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Abstract

This study was performed to assess the level of ozone risk for wheat in the central region of the Korean

Peninsula by using two ozone indices, the ozone-concentration based index (AOT40) and the ozone-flux based

index (AF,Y), and to analyze the relationship between the two indices. In the present study for AFY calculation,

the Monin-Obukhov length was estimated using the Pasquill stability class which was determined from routine

meteorological data such as wind speed, solar radiation and cloudiness.

The AOT40 and AF,6 indices were calculated for wheat at 3 sites in the central region of the Korean Peninsula
during a period of 3 months from April 1 to June 30, 2006. It should be noted that the estimation of ozone index
AF6 in this study was performed under several assumptions. The results for both indices, AOT40 and AF6,

showed that agricultural crops could be seriously damaged by ozone in the local region of the Korean Peninsula.
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Table 1. Pasquill stability class modified by Japan Meteorological Administration (after Lee, 2000).
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Fig. 3. Mapping of sites in the central region of the Korean Peninsula.

Table 2. The list of the 3 ambient air quality monitoring sites.

1D City Site name LON (deg) LAT (deg)
823691 Incheon Songhaemyeon (SH) 126.27 37.45
111121 Seoul Jeongdong (JD) 126.58 37.33
632121 Wonju Jungangdong (JA) 127.56 37.21

Table 3. Summary of the parameterization for the stomatal flux algorithms for wheat flag leaves (UNECE, 2004).

Parameter Units Wheat Parameter Units Wheat
Zimax mmol O;m™? PLAs™ 450 light a (constant) 0.0105
T onin (fraction) 0.01 Tonin °C 12
fonen_a (fraction) 0.8 Topt °C 26
fonen_b (fraction) 0.2 Thnax °C 40
fonen_c days 15 VPD, .« kPa 1.2
fonen_d days 40 VPD,;, kPa 3.2
fonen_e °C days 270 SWP,,.« MPa -0.3
fonen_r °C days 700 SWP,i MPa -1.1
* Wheat: Triticum aestivum
& o&%x Pasquill U= AF (PSO), oF A4 A Al $11% ID Aguet o] £ % of
AAEw (Vosh 0F mRAY RS YHIE ) 2 ARHelA o ¥ seE ey QHw o
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6A13h 84] Afole] ol olqel Hag vehlz A AT ol5a 9Ee) ke Wsks] Wiole(Lee

Q) dasls depleh 3 AR 5 dwAe %
Aol 973 JA AHe] A7 FEert O

and Song, 2006). SH %] <]
S1A3kT olo] AR el $1Ag o

A sk AEA e

A5} 2
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Table 3. Summary of present ozone standards for vegetation in Europe and the United States (Paolletti and Manning,

2007).
Area Receptor Indicator Time window Effect to be evaluated Value
European Union  Any kind of AOT40* May ~ July (08:00 ~20:00) Any kind 9 ppmh" as 5-yr
vegetation (or 3-yr) average
UNECE Agricultural crops ~ AOT40° 3-month growing season Yield reduction 3 ppmh in a year
(daytime hours >S50 W m™2)
UNECE Horticultural crops ~ AOT40? 3.5-month growing season Yield reduction 6 ppmh in a year
(daytime hours >50 W m™2)
UNECE Annual-dominated ~ AOT40* 3 months or growing season,  Seed reduction 3 ppmh in a year
(semi-) natural if shorter (daytime hours >
vegetation 50 W m?)
UNECE Perennial-dominated AOT40* 6 months (daytime hours > Growth reduction 5ppmh in a year
(semi-) natural 50 W m?)
vegetation
UNECE Forests AOT40* Growing season Growth reduction S ppmh in a year
(daytime hours >50 W m™2)
UNECE crops AOT30,p4° Preceding 8 days Visible injury 0.16 ppmh
(daytime hours >50 W m™?) in selected
time windows
UNECE ‘Wheat AF6¢ either 970°C days starting Yield reduction I mmol m2PLA
270°C days before in a year
mid-anthesis (flowering)
or 55 days starting
15 days before mid-anthesis
(daytime hours >50 W m™2)
UNECE Potato AF, 6! either 1130°C days starting at ~ Yield reduction 5mmol m2PLA
plant emergence in a year
or 70 days starting at plant
emergence
(daytime hours >50 W m™?)
UNECE Beech and Birch AF, 1.6 Growing season Growth reduction 4mmol m?PLA
(daytime hours >50 W m™?) in a year
USA Any kind of Fourth highest ~ One year (all the hours) Crop yield reduction, 80 ppb as 3-yr
vegetation value in seedling growth average
the array of reduction
the highest daily

maximum 8-h
averages

*Cumulative exposure above a threshold of 40 ppb O;.
3 ppmh AOT40 as long-term target value.

“VPD-modified concentrations accumulated over a threshold O; concentration of 30 ppb.

dCumulative stomatal flux of O; above a threshold of Y nmol m™2s™".
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Fig. 7. Comparison of ozone indices (AF.6 and AOT40) at 3 sites in the central region of the Korean Peninsula (wheat).
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