculture production

For millennia wild capture fisheries have been
complemented by aquaculture. Large-scale
commercial aquaculture is a relatively young
industry, having only developed since the 1950s,
but the earliest records of aquaculture date
back more than 4,000 years to Egypt and China
(Nash 2011). Like agriculture, aquaculture has
undergone a productivity revolution in recent
decades, however, unlike agriculture these
advances are not slowing down.
As wild fish stocks have become depleted the
importance of aquaculture has increased. Since
the 1950s aquaculture production has increased
significantly. In 2010, 60 million tonnes were
produced representing 41% of global fisheries
output (FAO 2012). Rapid growth in aquaculture
production has contributed to global per capita
consumption of aquaculture products more
than doubling over the past 50 years, from 9
kilograms in 1961 to almost 19 kilograms in
2011 (FAO 2012, WHO 2013, FAOSTAT3 2013).
For farmed fish, consumption has grown by an

part of integrated management on many farms.
estimated 7% per year since 1980, from 1.1 kg to
Semi-intensive culturing increases the focus to
8.7 kg per capita in 2010 (FAO 2012). It is often
aquaculture as the primary economic process,
assumed that rapid increases in aquaculture
but often includes a multi-species approach to
production will reduce pressures on wild stocks,
diversify risk and allow for seasonal variation in
but population growth and extensive use of
production. In contrast, commercial intensive
wild stock-derived fishmeal in aquaculture
aquaculture focuses on providing large amounts
mean that fishing of many wild stocks remains
of external inputs (feeds, oxygen etc) with high
unsustainable. On the positive side, production
density monocultures, usually directed at high
of species for which no feed is required
(i.e. filterThousand
tonnes
feeding bivalves and carp) represents at least one value species such as prawns or shrimp, and
60,000
which are often destined for export markets.
third of all aquaculture production (FAO
2012).
Aquaculture practices can be separated
into three
50,000
main types depending on the level of technology
and management that is used: extensive, semi40,000
intensive and intensive. Extensive practices
typically use low technology approaches over
large areas with minimal external inputs
including
30,000
feeds, low stocking density and production rates.
Frequently these systems will raise more than one
20,000
species, or complement agricultural production.
This is a very common practice in many parts of
Asia, with the culturing of fish in rice10,000
paddies a

Tropics

The rapid growth in aquaculture output,
especially
since
Rest of
the1980,
Worldhas had both positive
and negative effects on the wider environment.
High intensity commercial monocultures can
World on downstream water quality and
have impacts
adjacent ecosystems. Other environmental and
social impacts include the introduction of exotic
species and diseases, the impact of poor water
quality on the health of aquaculture stock and
the displacement of small-scale fisheries.
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Figure 4.3   Aquaculture food production
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Figure 4.4   Global aquaculture production by species group

ten years to 2010, from 1.7 million to 5.7 million
tonnes (see Figure 4.4), and its proportion of total
global aquaculture production increased from
5.2% to 9.6%.
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Trends
Marine and inland aquaculture production
(excluding plant products) has increased
considerably over the past 60 years, from
604,000 tonnes in 1950 to 60 million tonnes
in 2010 (see Figure 4.3), with aquatic plants
contributing another 19 million tonnes in 2010.
In 2010, the Tropics produced 36% of reported
global aquaculture production, up from 26%
in 1950.
In the Tropics, South East Asia and South Asia are
the largest aquaculture producers, with the top
six aquaculture producing nations in the world11
coming from these two regions (FAO 2012). In
1950 South East Asia produced 123,000 tonnes
and South Asia 32,000 tonnes. By 2010 this
had increased to 16 million tonnes and 4 million
tonnes respectively (see Figure 4.3). The lowest
aquaculture producers in 2010 were Oceania
(12,700 tonnes), Northern Africa & Middle East
(27,000 tonnes) and the Caribbean (36,700
tonnes). Although coming to commercial
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aquaculture production quite late, by 2010
South America was the third largest producer
in the Tropics.
Worldwide, aquaculture production has increased
almost 100 fold since 1950. With the exception
of the decade to 1960 the Tropics has reported
faster growth in the rate of aquaculture production
than in the Rest of the World. Oceania and the
Caribbean were the only two regions to report any
decrease in production during this period, with
Oceania having a 17% decrease in production
between 1970 and 1980, and the Caribbean a
7% reduction between 2000 and 2010.
Globally, most aquaculture production consists
of fish and molluscs, and to a lesser extent,
crustaceans (see Figure 4.4 and Figure 4.5).
Between 1970 and 2010 fish production increased
from less than 1.5 million tonnes to 39 million
tonnes, and mollusc production from 1.1 million
tonnes to 14.2 million tonnes. Production of
crustaceans, particularly shrimp and prawns, has
increased rapidly, and more than tripled in the

Freshwater fishes comprise the bulk of
aquaculture, and production has increased from
49% to 57% between 1980 and 2010. Cyprinids
(carp and barbels) accounted for around 27% of
all aquaculture production worldwide. Marine
molluscs are the second largest sectoral group,
though their proportion of production has
decreased from 38% in 1980 to 23% in 2010.
Similarly, brackish water fish production halved
over this period, while marine fish increased
from 4% to 6% of production and crustacean
production increased by a factor of four. In 1980,
marine mollusc aquaculture was dominated by
oysters and mussels at 50% and 30% of total
quantity respectively, but by 2010 this had reduced
to 33% and 13%. Over the same period clams/
cockles increased from 15% to 35% of
total mollusc production (FAO FishStatJ 2013).
In addition to increasing rapidly, the source of
crustacean production has changed. In 1980, 81%
of crustacean production was in brackish water
culture, but by 2010 this had fallen to 47%, with
the proportion from freshwater culture increasing
from 16% to 41% (FAO FishStatJ 2013). Shrimp/
prawn culture remains the dominant crustacean
group across all three water types, representing
83% of crustacean production in 1980, although
this decreased to 66% in 2010 (FAO FishStatJ
2013). This decrease has in part been due to
disease outbreaks and severe weather events, as
well as production diversification to other species
(FAO 2012). Shrimp and prawn farming are very
important in the Tropics, particularly in South East
Asia and South America. Most shrimp are farmed
in China, Thailand, Indonesia, India, Vietnam, Brazil,
Ecuador, and Bangladesh.

The FAO reports that China is the biggest aquaculture producer,
followed by India, Vietnam, Indonesia, Thailand and Bangladesh.

11

Box 4.3  Rice-fish culture
Fish is the major product in freshwater aquaculture, representing almost 92% of
the 37 million tonnes generated from freshwater aquaculture in 2010 (FAO 2012).
Much of this production is undertaken on by small-scale farms as extensive or
semi-intensive co-production with other agricultural practices. One of the most
common forms is rice-fish farming where fish are cultured in rice paddies. This
type of production has a long history in Asia and in many other parts of the world
(Halwart & Gupta 2004). However, the Green Revolution that began in the 1960s
saw a shift from traditional to monoculture industrial farming practices, and by
2002 only about 10% of the area suitable for co-production aquaculture in the
Mekong Delta was being used, with similar rates identified in other Asian nations
(Berg 2002, Prein 2002).
In recent years focus has returned to rice-fish farming and other integrated
agriculture/ aquaculture programs. Rice-fish farming combined with integrated
pest management (IPM) typically requires lower fertiliser, pesticide and herbicide
use with associated broader environmental benefits. In parts of Thailand, where
declining soil fertility and poor water availability has reduced rice productivity,
rice-fish farming combined with farming of other livestock such as ducks, chickens

and pigs has improved economic, social and environmental outcomes and
increased food security (Halwart & Gupta 2004, Tipraqsa et al. 2007). Similarly,
in the Mekong Delta, rice-fish IPM farming produces similar yields to rice only
farming, with lower production costs and greater product diversification (Berg
2002, Prein 2002). There are small losses of cultivatable land associated with
rice-fish co-production because of the need to incorporate drains and shelters,
but if managed properly, these losses are offset by overall yield improvements
(Halwell 2008).
Rice-fish co-production also has other health and social benefits. For example,
there are lower mosquito larvae densities in rice-fish paddies compared to paddies
without fish. One survey in central Java found the prevalence rate of malaria
decreased dramatically from 16.5% to 0.2% after the introduction of rice-fish
farming, with continued low malaria rates five years after its inception (Halwart
& Gupta 2004, Nalim 1994). Similar benefits have been demonstrated elsewhere
including the reduction of diseases such as schistosomiasis (which have an aquatic
snail as a host), and decrease in aquatic rice pests and many aquatic weeds
(Halwart & Gupta 2004).

Rice fish harvesting, Cambodia. Image: Jharendu Pant.
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Figure 4.5   Global aquaculture production by species group and environment (% of total production)
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Source: FAO FishStatJ (2013) and State of the Tropics project.

Production
Around 600 species of fish, crustaceans,
molluscs, other invertebrates, plants and algae
are cultured in freshwater, brackish and marine
2010
systems (FAO 2012). Of these, freshwater and
marine aquaculture accounted for 62% and 30%
of production in 2010,
and brackish production
3%
3%
8% (FAO FishStatJ
2013).
Despite having
4%
the lowest
production, brackish aquaculture
4%
accounts for almost 13% of the economic
6%of aquaculture production, while marine
value
aquaculture accounts for 29% and freshwater
58% of value (FAO FishStatJ 2013). The high
value production from brackish aquaculture
is due to the importance of prawn/shrimp,
23%
which
is a key export commodity, and in 2010
represented almost 15% of the total value of
international fish trade (FAO 2012).

57%

Approximately one-third of aquaculture
production is non-intensive in nature, and
requires no additional feed supply. This is an
effective means of generating a reliable protein
source with relatively low environmental
impacts, particularly in low income regions (FAO

2012). For aquaculture taxa such as molluscs
and algae no supplementary feeding is required,
while for ‘coarser’ fish species like carp and
tilapia – which are commonly cultured at the
small scale for local or regional markets – only
minimal low grade feeding is required.
In many developing nations rural agricultureaquaculture
Fish - Freshco-production not only provides
a vital protein source and food security, but
Mollusc - Marine
aquaculture
products can aslo act as an
additional revenue source or ‘cash crop’ in many
Fish - Marine
households
(Wijkström 2009). For example, in
South
East
Asia
farmers engaged in aquaculture
Crustacean - Brackish
generally report higher household incomes and
perform
relatively
Crustacean
- Freshwell with respect to other
social and environmental indicators (Wijkström)
(seeFish
Box- Brackish
4.3).
Other

The aquatic plant/ algae market is also valuable,
particularly because it can be produced in
tandem with other aquaculture products (see
Box 4.4). Aquatic plant production in 2010 was
19 million tonnes and was valued at US$5.6
billion (FAO FishStatJ 2013). China, Indonesia
and the Philippines are the three largest

producers of aquatic plants, responsible for
almost 90% of global production. Much of this
is utilised as food products in Asia, with the
remainder used for fibre and for animal and
biofuels production (Wersal & Madsen 2012).
While the growth in aquaculture for food
consumption is well-established, other
segments of the aquaculture industry – such
as low volume, high value ornamental fish and
pearls – are developing rapidly. In 2010, global
ornamental fish production was around 41,000
tonnes, with an estimated value of US$695
million (FAO 2013). Similarly, in the Indo-Pacific
region, pearl farming, which is ecologically
sustainable and of high value, has developed
rapidly (Cartier & Ali 2012). Pearl farming in
particular is a valuable source of income for
many small communities in this region.
With increased aquaculture production has come
a corresponding increase in demand for ’seed
stock’ or juveniles for grow out. To help meet this
demand there is increasing hatchery and nursery
production, especially for the high value species
like Atlantic salmon, barramundi and shrimp,

along with increased research and development
into captive breeding to reduce the reliance on
wild juvenile stocks (Mair 2002, CSIRO 2013).

Aquaculture risks
The rise of the aquaculture industry over
the past 60 years has played an important
role in providing food and income for many
nations, particularly in the Tropics. However,
the exponential rise in production, particularly
from high intensity commercial production, has
increased environmental and social impacts,
especially in low income nations (Allison 2011).
The aquaculture industry will need to address
a range of issues to be sustainable, including
those associated with disease outbreaks, coastal
habitat losses, competition with urbanisation,
climate change, food and economic security and
inter-industry conflicts. However, the industry
is making advances in productivity, plant based
feeds, multi-species aquaculture, the growing
use of filter feeders to improve water quality and
improving livelihoods in poor regions.
While yield from wild capture fisheries has
been relatively stable since the late-1980s,
aquaculture production has increased rapidly,
and now accounts for almost 47% of global fish
consumption (FAO 2012). Aquaculture does
protect some wild fish stocks, but, like livestock,
it also consumes products that are sourced from
wild fisheries, particularly fishmeal and fish oil.
The demand from the aquaculture and livestock
industries for these products has increased
demand for forage/reduction fishes (which
include anchovies, herring, mackerel, sardines
etc) and trawl by-catch (Regnier & Schubert
2013, Naylor et al. 2009). Where wild catch
fishing targets these fish it is putting pressure
on the sustainability of wild stocks and, in some
regions, is also affecting small-scale fisheries and
subsistence fishers that rely on these fish.
In 2006, the aquaculture industry consumed
the equivalent of 23.8 million tonnes of live
weight equivalent fish in the form of feed inputs,
representing 87% of the wild catch of small
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Table 4.1   Change in aquaculture production
Production thousand tonnes (% change on previous decade)

Region

1950

1960

1970

1980

1990

2000

2010

Tropics

156

411
(164)

678
(65)

1,332
(96)

3,801
(185)

9,568
(152)

21,849
(128)

Central & Southern Africa

0.4

2.4
(507)

4.1
(74)

6.9
(66)

13.2
(92)

51.5
(291)

351
(582)

0

0
(0)

0.1
(n.a.)

0.2
(49)

0.3
(130)

3.2
(822)

27.1
(758)

South Asia

32.2

56.9
(77)

119
(109)

304
(156)

823
(171)

1,780
(116)

4,182
(135)

South East Asia

123

351.3
(185)

554
(58)

997
(80)

2,814
(182)

7,344
(161)

16,273
(122)

Caribbean

0

0
(0)

0.4
(n.a.)

2.3
(565)

12
(414)

39.6
(231)

36.7
(-7)

Central America

0

0.1
(n.a.)

0.5
(440)

7.6
(1561)

27.6
(262)

74.4
(169)

176
(136)

South America

0

0
(0)

0.1
(n.a.)

13.8
(11,120)

109
(687)

266
(144)

790
(197)

0.1

0.1
(69)

0.2
(62)

0.2
(-17)

1.99
(1218)

8.84
(343)

12.7
(44)

Rest of the World

448

1,245
(178)

1,889
(52)

3,374
(79)

9,273
(175)

22,850
(146)

38,086
(67)

World

604

1,655
(174)

2,567
(55)

4,706
(83)

13,074
(178)

32,419
(148)

59,936
(85)

Northern Africa & Middle East

Oceania

Source: FAO FishStatJ (2013), State of the Tropics project.
Note: Totals may differ slightly due to rounding. Data exclude non-food and aquatic plant production.

pelagic forage fish species (Tacon & Metian
2009). In 2009, aquaculture consumed 63%
of global fishmeal production and 81% fish oil
production, up from 10% and 17% respectively
in 1990 (Fishmeal Information Network 2013,
Chamberlain 2011). This rising demand is leading
to increased competition between fish for
domestic consumption and fish for commercial
fishmeal production (Regnier & Schubert 2013,
Naylor et al. 2000).

In parts of Asia these small forage fish are an
important protein component for low socioeconomic groups. Increased competition
between low income communities and the
aquaculture market for these fish is contributing
to food security risks (FAO 2006, Tacon &
Metian 2009). Commercial fishing effort
targeted at supplying feedstock for fishmeal is
also recognised as being a major factor in the
overexploitation of these fish stocks, particularly
in Asian coastal waters (Naylor et al 2000,
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Box 4.4  Integrated multi-trophic aquaculture

Box 4.5  Aquaculture and coexistence

The development and growth of large scale, intensive industrial aquaculture
has led to increased environmental risks. These include the release of
nutrients and wastes into the wider environment, genetic contamination from
aquaculture stocks into wild populations, accidental release of potentially
invasive species, and increased disease risk to farmed species and their wild
relatives (Halwell 2008). Rapid growth in the industry has raised awareness of
the issues of sustainability and impacts on wider ecosystem services, especially
from industrial scale or intensive aquaculture (Troell et al. 2009).

In Bangladesh land-based shrimp production is a high value export commodity,
with production increasing over the past 20 years. Over that period increased soil
salinisation has reduced the productivity of neighbouring agricultural lands (Karim
2006), with severely reduced rice yields and the complete loss of wheat, jute and
sugarcane production. Local farmers believe shrimp farming is the major cause of
more saline soils. Therefore, while aquaculture producers have received increased
income from their activities, other farmers and many in the local community have
experienced reductions in income and wellbeing, which has led to conflict between
the two groups (Karim 2006).

Traditionally, multi-species aquaculture has been practised throughout the
Tropics in freshwater and brackish ponds. In Indonesia, for example, milkfish,
a variety of shrimp, mullet and barramundi are often farmed together. This
type of farming, which is generally on a small-scale, has been sustainable for
hundreds of years and needs fewer inputs than intensive shrimp farming
(Troell 2009).
The development of large-scale integrated multi-trophic aquaculture (IMTA)
systems is a recent development specifically designed to address some of
the issues faced by intensive commercial aquaculture projects (Halwell
2008). These systems use multiple species from different trophic levels to
reduce waste and maximise nutrient processing. For example, high value
fish species like salmon, fed on pellets, are co-cultured with shellfish which
act as filter feeders to remove particulates from the water. Algae can also be
actively cultured to remove dissolved nutrients from the water. The outcome
is improved water quality and environmental conditions as well as diversified
production (Chopin 2006, Chopin et al. 2012).

Similar conflicts have arisen in other parts of the Tropics, especially where
mangrove forests have been converted to shrimp farms. Although shrimp farming
provides much needed income for a small number of people within a community,
many of the ecosystem services provided by mangrove forests are lost to the
greater community (see Mangroves indicator). These losses include deterioration in
water quality, biodiversity loss, increased soil and water acidification, reduced flood
control, loss of fish and shrimp nursery habitat, decreased coastal protection and
increased disease risk (Gowing et al. 2006).

This type of development is relatively new and its techniques are still evolving.
The benefits of this approach have been recognised and adopted by the largest
salmon producer in eastern Canada, several commercial operations in northern
Europe, and many small-scale operations in other parts of the world (Halwell
2008). In the Tropics these techniques are still largely experimental, but a wide
range of options are being explored (Troell 2009). In Vietnam for example,
lobster farmed together with green mussels show better growth and health
outcomes, with improved water quality around co-cultured cages (Pham
2004). As the benefits of this approach are recognised a greater number of
farmers are adopting the practise of integration (Troell, 2009).
This approach is considered one of the few cost effective means of addressing
eutrophication and nutrient wastes from aquaculture in coastal ecosystems. It
also allows a greater level of water re-use in recirculating systems due to lower
contaminant levels. There are also suggestions that, subject to appropriate
management, this type of aquaculture has the potential to generate carbon
credits through increased carbon sequestration in biomass production and, for
algae components, a feedstock for biofuel production (Chopin et al. 2010).

Shrimp farms. Image: Eric Carlson.

FAO 2006). This has flow-on impacts on the
sustainability of fisheries, as well as to local,
small-scale fishers. In addition, for a number of
aquaculture species, including tuna, shrimp and
eel, juveniles or ’seed’ often need to be sourced
from wild stocks, putting pressure on natural
systems (Naylor et al. 2000).
The growing move to intensive aquaculture,
and in particular mono-aquaculture, leads to
other environmental risks including disease and
loss of water quality. Disease risks are greater
in intensive farm systems, and have been
responsible for major losses in recent years
across South America, Europe, Asia and Africa.
For example, in 2011, disease outbreaks virtually
wiped out marine shrimp farm production in
Mozambique (FAO 2012). In tropical regions with
higher water temperatures and faster growth
rates, disease progression in aquaculture farms
tends to be more rapid, and losses are typically
greater (Leung & Bates 2013).
Overfeeding and waste products from intensive
aquaculture can also have downstream impacts
on water quality, resulting in development of
eutrophic, hypoxic or dead zones. These issues
have resulted in tighter environmental controls
in many nations, and the development of
integrated multi-trophic aquaculture programs
to address water quality issues. However, in
regions with poor environmental governance,
water quality issues have the potential to impact
the wider environment and ecosystem services
provided to communities. Unless adequately
addressed, modelling suggests that these
risks will increase with projected climate
change scenarios.
In the future, aquaculture will be increasingly
vulnerable to climate change. Changing weather
patterns, greater frequency of extreme weather
events, increasing sea level and physiological
stress from increased water temperatures and
decreased oxygen levels have been identified
as risks to aquaculture (Barange & Perry 2009).
There is also evidence that ocean acidification is
affecting larval development in marine shellfish
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aquaculture (Barton et al. 2012). With marine
shellfish contributing 23% of total aquaculture
production in 2010 (see Figure 4.4) this could
have a major effect on total output.
The aquaculture industry is expected to
continue to grow, but there are likely to be
increased environmental and other constraints
on future development, especially for intensive
aquaculture ventures and in coastal areas. For
land-based aquaculture, in areas where the
supply of cultivatable land is limited, a range of
social and economic factors with the potential to
create conflict between competing activities will
also need to be addressed (see Box 4.5).

(Halwell 2008). The key constraints that are
likely to affect future development include
the sustainability of external feedstocks (fish
meal and fish oil), water quality and quantity,
climate change effects and energy supply.
Appropriate governance and integrated
management practices will be fundamental to
the future expansion and success of aquaculture
to minimise conflicts or exploitation between
aquaculturists and other sectors of the
wider community.

Even though there are risks, aquaculture is a
diverse activity. More than 220 species of finfish
and shellfish are currently farmed and many of
these have a very low environmental impact.
Filter feeders such as clams, oysters, mussels and
algae can have positive effects on water quality
and surrounding ecosystems and require very
few inputs.

Looking forward
Based on current consumption rates, it is
estimated that global fisheries production will
need to increase by 60% by 2050 to meet
demand (Regnier & Schubert 2013). Sustainable
aquaculture has the potential to provide this
resource to ensure a future viable protein
supply (Halwell 2008). Fish convert energy
more efficiently than livestock and produce
substantially less greenhouse gases (McMichael
et al. 2007). Improvements being made in
productivity and environmental practices around
large scale farming enterprises will be important
for future food supply and livelihoods in the
Tropics. Additionally, aquaculture-derived stock
has the potential to support and restore wild
fisheries stocks.
However, appropriate management is
fundamental to ensure that the environmental
and social costs do not outweigh the benefits
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Coral reefs

other anthropogenic impacts such as increased
sedimentation, nutrient loads and climate
change, the health and resilience of coral reefs are
increasingly threatened (Cesar et al. 2003).

Coral reefs are one of the most complex and
diverse ecosystems on Earth. They are complex
calcium carbonate structures found in warm,
shallow marine waters between the latitudes of
approximately 30 degrees north and south of the
equator. Corals do exist outside these latitudes,
but do not form coral reefs. Coral reefs cover
only about 1.2% of the continental shelf area
but are estimated to support 25% of all marine
species (Spalding et al. 2001) and, there is strong
interdependence between corals and many other
species such as reef fishes that inhabit them.
This co-dependency between corals and their
associated biota is critical to coral resilience,
although the exact mechanisms are poorly
understood (Pratchett et al. 2012).

Coral reef distribution
and biodiversity

Coral reefs and the marine life they support have
been exploited by humans for millennia. For much
of this time exploitation has been at sustainable
levels. However, growing human populations
and market demand is leading to unsustainable
resource extraction in many areas. Combined with

Globally, coral reefs cover approximately
300,000km2 (see Figure 4.6), of which 95% is in
the Tropics. Oceania alone accounts for 47% of
global reefs. In Oceania, Australia accounts for
15% of global reefs, New Caledonia 13%, Papua
New Guinea 4%, and Fiji 3%. South East Asia has

Approximately 28% of coral reefs are located
in protected areas. However, more than half of
these are in Australia (Burke et al. 2012). Many
protected areas are small and fragmented, but if
5%
adequately protected they can provide community
benefits that go well beyond the immediate area
of protection (Spalding et al. 2001).

27% of global coral reefs with Indonesia having
16% and Philippines 8%.

The greatest coral diversity hotspot is in the South
East Asia/ Western Pacific region bounded by
Indonesia, the Philippines, Papua New Guinea
and the Solomon Islands. This region has around
83% of the range of Indo-Pacific corals and reef
fishes and is collectively known as the Coral
6%
Triangle
reef& Southern Africa
Central
4%(Veron 2000). Another coral
hotspot is the Red Sea, which has a large
5% 1%
Northern Africal & Middle East
number of endemic
corals.
South Asia
South status
America
Change in coral reef health
South East Asia

47%

Globally both27%
the range and intensity of threats
Caribbean
to coral reefs is increasing. Threats are both of
local origin (largely a consequence
of local
human
Central
America
activities), and of broader global origin such as
Oceania
those posed by ocean acidification and increased
thermal stress. Reef health is alsoRest
affected
coral
of theby
World
diseases and predators such as the crown-of2%

3%

Figure 4.6   Distribution of coral reefs by area
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Source: Spalding et al. (2001), State of the Tropics project.
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Indonesia

Australia

Fiji
Maldives

5%
3%

Philippines

3%

8%

13%

Rest of the World
Rest of the Tropics

Figure 4.7   Level of risk of coral reefs from integrated local threats
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thorns starfish whose population outbreaks may
also be linked to anthropogenic threats (Hughes
2009, Fabricius et al. 2010, Haapkyla et al. 2011).
An integrated analysis12 of four local threats
(classified as marine pollution, overfishing and
destructive fishing, increased coastal development
and terrestrial sedimentation) suggests that
worldwide, the proportion of coral reefs at high
risk increased from 27% in 1998 to 45% in 2010
(see Figure 4.7). The proportion of corals at high
risk in the Rest of the World doubled from 13% to
28% but due to their relatively small area, most
of the global change was due to the increase in
the Tropics. Only 20% of reefs worldwide are now
considered to be at low risk from local impacts
compared with 42% in 1998.
Regionally, local threats to corals have increased
markedly since 1998. In 1998, more than 40%
of reefs in four of the eight tropical regions were
classed as being at low risk from the four local
impacts (see Figure 4.8). By 2010 only Oceania
and South Asia had more than 40% of coral reefs
at low risk. Central & Southern Africa had the
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largest increase in the proportion of reefs at high
risk, almost doubling from 33% to 65% between
1998 and 2010. The risks to corals also increased
markedly in the Caribbean and South East Asia,
with less than 5% now considered at low risk and
more than 60% considered at high risk.
Of the Oceania nations Australia has the
greatest area of coral reefs (see Figure 4.6) with
67% considered at low risk from local threats.
Similarly, in the South Asia region 66% of the
Maldives coral reefs are assessed as at low
risk from local threats. At the other end of the
scale, in Indonesia only 4% of coral reefs are
considered at low risk from local threats, and in
the Philippines it is less than 1%.
Studies in the Caribbean have documented losses
of 80% of coral cover between 1977 and 2002.
Since the 1990s though, the rate of loss has slowed
(Gardner et al. 2003). There are indications some
reefs in the region are now recovering, although a
number of reefs are considered beyond recovery
and many are still vulnerable.

In South East Asia the greatest local threats to
coral reefs are overfishing and destructive fishing,
with almost 85% of reefs threatened by these
hazards (Burke et al. 2012). Destructive fishing
includes the use of poisons or explosives, which
often results in significant collateral damage
and slow recovery rates for both corals and reef
animals (Saila et al. 1993). As this region also forms
part of the Coral Triangle, significant biodiversity is
at risk from these widespread threats.
Currently 45% of world reefs are considered at
high risk, largely due to local threats including
fishing, water quality, coastal development and
tourism (see Figure 4.7). The impacts of global
scale threats will further compound local threats

12
The integrated local threat is determined by aggregating the
risk posed by a) overfishing and destructive fishing; b) coastal
development; c) marine pollution; d) sedimentation. The integrated
local threat was assessed as per Reefs at Risk (Bryant et al. 1998) and
Reefs at Risk Revisited (Burke et al. 2011). In the 2011 data set reefs
assessed at very high risk were aggregated with reefs at high risk to
allow direct comparison with 1998 data.
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Figure 4.8   Level of risk of coral reefs from integrated local threats by region in the Tropics
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Figure 4.9   Reports of coral disease by region*
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Source: Source: Burke et al. (2011), State of the Tropics project.
*Number above bar is number of nations within region reporting disease and number in parentheses is number of separate reported studies undertaken in the region (that is,
the reporting effort). Total number of nations reporting disease is 53, as two nations (Saudi Arabia & USA) have disease reports in both the Tropics and the Rest of the World.

and it is estimated that up to 75% of all coral reefs
will be at high risk by 2050 (Burke et al. 2011).

Threats to coral reefs
Climate change is a major threat to the
resilience of coral reefs (Hughes 2009, Marshall
& Schuttenberg 2006). While corals are not
excessively vulnerable to sea level change, rising
ocean temperatures and ocean acidification pose
major threats (Hughes 2009). As many coral
species are considered to be close to the limit of
their thermal tolerance, even modest increases
in temperature can be critical (Burke et al. 2011).
Increased water temperature is a major cause of
coral bleaching13, with the frequency of bleaching
incidents increasing in recent decades. In 199798 a strong El Niño event led to high rates of
coral bleaching in many parts of the Pacific and
Indian Oceans, with recovery rates variable
among locations (Wilkinson 2002). Ocean
acidification occurs when excess CO2 from the
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atmosphere dissolves in seawater. This affects
the ability of corals to form a calcium carbonate
skeleton and will hinder coral reefs in their ability
to recover from disturbance such as storms.
Two major biological stresses to corals are
disease and crown-of-thorns starfish (COTS)
outbreaks (Wilkinson 1998). The crown-ofthorns starfish is a large coral eating seastar
which occurs naturally at low densities and
normally has little impact on coral reefs.
However, outbreaks occur when the population
of COTS exceeds the rate at which corals can
recover from feeding. COTS outbreaks tend
to be recurrent but there are indications that
they may be linked to nutrient enrichment of
coastal waters from terrestrial activities such as
agriculture (Hughes 2009).
Disease is another notable threat to corals.
Increased reporting of coral disease in recent
decades has been linked to increases in water
temperature, nutrients and sediment (Goldberg

& Wilkinson 2004, Marshall & Schuttenberg
2006, Boyett et al. 2007).
Worldwide there have been almost 4,500 reports
of disease in corals, with 96% of these made since
1970 (Burke et al. 2011). Almost 35% of reports
have been from 11 nations outside of the Tropics
(see Figure 4.9). The Caribbean and Central
America have reported many more instances of
coral disease than the Indo-Pacific, with around
82% of corals in the Caribbean considered
vulnerable to disease (Goldberg & Wilkinson
2004) (see Figure 4.9). Both Central & Southern
Africa and South Asia have had very low reports
of disease (21 and 31 respectively) though this
is most likely due to the lack of studies as only
9 and 11 studies were reported for these regions
13
Many tropical, reef building corals have a symbiotic relationship
with marine algae, which can provide up to 90% of coral energy
needs. Coral bleaching occurs when certain conditions (especially
high water temperatures) stress the coral and it expels algae from its
tissues. This results in decreased growth, reproduction and increased
susceptibility to disease.
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Box 4.6  Tourism – Are reefs being loved to death?
Tourism is the largest sector of the global economy,
accounting for 8% of employment, 35% of export services
and 5% of global GDP (Honey & Krantz 2007). With growth
of 3.5% per annum expected through to 2030, tourism will
continue to be a major industry, especially in the Tropics
(UNWTO 2012a).
Many nations, and particularly small island nations, are
dependent on coral reefs for a large proportion of their
economic activity (Burke et al. 2011), and reef-related
tourism is expanding rapidly (Cesar et al. 2003). More than
38% of the Maldives GDP is from tourism (Loper et al.
2008), with over 60% of tourists visiting for scuba diving
on reefs.
It is clear that a healthy coral reef system is essential if
this industry is to continue. While the Maldives has no reefs
under formal protection, there are a number of informal
protections in place which ensure this key tourism drawcard
remains viable.
Reef-related tourism can place reefs at risk of being ‘loved
to death’, or can provide the economic incentive for better
management of reefs. High intensity tourism can impact
reefs in a similar manner to other unsustainable activities
such as destructive fishing.

respectively (Harvell et al. 2007). As South Asia
has a high proportion of reefs at low risk from
local threats (see Figure 4.8) they may also have
a lower disease risk. Research has demonstrated
that mutualism among corals and reef fishes can
have a beneficial effect in inhibiting disease spread
(Pratchett et al. 2012), suggesting that disease
resilience in part relies on healthy fish populations
(Cole et al. 2009).
Although there has been a long history of fishing
on coral reefs, most of this effort was from
small-scale subsistence fishing which did not
compromise the trophic structure of the reef.
As coastal populations increase, many nations
have become increasingly reliant on fishing for
subsistence or income, with flow on effects to
reefs (Loper et al. 2008). In addition, the export
of fish products to meet the demands of other
nations has led to unsustainable fishing activities
on many reefs, resulting in decreases and/or
local extinctions of top order predators, altered
food webs and the loss of key species (Hughes
2009). With these shifts in trophic structures
there have been changed pressures on coral reefs.
For example, a combination of overfishing of
herbivorous fishes and increased nutrient loads can
result in a shift from a coral dominated system to
an algal one (Jessen et al. 2012).

Risks from tourism include building infrastructure that
removes coastal vegetation and increases nutrient and
sediment loads, marine pollution from tourism activities,
overfishing to supply tourist food requirements and high
intensity visits to dive sites (Tratalos & Austin 2001). The
exclusivity of some tourism developments are also having
negative social impacts, with local communities frequently
excluded or disenfranchised (Loper et al. 2008).

Sustained and ongoing degradation of coral
reefs largely manifests as reduction in live coral
cover and habitat complexity, and reduces local
biodiversity and productivity. Consequently, it is
expected that maximum fisheries production on
coral reefs in the Pacific will decline by 30-50%
during this century due to both ongoing habitat
degradation and direct climate impacts on key
fisheries species (Pratchett et al 2011).

Encouragingly, increasing recognition of the importance of
sustainable ecotourism is contributing to greater efforts by
businesses and governments to engage communities and to
protect reefs, while still providing opportunities for jobs and
economic development.

Benefits of coral reefs
The links between coral reef systems, coastal
communities, fisheries, mangrove systems, sandy
beaches and tourism means that the health and
integrity of each component part is necessary for
the whole system to be sustainable. Coral reefs
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provide ecosystem services estimated to be worth
around $6,000 per hectare per year (Costanza
et al. 1997). This value does not include the
potential benefit from biotechnologies in the form
of pharmaceuticals and other products derived
from reef organisms that are being explored and
developed for commercial purposes (Bruckner
2002) (Hughes 2009).
Like mangroves, coral reefs protect adjacent
coastal communities from the worst effects of
severe storm and cyclonic events (UNEP-WCMC
2006). Destruction of fringing coral reefs reduces
these benefits to adjacent coastal areas. Estimates
in the Dominican Republic suggest that loss of
coral could result in a 65 -100% increase in beach
erosion on its shores, which would have flow-on
effects to the tourist industry (Wielgus et al. 2010).
Effectively managed marine protected areas
(MPA) not only protect the immediate zone inside
the protected area but also have positive effects
outside. Increased fish abundance in areas outside
the protected zones is an important means of
ensuring community fisheries can be maintained
whilst protecting key habitats (Almany et al.
2007). Effective management of protected areas is
critical to this success. Australia has demonstrated
how successful MPAs can be through a centralised
system of planning, legislation and enforcement
(Miller & Sweatman 2004), although increasing
coastal development is causing concern in parts of
the community (see Box 4.7).
Local, community-based management programs
can also be effective in protecting the integrity of
coral systems (Fox et al. 2012). In many tropical
nations, particularly island nations, fish and
shellfish provide up to 90% of dietary protein
(Loper et al. 2008). Coral reef systems have
provided many of these subsistence fishers with
a regular supply of protein for generations. Many
of these communities recognise the importance
of coral reefs, and manage them through local
community arrangements to ensure resource
sustainability (Loper et al. 2008).

Table 4.2   Great Barrier Reef marine park zoning
GBR Zoning

Preservation & Scientific
Research Zones

IUCN
Equivalent
Category

Area
(km2)

Box 4.7  The Great Barrier Reef – an exercise in multiple user management?

% of Park

IA

865

0.2

II

114,715

33.3

Buffer & Conservation
Park Zones

IV

15,040

4.4

Habitat Protection &
General Use Zones

VI

213,780

62.1

Marine National Park &
Commonwealth Islands Zones

Source: GBRMPA (2005)

Looking forward
Coral reef systems are a significant part of the
Earth’s biodiversity that have persisted and
adapted to changing conditions over time.
However, current threats acting in combination
at local and global scales are affecting coral
reef health and resilience. Appropriate risk
management at the local level, in conjunction with
global efforts to mitigate climate change impacts,
is essential to ensure the ongoing survival of
diverse coral reef systems. Protection will require
the collective effort of numerous stakeholders to
ensure viable coral reef communities survive for
future generations.

The Great Barrier Reef (GBR) is the largest coral reef ecosystem in the world, covering 346,000km2
off the east coast of Australia. It was declared a national park in 1975 and a World Heritage Area in
1981 (GBRMPA 2012a). The GBR contains over 2,500 individual reefs, 900 islands and extensive
areas of mangroves and seagrasses. It is rich in marine biodiversity, with over 5,000 species of
molluscs, 1,500 species of fish and 400 species of coral (CRCReef 2006). It is considered one of the
best managed coral reef systems in the world although it faces increasing pressures, particularly from
coastal development (UNESCO 2012a).
Like many marine protected areas the GBR is managed for multiple uses, rather than as a strict nature
reserve. Accordingly, it is zoned into different management categories that, similar to the IUCN,
define the level of protection (see Table 4.2).
Due to its proximity to the Australian coast the GBR is subject to run-off from urban, industrial and
agricultural activities, which affects water quality on the reef. In 2012, UNESCO assessed whether
management and conservation of the GBR is likely to maintain it as an area of ‘outstanding
universal value’ (UNESCO 2012b) and identified that the region faces significant threats requiring
improved strategic management. Climate change, catchment run-off, coastal development,
dredging, port development, shipping and extractive uses were identified as the most important
threats (UNESCO 2012a).
To address these concerns a strategic assessment has been undertaken by the federal and state
governments to identify better ways to manage future development sustainably, and maintain the
‘outstanding universal value’ of the GBR (GBRMPA 2012b).

Image: Mark Ziembicki.
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Coral Reef, Solomon Islands.
Image: Mark Ziembicki.

Mangroves

Mangroves are trees and shrubs that inhabit the
coastal intertidal zones of estuaries, lagoons
and rivers where fine sediments accumulate.
They are adapted to live in saline conditions
where gas exchange is limited and where they
are exposed to the daily rhythm of the tides.
About 96% of the world’s mangroves occur
in the Tropics with a few species extending to
sub-tropical and temperate latitudes as far as 32
degrees North and 38 degrees South (Spalding
et al. 1997). Mangroves are one of the most
productive and biologically complex ecosystems
on Earth (Duarte 2009). They provide important
ecosystem services including nursery habitat for
fish and crustaceans and food sources for
a variety of animals. They also act to build
up land by trapping sediment, help to filter
pollutants and stabilise and protect coastal
land from erosion.
Mangroves have long been utilised by people
(Spalding et al. 2010), and many local coastal
communities remain reliant on the resources
mangrove forests provide. Despite this
long association, mangroves are generally
undervalued by the broader community and
are often considered inhospitable areas of little
economic value (FAO 2007). Due to the relative
lack of interest in mangrove forests, global
information on mangrove extent and health
is fragmented. The first global dataset was
produced in 1980 but provided records for less
than half the nations that have mangrove forests
(FAO 2007). The most recently collated global
dataset is more comprehensive but controversy
remains over its accuracy (Giri et al. 2011;
Gilman et al. 2008).
The main causes of mangrove loss in the
20TH century were increased demand for
land for industrial and urban development
and aquaculture (FAO 2007). More recently,
increased recognition of the ecosystem services
offered by mangroves has led to a decrease in
the rate of loss, although only a few nations have
achieved increases in mangrove area. Greater
recognition of their importance has resulted in
increased levels of protection. An estimated 25%
of mangrove area is now set aside in protected
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areas (Spalding et al. 2010). However, the actual
level of protection can vary markedly and only
a small proportion of mangroves are found in
nature reserves with strict protection and
limited access.
In addition to direct losses, degradation of
mangrove habitat arguably poses a greater
problem because of the large area over which it
occurs and the lack of recognition of the issue
(Spalding et al. 2010). Land use changes adjacent
to mangroves increase sediment loads, nutrients,
change tidal flows and hydrology, and increase
chemical discharges. These stressors may not kill
trees outright but can damage them and reduce
overall mangrove health and viability (Spalding
et al. 1997; FAO 2007; Spalding et al. 2010).
Mangroves cover only 0.1% of the Earth’s land
surface, making it one of the rarer forests of the
world. There are some 80 species of mangroves
from two dozen plant families. Species
distribution varies markedly across the general
range of mangroves (Spalding et al. 2010)
although they can be separated into two distinct
zones. One is centred on the Indo-West Pacific
(South East Asia, South Asia, Australia and Papua
New Guinea) which comprises some 68 species
and the other centred on the Atlantic-East Pacific
(North, Central & South America and Western
Africa) which has around 15 species (Spalding et
al. 2010; Duke 2011).
South East Asia and Oceania have the highest
biodiversity with around 70% of all mangrove
species present in their regions. In contrast,
despite having the second and third greatest
mangrove area globally, Central & Southern
Africa and South America have only 22% and
16% of mangrove species respectively.

185,000km2 of mangroves worldwide. By 2005,
the area decreased by 19% to 150,000km2
(FAO 2007). More recent studies suggest these
losses may have been even greater with some
estimates as high as 35% over the same time
period. Either way it suggests that mangroves are
one of the more threatened ecosystems in the
world (UNEP 2012a; Valiela et al. 2009).
In 2005, the Tropics had almost 96% of the area
of global mangroves, with the largest holdings in
South East Asia (31.5% of the total) and Central
& Southern Africa with 20.2% (see Table 4.3).
The proportion of mangrove loss in the Tropics
between 1980 and 2005 was 18% compared
with 33% for the Rest of the World (see Figure
4.10). However, given that the Tropics account
for 96% of all mangroves, the total area lost in
the Tropics was much greater. In 1980 the Rest
of the World had an estimated 10,100km2 of
mangrove forests which decreased to 6800km2
by 2005. Over the same period, the mangrove
area in the Tropics decreased from 175,000km2
to 143,000km2.
Central America, Northern Africa & Middle
East and South East Asia had the greatest
proportional decrease in mangroves between
1980 and 2005, losing between 27% and 30%
of their mangroves. Oceania, Central & Southern
Africa and South America lost between 10% and
13%, and the Caribbean and South Asia lost 2%
or less.

Trends

The proportional loss of mangroves in South
East Asia was similar across a number of nations.
Major causes of mangrove deforestation
include illegal forestry, charcoal production,
coastal development and strong growth in the
aquaculture industry, with increased coastal
human populations also a threat (see Box 4.9)
(Spalding et al. 2010).

It is estimated that up to half the world’s
mangroves were lost prior to 1980 when the
first global estimates were reported (Spalding
et al. 1997). In 1980, the Food and Agriculture
Organization (FAO) estimated there were

In the Rest of the World, Pakistan had the
greatest loss of mangrove area between 1980
and 2005, losing almost 55% of their mangroves,
through a combination of overgrazing, changes
in hydrology, increased industrial activity and
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the result of clearing for aquaculture and logging.
An estimated 90% of mangroves on the island of
Java have been lost to aquaculture or agriculture
since 1980 (Spalding et al. 2010).

logging. Losses of 30% have been reported in
other nations, though many of these have small
and fragmented mangrove stands (less than
100km2) which are more vulnerable to storm
damage, erosion and pollution than larger and
less fragmented mangrove areas.
The relative proportions of mangrove area in
each Tropics region as a total of global mangrove
area have changed noticeably since 1980,
reflecting variations in rates of loss. Between
1980 and 2005, South Asia increased its overall
proportion of global mangrove area while in
South East Asia the proportion fell from 34.7%
to 31.5% (see Table 4.3). At the nation level,
Indonesia had the greatest area of mangroves in
the world in 1980 (23%), but has also seen some
of the greatest losses with an average annual
decrease of approximately 520 km2 per year
between 1980 and 2005. These losses are largely

The rates of mangrove loss in both the Tropics
and the Rest of the World have slowed since
2000, but proportionally, are still significantly
greater than for global forests generally
(Spalding et al. 2010). Both reduced losses and
increased reforestation activities are contributing
to lower loss rates.
At 20%, Central and Southern Africa had the
second highest proportion of global mangrove
area in 2005 (see Table 4.3) In this region,
Nigeria accounted for the largest extent of
mangroves with almost 10,000km2 which
represents the third largest area of mangroves in
the world (FAO 2007). The Nigerian mangroves
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were also considered among the best in the
Central and Southern African region, with stands
in the Niger delta extending up to 40 kilometres
inland, although industrial pollution is starting to
impact them (FAO 2007; Spalding et al. 2010).
South Asia and the Caribbean had the smallest
losses in both area and percentage terms
between 1980 and 2005, losing less than 0.1%
of area annually. Between 2000 and 2005
mangrove losses were negligible in South Asia,
with losses of 0.01% of area. The mangrove area
in Bangladesh actually increased from 4280km2
in 1980 to 4760km2 in 2005, offsetting losses
in other nations in South Asia. Despite the
high reliance of communities in Bangladesh on
mangrove forest resources for their livelihoods,
a combination of sustainable resource use and
active revegetation programs have maintained
forest integrity and increased the overall area
(FAO 2007).

Table 4.3   Mangrove area
1980
Area (km2)
Tropics

2005
%

Area (km2)

1980 to 2000
%

Annual loss (km2)

2000 to 2005

Annual loss (%)

Annual loss (km2)

Annual loss (%)

175,063

94

143,151

96

1,349

0.8

492.7

0.7

34,787

19

30,256

20

204

0.6

45.3

0.3

Northern Africa & Middle East

1,984

1

1,413

1

22

1.1

12.5

1.6

South Asia

9,443

5

9,328

6

6

0.1

0.4

0.01

64,238

35

47,218

31

699

1.1

304

1.2

6,187

3

6,046

4

6

0.1

1.4

0.04

Central America

16,617

9

11,568

8

216

1.3

72.6

1.2

South America

21,183

11

18,763

13

112

0.5

17.7

0.2

Oceania

20,624

11

18,559

12

84

0.4

39.2

0.4

10,100

5

6,796

4

157

1.6

16.3

0.5

185,163

100

149,947

100.0

1,506

0.8

509.0

0.66

Central & Southern Africa

South East Asia
Caribbean

Rest of the World
World
Source: FAO (2007), State of the Tropics project.

In the Caribbean, around 400km2 of
reforestation in Cuba in recent years has
helped to offset losses in other nations. In
addition, legislative reform and an increase in
the number of protected areas now provides
greater protection to coastal and mangrove
environments in Cuba, which has the largest area
of mangroves in the region (Spalding et al. 2010).
Northern Africa & Middle East, South East Asia,
and Central America lost more than 20% of their
mangrove forests between 1980 and 2000. In
Central America the rate of loss has slowed since
2000, but it has increased in both Northern
Africa & Middle East (1.6% per annum) and
South East Asia (1.2% per annum).
The Rest of the World had the greatest average
annual percentage loss (1.6%) between 1980
and 2000, and the fourth greatest annual loss
in area (157km2), equating to a 30% reduction
in mangrove area. However, the rate of loss has
slowed markedly between 2000 and 2005.

Figure 4.10   Percentage change in mangrove area since 1980
% Change on 1980 area
0

-10

-20

-30
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-40
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Tropics
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Rest of the World

World

Source: FAO (2007), State of the Tropics project.

clearings in and adjacent to mangroves is known
to have increased mosquito habitat and malarial
risk to communities living close to disturbed
% Change
onregions
1980 area
The inaccessibility of many
mangrove
has areas (Yasuoka & Levins 2007). Flying foxes
are mangrove inhabitants, and are host to a
meant that, historically, their
0 extents were often
number of emerging diseases with the potential
estimated or extrapolated from topographic
to significantly affect humans. With continued
data sets leading to considerable variability
human encroachment on these bat habitats, the
in estimates depending on assumptions used
risk of human infections is also increasing (Breed
(Spalding et al. 1997; FAO-10
2007; Spalding et
et al. 2010). Historically, such concerns over
al. 2010). In recent times, satellite imagery
disease and pests have been used to justify the
and remote sensing techniques have improved
draining and removal of mangroves.
accuracy, though there are
-20still constraints,
particularly with measuring small mangrove areas
As the world’s population increases, urbanisation
(McLeod & Salm 2006). Nonetheless, remote
is creating significant pressures on sensitive
sensing offers the most reliable time series data
-30
coastal ecosystems. Between 1990 and 2005, the
(McLeod & Salm 2006).
number of people2000
living within 100 kilometres
1990
2005
of the coast increased by 22% globally, or an
In the eyes of people in many parts of the world,
average of 1.5% per annum (UNEP 2012b). In the
mangroves have often been
-40 associated with
Central & Southern
Northern
&
South
Asiaeven greater,
Southwith
East Asia
Tropics Africa
the increase
has
been
pests and diseases, particularly mosquito-borne
Africa
Middle East
a 29%
increase overall, or almost 2% per year.
diseases. However, while mangroves are
natural
This rapid population growth is placing significant
habitats for mosquitos and other organisms,
pressures on mangrove systems, notably through
human activities have often amplified potential
logging and clearing for residential and industrial
issues. For example, where malaria is endemic
development (Alongi 2002).
in coastal mangrove systems, the creation of

Risks to mangrove ecosystems

2005

Logging and conversion for aquaculture are
the greatest and most immediate threats to
mangroves. These two activities have been
responsible for approximately 26% and 38%
of the global mangrove losses to date (Polidoro
et al. 2010). Once cleared, many areas are used
for agricultural or urban purposes with little
opportunity for mangrove regeneration (Alongi
2002). Other threats come from increased
pollution and declining water quality associated
with urbanisation and industrial activity (Alongi
2002). Longer term, climate change has the
potential to further degrade mangrove systems
and reduce their area through sea level rise,
changing salinity and the increased frequency of
severe storms (Alongi 2008).
On a positive note, the number of protected
areas that include mangrove forests is increasing.
Caribbean
America of
South America
Between
1997 and 2010,Central
the number
protected areas with significant mangrove stands
increased from 700 to over 1200 (Spalding et
al. 1997; Spalding et al. 2010). Nevertheless,
mangrove forests have decreased in area in
most nations and many mangrove forests are
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Box 4.8  Mangroves and tsunamis
The 2004 tsunami devastated large parts of coastal South
and South East Asia with an estimated death toll in excess of
200,000 people (Tanaka et al. 2007). In the area of greatest
intensity, neither mangroves nor other coastal barriers could
have prevented the destruction. Away from the epicentre,
however, multiple factors affected the intensity and extent of
damage from the tsunami.
The most important factors that mitigated impacts to an
extent were adjacent ocean depth and distance from the
coast, but shoreline protection offered by mangroves and
coral reefs systems were also important mitigating factors
(Alongi 2008). In the Indian district of Cuddalore, mangroves
and other coastal trees protected villages located behind
them, while adjacent villages without such protection were
severely damaged or destroyed (Danielsen et al. 2005).
Modelling data suggests that dense stands of mangroves (100
metres wide) can attenuate tsunami wave energy by up to
90% (UNEP-WCMC 2006; Alongi 2008).
Mangrove seedlings. Image: Helen Buckland.

South East Asia

Caribbean

Central America

South America
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considered threatened (Spalding et al. 2010).
It is estimated that mangrove forests may be
critically endangered in 26 of the 120 nations
where they occur (Duke et al. 2007).
High rates of loss across regions have resulted
in 16% of all mangroves species listed as
threatened by the International Union for
Conservation of Nature (IUCN) (Polidoro et
al. 2010). Within specific regions, due to a
combination of low biodiversity and high rates of
loss, four of the 10 mangrove species in Central
America are now threatened with extinction.
Although South East Asia has much greater
biodiversity and area of mangroves, high rates
of loss have led to 14% of mangroves being
classified as threatened. Of those, two species
are considered critically endangered with
estimates of less than 500 trees remaining for
each (Polidoro et al. 2010).

Benefits of mangroves
Mangroves are very effective at dissipating wave
energy particularly - storm wave energy. Analyses
after the 2004 Asian tsunami found that dense
mangrove and coastal forests greatly mitigated
wave damage in many areas (Alongi 2008) (see
Box 4.8). Mangroves also improved human survival
by reducing buffeting effects on people trapped
in the run-out surge, providing cushioned landing
areas and trapping debris (Tanaka et al. 2011).
Similar effects have also been seen with cyclonic
events. Bangladesh has recognised the role
mangroves can play in protecting communities
from cyclone-related storm surge and has
established several mangrove reforestation
programs in vulnerable areas (Spalding et al. 1997).
Despite the general perception that mangroves
are low value wastelands, they are in fact highly
productive and valuable systems. Research
suggests mangroves and estuaries are the most
productive systems in the world (Costanza et
al. 1997, UNEP-WCMC 2006), generating goods
and services worth US$10,000 – $22,800 per
hectare annually. In comparison, tropical forest
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values are estimated at US$2000 per hectare per
annum; lakes and rivers at $8500; and grasses/
rangelands at $200 (Costanza et al. 1997).
Mangrove ecosystem provide food and timber as
well as waste waster treatment, nutrient cycling,
erosion and sediment control and coastal
stabilisation (Linden & Jernelov 1980, Valiela
et al. 2009). Mangroves provide key nursery
habitats for many commercial fisheries species
and their ability to trap and filter sediments
makes them important for improving water
quality and mitigating pollution in adjacent
ecosystems. Many of these services tend to
be unnoticed or undervalued in the general
community. Although not included in the above
valuation of ecosystem services, mangroves
are also very important in carbon sequestration
(Warren-Rhodes et al. 2011), and can accumulate
up to 55 times more carbon per square metre
than tropical rainforests (Pidgeon 2009).
Many subsistence communities still rely heavily
on mangroves for their primary protein in the
form of shellfish, prawns and fish (Chan 1986;
Bandaranayake 1998, Spalding et al. 2010).
Leaves, bark and other products from the trees
are used to treat illnesses, as pesticides and for
other pharmaceutical purposes, while the timber
is harvested for construction, fuel and other
purposes (Bandaranayake 1998, Spalding et al.
2010). In Bangladesh, it is estimated that up to
one-third of the population (approximately 52
million people) is dependent either directly or
indirectly on mangroves for some part of their
income (Linden & Jernelov 1980).

Looking forward
Mangroves are a key ecosystem that has been
extensively degraded by human activities
such as logging, aquaculture and coastal
development. Compounding these impacts
are risks from climate change and rising sea
levels. While policy makers in many nations are
becoming increasingly aware of the importance
of mangroves, a wider understanding of the
important ecosystem services and benefits they
deliver could help change public perceptions and
improve protection activities. Bangladesh offers
a potential example for a way forward. Despite
having one of the highest levels of human
population density on Earth, it has demonstrated
that the integrity and extent of mangroves can
be maintained even with major reliance on the
ecosystem through a combination of sustainable
resource use, careful forestry management and
revegetation programs. Ultimately, a balance
between local community needs, sustainable
resource management and protection are
required to ensure the ongoing health and
effectiveness of mangrove systems.

On a commercial level, mangroves are still
harvested for timber in many nations, often in
an unsustainable manner (Linden & Jernelov
1980; Alongi 2002). Many commercial fisheries
target species that rely on mangrove habitats
for all or part of their life cycle. For example, the
2008 catch in Australia’s northern prawn fishery
was valued at $73 million, of which 80% was
from banana prawns, a species that relies on
mangroves as nursery habitat in its larval phase
(AFMA 2012).
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Box 4.9  Burma/Myanmar’s forests & the challenge of rapid political and economic change
Burma/Myanmar has some of the largest tracts of forests remaining in Asia (FAO
2010), and is considered among the world’s ‘hottest hotspots’ for species diversity
and endemism (Myers et al 2000). The nation’s forest cover however, is disappearing
rapidly; between 1990 and 2010 alone the nation’s forest cover was reduced by a
fifth from 58% to 47%.
Symptomatic of these rapid changes and the challenge the country faces is the
plight of the mangrove forests of the Ayeryarwady Delta. The delta is one of Burma/
Myanmar’s most significant natural areas, hosting diverse mangroves and more than
30 species of endangered fauna, including a critically endangered sub-population
of the Ayeryarwady dolphin. Additionally, the mangroves support important
natural resources and rural livelihoods, including fertile farmland and fisheries for
an estimated 7.7 million people, as well as providing water regulation services and
coastal protection against erosion and extreme weather events.
The mangrove forests of the Ayeryarwady Delta have experienced the highest rate
of deforestation in the country with an estimated loss in area of 64% between 1978
and 2011 (Webb et al. 2014). At current rates they could be lost entirely in the next
two decades. Much of this loss has been driven by conversion of forest to agriculture,
encouraged by government-subsidised programs for small-scale farmers to grow rice.
The area now supports 35% of the country’s rice production.
Since 2010 unprecedented and broad-ranging political and economic reforms
have begun transforming the country with the government promising greater
transparency and equitable management of Burma/Myanmar’s natural resources.
However, with these changes come new threats. Economic and policy reforms aiming

Ayeryawady Delta. Image: Thomas Brauner.

to promote private and foreign investment have increased interest from overseas
investors and multi-national companies. According to a recent report, governmentawarded economic concessions to local and foreign companies are already driving
deforestation (Woods & Canby 2011). It reports that concessions are on the rise,
and that by mid-2013 the government had given firms a total of 2.1 million hectares
of land, much of it in heavily forested regions, for development into plantations.
The mangrove forests of the Ayeryarwady Delta are among the areas targeted with
agro-industrial companies expressing an interest in land for large-scale plantations,
including replacing forests with sugar for export, for example.
Despite the threats there are notable opportunities for curbing the destruction of
Burma/Myanmar’s forests as a result of greater engagement with the international
community. In April 2014, the country introduced a long overdue export ban on
raw logs which is expected to reduce the impact of illegal logging (Ferrie 2004). The
country’s donors are also committing to unprecedented levels of aid, and substantial
investment is expected for direct conservation actions. Improving the country’s
protected area system is a priority. According to the World Bank, only 6.3% of the
nation’s forests are protected, and current regulations to protect forests are poorly
enforced. In the Delta, there is equally scope for community-based reforestation and
forest management programs, which could rehabilitate mangroves and help to fulfill
demand for fuelwood.
The unprecedented and profound social, political and economic changes that are
rapidly taking place in Burma/Myanmar are likely to determine the future of one of
the most important and intact forest regions in the Tropics.
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Stilt fishermen .
Image: Adam Brill.
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Limpets.
Lorem ipsum doloret
Ziembicki.
Image: Mark Ziembicki

Sand monitor.
Image: Mark Ziembicki.

‘If enough species are extinguished, will the ecosystems
collapse, and will the extinction of most other species
follow soon afterward? The only answer anyone can give
is: possibly. By the time we find out, however, it might
be too late. One planet, one experiment.’
E. O. Wilson, 1992
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Summary of biodiversity indicators

Indicator

Threatened
Species

The
Tropics

Central &
Southern
Africa

Northern
Africa &
Middle
East

South
Asia

South
East Asia

Caribbean

Central
America

South
America

Oceania

Rest
of the
World

World

Amphibians*

43

35

1

57

30

74

62

38

12

25

41

Birds*

12

10

3

7

10

7

6

12

10

9

13

Mammals*

26

23

9

30

31

17

18

20

24

15

25

Reptiles*

27

36

9

22

21

47

19

24

32

20

26

Plants*

67

61

29

47

52

72

59

68

53

42

60

10.4-15.4

14.9-16.0

5.2-5.9

5.2-5.4

8.4-13.2

9.1-10.6

7.4-15.7

12.1-26.3

4.3-5.5

7.2-10.4

8.3-12.2

Marine Protected
Area**

1.7-6.1

0.8-3.8

2.5-3.2

1.2-1.5

0.6-2

2.3-4.4

2.4-17.0

5.5-23.8

3-9.6

3.5-7.5

2.6-6.8

Combined
Protected Area**

8.9-13.9

14.4-15.5

5.1-5.8

4.7-5

4.6-7.8

5.2-7.1

6.5-15.9

11.8-26.2

3.8-7

6.8-10.1

7.6-11.6

Decrease in Primary
Forest Area
1990-2010#

867-780

42-31

18-16

10.5-10.4

71-65

0.2-0.2

30-25

662-603

34-28

324-323

1,1911,102

Terrestrial Protected
Area**
Protected Area
1990-2010

Primary Forest

Red: Situation is deteriorating
Green: Situation is improving

* Represents the percentage of species threatened in each group by the number of species assessed.
**Area protected as percentage of total land area and/or territorial waters. #Change in area of primary forest in million hectares.

Biodiversity refers to the variety of life on Earth;
plants, animals, and micro-organisms and the
ecosystems in which they live, whether large or
small, common or rare. It is influenced by natural
factors including temperature, water availability,
and climate. Pressures from human interactions,
including exploitation and pollution can have
substantial impacts on biodiversity. Change in
biodiversity is considered a measure of the health
of an ecosystem, and reflects the response of the
plant and animal communities to the internal and
external pressures being placed upon them.
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Maintaining biodiversity not only requires the
capacity to protect animal and plant species, but
also the environments they inhabit. Maintaining
high biodiversity environments like primary
forests by informal or formal protected area
status is a well-recognised means of achieving
this, as it not only confers protection on key
species, but also on the ecosystems on which
they rely.
Diverse natural ecosystems provide benefits
vital for life on Earth and the quality of

human life. People rely on biodiversity for
sustenance, health, wellbeing and enjoyment.
Human communities derive all food and many
medicines and industrial products from wild
and domesticated components of biological
diversity. Biodiversity is also the basis for many
other economic, cultural and recreational
activities. The integrity of many ecosystem
regulatory services which support humanity,
such as the provision of clean water for example,
relies on healthy and diverse environments.
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Headline indicator

Threatened Species: The number of threatened
species is a measure of how much biodiversity is
being threatened as a consequence of natural or
anthropogenic changes to the environment. Major
loss in numbers of plant or animal species can have
wider effects on natural and human systems.

Supplementary indicators

Terrestrial & Marine Protected Areas: Formal
declaration of protected area status creates a level
of national and local responsibility to manage
the area to preserve important ecological, social
and cultural features for future generations.
These conservation efforts also protect important
ecosystem services such as provision of clean
water and air quality, and biodiversity values which
in turn provide benefits to the wider community
outside the protected area.
Extent of Primary Forests: Primary forests
refers to forests in their original condition that
are largely undisturbed by human impacts.
They are the most biologically diverse forests.
Disturbances from natural or anthropogenic
sources affect both biodiversity and the
ecosystem services these forests provide.
Formal international / national recognition and
protection offers the best opportunity to preserve
the vital components of these systems. Changes
in area of primary forest and the proportion
of these forests under formal protection are
additional indicators of biodiversity status.

Links to other dimensions

Land degradation, corals, mangroves,
wild marine catch, agriculture, Carbon dioxide
and greenhouse gas emissions, renewable water
resources, aquaculture, health, air-quality, economic
output, poverty.

Is it getting better?
Threatened species
Extinction rates are increasing globally and are
well above natural background rates. However,
our knowledge of the status of most of the Earth’s
biodiversity is limited and highly fragmented. The
most comprehensive assessments of threatened
species status that have been completed are based
on limited data sets with a disproportionate focus
on temperate regions and terrestrial vertebrates.
The Tropics stand to lose more than other regions
given higher levels of biodiversity. Amphibians (frogs,
salamanders, etc) are the most vulnerable among the
animal groups while cycads are the most threatened
plant group. The lack of comprehensive data for many
other important groups including insects, molluscs,
most plants and reptiles is a major limitation to
understanding the full extent of global risk to species.
Terrestrial & marine protected areas
Increasing the number of protected areas is one way
of helping improve the threat status of many species.
Although global targets have not been met for all
bioregions, efforts at national and regional levels
provide some optimism. The Tropics have a greater
proportion of terrestrial area under formal protection.
However, effective management is variable and
many protected areas are still subject to illegal
encroachment and exploitation. Formal protection of
marine areas is lower globally, and the extent of area
under protection in the Tropics is lower than for the
Rest of the World, although the gap is narrowing.
Extent of primary forests
The extent of primary forests in the Tropics is
decreasing rapidly with associated increased risks
to biodiversity. Rates of loss have seemingly slowed
since the year 2000 in Central America, South
America, South East Asia and Northern Africa
& Middle East. However, they have increased
in Oceania. Furthermore, and disconcertingly,
technological advances based on improvements in
remote sensing suggest that losses may be under
reported in some regions.

Red leaf monkey. Image: Mark Ziembicki.
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Biodiversity and threatened species

Biodiversity underlies all the ecosystem services
that provide benefits to people including clean
air and water, food, economic resources and
aesthetic and cultural values (Vié et al. 2009).
In 1997, the economic value of global ecosystem
services was estimated at around US$33 trillion
(James et al. 1999). The importance of global
biodiversity – and the risks to it – were officially
recognised in 1992 at the United Nations
Conference on Environment and Development,
and with the subsequent adoption of the
Convention on Biological Diversity (CBD) (see
Box 5.1).
The CBD represents a turning point in global
awareness of the importance of conserving
biological diversity, which has its origins in the
establishment of the International Union for
Conservation of Nature and Natural Resources
(IUCN) in 1948. The IUCN was established under
the auspices of UNESCO to gain international
support for habitat and species protection, with a
major focus on protecting nature from damaging
human activities (Christofferesen 1997). It is the
oldest and largest global conservation network
with membership including over 1,000 nongovernmental organisations and 218 national
and state government agencies.
Six scientific commissions have been established
under IUCN to assess the state of the world’s
natural resources and provide policy and
technical advice on conservation issues. The
Species Survival Commission provides technical
advice on species conservation, and produces the
IUCN Red List of Threatened Species (Red List),
which is the international standard for species
extinction risk. By 2012, IUCN had assessed over
59,000 plant and animal species for the Red List.
Whilst this represents less than 4% of described
species it is the best estimate of the state of
species biodiversity that currently exists (IUCN
2011, Butchart et al. 2006).
In the 1980s a new concept for species risk
assessment known as biodiversity hotspots
was developed (see Table 5.2). Based on
conservation planning principles these hotspots
are characterised by high levels of endemism
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and habitat loss and, as such, are areas that are
especially vulnerable. Hotspots cover about
2.3% of the global land area but are home to
50% of plant species and 77% of animal species
(Mittermeier et al. 2011) and, significantly,
almost one third of the human population.
Looking forward, strong population growth in
many hotspot areas will place these areas under
increased pressures.

Trends
Current knowledge regarding biodiversity
extent and risk is fragmented, though there is a
bias towards greater understanding of species
in temperate regions, terrestrial vertebrates
and those species more intensively used by
humans. Tropical and aquatic systems along
with plants, invertebrates and micro-organisms
have significant knowledge gaps in both
species descriptions and threat risk (see Box
5.2). Although there are several ways to assess
biodiversity and associated risks, species lists are
commonly used as they are easier to identify and
quantify than habitats and ecosystems (Vié et
al. 2009).
Although the Tropics has 40% of the world’s
surface area (land and water), it hosts
approximately 80% of the range of terrestrial
biodiversity (Isaac & Turton 2009), 21 of 35
global biodiversity hotspots (Mittermeier et al.
2011) and more than 90% of reef-building coral
and mangrove biodiversity. However, the drivers
of these high levels of tropical biodiversity are
complex, and are subject to considerable debate
among ecologists (Rosenweig 1995).
It is estimated that 77% of the world’s mammal
species are present in the Tropics (compared
to 44% in the Rest of the World), 91% of the
world’s birds (44%), 74% of its reptiles (38%)
and 84% of its amphibian species (20%) (Vié
et al. 2009). Tropical forests are also recognised
as having the greatest level of terrestrial
biodiversity across a number of measures
including the level of endemism and species
richness. Tropical islands are also characterised

by very high levels of endemism due to their
geographical isolation.
Among tropical regions, South America, Central
America and South East Asia have particularly
high vertebrate biodiversity (see Table 5.1).
Globally, four of the five nations with the highest
number of amphibian species are in South
America, with Mexico having the fifth highest
amphibian (and fourth greatest mammal)
diversity. South America is also home to the
greatest bird diversity. Of the South East Asian
nations, Indonesia has very high biodiversity
ranking first in mammal diversity and fifth for
number of bird species. While the amphibian
diversity in South and Central America tends
to reflect very high levels of endemism, the
proportion of endemic birds and mammals
among the top five nations is lower (see
Table 5.1).
In contrast to vertebrate diversity, high conifer
and cycad diversity occurs in both tropical and
temperate regions. China, followed by the United
States of America, have the highest conifer
diversity, with several nations in the Tropics
also home to high numbers of conifer species.
Similarly, high cycad diversity occurs in several
tropical nations (most notably, Australia, Mexico,
China and Vietnam). A feature of conifer and
cycad diversity in these nations is a high level of
endemism. Globally, of the vertebrate species
assessed under the IUCN to 2012, birds have the
lowest proportion of threatened species with
13% considered at risk, while amphibians have
the greatest proportion of species at risk with
41% (see Table 5.2). The Rest of the World has
a lower proportion of vertebrate species at risk,
ranging from 9% of birds to 25% of amphibians,
compared with the Tropics at 12% for birds and
43% for amphibians (see Table 5.2).
Regionally, Northern Africa & Middle East has
the lowest proportion of threatened vertebrate
species ranging from 1% of amphibians to 9%
of mammals. Oceania is the only other tropical
region to have less than 15% of amphibians
under threat, while South Asia, the Caribbean and
Central America have a lower proportion of bird
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Box 5.1  Convention on Biological Diversity
The Convention on Biological Diversity (CBD) was
adopted in 1992. Key factors leading to its creation
included growing recognition that:
• Biological diversity is a global asset vital to humanity’s
ongoing economic and social wellbeing; and
• Human activities are increasing the risk of extinctions.
The Convention’s objectives are the conservation
of biological diversity, the sustainable use of its
components and the fair and equitable sharing of the
benefits arising from the use of genetic resources.
Importantly, the Convention recognises the need
to reconcile conservation and socio-economic
development needs. The Convention has been officially
adopted by 193 nations excluding, most notably, the
United States of America (CBD 2012a).
Accelerated rates of species extinction have important
implications for economic and social development
as around 40% of the world’s economy and 80%
of the needs of the poor are derived from biological
resources. A richer diversity of life also suggests greater
opportunities for medical discoveries, economic
development and adaptive responses to challenges
such as climate change.
In 2002 world leaders agreed to substantially reduce
the rate of biodiversity loss by 2010, and set specific
targets to meet this goal (OECD 2002). Global
Biodiversity Outlook 3 reports that targets have not
been met, and that ‘trends’ suggest that the state
of biodiversity is declining, the pressures upon it are
increasing, and the benefits derived by humans from
biodiversity are diminishing, but that the responses
to address its loss are increasing. The overall message
is that despite the many efforts taken around the
world to conserve biodiversity and use it sustainably,
responses so far have not been adequate to address the
scale of biodiversity loss or reduce the pressure’
(CBD 2010a).

Palm cockatoos. Image: Mark Ziembicki.

species at risk (between 6% and 7%) compared
with other tropical regions.
The threat to plants is less well known given that
worldwide only 5% of described plant species have
been assessed (IUCN 2012b). Of the 16,000 plants
that have been assessed, 60% are considered
threatened (see Box 5.2). In the Tropics 67% of
assessed plants are considered at risk, compared
with 42% in the Rest of the World. Regionally,
Northern Africa & Middle East and South Asia
have less than 50% of assessed plants under threat
(29% and 47% respectively), compared with 72%
for the Caribbean (see Table 5.2).

Species threats

Box 5.2  The other 99%
Sufficient information was available to assess and rate
around 60,000 species in the IUCN Red List database
in 2012 (IUCN 2012b). This represents only 4% of
described species and less than 1% of the species
estimated to exist. At present only mammals, birds,
amphibians, horseshoe crabs, tropical reef building
corals, conifers and cycads have been comprehensively
assessed (that is, more than 90% of known species of
these taxa have been allocated an IUCN status) (IUCN
2012b). In contrast, less than 1% of invertebrates have
been described let alone assessed (Lunney & Ponder
1999), and only 5% of plants have been assessed
(IUCN 2012b).

The primary reason for the low number of properly
assessed species is the lack of knowledge of the basic
biology and status of most species which makes it
difficult to adequately meet data requirements under
IUCN standards (Lunney & Ponder 1999; Dunn 2005).
This applies even for taxa that are important to humans
such as insects, molluscs and crustaceans. Assessment of
species status and threat risk is particularly challenging
for many of these taxa that require specialist taxonomic
expertise (at a time of decreasing budgets and resources
for taxonomists) and the logistical difficulties of working
in the geographically isolated and physically challenging
regions that many are found in.

The primary threats to biodiversity include
habitat loss/degradation, overexploitation,
disease, introduced/ invasive species, pollution
and climate change. While the extinction threat
facing many species is undisputed, the underlying
causes of threat are often complex, multiple
and synergistic, complicating biodiversity
conservation and management. Extinction risks
also vary across ecosystems, with some systems
more vulnerable than others.
Although the Tropics is home to most of the
world’s species, it has some of the greatest
human pressures with a greater proportion
of the world’s poor, high population growth
and greater levels of conflict than temperate
regions. Compared with other regions many
tropical ecosystems are poorly understood, and
significant knowledge gaps still exist. Additionally,
around 90% of the annual $6-7 billion spent on
biodiversity conservation is raised and used in
developed nations (James et al. 1999, Brooks
et al. 2006, Birdlife International 2013), despite
implementation costs often being cheaper in
developing nations. All of these factors combine
to put great pressure on tropical biodiversity.
Habitat loss due to land use change (e.g.
agriculture) and resource extraction (e.g. forestry
and mining), is a leading threat to biodiversity.
Even if the geographic footprint of these activities
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Leaf mimicking grasshopper. Image: Mark Ziembicki.
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Table 5.1   Nations with the greatest biodiversity
Rank

Amphibians

Birds

Mammals

Conifers

Cycads

1

Brazil
(798/496/116)

Colombia
(1,799/65/86)

Indonesia
(670/258/183)

China
(130/56/34)

Australia
(69/69/18)

2

Colombia
(714/333/214)

Peru
(1,772/106/93)

Brazil
(648/183/82)

United States
(98/39/14)

Mexico
(44/36/38)

3

Ecuador
(467/155/171)

Brazil
(1,704/197/122)

China
(551/82/74)

Mexico
(80/30/16)

South Africa
(38/29/24)

4

Peru
(461/217/96)

Ecuador
(1,578/32/69)

Mexico
(523/157/100)

Indonesia
(54/6/6)

Vietnam
(25/12/16)

5

Mexico
(364/245/211)

Indonesia
(1,561/369/115)

Peru
(467/217/53)

New Caledonia
(45/44/17)

China
(20/12/12)

World*
(6,347/1,905)

World*
(9,990/1,222)

World*
(5,488/1,141)

World*
(620/172)

World*
(289/150)

Source: Vié et al. (2009), State of the Tropics project.
Note: Numbers in parentheses are the number of species described/ number of endemic species/ number of species considered threatened.
*Number of endemic species not listed for World.

is small, clearly defined and regulated, new
transport linkages can rapidly open up large areas
of virgin habitat to other destructive activities
(Chomitz et al. 2007; Laurance et al. 2009). In
the Tropics, an increasing proportion of land use
change for agriculture and resource extraction is
to produce goods such as beef, biofuels, coffee,
chocolate, timber and mining resources for
export markets, particularly to developed nations
(Chomitz et al. 2007). In this sense, while many
developed nations may boast of improvements
in their own national conservation efforts, their
ecological footprints are in fact growing as they
export their impacts to poorer nations.
In the Tropics, habitat loss resulting from logging
and other land use change has resulted in
significant international attention. However,
rainforests are not the only ecosystems suffering
substantial habitat loss. While there has been a
sustained effort to slow deforestation and land
use change in the Amazon, the neighbouring
Brazilian cerrado has been subject to major
land use changes, with more than half of the

area transformed to pasture and cropping over
the past 35 years (Klink & Machado 2005).
Biologically this region is the richest tropical
savannah in the world, is home to 20% to 50%
of Brazil’s vertebrate species (Klink & Machado
2005) and is recognised as one of the world’s
biodiversity hotspots (see Figure 4.11).
Importantly, it is not only the total extent
of habitat loss that can influence extinction
rates but also the fragmentation of habitat.
Fragmentation is a major issue in tropical forests
and savannahs where roads and land clearing
create forest fragments that isolate animal and
plant populations (Canale et al. 2012, Laurance
et al. 2002). These effects are not spread evenly
across species groups either, with beetles, birds
and primates more vulnerable to fragmentation,
while frogs and small mammals tend to be more
resilient (Laurance et al. 2002).
Disease is also an increasingly significant cause of
species extinction, especially among amphibians.
Spread of the chytrid fungal disease from
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southern Africa has led to significant declines
in frog populations in Australia, New Zealand,
Central America, California and South America
(Weldon et al. 2004, Hoffmann et al. 2010).
The pathogenic spread of this disease has also
been linked with climate change, demonstrating
that multiple factors can combine to hasten
population declines (Pounds et al. 2006). Similar
issues have been seen with the spread of canine
distemper to a number of carnivores including
ferrets, lions and seals.
Introduced and invasive species also contribute to
extinction risks through competition, predation,
disease and displacement. Their impacts are
particularly acute on islands or geographically
isolated nations (e.g. Australia, Madagascar),
where they have had devastating impacts on
native and endemic species. Indeed, their impacts
may also combine with other threats and often
exceed those of single significant drivers such
as habitat loss (Woinarski et al. 2011), which is
the main threat to species in most other regions
(Brooks et al. 2002). The spread of invasive
species cost the global economy an estimated
US$1.4 trillion in 2000 or around 4% of the
global GDP. (Pimental et al. 2001). Management
of invasive species is difficult and expensive
because they often have high reproductive
rates, are tolerant of a wide range of conditions,
and have few natural controls in their new
environments, all of which help them to outcompete local species.
Pollution as a threat can be population-specific
or a landscape issue depending on the pollutant.
Aquatic systems can be particularly vulnerable
to physical and chemical pollutants including
nutrient overloads, heavy metals, hydrocarbons
and pesticides. These pollutants may have
short-term (pulse) or longer term (press) effects.
Some pollutants also have wider effects through
bioaccumulation up food chains. Examples include
mercury accumulation in higher order fishes, and
pesticide accumulation in predatory birds.

Box 5.3  Biodiversity hotspots
Given resource constraints the conservation of biodiversity may be framed by
the question: where would a given effort contribute the most towards slowing
the rate of extinction? Answering this question requires an understanding of
species’ distributions and endemism – the degree to which species are found only
in a given place. This may be thought of as a measure of ‘irreplaceability’, since
endemic species cannot be found anywhere else.
British ecologist Norman Myers developed the concept of biodiversity hotspots
in 1988 in response to these challenges. Biodiversity hotspots are characterised
by exceptional levels of plant endemism and significant levels of habitat loss.
To qualify as a hotspot, a region must contain at least 1,500 endemic species of
vascular plants (> 0.5% of the world’s total), and have lost at least 70% of its
original habitat. By 2000, 25 hotspots were identified across the globe, with the
subsequent addition of a further nine hotspots. Combined, the 34 hotspots now
cover only 2.3% of the Earth’s land surface, yet between them are home to 50%
of the world’s plant species and 42% of its terrestrial vertebrate species. Overall
around 77% of the Earth’s terrestrial vertebrates can be found in these hotspots.

As Figure 5.1 illustrates, 21 of the 35 hotspots are located in the Tropics. That is,
many significant tropical ecosystems with extraordinary biodiversity are under
threat from human impacts. Habitat destruction and overexploitation are the
major threats to biodiversity. Rapidly growing human populations and extreme
poverty in tropical regions are major drivers of these pressures. As such, improving
environmental outcomes in large part depends on addressing social and
economic issues.
As available funds for conservation efforts are limited, the concept of biodiversity
hotspots assists decision makers to allocate funds to maximise environmental
benefits. The idea of biodiversity hotspots is also easy to identify with, hence
is useful for mobilising public interest in biodiversity and conservation issues.
Furthermore, it highlights the extent of the biodiversity conservation challenge.
Unless we are successful in protecting this small fraction of the planet’s land area,
we will lose more than half of our natural heritage.

Another emerging threat to species is
anthropogenic climate change. Projections
of climate change impacts suggest that 18 to
35% of species may be at risk of extinction
by 2050 (Thomas et al. 2004). Species with
very fragmented or restricted distributions
will be particularly at risk. In conjunction with
overexploitation, habitat loss, disease, and
invasive species, climate can also act to change
a species’ risk profile. Indeed, how these threats
combine and interact under the increasing
impacts of climate change requires further
investigation. Management of these combined
impacts will ultimately determine the fate of
much of the world’s biological diversity (Brook
et al. 2008).

endangered species, often focus on ‘charismatic
mega-fauna’ such as elephants, pandas, and the
like (WWF 2008, Simberloff 1998). They often
use a species as a ‘flagship’ for conserving habitat
and other species in an area. Another approach
emphasises direct conservation measures that
aim to protect areas at high risk or with high
levels of endemism or biodiversity (Crozier et
al. 1999). Since the late 1980s the concept of
biodiversity hotspots has also proved useful
for identifying high biodiversity and high-risk
habitats for conservation and management. The
habitat conservation and biodiversity hotspot
approach is based on the use of protected areas,
which are considered a cornerstone in the
protection of biodiversity (see also Protected
Areas Indicator) (Nicholson et al. 2012).

Biodiversity conservation
and management

A criticism of many species-specific conservation
activities is that they tend to target ‘charismatic
species’. The human appeal of these species can
attract funding, though from a global biodiversity
conservation perspective, it can also contribute
to the sub-optimal allocation of scarce resources
(Crozier et al. 1999). However, habitat conservation

There are two general approaches to biodiversity
conservation and management. Single-species
conservation approaches, often thought of
as crisis management in the case of highly
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has also been criticised for focusing on processes
and species protection at global or national levels,
often at the expense of diversity of local species
populations (Simberloff 1998). This approach
can reduce the genetic biodiversity within a
species, putting them at greater risk from
disease or inbreeding.
In developing nations (many of which are located
in the Tropics) it is estimated that 20-30% of
household income in rural areas is derived from
‘wild’ natural resources (Kaimowitz & Sheil 2007,
Ceballos & Ehrlich 2006). Many of these resource
rich areas are also the focus of global conservation
efforts, which may overlook the significance
of ecosystem services to local communities. In
affected communities the loss of these ecosystem
services can have a major impact on livelihoods
(see Box 5.4).
Nonetheless, as the links between poverty, population growth and effective biodiversity conservation
are increasingly understood, many programs now
aim to address poverty and conservation issues
simultaneously (Fisher 2005).
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Figure 5.1   Biodiversity hotspots
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Table 5.2   Threatened species
Region

Amphibians
#
Assessed

Tropics

Birds

Threatened
%

#
Assessed

Mammals

Threatened
%

#
Assessed

Reptiles

Threatened
%

#
Assessed

Plants

Threatened
%

#
Assessed

Threatened
%

5,356

43

9,117

12

4,243

26

2,756

27

13,225

67

949

35

2,175

10

1,190

23

599

36

2,683

61

83

1

1,289

3

472

9

162

9

774

29

South Asia

300

57

973

7

305

30

166

22

1,204

47

South East Asia

795

30

2,540

10

1,121

31

797

21

2,897

52

Caribbean

200

74

798

7

190

17

114

47

630

72

Central America

691

62

1,424

6

521

18

533

19

960

59

2,271

38

3,233

12

1,147

20

398

24

4,792

68

391

12

1343

10

501

24

314

32

1,593

53

Rest of the World

1,243

25

4,398

9

2,410

15

1,418

20

3,918

42

World

6,355

41

10,050

13

5,492

25

3,744

26

15,645

60

Central & Southern Africa
Northern Africa & Middle East

South America
Oceania

Source: IUCN (2012a), State of the Tropics project.
Note: The threat assessment was undertaken using the mid-point formula set out in: IUCN (2011). Guidelines for appropriate uses of IUCN Red List Data. Incorporating the Guidelines for Reporting on Proportion Threatened and the Guidelines on Scientific
Collecting of Threatened Species. Version 2. This excludes data deficient and extinct species in the threat analysis. Threatened Species = Critically Endangered + Endangered + Vulnerable.

Although there are clear links between
economic prosperity and environmental impacts
(Mikkelson et al. 2007), the strength of the
relationship can vary substantially (Taylor
& Irwin 2004, Naidoo & Adamowicz 2001,
Holland et al. 2009). Economic inequality has
been shown to be a significant indicator of
biodiversity threat, particularly for plants and
amphibians (Mikkelson et al. 2007, Holland et
al. 2009), and provides a further lever for policy
makers in biodiversity conservation efforts.
Globally, although biodiversity loss targets
under the CBD have not been met, the program
has delivered some positive outcomes (CBD
2010b). At the aggregate level, of the 21 targets
that formed the 2010 biodiversity improvement
goals, significant progress was made against four
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and some progress against fourteen, and only
three have reported no progress (CBD 2010b).
Although there is an increasing extinction
rate among terrestrial species, a recent
review reports that without conservation
efforts, the extinction rate among mammals,
birds and amphibians may have been 18%
higher (Hoffmann et al. 2010). In addition,
conservation efforts have helped stabilise or
improve population numbers for 33 critically
endangered bird populations and 8% of
mammals, birds and amphibians classified as
threatened or near threatened by the IUCN
(Hoffmann et al. 2010).

Looking forward
Global awareness of the need to preserve
biodiversity is increasing, and there are indications
that some global targets are being achieved.
However, as programs tend to be delivered locally,
an ongoing challenge to the success of conservation
efforts will be the capacity to engage local
communities in programs by aligning conservation
goals with economic realities and socio-cultural
aspirations. This ‘bottom up’ approach is typically
more resource-intense in the short term, but tends
to be more effective in delivering longer term,
sustainable conservation outcomes. Although there
is no consensus yet, there may be more returns from
effort by focussing on habitats rather than individual
species, and the IUCN has commenced developing a
Red List of Ecosystems to assess their status.
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Box 5.4  Local versus global conservation
As the global footprint of human activity
expands, biodiversity conservation is an
important element in managing ever-increasing
risks to ecosystems. While progress is being
made, significant risks to conservation
programs persist. One of the most pressing
issues relates to how to manage the impacts
on local communities and livelihoods of global
and nationally-focused conservation initiatives,
especially in developing nations (Kaimowitz
& Sheil 2007, Vermuelen 2004). Many global
and national programs use an exclusion/
preservationist approach to biodiversity
conservation that can be at odds with local,
sustainable resource use. This can create
community tension, increase poverty
risk and reduce the effectiveness of
conservation efforts.
Initiatives that have attempted to integrate
poverty alleviation with biodiversity conservation
have had mixed results. Successful programs
have been able to address the underlying cause
of the threat, and to also secure local ownership
and participation of the program (Kaimowitz &
Sheil 2007). Encouragingly, more programs are
also recognising the need to integrate poverty
alleviation, and to link this with local democratic
support and engagement to achieve biodiversity
and conservation goals.
One important reality is that effective
biodiversity protection is not a ‘one-size-fitsall’ process. Effective management needs to
recognise global, regional and local needs, and to
then tailor programs which respect stakeholder
needs, encourage behavioural change and
maximise biodiversity benefits.
Sabah, Malaysia. Image: Mark Ziembicki.

Protected areas

Protected areas are a fundamental tool in
biodiversity conservation. They provide ecological
refuges that link and maintain habitats and
sustain key natural processes (CBD 2012b). Of
equal importance, protected areas help maintain
essential ecosystem services to a large proportion
of the world’s population. They are a primary
source of drinking water for over one-third of the
world’s largest cities and provide livelihoods for
about 1.1 billion people worldwide (CBD 2012b).
Protected area functions are also recognised as
being integral to addressing climate change.

The modern movement for protection of
significant areas of natural value began in the
19th century, though it was during the latter
part of the 20th century that the extent and
number of terrestrial protected areas expanded
rapidly. Between 1985 and 2008 there was an
increase from 3.5% of global area to 12.2%
(Jenkins & Joppa 2009). However, this expansion
has not been consistent across all regions and
ecosystems. In particular, recognition and
declaration of marine protected areas has lagged
behind terrestrial areas.

Terrestrial protected areas

A protected area is an area recognised, dedicated
and managed through legal or other means to
achieve long-term conservation of nature and
associated ecosystem services and cultural values
(Dudley 2008). There are however, different
types of protected areas with different levels of
protection (see Box 5.5).

The greatest proportion of biodiversity hotspots
(both terrestrial and marine) are in the Tropics
(Ceballos & Ehrlich 2006) (See Box 5.3, Figure
5.1). Earlier conservation efforts and protected
area programs focussed on terrestrial biodiversity
‘hotspots’ to protect endemic and endangered
species and their habitats. More recently, this
effort has extended to the oceans to protect key
‘hot spots’ associated with coral reefs, seagrasses,
mangroves and other important marine
ecosystems (Roberts et al. 2002).

By nation, the extent of TPA coverage in the
Tropics ranges from minimal to extensive. Of
the 43 nations of the world with less than 1%
of their land mass protected in 1990, 24 were
in the Tropics. By 2010, the number of nations
worldwide with less than 1% TPA had fallen to
24, with 14 in the Tropics (MDG 2010). At the
other end of the scale, nearly two-thirds of
nations with more than 40% of their land area
under protection in 2010 are in the Tropics, with
the proportion of tropical nations in this group
having increased since 1990 (IUCN & UNEPWCMC 2012).

Among the Millennium Development Goals
(MDG) is the recognition of the need to maintain
biological diversity because of the role it plays
in delivering key ecosystem services. One of the
MDG targets was for at least 10% of each of the
world’s terrestrial bioregions14 to be protected
by 2010. Although, by 2010, protected areas
covered 12.7% of the world’s land area, the
10% target was only achieved in half of the 821
identified bioregions. Furthermore, only 1.6%
of total ocean area was protected (MDG Report
2010). The internationally recognised Strategic
Plan for Biodiversity has now set protected area
targets of at least 17% of terrestrial areas, and
10% of marine areas by 2020 (UNEP 2012). It
also identifies the need for protected areas to be
well-connected systems that are integrated into
the wider environment (CBD 2010b).
Creation of protected areas to conserve special
features has a long history. The protection of
natural resource areas through royal decrees
extends back as far as two millennia in India,
while in Europe wealthy aristocracy have set aside
hunting grounds for over a thousand years. In other
regions, locations of religious or sacred significance
have been managed for hundreds to thousands of
years (Holdgate 1999, IUCN-WCPA 2010).
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The extent of protected areas is increasing
slightly faster in the Tropics than in the Rest of the
World, at 2.2% and 2.0% per annum respectively.
In 2010, 13.9% of the Tropics were protected,
compared with 10.1% of the Rest of the World.
All tropical regions report an improvement in
the total number and extent of protected areas,
though the degree of change varied considerably
(see Figure 5.2). Three of the eight tropical regions
achieved the MDG goal of 10% area protected. At
26.2% South America had the highest combined
proportion of marine and terrestrial protected
areas in 2010, having more than doubled its
protected area since 1990. Central America also
more than doubled its extent of protected area
in the period, from 6.5% to 16.0%. Growth in the
extent of protected areas in other tropical regions
was more modest. Although growth has been
slow in Central & Southern Africa it did meet the
MDG, with 15.5% of area protected. Much of this
growth was in terrestrial protected areas given
the large number of nations in the region that
are landlocked.

The proportion of terrestrial protected areas
(TPA) in the world was 8.3% in 1990, with the
Tropics accounting for 10.4% of its area under
formal protection and the Rest of the World
7.2% (see Figure 5.3). Since then the area
under protection in the Tropics has increased
at a greater rate than in the Rest of the World,
with the proportion of TPA in tropical regions
increasing to 15.5% – an increase of almost 50%
over 20 years.

In the Tropics the greatest area of TPAs is in South
America, which at 26.3% also had the largest
proportion of its land area protected in 2010.
South America also had the largest increase in
TPA between 1990 and 2010, accounting for
75% of the TPA increase in the Tropics. In part
this is due to significant increases in protected
areas in the Amazon since 2000 (see Box 5.6).
Central America has also seen a doubling of the
proportion of TPA since 1990, primarily due to
increases in Mexico. There has been little in the
way of major changes in the extent of TPA in
other tropical regions between 1990 and 2010
(see Figure 5.3).

14
Bioregion is described under the Convention on Biological Diversity
as a territory that is defined by a combination of biological, social,
and geographic criteria. It is synonymous with biogeographic region.
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Box 5.5  Types of protected areas
The International Union for the Conservation of Nature
identifies seven categories of protected area. The categories
vary based on the character of the protected area – which may
be determined based on natural beauty, endangered species
or cultural or historical significance – and the management
practices employed. Categories I – IV are more restrictive
in terms of allowed activities, while categories V – VI allow
greater scope for exploitation (Dudley 2008). All seven
categories are included in the dataset for this report.
Ia – Strict Nature Reserves are set aside for protection of
biodiversity/ geological/ geomorphological features. There are
strict limits on use, visitation and impact.
Ib – Wilderness Areas are large areas with little or no
modification that retain their natural character and have
limited temporary human habitation.
II – National Parks are large natural areas designed to protect
large-scale ecological systems along with characteristic flora
and fauna, but may allow environmental and cultural activities
to occur.
III – Natural Monuments are areas set aside to protect a
specific natural feature, with a unique value because of its
rarity, cultural significance or aesthetic qualities. They are
generally relatively small areas and often have high visitor
numbers.
IV – Habitat/ Species Management Areas are specifically
designed to protect identified species or habitats, with
intensive management focussed on species protection.
V – Protected Landscapes are areas that have become
ecologically, biologically, culturally or scenically significant as
a result of human/ environment interaction over time. These
can include traditional land use patterns such as agriculture
and forestry.
VI – Protected Area/ Sustainable Use Areas have identified
cultural and/ or traditional natural resource management
systems associated with them. Low-level non-industrial
sustainable extraction is considered compatible with the
conservation aims of these areas.
Twin falls, Kakadu National Park. Image: Peter Forster.

Figure 5.2   Protected areas (% of land and territorial waters)
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Marine protected areas
The proportion of the area in a nation’s territorial
waters (extending 12 nautical miles) that is
protected tends to be lower than the proportion
of terrestrial protected areas. This reflects a
general lag in recognising the need to protect
marine areas and difficulties in establishing
and protecting areas of marine conservation
value (Chape et al. 2003). Nonetheless, this is
changing, and the global proportion of protected
territorial waters increased from 2.6% in 1990 to
6.8% by 2010 (see Figure 5.3). Although below
the 2010 MDG target, it is approaching the
goal of 10% protection by 2020 defined by the
Strategic Plan for Biodiversity 2011–2020 (CBD
2010b, UNEP 2012).
The extent of marine protected areas (MPA)
is much lower in tropical regions. In 1990, 39
nations with marine territorial waters had no
MPA, with 28 of these in the Tropics. Between
1990 and 2010 the number of nations with no
MPA decreased to 14, but 13 of these were in
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the Tropics (MDG 2010). However, during this
period the proportion of protected territorial
waters in the Tropics increased from 1.7% to 6.1%.
Although still less than the 7.5% protection in the
Rest of the World, the proportion of MPA in the
Tropics is increasing at a faster rate.
In 1990, no nation had more than 40% of their
territorial waters under formal protection. By
2010 there were seven nations, with three in the
Tropics (MDG 2010).
In the Tropics, South America has the highest
proportion of MPA, at 23.8% of territorial
waters, up from 5.5% in 1990 (see Figure 5.4).
The declaration of the internationally important
Galapagos Marine Reserve in 1996 was a
significant contributor to this increase. Five of
the seven nations in South America had more
than 15% of their territorial waters under marine
protection by 2010 (MDG 2010).
Since 1990 Central America and Oceania also
reported substantial increases in MPA, with

respective increases of 17.1% and 9.6% of
territorial waters by 2010. Five of the eight
nations in Central America had more than 10%
of their territorial waters under MPA by 2010,
while the three largest marine protected areas
(Great Barrier Reef Marine Park, North Western
Hawaiian Island Coral Reef Reserve and the
Phoenix Islands Protected Area) are in Oceania.
All other tropical regions have less than 5% of
marine territorial waters protected. South Asia
had the smallest increase in MPA between 1990
and 2010 and also, of the tropical regions has the
lowest overall proportion of MPA at 1.5% in 2010.

Costs and benefits of
protected areas
Protected areas deliver conservation benefits
through the protection of biodiversity and
ecosystem services, as well as a range of
economic benefits from income generation and
employment opportunities for local communities
(Dixon & Sherman 1991). Protected areas also
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Figure 5.3   Area protected as a percentage of land area
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Source: MDG (2010), IUCN & UNEP-WCMC (2012) and State of the Tropics project.

deliver indirect benefits through the maintenance
of aesthetic and cultural values (Dixon &
Sherman 1991). In addition to biodiversity
conservation, recognition of tropical rainforests
as carbon sinks has prompted actions to reduce
deforestation in protected areas (Andam et al.
2008, Soares-Filho et al. 2010), and also focussed
attention on developing robust economic
measures for environmental values (Dixon &
Sherman 1991).
The potential of ‘eco-tourism’ in protected areas
can also be an important source of economic
activity. Eco-tourism in protected areas allows for
the preservation of natural resources that may
otherwise be exploited through non-renewable or
unsustainable practices (such as logging, mining,
or industrial development), and opportunities
to generate foreign exchange income. In Africa
a number of economic assessments suggest
that income per hectare from big game tourism
may be up to 50 times greater than for pastoral
activity (Westem & Thresher 1973).

Similarly, a significant proportion of the revenue
generated in tropical eastern Australia is from
direct and indirect tourism associated with the
Great Barrier Reef Marine Park (GBRMP). In 2003
around 9.3 million people visited the GBRMP,
spending an estimated $4.1 billion (Bailey et al.
2003). Tourism was responsible for 9.1%
of employment in the GBRMP region (Bailey
et al. 2003).
Our understanding of the links between
biodiversity, ecosystem services and human
benefits is also increasing due to greater research
attention. For example, it is now recognised
that biodiversity protection can improve air and
water quality, support sustainable economic
development, improve food security and assist
to alleviate poverty (UNEP 2012). In protecting
biodiversity many nations are indirectly
making progress against a broad range of other
Millennium Development Goals.
Notwithstanding these benefits, the declaration
of protected areas can be disenfranchising to

local communities, especially if they depend
heavily on resource use from the designated area.
This can result in adjustment or transitional costs,
particularly where a community is displaced or
key income or resource use is lost. Unless these
costs are recognised and addressed, resourceuse conflicts can arise between conservation
authorities and the local communities (Ngugi
2002). Another common issue is costs related
to the conservation of top-end predators in
protected areas. Successful conservation can lead
to conflict when ‘spillover’ effects of predators
from a protected area lead to issues in adjoining
communities through domestic stock losses,
agricultural harm or human mortality.
Similarly, many MPAs are designed to protect
key habitat and recruitment areas for important
fisheries species. This has often led to conflict
between MPA managers and commercial,
artisanal and recreational fishers over the loss
of fishing rights. An increasing body of research
demonstrates that the fish stock benefits of
no-take zones extends beyond the MPA within

two to three years of establishment (Hodgson
& Ross 2003), but this has often been difficult
to demonstrate to fishing communities a priori.
Without community cooperation, support
and understanding, effective management of
protected areas is difficult (Ngugi 2002).
Overcoming community resentment and
resource-conflict in protected areas can
be achieved through integration of local
communities in key decision making processes
and management roles. This is being increasingly
recognised, with highly successful indigenous and
community management programs in place in
many protected areas (UNEP 2012).

Box 5.6  Protected areas in Brazil
Brazil has the fourth largest system of protected areas
in the world, and since 2000 has had the greatest
increase in terrestrial protected areas. Part of the
success in increasing TPA in Brazil is the development
of the Amazon Region Protected Areas Program
(ARPA), which began with a 1998 pledge to set aside
10% of Brazil’s forests in protected areas (GEF 2012a).
The Amazon bioregion covers almost half (49.3%)
of Brazil and is considered the ‘lungs’ of the earth.
With international aid, ARPA was successful in 2002
in establishing the Tumucumaque National Park,

currently the world’s largest tropical forest reserve
(GEF 2012a). ARPA has also been effective in reducing
the amount of deforestation in protected areas (GEF
2012a).
Over 25% of the Brazilian Amazon is now protected,
but many of Brazil’s other bioregions are less well
protected, even though they also have high levels
of biodiversity. In recognition of this, efforts are
being made to extend the area of protection in other
bioregions to meet MDG targets (GEF 2012b).

Threats to protected areas
Effective management of protected areas is
critical to ensure that conservation values and
ecosystem services are maintained. Research into
the effectiveness of terrestrial Protected Area
Management (PAM) suggests the key threat to
protected areas is over extraction of biological
resources from activities such as hunting and
logging. Other threats include agricultural and
aquaculture development; human disturbance;
system modification through changes in fire
regimes; development of settlements; pollution;
invasive species; and fragmentation due to road
and utility corridors (Leverington et al. 2010).
Hunting and fishing are the major threats in
Africa, Asia, Latin America and Oceania, with
logging also significant in Africa and Oceania. The
establishment of settlements within protected
areas is the second highest threat in Latin
America, while human development is the
most common threat in Europe (Leverington
et al. 2010).
Marine biodiversity hot spots and protected
areas are not necessarily contained within the
national territorial waters of single nations,
hence appropriate management may require
effective international cooperation. Some
marine bioregions such as the Great Barrier Reef
and Galapagos Islands are recognised as being
internationally significant, and this has helped in
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Image: Mark Ziembicki.
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Figure 5.4   Area protected as a percentage of marine territorial waters
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securing their protection status. While there are
no official MPAs in international waters, areas
like the Southern Ocean and Indian Ocean Whale
Sanctuaries are recognised by many nations as
being important reserves to protect migratory
whale species. However, without formal
recognition and enforcement as protected
areas, whaling activity can and does occur in
these sanctuaries.

nutrient run-off. Nonetheless, in many locations
efforts to protect coastal marine systems are
increasing, often through community integration
into management processes and controls on
development activities in ‘upstream’
terrestrial areas (Roberts et al. 2002).

Coral reefs are the most biologically diverse
ecosystem in shallow marine waters, and are
found around 12% of tropical coasts (Roberts
et al. 2002). Seagrasses and mangroves are
also found in tropical coastal waters. These
environments provide important habitats
for wildlife and are centres of biodiversity
and endemism. Although such areas may be
within protected areas many of the threats to
these systems arise from adjacent terrestrial
environments. Deforestation, urban and industrial
development and poor agricultural practices
contribute to the degradation of coastal marine
systems through increased sedimentation and

Increasing recognition of the importance and
extent of ecological services offered by healthy
ecosystems has contributed to the substantial
increase in global protected areas over the past
two decades. Nonetheless, the fragility of many
ecosystems is becoming more apparent as they
are affected by a greater range and intensity of
human pressures. Ecosystem degradation is an
ongoing issue, though the expansion of protected
areas proposed under the Strategic Plan for
Biodiversity 2011–2020 is likely to offset this
process somewhat. There appears to be increasing
community acceptance of the rationale and
need for protected areas, and greater recognition

Looking forward

that community involvement in the planning
and management of protected areas can act to
reduce transition costs – and increase benefits to
both the environment and to society.
Global recognition of the importance of tropical
forests has contributed to a rapid increase in the
area of forest under protection and the quality
of their management. However, many other
significant non-forest bioregions receive less
attention and are poorly protected. Looking
forward, these issues will need to be addressed
by local, national and international decision
makers, while balancing the needs of the local,
national and international communities. The
broad range of stakeholders in many instances
means that, while a nation may have territorial
rights to a particular area, cooperation at a broad
range of levels is needed to ensure that valuable
ecosystems are adequately protected
and maintained.

Primary forests

Forests, and especially primary forests, tend to
be more biologically diverse than other terrestrial
landscapes and make significant contributions to
broader ecosystem functioning. Primary forests,
sometimes referred to as old growth forests, are
forests of native species in original condition
that are largely undisturbed by human impacts
and where ecological processes have not been
significantly disturbed. Tropical forest ecosystems
host at least two-thirds of the Earth’s terrestrial
species and provide significant local, regional and
global benefits to humans through the provision
of economic goods and ecosystem services.
The future of tropical forests is uncertain.
Between 1990 and 2010 the global area of
all forests decreased from 4.17 to 4.03 billion
hectares, representing an average loss of 6.8
million hectares (or 0.2%) per annum. The Tropics
accounted for these losses with 9.5 million
hectares (-0.5%) lost per annum. In contrast,
the Rest of the World reported an increase of 2.7
million hectares (0.1%) per annum, due primarily
to increases in plantation forests. Few areas of
the Tropics have escaped human impacts, and the
combined influence of high rates of deforestation,
degradation, over-harvesting, invasive species
and global environmental change, threaten to
make tropical forests the centre of current and
future extinctions (Gardner et al. 2009). The
future of tropical forests is therefore dependent
on effective management of human impacts on
these ecosystems.
Biodiversity values differ between forest types.
In the Tropics, primary forests host the greatest
biodiversity, followed by selectively logged forests,
secondary forests and, finally, plantation forests
(Barlow et al. 2007, Gibson et al. 2011). That is,
even without complete habitat loss through
deforestation, the transition from primary forest
to less natural forests affects biodiversity, even
though these other forest types and plantations
add to the overall stock of forests. This point is
important to consider when assessing changes
in the type of forest cover, noting that globally,
areas of plantation forests increased by 85 million
hectares in the 20 years to 2010, while there was
a concomitant loss of 220 million hectares of
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Figure 5.5   Nations with the largest areas of primary forest, 2010
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non-plantation, natural forest. Related to their
biodiversity values primary forests also have many
essential ecological functions that may also be
affected by their natural quality, including the
protection of soil and water resources, carbon
sequestration and the provision of aesthetic,
cultural and religious values.
Although difficult to report on a globally
consistent basis (see Box 5.7), monitoring
the extent of primary forests is an indicator
of biodiversity risks.
The Food and Agriculture Organization (FAO)
estimates that in 2010 primary forests accounted
for 36% of forest area globally (FAO 2010). Seven
of the ten nations with the largest area of primary
forest holdings are located, or substantially
located, in the Tropics (see Figure 5.5). Around
35% of the world’s primary forest is located in
Brazil, mainly within the Amazon Basin. It should
be noted that information is missing for some
large tropical nations which might otherwise
be part of the top ten nations, including the
Democratic Republic of the Congo, Cameroon
and Venezuela (see Box 5.7).

Around 57% or 7.8 million square kilometres of
primary forest is estimated to be in the Tropics
in 2010. Between them the Russian Federation,
Canada and the United States of America account
for more than 85% of primary forest holdings in
the Rest of the World.
In 2010 approximately 41% of forests in the
Tropics were primary forest, compared to 27%
in the Rest of the World. Of the tropical regions
South America has the highest proportion of
primary forest (77%) and the Caribbean (3%)
the lowest.
Globally, of the 18 nations in which primary
forests are more than 50% of total forest area, 16
are in the Tropics. In the Tropics 31 nations report
no primary forests compared to 35 in the Rest of
the World, which is unchanged over the 20 years
to 2010.
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Box 5.7  Data quality and limitations
Analyses of changes in forest cover are limited by
the availability and quality of data. Data reported
here are sourced from the Food and Agriculture
Organization’s Global Forest Resources Assessment
2010. These data are generally considered the most
reliable cross-national estimates available over the
period 1990 to 2010. They do, however, have some
important limitations associated with: self-reporting by
nations; inconsistencies in how and when forest cover is
evaluated (Laurance 2007); and non-reporting by some
nations for key variables, notably the extent of primary
forests. Numerous research projects have independently
assessed the extent of forests, but they typically do
not report globally, report over shorter time periods
or report on different variables.
Major forested nations that have not reported on their
primary forests for the 2010 FAO assessment include the
Democratic Republic of Congo (DRC), Cameroon and
Venezuela. However, independent assessments suggest
primary forests may represent 40-45% of forests in DRC
(or around 650,000km2 in 2000), 65% in Venezuela
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(300,000km2) and 25% in Cameroon (50,000km2)
(Verhegghen et al. 2012, Mongabay 2012, Potapov et al.
2008). Assuming comparable assessment methods this
suggests that DRC has the fifth largest area of primary
forests and Venezuela the tenth largest (see Figure
5.4). As such, the actual area of tropical primary forests
reported here is understated.
As an alternative point of reference to nation-reported
data, FAO 2010 has also used remote sensing
technology to assess global forest change from 1990 to
2005 (FAO & JRC 2012). The advantage of this approach
is that it creates a global time series dataset collected
on a consistent basis. Remote sensing results indicate
total global forest area of 3.8 billion hectares in 2005
(compared with 4.06 billion hectares based on FAO2010
self-reported national assessments), with an average net
loss of 4.0 million hectares per annum (-0.1%) between
1990 and 2005. Net losses in tropical forests increased
from 5.6 million hectares per annum in 1990-2000 to
9.1 million hectares per annum in 2000-2005. Nationlevel data are not yet publicly available.

In the ten years to 2010, the FAO reports that
based on country reported data, the world’s area
of primary forest decreased by an estimated
42 million hectares or 3.7% - a loss on average
of 0.4% per annum15 (see Table 5.3). The vast
majority of the losses were in the Tropics, with
almost 70% occurring in South America (see
Figure 5.6). In South America the sheer vastness of
primary forests combined with their accessibility
are contributing to huge and ongoing losses.
Although nowhere rivals South America in terms
of the total area of primary forests being lost, in
some other tropical regions percentage loss rates
are considerably higher than in South America,
and are increasing. The most notable regions in
this regard are Central & Southern Africa and
Oceania.
Nonetheless, driven by improvements in South
America and South East Asia, the annual loss of
primary forests in the Tropics has been falling,
from 4.56 million hectares per annum in 19902000 to 4.17 million hectares in 2000-2010, a
reduction of 389,000 hectares (or 8.5%) per
annum. More modest improvements occurred in
Central & Southern Africa and South Asia, while in
Oceania annual losses of primary forests increased
by 148,000 hectares.
In the Tropics, Northern Africa & Middle East
reported the biggest improvement in the rate of
primary forest loss, falling from -0.8% per annum
in 1990-2000 to -0.1% in 2000-2010. Oceania
and Central & Southern Africa were the only two
tropical regions to report increases in the rate of
primary forest losses.
Declining rates of nationally-reported primary
forest losses are encouraging, but alternative
assessments using remote sensing technology
suggest that actual losses may be considerably
higher in some regions (see Box 5.8). This is
concerning as the remaining primary forests
The Russian Federation is excluded from the analysis as the irregular
trend in the area of primary forest is the result of changes in the
classification system introduced in 1995.

15

Segama River, Darnum Valley, Borneo. Image: Mark Ziembicki.

Table 5.3    Primary forests
Region

Area of Primary Forest (1,000 ha)
1990

Torrid Zone

2000

2005

Annual Change

2010

1990-2000

2000-2005

2005-2010

2000-2010

1,000
ha/yr

%

1,000
ha/yr

%

1,000
ha/yr

%

1,000
ha/yr

%

868,999

823,314

801,065

781,526

-4,569

-0.5%

-4,450

-0.5%

-3,908

-0.5%

-4,179

-0.5%

Central & Southern Africa

51,149

45,242

42,450

39,723

-591

-1.2%

-558

-1.3%

-545

-1.3%

-552

-1.3%

Northern Africa & Middle East

8,799

7,761

7,658

7,565

-104

-1.2%

-21

-0.3%

-19

-0.2%

-20

-0.3%

South Asia

10,462

10,402

10,372

10,372

-6

-0.1%

-6

-0.1%

0

0.0%

-3

0.0%

South East Asia

70,873

67,300

65,531

65,000

-357

-0.5%

-354

-0.5%

-106

-0.2%

-230

-0.3%

206

205

204

206

0

0.0%

0

-0.1%

0

0.2%

0

0.0%

Central America

29,480

26,526

25,693

25,087

-295

-1.1%

-166

-0.6%

-121

-0.5%

-144

-0.6%

South America

664,500

634,182

618,644

605,191

-3,032

-0.5%

-3,108

-0.5%

-2,690

-0.4%

-2,899

-0.5%

33,531

31,697

30,513

28,382

-183

-0.6%

-237

-0.8%

-426

-1.4%

-331

-1.1%

321,919

320,943

320,776

320,856

-98

0.0%

-33

0.0%

16

0.0%

-9

0.0%

1,190,918

1,144,257

1,121,841

1,102,382

-4,666

-0.4%

-4,483

-0.4%

-3,892

-0.3%

-4,188

-0.4%

Caribbean

Oceania
Rest of the World
World

Source: FAO 2010, State of the Tropics project
Notes: Totals may not sum due to rounding.
The Russian Federation is excluded from time series analysis because there was a large difference in the reported change rate (from +1.6 million hectares per year in the 1990s to-0.5 million hectares
per year in the period 2000–2005) related to a modification to the classification system introduced in 1995 rather than actual changes in primary forest area.

and the biodiversity they hold are especially
important, as in many parts of the world forests
were already significantly depleted prior to 1990
(the start of the time series here). For example,
in Bangladesh it is estimated that total forest
cover (that is, primary, secondary and plantation
forests) around this period was only 10% of the
original cover, and in India it was around 22%
(Laurance 2007).
As habitat loss is a major factor contributing
to extinctions there is no doubt that the loss of
species-rich primary forests across the world has
the potential to significantly impact biodiversity.
Destruction of primary forests in Asia is well-
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advanced, but in other regions such as the Amazon
in South America and the Congo in Central &
Southern Africa there is the opportunity to
protect a greater proportion of these forests and
biodiversity from human threats. The biodiversity
in many tropical rainforests is poorly documented,
and globally it is estimated that only 14% of
existing terrestrial species have been described
(Mora et al. 2011). Many species risk becoming
extinct before they are even described, with
unknown ecological consequences. There are
also potential impacts on the genetic resources
available for use by humans for medicinal and
other purposes. These risks are magnified in the
Tropics given the region’s rich biodiversity.

Forests for conservation
of biodiversity
Forests deliver a wide range of ecosystem
services to the environment and to humanity
through provisioning (food, water, wood etc.),
regulating (nutrient, water and carbon cycles,
climate regulation) and cultural services.
Habitat destruction through deforestation or
other impacts that affect forest biodiversity
may therefore not only affect species diversity,
but also the performance of broader ecological
systems and regulatory processes. Focusing
forest conservation efforts on protecting
habitats is therefore more likely to conserve both

CHAPTER 5

BIODIVERSITY

STATE OF THE TROPICS

147

Figure 5.6   Average annual primary forest change
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Source: FAO (2010), State of the Tropics project.

Figure 5.7   Forest area primarily designated for conservation of biodiversity
Thousand ha
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Source: FAO (2010), State of the Tropics project.
Note: Estimates are for the 186 nations that submitted data for all three reference periods.

South East Asia

biodiversity and underlying systems
(Duffy 2008).
The importance of primary forests in protecting
biodiversity is increasingly acknowledged, but
demand for timber products, industrial and
subsistence farmland and access to resources
is putting increasing pressure on primary forest
stocks. Growing concerns about the ever
increasing impacts of anthropogenic pressures
on tropical biodiversity and natural ecosystem
services have led to increases in the number
and extent of protected areas across the tropics
(Laurance et al. 2012). Protected areas are now
a key part of global conservation efforts and an
important indicator for policy makers.
Nonetheless, as with forests, not all protected
areas are the same, and the performance of
each will be affected by factors such as the
effectiveness of management and enforcement
activities, boundary demarcation and the ‘health’
of adjacent areas. Recent research suggests
that only about half of all protected areas in
the Tropics are effective, while the rest are
experiencing declining biodiversity (Laurance
et al. 2012).

Box 5.8  Deforestation in Indonesia
Indonesia is one of the world’s most forest-rich
nations. Reliable information is critical for effective
forest management and policy development but is
often not available.
Data reported to the Food and Agriculture Organization
(FAO) by the Indonesian government suggests forest
losses in the order of -0.5% per annum in the ten years
to 2010. Over the same period, other datasets collected
with the assistance of remote sensing technologies
estimate the rate of forest loss at -1.0% per annum –
double that reported by the FAO. Most of these losses
occurred in Borneo and Sumatra which accounted for
losses of 57% and 39% respectively (Miettinen et al.
2011).
In Sumatra, between 2000 and 2010 deforestation
occurred almost exclusively in secondary forests (99%),
with 10% of primary forests degraded to secondary

forest status. This is an improvement on the ten years to
2000 when primary forests represented 5% of natural
forest losses in Sumatra, and 30% of the primary
forest stock was degraded. Over the 20 year period
primary forest losses in Sumatra from deforestation and
degradation averaged 2.6% per annum. Primary forest
loss in Asia appears to be particularly significant given its
biota appears particularly susceptible to human impacts
(Gibson et al. 2011).
These independent assessments suggest recent
deforestation rates in Indonesia are significantly
greater than those reported to the FAO. To an extent
this reflects differences in methodologies and definitions
used to characterise forests, however, greater use of
remote sensing technologies and consistant use
of methods should reduce such discrepancies and
provide a more accurate picture of the status of
the world’s forests.

Using information from 186 nations that provided
data for all time periods in the Global Forest
Resources Assessment 2010, the area of forests
in the Tropics reserved for the conservation of
biodiversity was 195 million hectares in 2010 (see
Figure 5.7). This is a 46% increase since 1990,
and represents 53% of global biodiversity
reserves. The Rest of the World reported
an increase of 26%.
In the Tropics the largest areas of forests reserved
for conservation of biodiversity are in South
America, followed by Central & Southern Africa
and South East Asia. Northern Africa & Middle
East is the only tropical region to report a
decrease (-6.2%) in forested biodiversity reserves
in the 20 years to 2010. Fourteen of the 20
nations estimated to have reduced conservation
of biodiversity reserves in the past 20 years are
in the Tropics.
Deforestation. Image: Mark Ziembicki.

148

SECTION 2  THE ECOSYSTEM  

CHAPTER 5

BIODIVERSITY

STATE OF THE TROPICS

Using FAO data for 2010, around 15% of forests
in the Tropics were reserved for the conservation
of biodiversity, compared with 9% in the Rest
of the World. In the Tropics, South Asia has the
highest proportion of forests reserved for the
conservation of biodiversity (29%), followed by
Central America (24%) and the Caribbean (19%).

Looking forward
The increase in forest area set aside for
conservation reflects the growing understanding
of the risks to human wellbeing from a loss of
ecosystem services associated with biodiversity
decline and, particularly, changes to ecosystem
regulating services. Relative to ecosystem
provisioning services, knowledge of the role
and value of ecosystem regulating services is
relatively poor, and extensive research is required
if we are to understand these complex processes.
Looking forward, in addition to maintaining the
integrity of ecosystem services, greater efforts
to protect primary forests from exploitation is
likely to improve biodiversity outcomes. This
will be critical in the Tropics, which has 21 of
the 35 global biodiversity hotspots (see Box 5.3
and Figure 5.1). Acknowledging that all forests
have competing uses, any effective response to
stemming biodiversity and primary forest loss
will need to integrate ecological, economic and
social values, while considering prospects for
conservation and sustainable use (Wilcox 1995).

Image: Mark Ziembicki.
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The impacts of climate change in the Tropics
Richard T. Corlett

The climate is changing in the Tropics, as it is in
the rest of the world (IPCC, 2013). The effects
of steadily rising concentrations of greenhouse
gases on the climate may be less obvious to
tropical residents, however, because they are
overlain by considerable natural variability.
Much of this variability is driven by the El NiñoSouthern Oscillation (ENSO) (see Figure E2.1).
The Tropics has warmed by 0.7-0.8oC over the
last century—only slightly less than the global
average—but a strong El Niño made 1998 the
warmest year in most areas, with no significant
warming since. Climate models predict a further
1-2oC warming by 2050 and 1-4oC by 2100, but
the rise will certainly not be as smooth as the
graphs that are produced by averaging many
different climate models.
Trends in rainfall over the last century are much
less clear than those in temperature. Many
tropical areas are now significantly wetter or
drier than they were a century ago, and others
show marked fluctuations. Predictions for future
rainfall vary between models in most regions,
reducing confidence in their usefulness. Climate

First, the models suggest that the rates of
change will be faster than any known from
the past, leaving little time for adaptation or
movement to cooler areas. Second, although
the Tropics have been warmer before, most
of the last 3 million years has instead been
cooler, suggesting modern species will be
unlikely to have retained adaptations to these
higher temperatures. Finally, and perhaps
most important, rapid climate change is only
one of the many stresses on plants, animals
and people in the 21st century. Many of these
other stresses will interact with climate change
in ways that increase the negative impact of
both. For example, the fragmentation of most
natural habitats in the Tropics by agriculture
and infrastructure will make it very difficult for
species to respond to climate change by moving.

extremes are even harder to predict, but the low
day-to-day variability of tropical temperatures
means that a rise in mean temperatures of
only a few degrees is almost certain to bring
temperature extremes higher than any that
occur today. There are good reasons to believe
that other extremes—droughts, floods and highintensity cyclones—will also increase in much of
the Tropics, although none of these predictions
are made with high confidence (IPCC, 2013).
Tropical climates have changed in the past,
with the most recent major change being the
several-degree warming at the end of last glacial
period, between 20,000 and 10,000 years ago.
Temperatures have also been higher than now,
although the last period that was consistently
warmer than the present in the Tropics appears
to have been the early Pliocene, more than
3 million years ago. But, although climate
change is nothing new, there are very good
reasons for thinking that the changes predicted
for the remainder of the 21st century will be a
major problem for the Tropics.

The impacts of climate change:
observed and predicted
High natural climatic variability, coupled with
the rarity of long-term records in the Tropics, has

Figure E2.1   The El Niño-Southern Oscillation (ENSO) has a large impact on tropical climates.
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so far made it difficult to detect the impacts of
climate change on natural and human systems
(IPCC, 2014). Moreover, the impacts of climate
change are expected to interact with those of
other, more direct, human impacts, including
deforestation, population growth, increased
urbanisation and pollution, making it difficult
to pin down the major drivers of change in any
particular case. Terrestrial impacts are clearest on
high mountains, where both plants and animals
have moved upslope in response to warming
in several parts of the Tropics, while glaciers
have shrunk on the highest peaks in the Andes,
East Africa (see Figure E2.2), and New Guinea.
In the sea, coral reefs across the Tropics have
suffered unprecedented mass bleaching episodes
as a result of rising sea-surface temperature
extremes. Most other suggested impacts are less
clear than these, however. It is tempting to treat
recent floods, droughts and massive cyclones
as manifestations of human-caused climate
change, but the science is still not certain.
Predictions for the future add the uncertainties
of the biological and social sciences to the
already large uncertainties from the climate
models. In the case of temperature, a significant
increase is all but certain, but the impacts of
changes in other climate variables are best
stated as ‘IF climate changes in a particular way,
THEN the following impact is likely’. Although
not strictly aspects of climate change, both sealevel rise and ocean acidification have the same
ultimate causes (rising levels of atmospheric
carbon dioxide), and both are certain to increase
in a delayed response to atmospheric changes
that have already happened.
It is simplest to consider the impacts on
natural and human systems separately, but it
is important to realise that these are rarely, if
ever, independent. Many of the natural systems
that will be impacted are important sources
of ecosystem services to human communities,
including fish from coral reefs and water from
mountain ecosystems. Conversely, human
responses to climate change impacts, such as
diverting freshwater water supplies, building
sea walls, or expanding agricultural land, are

expected to have large, additional impacts on
natural systems.

Impacts on natural systems
Outside the Tropics, it is possible to get a rough
idea of future changes in natural systems by
looking towards the equator, where temperatures
are already warmer. London, for example,
is expected to have a climate more like the
present-day south of France by 2100. Even in the
temperate zone, a simple poleward migration of
species and ecosystems is an oversimplification,
but it is a useful guide. In the tropical highlands
one can look downslope to see what is coming,
but in the tropical lowlands there is usually no
existing analogue for the climates predicted
for the second half of this century. Equatorial
Singapore will not just be warmer than it is now,
but warmer than anywhere on Earth with yearround rainfall.
These ‘no-analogue futures’ leave predictions
dependent on models, but we currently lack the
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data needed to test whether their simulations are
realistic. Scientists have warmed up insects, frogs
and tree seedlings in their laboratories, and tree
branches in the field, but until someone warms
an entire tropical forest for several years we are
unlikely to be able to say with confidence what
will happen. Predictions for biodiversity in the
lowland Tropics currently range from little change
to a drastic ‘lowland biotic attrition’, as species
retreat upslope or die, and are not replaced.
There are also concerns that warming, with
or without changes in rainfall, could convert
tropical forests, which are currently a huge net
‘sink’ for carbon dioxide (i.e. they absorb more
than they emit), into a net source. There is
currently evidence on both sides of this debate
and model predictions depend strongly on what
assumptions are built into them. In particular,
there have been suggestions that the eastern
Amazon, which is expected to get both warmer
and drier over future decades, could be subject
to massive forest die-back and a transition to
a new, fire-adapted state, with fewer species

Figure E2.2  
Shrinking glaciers on Mount Kilimanjaro in 2009.
More than 80% of the ice cover on this mountain has been lost since 1912.

Image: Muhammad Mahdi Karim (GNU Free Documentation License, Version 1.2, Wikipedia).

and less stored carbon. Most models suggest
that the risk of such a transition is relatively low
when only climate change is considered, but
rises rapidly when the drying effects of other
human impacts—particularly logging and forest
fragmentation—are also factored in.
An additional factor that must be considered is the
direct impact of higher levels of carbon dioxide—
the major greenhouse gas—on plant growth. There
are physiological reasons for believing that rising
carbon dioxide levels may partly offset the adverse
impacts of climate change on plants by the socalled ‘carbon dioxide fertilisation effect’. Indeed,
there is increasing evidence from across the Tropics
that this is already happening, although not all
the data supports this conclusion. Moreover,
higher carbon dioxide levels are expected to favour
trees over tropical grasses, and may already be
contributing to observed increases in tree invasions
into savannas. There is also some evidence—again
debatable—for an increase in the abundance of
lianas in tropical forests, which may again be driven
by rising carbon dioxide levels.

In comparison with the tropical lowlands, tropical
montane ecosystems have potential advantages
in withstanding climate change impacts,
including generally lower direct human impacts
and much steeper temperature gradients, so that
plants and animals will not need to move as far
in order to compensate for rising temperatures.
However, most mountains are basically conical
in shape, meaning that the area available
declines rapidly with altitude, reaching zero at
the summit. If species are pushed uphill by rising
temperatures they will be crowded into a smaller
and smaller area, with ‘mountain-top extinction’
inevitable if warming continues long enough.
Tropical mountains support numerous species
with small geographical ranges—often confined
to a single mountain—and these species may be
among the most vulnerable to climate change.
The plants and animals of freshwater
ecosystems—streams, rivers, lakes and
wetlands—are similarly isolated from each
other by inhospitable habitats and potentially
vulnerable to climate change. However, any

Figure E2.3  
Coral bleaching in the Keppel Islands,
Great Barrier Reef Marine Park, Australia in 2006.

impacts so far have been difficult to disentangle
from natural variability and the effects of
increasing human use of freshwater resources.
Future impacts from rising water temperatures
and changes in water flow will continue to
interact with dam construction, pollution, and
land-use changes.
Coastal systems will also face threats from rising
sea-surface temperatures, as well as increases
in sea-level and ocean acidity, although these
impacts can again be hard to distinguish from the
many other effects of increasing development
on tropical coastlines. Any increase in cyclone
frequency and intensity would also be felt most
strongly near the coast. The climate change
impacts observed in recent decades largely
reflect the warming sea, with many tropical
species expanding their ranges towards the
poles. Rising sea-levels (about 20 cm since 1900)
may also be having an impact on coastal systems
already, by adding to storm-surge maxima and
thus increasing flooding and coastal erosion.
This impact is certain to increase in the coming
decades. Undisturbed coastal ecosystems can
usually retreat inland in response to rising sealevels, but on human-occupied coasts retreat
is often prevented by fixed barriers intended
to protect agriculture and infrastructure. The
resulting ‘coastal squeeze’ will eliminate some
coastal communities and restrict others.
The most dramatic impact of climate change
observed so far across the Tropics has been the
increasing frequency and scale of mass bleaching
of coral reefs and, in some cases, the subsequent
death of the corals (see Figure E2.3). These
events correlate well with high-temperature
extremes, leaving little doubt that this is a
real impact of recent global warming. Ocean
acidification appears to have a synergistic impact
with temperature extremes on corals and other
reef-building organisms, leading to plausible
predictions that coral reefs as we know them will
have largely disappeared by 2050. In contrast,
ocean acidification is expected to enhance the
growth of sea-grasses, algae and other plants
through the carbon dioxide fertilisation effect.

Image: Ove Hoegh-Guldberg, Global Change Institute, University of Queensland.
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The impacts of warming also extend out into the
tropical oceans, with shifts in the distributions
of species already observed and expected to
intensify in the coming decades. By mid-century
there are predictions that the species richness
and productivity of tropical oceans will have
declined markedly as species shift polewards
and are not replaced.
Natural systems have an innate capacity to
adjust to climate change, by changes in the
distribution and abundance of species and
ecosystems, as well as by the acclimation (i.e.
adjustments within the lifetime of an individual
organism) and evolution (i.e. genetic changes
over multiple generations) of individual species.
There must be limits to this capacity, but we
are currently unsure when they will be reached:
another 1oC? 2oC? more? In practice, thresholds
for irreversible change will certainly vary between
species and may already have been exceeded in
some of the more sensitive organisms.

Impacts on human societies
Compared with the impacts on natural systems,
both the detection of impacts on human
societies and the attribution of these impacts to
climate change are considerably more difficult.
Not only do human problems rarely have a single
cause, but they often also come at the end of
long—and sometimes tortuous—causal chains.
The impacts from extreme climatic and climateassociated events—cyclones, floods, droughts,
storm surges etc.— may be obvious, but such
events are difficult to attribute confidently to
climate change. Conversely, the gradual changes
in climatic variables which we can confidently
attribute to climate change have impacts that
are difficult to detect against a background of
rapid social and economic change arising from
numerous other factors.
The most straightforward climate-change
impact on human society is the effect of high
temperature extremes on human health. Heat
waves already kill more people than any other
climatic event and their frequency and severity

is almost certain to increase in the coming
decades. The old and sick are most at risk of
dying. Many more people are hospitalised for
heat stroke and outdoor work may become
impossible during the warmest months of the
year. Other potential impacts on human health
are less straightforward, but an increased risk
of food- and water-borne diseases is likely and
lowland disease vectors, such as mosquitoes, are
expected to spread into tropical highlands that
are currently too cool to support them. Health
will also be affected indirectly by impacts on
freshwater resources and the food supply.
Climate change is expected to further reduce
the freshwater supply for people, agriculture
and industry in presently dry areas of the
Tropics and subtropics, although the generally
low confidence in current rainfall predictions
creates a lot of uncertainty. The continuing
loss of glaciers from tropical mountains may
cause a temporary increase in water flows in
the streams they feed, but will also eventually
reduce the availability of water downstream.
Several major rivers flow towards the Tropics
from the extra-tropical Himalayas and Tibetan
Plateau, but glaciers and snowmelt make a
significant contribution to their flow only in their
upper reaches. Rising sea-levels increase the risk
of saltwater intrusion into freshwater sources
near the coast. The frequency and intensity of
droughts is also expected to increase in some
parts of the Tropics, as is the flood risk from
extreme rainfall events. Floods near the coast
will be exacerbated by rising sea-levels, with
fixed infrastructure at particular risk. Small
islands, which are effectively all coast, will be
particularly vulnerable.
The potential impacts of climate change on the
food supply are complex. Impacts on agricultural
production will be variable, with both winners
and losers depending on local circumstances.
Impacts in the tropical lowlands are expected to
be mostly negative as the temperature tolerance
of major crops is exceeded, although, as with
natural vegetation, the potential benefits of
carbon dioxide fertilization are a big uncertainty.
The opportunities for adapting agricultural
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practices to changing climates will also be
important in determining future crop yields. In
contrast, agriculture in tropical highlands may
benefit from rising temperatures.
Several studies have predicted large declines
in the fish catch in tropical oceans, as marine
productivity falls, coral reefs disappear, and
valuable species move polewards. Reductions
in the average body size of tropical marine
fishes have also been predicted. Freshwater
fisheries may be threatened by warming and
changed water flows, although the many other
threats to freshwater ecosystems, including
overfishing, water abstraction, pollution and
dam construction, make the impacts of climate
change hard to separate.
Urban societies face all the potential problems
already discussed, plus additional threats from
sea-level rise and cyclones when they are situated
in low-lying coastal areas. Vulnerability is often
associated with poverty, although nobody is
immune to major failures in infrastructure. Many
tropical cities are surrounded by vast informal
settlements, often on steep land that is highly
vulnerable to extreme rainfall events and their
consequences. On the other hand, well-managed
cities provide services, such as early warning
systems, disaster relief and health care, that are
often not available in rural areas, partly buffering
residents from the impacts of climate extremes.
Like natural systems, human societies have an
innate capacity to adjust to climate change,
and the options for adjustment in the future are
considered in more detail below. Some sectors
of society are more vulnerable than others,
either because they are more exposed to climate
change or because they have a lower capacity to
adjust. In general, it is the poorest people who
occupy flood-prone sites and steep hillsides,
and they also have least access to supporting
infrastructure and government services.
Indigenous people may be unusually vulnerable
because of a heavy dependence on natural
resources and strong cultural ties to the land,
although the degree of social marginalisation is
another key variable.

There is historical evidence that climate
change—or, at least, a succession of ‘bad’ years—
has triggered the collapse of civilisations in the
past, and there have been suggestions that the
coming decades will see increased civil unrest
and violent conflict as a result of rapid climate
change. Flash-points could include competition
for water or food, or the impact of extreme
climate events. However, the globalisation of
disaster relief has made the world less vulnerable
to localised disasters, and these predictions may
be excessively pessimistic.

Mitigation and adaptation
Both climate and sea-level have a delayed response
to rising greenhouse gases, so the Earth is already
committed to some additional warming and sealevel rise, even if greenhouse gas concentrations
could be stabilised at present levels. At least in
theory, any additional change is under our control,
and could be avoided, although the long working
life of expensive energy infrastructure, such as
coal-fired power stations, makes a rapid reduction
in emissions extremely unlikely. Reducing the
amount of future climate change by reducing
greenhouse gas emissions (or increasing sinks, such
as forests) is known as climate-change mitigation,
and is distinguished from climate-change
adaptation, which is reducing the vulnerability of
human and natural systems to change.
Mitigation has been considered a task for
international bodies, with the support of national
governments, but the failure to reach a binding
international agreement limiting future emissions
suggests that this approach is not working
well. Local governments and businesses have
sometimes had more success in promoting
low-carbon alternatives, but the real need is
for a cultural change away from our current,
unsustainable, dependence on fossil fuels. Cultures
change from the bottom up, suggesting a key
role for individuals and communities in achieving
the necessary global goals. Unfortunately, the
politicisation of climate change issues in many
countries has made this more difficult, since
attitudes to action on climate change have
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become packaged with unrelated issues, leading to
an exaggerated polarisation of views.
Adaptation is not an alternative to mitigation,
since rapid climate change will continue until
we stabilise greenhouse gas concentrations and
must eventually exceed even the most optimistic
assessment of our capacity to adapt. However,
adaptation is essential and in many cases can
result in a significant reduction in adverse impacts.
Uncertainties in the predictions for future climates
favour ‘low regrets’ strategies which provide
benefits under current climate conditions as well as
a range of future climates. Some of these measures
produce co-benefits for other development goals,
making them particularly attractive.
For example, increasing trees and other greenery
in urban areas would help reduce the ‘urban heat
island effect’, which increases the threat from
heat waves, but will also have co-benefits, such as
improved public health. Similarly, forest restoration
can contribute to mitigation by storing carbon and
to adaptation by directly cooling the local climate,
while also benefitting biodiversity conservation.
Other potential low-regrets measures include
better early-warning systems, climate-proofing of
infrastructure, climate-sensitive land-use planning,
and improvements to environmental education.
There are other adaptation options where the
benefits depend on specific future climate
scenarios. While these measures may be less
easy to get implemented than those with current
benefits, their potential impacts can be greater.
Examples include breeding new crop varieties for
tolerance of future climatic conditions, extending
protected areas to include land that will be critical
for conservation in the future, and the ‘assisted
migration’ of threatened plant and animal species
to locations where suitable future climates are
expected. Conservationists are currently working to
identify the species that will be most vulnerable to
climate change so that conservation effort can be
focussed where needed.

released by burning them is withdrawn from the
atmosphere during growth, while at the same
time providing economic benefits to the tropical
countries that grow them. In practice, a net carbon
gain has been hard to achieve with biofuel crops,
because carbon-rich vegetation is often cleared for
their cultivation. Moreover the economic benefits
have been partly offset by negative impacts on
food production and conflicts over land use.
Improved land-use planning and new technologies
that can utilise a wider range of plant materials
may make biofuels a viable mitigation option for
the Tropics, with social and environmental cobenefits, but a cautious approach is needed.

Conclusions
The global risks to natural and human systems
from climate change are becoming increasingly
obvious (IPCC, 2014), but most of the evidence
come from outside the Tropics. In consequence,
the word ‘uncertainty’ appears many times in
this essay. Climate change impacts depend on
interactions between complex physical, biological
and social systems, none of which are well
understood at present. The global climate models
are gradually improving and now incorporate
feedbacks from ecosystems, but their predictions
depend heavily on the trajectory of greenhouse gas
emissions over the coming decades, which in turn
will be influenced by socioeconomic factors and
technological change. This suggests that although
the overall uncertainties in impact prediction
can be reduced, they cannot be eliminated.
Uncertainties are inherent in any complex system,
but climate scientists have so far done a poor job
of communicating this to decision-makers and
the general public. This is unfortunate because the
most important message from the recent IPCC
reports is that our fate is in our own hands.

Biofuel crops were initially seen as a low-regrets
mitigation option. In theory, biofuels can reduce
net carbon emissions, because the carbon dioxide
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Flooding from Cyclone Nargis, Burma/Myanmar.
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