
Global megatrends
Increasing environmental
pollution (GMT 10)

Globally, levels of air pollution and releases of nutrients from agriculture and wastewater remain high, causing
acidification and eutrophication in ecosystems, and losses in agricultural yield. In the coming decades, overall
pollution levels are projected to increase strongly, particularly in Asia.

Although Europe�s pollutant releases are expected to continue declining, European ecosystems and citizens
are likely to be affected by developments in other regions. For example, despite a fall in air pollutant emissions
there has not been an equivalent improvement in air quality across Europe, partly as a result of the
transboundary transport of air pollutants.

Key drivers

Since the start of the industrial revolution in the 19  century environmental pollution has grown into a global
transboundary problem that affects air, water, soil and ecosystems, and is linked directly to human health and well-
being (GMT 3). A key driver is the growth of the global population, from an estimated 1 billion in at the beginning of
the 19  century to more than 7 billion today (GMT 1). This, combined with rapid, albeit uneven, economic
development, has led to a massive increase in global production, consumption and mobility, together with increased
demand for food and energy.

Pollution is linked to three main human activities: fossil-fuel combustion, primarily by industry and transport; the
application of synthetic fertilisers and pesticides in agriculture; and the growing use and complexity of chemicals.

From 1990 to 2010, annual global emissions from fossil fuels rose by 50 %, from around 6 billion tonnes to almost 9
billion tonnes.  Fertiliser application per agricultural unit varies, but is particularly intense in China and increasing
strongly in India. In contrast, it is declining slightly in Europe, though it remains above the global average.  In terms
of chemicals, more than 100 000 substances are commercially available in Europe alone, and the number of new
substances coming on to the global market is increasing rapidly.

Trends

Air pollution

Four main substances are cause for concern: nitrogen , sulphur, ozone  and particulate matter.

Atmospheric nitrogen pollution primarily consists of emissions of nitrogen oxides from industry and transport, and
emissions of ammonia from agriculture.  Global emissions of nitrogen oxides increased rapidly until around 1990,
then fell significantly in Europe  but continued to grow in Asia. According to the representative concentration
pathways (RCP) projections , emissions of nitrogen oxides are projected to continue to decrease in Europe up to
2050. In Asia, decreases may only start after another two or three decades of increase. Global ammonia emissions
have followed a similar trajectory, but unlike nitrogen oxides, further increases are projected in most regions, with the
possible exception of Europe.

The formation of ozone is mainly driven by anthropogenic emissions of ozone precursors, such as methane and
nitrogen oxides. Global modelling suggests that annual mean ozone concentrations in Europe increased until about
1990. Concentrations in East and South Asia have continuously risen since the 1950s and are projected to increase
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further or remain at high levels in the coming decades (Figure 1) depending on assumptions regarding global and
regional emission pathways, as well as changes in the climate system.

Intercontinental transport of particulate matter and ozone is a growing concern.  Measurements in Europe and
North America show that trans-oceanic air flows can lead to ozone concentrations that exceed air quality standards.
Increasing emissions of methane and other precursors in other parts of the world might offset European emission-
mitigation measures  � despite substantial reductions of ozone-precursor gases in 2002�2011, measured ozone
concentrations in Europe have only decreased marginally. Similarly, reductions in particulate emissions in Europe
have not led to proportional reductions in their concentrations.  These trends are at least partial evidence of the
intercontinental transport of particulate matter and ozone-precursors.

Figure 1: Historical and projected trends in ozone concentrations for Europe, North America, East and
South Asia, 1950–2050

Source: Wild et al. (2012)
Note: The graphs shows the results from a study that estimates regionally averaged changes in surface ozone due to past or future
changes in anthropogenic precursor emissions based on 14 global chemistry transport models. Changes refer to ground-level ozone
concentrations in 2000, expressed as parts per billion by volume (ppbv).

Releases of pollutants to aquatic systems and soils

In addition to deposits from the air, pollution of water, including groundwater, and soil results from diffuse agricultural
or urban/industrial sources. One example is reactive nitrogen pollution of coastal ecosystems from agricultural
fertiliser run-off into streams and rivers.  At a global scale, increasing nitrogen and phosphorus pollution has
become a major problem, as current levels may already exceed globally sustainable limits.

Nutrient effluents from agriculture occur if synthetic fertiliser is applied inefficiently � in excess, at the wrong time,
etc. Global fertiliser use is projected to increase markedly during the 21  century, from around 90 million tonnes in
2000  to potentially more than 150 million tonnes in 2050.  Projections based on the RCP scenarios suggest
that intensified biofuel production could also lead to high nitrogen fertiliser consumption (Figure 2).  Thus, there
could be trade-offs between greenhouse gas mitigation and pollution abatement.

Moreover, effluents from wastewater are projected to increase across the world, partly due to rapid urbanisation
and the cost of adequate wastewater treatment systems. Globally, nitrogen and phosphorus effluents may increase by
180 % and 150 % respectively between 2000 and 2050, with, for example, the amount of phosphorus discharged
annually into the Pacific Ocean possibly almost doubling between 2000 and 2050.
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Figure 2: Historical trend in global agricultural demand for industrial nitrogen fertiliser, 1910–2008;
projections to 2100 based on RCP scenarios; and drivers of the projected changes in demand in 2100

Source: Winiwarter et al. (2013)
Note: Projections are based on the concepts of the RCPs.

Diet optimisation refers to a shift in consumption towards foods produced with more effective nitrogen uptake.
Efficiency increase refers to the ratio of nutrients taken up by crops to the total amount of nutrients applied to soil.

Implications

Biodiversity and ecosystem services

The acidification of freshwater ecosystems and soil in terrestrial ecosystems due to the deposition of airborne
sulphur and nitrogen compounds poses a serious threat to global plant diversity  and the capacity of ecosystems to
provide services (GMT 8). In such conditions, species well adapted to acidic environments are likely to thrive,
displacing other plants and reducing diversity.  An annual deposition of 5�10 kg of nitrogen per hectare has been
estimated as a general threshold value for adverse effects on biodiversity.  Acidic depositions in Europe have
declined significantly since the 1980s.  However, Asian and African ecosystems may face increased risk of
acidification in the coming 50 years, depending on the interplay of soil properties, individual site-management and
regional and international policies. Areas at particular risk are South, Southeast and East Asia, where little of the
emitted substances are neutralised by atmospheric alkaline desert dust.  At a global scale, 40 % of protected areas
currently designated under the Convention on Biological Diversity received annual nitrogen depositions exceeding
the threshold of 10 kg per hectare in 2000.

Ozone makes it harder for plants to photosynthesise, so high levels of ozone may also have significant effects on
biodiversity and crops.  This might, for example, take the form of changes in the species composition of semi-
natural vegetation communities  or reductions in tree productivity.  Some locations at high risk of ozone effects
also face substantial risks from nitrogen deposition.  Examples include the forests of Southeast Asia and southwest
China.

The eutrophication of aquatic ecosystems is caused by high nutrient concentrations, in particular phosphates and
nitrates. These have been linked to serious losses of aquatic life  and may cause hypoxia � aquatic ecosystems
lacking sufficient oxygen to support most forms of life, producing dead zones.  In the three years between 2008 and
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2011 the number of eutrophication cases in marine ecosystems reported globally increased from around 400 to more
than 750.  Dead zones are particularly common along the coasts of North America, East Asia and Europe.
Indeed, the Baltic Sea has been characterised as the largest human-induced hypoxic area globally, with a ten-fold
increase in hypoxia over the last 115 years, mainly due to effluents from agriculture.

Similarly, eutrophication of freshwater ecosystems � rivers and lakes � also remains a key challenge.  Assuming
that existing legislative frameworks remain unchanged, estimates suggest that the number of lakes with hypoxia may
increase globally by 20 % by 2050.

Agriculture and food provision

Global agricultural production is affected by high concentrations of ozone, as well as by other threats including
climate change (GMT 9). In rural areas, elevated ozone levels tend to last longer and potentially cause a wide variety
of damage to various ecosystems, notably decreasing crop yields.

Global estimates suggest that the range of current relative yield losses (RYL) are 7�12 % for wheat, 6�16 % for
soybeans, 3�4 % for rice, and 3�5 % for maize.  Highly productive agricultural areas, such as parts of Europe,
India, and the mid-west United States, are particularly affected by substantial production losses due to ozone.
Assuming that current legislation remains unchanged, yield losses are projected to increase, especially in Asia, and
particularly of soybeans and maize. In Europe and North America yield loss is projected to fall (Figure 3).

Figure 3: Projected differences in relative yield losses for wheat,rice, maize and soy beans due to high
ozone concentrations, major world regions, 2005–2030

Source: UNEP and WHO (2011)
Note: the 2030 scenario assumes the implementation of current legislation for the major world regions. Positive relative yield loss values
signify increased yield losses in 2030 compared with 2005.
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