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1. What is ozone?
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Ozone (O,) Is an important rural pollutant
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O4 Is an important rural pollutant

Anthropogenic O, Precursors
precursor sources NOx, CO, CH,, nmVOC
from COmbUStiOn Stratosphere/Troposphers

processes. 1 Exchange 540 Tg y!
* Transport | \ 0 l i
e Industry producion 4500Tgy"

) 4500 Tg y!
e Energy production .
- HO,, RO, . U3
> urili unligh

* Domestic sources iy funlon sy Vi

!

(cooking, heatlng) -_/U o o O /

Deposition
1000 Ty

patrick.bueker@sei.se

STOCKHOLM
ENVIRONMENT
INSTITUTE




O, concentrations vary seasonally

Yarner Wood 1995
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Surface O, predictions

A in surface O; from 2000 to 2100
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Uptake of O, by plants
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2. Evidence of effects of ozone on agriculture
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Evidence of effects of O, on agriculture

Reported effects of ozone on agriculture:
o Visible leaf injury
* Reduced growth
* Yield loss
* Premature senescence

 Increased attacks by pests
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Evidence of effects of O, on agriculture

Crops that have shown some effect after exposure to ozone
* Wheat
* Rice
» Maize
e Potato
* Legumes (beans, pea etc.)
 Tomato
 Leafy vegetables (spinach, lettuce etc.)
* Melon
e Tobacco

Effects have also been reported on grassland and forest species
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Effects of O; on agriculture: wheat

Plant growth
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Evidence of effects of O, on agriculture

Leaf injury

bean (Phaseolus)
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3. The North African perspective
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Maximum surface O, in 2000

O3 (ppb) during maximum season

Royal Society (2008)
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Cultivated crops in North Africa (example Egypt)
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The percentage land area occupied by important crops in the Delta region
as compared to Egypt as a whole for the year 1996 (Source: MALR, 1996)
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Evidence of ozone effects on crops in North Africa

e visible injury symptoms on radish and turnip in Egypt (Hassan et
al., 1995)

e yield reduction in radish and turnip up to 30 and 17 %, respect.
In Egypt (Hassan et al., 1995)

e yield reduction in broad bean and corn reduced significantly
In Egypt (Ali, 2008)

* yield reduction in potato tubers up to 30 % in Egypt (Hassan, 2006)

Various studies available from European Mediterranean countries (Italy,
Greece, Spain etc.)
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4. Risk assessment methods
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Risk assessment methods

Emissions Monitoring E.g. to identify ozone hot-spots across
the region using:-
Interpolation
- v  modelled ozone concentration

Concentrations Concentration

data.

e agricultural distribution data
Receptor data  Air Quality Guidelines (e.g. AOT40,
Flux)

100 %

e

critical level data dose-response data
£ v v
Critical level Cropl/forest yield
exceedance distribution reduction estimates
Economic assessments
|
STOCKHOLM
ENVIRONMENT patrick.bueker@sei.se Q@
INSTITUTE
e and po




Bio-monitoring

Chemical Protectant Studies

I

Structural formula for N-(2-(2-oxo-1-
imadazolidinyl)ethyl)-N’-phenylurea g

T y

O .

/\ | Y
H-N N-CH,CH,NHCNH 4

abbreviated as EDU for ethylenediurea

e

. SOYBEAN cv. NARC-1
Site : Kala Shah Kaku

L

Pakistan soybean cv. NARC-1 showing protective
effect of EDU at a roadside rural site in Lahore,
Pakistan (photo courtesy of A. Wahid)

EDU suppresses acute and chronic ozone injury on a variety of plants
under ambient O, conditions (Godzik & Manning, 1998)
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Open Top Chambers allow controlled
O, fumigation and filtration
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Provisional economic loss estimates for South Asia
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Loss estimated at US$ 3.9 Billion

Wheat, Rice, Soybean, Potato

European AOT40 dose-response
relationships

FAO crop production,
distribution and producer price
data for 2000

MATCH modelled O,
concentrations for 2000

India (US$ 3.1), Pakistan (US$ 0.35) and Bangladesh (US$ 0.4)
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Key regional / global economic loss estimates

Reference O, index Geographical Crops Yield / economic
Region crop losses

Europe & US

Adams et al. 7- & 12- hr US 9 crops arable US $ 3 x 10°

(1988) seasonal means

Holland et al. AOT40 Europe > 20 arable crops US $8x 10°

(2002)

Asia

Wang & 7- & 12- hr East Asia wheat, rice, corn US $5x 10°

Mauzerall seasonal means | (China, Japan, soybean

(2004) S. Korea)

Jamir et al (pers | AOT40 South Asia Wheat, rice, soybean | US $ 3.9 x 10°

comm) and potato

The globe

Van Dingenen 7- & 12- hr World wheat, rice, corn 31010 %

et al . (2009) seasonal means soybean US $ 16 to 30 x 10°
and AOT40
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Provisional Risk Assessment (Southern Africa)

AOT40 values for southern Africa for October 2000 to April 2001,
based on projection of 5-day modelled concentrations

ﬁ;’"’"‘ﬂ

A'2:11-||I:| J\—’é.-r

15 1
A fl';:blnut

i
J

n, L, 1:- ¥

—"zlmhu

‘/’é;l::rusir'yr 2001

L~ Bpril 2001

SEI

STOCKHOLM
ENVIRONMENT
INSTITUTE

patrick.bueker@sei.se

Africa ,\:,—} / Africa )’{--’ hfrica s i{) sz" Africa .'.ﬁ
I..-"
_~Dectober 2000 _~December 2000 _~January 2001
: f '_w 1J-r—'_':... T .{'- .
Zambi x“é_' g ¢ Mozambigue I.:-‘—I:-.__‘E_:_ m”‘ﬁ
r coos
\‘—?\f _\"" “*ﬁJ ,,_f
— El'ﬂ"‘!il‘ ——— yangs
_‘1\ ,-:"u ‘ ém(/ SO0
Botvwana _}_H_H‘ Ire-| 'ﬁ Bagwana -
.-.-'rf/ . .I-'! _j .--"'lr.. .
| AT st | AT w?v -
] e o 1
Africa “. "_;,_} /f Alri ; :_'.-> f‘f e
d van Tienhoven et al.,

%
2,
%,

2006

Evironzm,,
¥ e,
& %,
= T,
s B
5 %
% 2
&

E:
e and i“’“d




Content

5. Potential co-benefits of tackling ozone pollution
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Multiple benefit of reducing ground-level/tropospheric ozone

Radiative Forcing Terms

Source: IPCC 2007
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Climate change will affect surface temperature
and hence water availability for agriculture

Northern Africa: 2055
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Figure 9.3. Number of people (millions) with an increase in water
stress (Amell, 2006b). Scenarnos are all derived from HadCM3 and the
red, green and blue linas relate fo different populfation projections.

Boko et al., 2007; Fourth Assessment Report of the IPCC
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Co-benefits

Reducing ozone concentrations through control of
precursors such as NOx, methane etc. will not only
directly (short-term) improve crop growth and crop
yields due to a reduction of phytotoxic effects, but
also indirectly (long-term) due to the abatement of
climate change (e.g. drought) effects

Additional positive effects are on human health
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Outlook

« Pan North African & Middle East crop impact risk assessment
(Funding sources : e.g. European Union? ADB?)

e Emission monitoring network
 Modelling of ozone concentrations
e Ground-truth model studies with application of
bio-monitoring techniques
» Assessment of climate change impacts by variation of
water availability in bio-monitoring techniques
 Link with other air pollution networks (e.g. APINA) via GAP
Forum
 Close collaboration with climate change research community
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