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IntroductionIntroduction
The changes in the spatial distributions of The changes in the spatial distributions of NOxNOx and and 
NMHC caused by traffic patterns during weekend NMHC caused by traffic patterns during weekend 
may affect the ozone concentrations in southern may affect the ozone concentrations in southern 
California ( California ( ChinkinChinkin et al, 2003; et al, 2003; GaoGao et al., 2005; et al., 2005; 
Jimenez et al., 2005).Jimenez et al., 2005).
Reducing highway emissions may considerably Reducing highway emissions may considerably 
change ozone levels downwind of the highway change ozone levels downwind of the highway 
((SuppanSuppan and and SchadlerSchadler, 2004)., 2004).
Controlling the mobile source increased the potential Controlling the mobile source increased the potential 
effects for emissions from other sources on ozone effects for emissions from other sources on ozone 
concentrations (Tao et al., 2005). concentrations (Tao et al., 2005). 
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Simulation DomainsSimulation Domains



LayerLayer SigmaSigma 實際大氣壓力（實際大氣壓力（PaPa）） 全域高度（全域高度（mm）） 代表高度（代表高度（mm））
1515 0.0000.000 1000010000 2114621146 1722317223
1414 0.1500.150 2350023500 1330013300 1068810688
1313 0.3500.350 4150041500 80778077 67846784
1212 0.5000.500 5500055000 54905490 47944794
1111 0.6000.600 6400064000 40994099 34943494
1010 0.7000.700 7300073000 28902890 26162616
99 0.7500.750 7750077500 23412341 20822082
88 0.8000.800 8200082000 18231823 15771577
77 0.8500.850 8650086500 13321332 11451145
66 0.8900.890 9010090100 957957 777777
55 0.9300.930 9370093700 598598 467467
44 0.9600.960 9640096400 337337 252252
33 0.9800.980 9820098200 167167 125125
22 0.9900.990 9910099100 8383 6262
11 0.9950.995 9955099550 4141 2121
00 1.0001.000 100000100000 00

SigmaSigma--layerlayer



Species N um ber of site 14,D ec. 15,D ec. 16,D ec. 17,D ec.

O 3: average of hourly m axim um (ppb)* 22 77 93 71 131

O 3: hourly m axim um (ppb) 22 100 150 113 161

O 3: m onitoring site of hourly m axim um 22 Put z Li nyuan C haochou Zouying

N um ber of O 3 nonattainm ent site 22 0 2 0 19

N M H C  (ppm C ) 12 0.55 0.44 0.52 0.61

N O 2 (ppb) 22 30 25 30 32

N O  (ppb) 22 12 6.1 8.7 11

PM 10 (ug/m 3) 22 84 84 82 116

SO 2 (ppb) 22 5.6 6.2 6.9 6.9

Tem perature (degree C ) 22 18.7 20.3 21.5 22.1

W ind speed (m /s)* 20 1.2 1.5 1.5 1.1

D om inant w ind direction during peak O 3 20 N orthen W est N orthen W est N orthen W est W est

Air Pollutant Concentrations and Air Pollutant Concentrations and 
Meteorological Conditions during Meteorological Conditions during 

Simulation PeriodsSimulation Periods



TSPTSP SOxSOx NOxNOx NMHCNMHC

PointPoint 170170 226226 361361 273273

MobileMobile 4343 55 222222 203203

AreaArea 587587 1616 1515 556556

TotalTotal 799799 246246 599599 10321032

Emissions of TSP, Emissions of TSP, SOxSOx, , NOxNOx, and , and 
NMHC from Anthropogenic SourcesNMHC from Anthropogenic Sources

Unit: KT/yr



Sources SOx NOx NMHC CO
Point 91% 52% 10% 5.5%
Area 6.8% 3.0% 46% 17%

Mobile(Non-highway) 1.3% 30% 16% 69%
Mobile(1st highway) 0.5% 10% 1.1% 5.5%
Mobile(2nd highway) 0.2% 3.8% 0.4% 2.1%

Mobile(other highway) 0.0% 0.9% 0.1% 0.5%
Biogenic - - 26% -

Contributions of Various Sources 
During Simulation Period 
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Comparisons between simulated Comparisons between simulated 
and observed and observed NOxNOx concentrations concentrations 

for temporal variationsfor temporal variations
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Comparisons between simulated and Comparisons between simulated and 
observed ozone concentrations for observed ozone concentrations for 

temporal variationstemporal variations
美濃O3
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Comparisons between simulated Comparisons between simulated 
and observed vertical profiles of and observed vertical profiles of 

ozone concentrationsozone concentrations
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EPA goal 14-Dec 15-Dec 16-Dec 17-Dec

Observed peak(ppb) 100 150 113 161

Modeled peak(ppb) 114 83 95 155

UHPA* < ±20% -15% 45% 17% 3.9%

MNBT* < ±20% 1% 28% 8% 32%

MNGE* < 35% 15% 20% 22% 24%



Three casesThree cases
A: base caseA: base case
B: emission from the 1st highway onlyB: emission from the 1st highway only
C: emission from the 2nd highway onlyC: emission from the 2nd highway only

Two scenariosTwo scenarios
I: (AI: (A--B)B)

II: (CII: (C--B)B)
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Average Max Min Average Max Min

west sites* -0.04±0.64 1.13 -1.58 -1.19±2.98 3.13 -9.35

central sites* 0.79±0.71 1.93 -1.06 2.97±3.66 9.19 -4.38

downwind sites* 0.47±1.21 3.70 -1.66 1.61±3.26 9.19 -5.15

Case A - Case B* Case C - Case B*

Unpair Maximum Hourly O3 
Concentrations in Different Scenarios 



Sites Average Max Min

West Sites 2 9.3±1.3 10.4 8.04

Central Sites 8 11.0±1.3 12.7 10.1

Downwind Sites 3 22.2±2.3 24.6 19.0

NMHC/NOx Ratios in Morning Hours



Conclusions Conclusions 

The model-simulated results were in fair 
agreement with observed data.
Highways contributed abound 14% and 
4.6% of NOx and NMHC, respectively, to 
the total anthropogenic emissions in 
Taiwan. 
The ozone concentrations decrease along 
the highway because of the effect of NO 
titration.



ConclusionsConclusions

The ozone concentrations were greater at the The ozone concentrations were greater at the 
further downwind sites due to the further downwind sites due to the 
photochemical reactions between photochemical reactions between NOxNOx emitted emitted 
from the second highway and biogenic from the second highway and biogenic VOCsVOCs. . 
The ozone concentrations may vary The ozone concentrations may vary 
significantly with the changes of highway significantly with the changes of highway 
networks for the same total emission.networks for the same total emission.
The variations of ozone concentrations were The variations of ozone concentrations were 
due to the changes in emission locations of due to the changes in emission locations of 
NOxNOx. . 



Acknowledgements

The project was funded by Taiwan The project was funded by Taiwan 
National Research Council through National Research Council through 

grant NSC94grant NSC94--EPAEPA--ZZ--006006--003.003.


	Impacts of Highway Networks on the Ambient Ozone Concentrations in Southern Taiwan
	Introduction
	Simulation Domains
	Sigma-layer
	Contributions of Various Sources During Simulation Period 
	Comparisons between simulated and observed NOx concentrations for temporal variations
	Comparisons between simulated and observed ozone concentrations for temporal variations
	Comparisons between simulated and observed vertical profiles of ozone concentrations
	Conclusions 
	Conclusions
	Acknowledgements 

