




economic losses for food security need careful consid-
eration. For example, changes in supply will affect both 
consumer- and producer-crop price with implications 
for agricultural livelihoods and consumer accessibility 
to nutritionally important foodstuffs.  

In stark contrast to the gains in crop productivity made 
during the Green Revolution, evidence suggests that 
growth in crop yields in South Asia has been in decline 
over recent years. This has been attributed to a number 
of different factors including declining soil fertility and 
climate change. The evidence presented here would sug-
gest that increasing levels of O3 are an additional and 
extremely important factor in this deceleration in the 
growth of crop yields. This has important implications 
for sustainable agriculture given pressures on cultivat-
ed land area e.g. from expansion of crops for bio-energy 
production, and on agricultural supply given increasing 
demand from the rapidly expanding Asian population.

Figure 4. Provisional estimates of economic crop losses 
(in Millions of $US) for South Asia performed using MATCH 
modelled O3 concentrations and European dose-response 
relationships for wheat, rice, soybean and potato (Mills and 
others, 2007). The intensity of crop production is defined by 
the size of the open circles within each MATCH grid.

Figure 5. Projected changes in annual surface O3 assuming 
enforcement of current emission control legislation between 
2000 and 2030. (Adapted from Dentener and others, 2006).
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How is the situation likely to change in the future?
Worryingly for the South Asian region, projections of future 
global O3 trends show that O3 concentrations will increase 
rapidly over the next 20 to 30 years with South Asia pro-
jected to experience the highest increase in surface O3 (aver-
age annual increases 7.2 ppb occurring by 2030) of any global 
region (Dentener and others, 2006; Figure 5). These projec-
tions are based on current legislation emission scenarios; this 
means that to avoid these increases in O3, additional policy 
interventions are likely to be required. 

What’s the additional impact of climate change?
Comparing “current day” crop yield losses due to O3 (com-
monly ranging between 5-35 %) with those forecast to occur 
by the end of this century due to climate change (up to 30 %, 
Cruz and others, 2007) suggests that the impacts of O3 may in 
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fact be a more immediate threat to agricultural productiv-
ity than climate change in the South Asian region. It is also 
likely that the CO2 fertilization effect, that was hoped might 
partly negate temperature-induced stress to agro-ecosystem 
productivity, may well be limited by the impacts of O3. The 
interactions between O3 and climate change are also impor-
tant since O3 impacts on crop yield are influenced by en-
vironmental factors, in particular drought, humidity and 
temperature; as such changes in climatic conditions could 
exacerbate future crop yield losses resulting from O3. 
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Crop breeding programmes to reduce sensitivity in crop varieties
Experimental data has shown that variability in the sensitivity to O3 of different crop varieties can vary by 
as much as 50%. If the sensitivities of different cultivars were known, the use of resistant cultivars could 
provide an important adaptation option against O3 impacts. Since current evidence suggests that more 
recently bred crop varieties have a greater sensitivity to O3 it will be important to ensure that breeding 
programmes are not inadvertently introducing traits that increase crop vulnerbility to O3. 

International agreements to curb O3 precursor emissions 
The transboundary nature of O3 pollution requires international efforts to effectively reduce emissions of 
nitrogen oxides and volatile organic compounds and hence O3 impacts on agricultural productivity. Such 
emission reductions would have co-benefits for climate change and human health.   

Co-ordinated experimental campaigns for South Asia
Implementation of cost-effective emission reductions requires risk assessments to identify the geographical 
distribution and magnitude of crop yield losses. The derivation of Asian dose-response relationships from 
a pan-South Asian experimental campaign along with complementary monitoring of rural O3 concentra-
tions would be required to perform and validate these risk assessments. Pilot experimental campaigns are 
currently being developed across South Asia within the Malé Declaration co-ordinated by UNEP with tech-
nical support from APCEN (the Air Pollution Crop Effect Network; http://www.sei.se/apcen/index.html).

Recommendations

Understanding the role of O3 on food security and poverty
Different crops also show different sensitivities to O3; many studies suggest that pulses are more sensitive 
than cereal crops. This could have important implications for food security since disproportionate changes 
in the supply of these high protein crops may price poorer consumers out of the market of these nutrition-
ally important foodstuffs. Understanding the role O3 may play on crop consumer price and accessibility of 
the poorer and hence more vulnerable parts of society is urgently needed to assess the role O3 may play 
in food security.

Understanding the interaction between O3 and climate change 
As O3 concentrations are projected to increase, climate change (due to increases in greenhouse gases and 
atmospheric aerosols and particulate matter) is likely to be altering crop productivity, crop growth and crop dis-
tribution across South Asia. Crop sensitivity to O3 is strongly dependent upon prevailing environmental condi-
tions. Understanding the implications of, for example, altered precipitation and temperature patterns across the 
Indo-Gangetic Plain will be important in determining the extent and magnitude of future crop yield losses. 

Improved communication between policy makers, stakeholders and scientists 
Development of effective policy interventions to reduce the threat to agriculture from ground level O3 re-
quires improved dialogue between policy makers, stakeholders and scientists. This could include support-
ing the procurement of scientific evidence appropriate for policy development, enhancing the development 
and modification of existing policies of relevance to O3 impacts on agriculture (e.g. agricultural, transport 
and industrial policies), and utilising opportunities for engagement across policy fields (e.g. to encompass 
food security and climate change issues). 
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