II. Approach and Methodology:

Our study focuses on using the regional air quality model (RAQM) coupled with corresponding global model to simulate the consequence of global change on regional air quality, and the possible feedback or interact between the global change and air quality issues. This study require reasonable coupling between global and regional model, and between climate/meteorological model and air quality model. It should also consider anticipated emission change due to changed environment.   

1) Regional Chemical Transport Model:

To study the regional pollutant transport and transformation, we will use the University of Iowa’s STEM (Sulfur Transport and dEposition Model) model (Carmichael et al., 2003; Tang et al., 2004a). This regional chemical transport model employs the SAPRC-99 (Carter, 2000) gaseous mechanism, aerosol thermodynamics module SCAPE II (Simulating Composition of Atmospheric Particles at Equilibrium) (Kim et al, 1993a, b; Kim and Seinfeld, 1995). The model also has an on-line scheme to calculate aerosol optical depth coupled with the time-varied aerosol predictions. Its photolysis rates are calculated using the NCAR Tropospheric Ultraviolet-Visible (TUV) radiation model (Madronich and Flocke, 1999), which is a one-dimensional solver for actinic flux and photolysis frequencies. STEM can consider the influence of aerosols and clouds on photolysis rates and photochemical reactions. 

The STEM regional chemical transport model has been successfully used in several major field experiments, such as NASA TRACE-P, NSF ACE-Asia, NOAA ITCT-2K2, NOAA NEAQS/ITCT-2K4, NASA INTEX-A and INTEX-B. Its flexible framework allows relatively easily adding new features and testing hypothesis. Current the STEM model can be driven by the major mesoscale meteorological models, including RAMS, MM5 and WRF. It can also handle time-varied lateral and top boundary conditions provided by global models, and support nesting simulations. This model can also use data assimilation method to couple with observations, including surface/airborne/ship measurements and satellite data.

Figures 1 shows the STEM 12km simulation compared with NOAA WP-3 aircraft measurement in summer of 2004 for ICARTT field experiment (International Consortium for Atmospheric Research on Transport and Transformation, http://www.al.noaa.gov/icartt/). This aircraft mainly flew over Northeastern USA in relatively low altitude (below 7km). Both observation and model indicate that the CO and O3 variations in low altitudes of this area are mainly affected by regional and local emissions. Our model tends to overpredict CO and O3. In this study, we compared two emissions inventories: NEI-1999 and NEI-2001, and national CO emission in NEI-1999 is about 40% higher than that in NEI-2001. This big difference should be mainly caused by estimating bias, and also partly reflects the emission change trend during these years.
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Figure 1, Correlations between STEM simulation and airborne observation for CO and O3 for all ICARTT WP-3 flights, summer of 2004. 
Figure 2 shows STEM simulations compared with AIRMAP (http://airmap.unh.edu/) surface measured O3. This comparison showed that three simulations with different dry deposition velocities caused different O3 prediction. The high dry deposition (5 x O3 dry deposition) simulation captured the nighttime low O3 concentrations over Isle of Shoals, Thompson Farm, Castle Springs, but underestimated O3 over Mountain Washington. The other two simulations tend to overpredict nighttime O3 over the former 3 stations, but have better result over Mountain Washington. This comparison implies that model performance is sensitive to landcover type which resulted in different dry deposition velocities. It should be noted that the global change will also cause the change of landcover, and further affect air quality distribution. In this study, we will estimate the consequence of both emission and dry deposition changes on air quality over U.S. continent.  Another important change affected by landcover is the biogenic emission for isoprene and monoterpene etc, and this influence was studied in pervious EPA star grant projects. The biogenic emissions change could be driven by landcover and climate change. The climate change will also affect regional meteorological circulation situation, prevailing wind and temperature, which could result in different air quality distribution. All of these changes of emission/deposition/meteorology can be counted as the internal forcing for estimating the consequence of global change on air quality. 
Comparably we have external forcing, and Figure 3 shows an example of this forcing (Tang et al. 2006). STEM regional air quality model can use lateral and top boundary conditions (BCs) from various global chemical transport model models. Figure 3 shows the observed and STEM simulated mean profiles and standard deviations driven by boundary conditions from MOZART-NCAR (National Center for Atmospheric Research), MOZART-GFDL (NOAA GFDL laboratory) (NASA Langley Research Center) and RAQMS for ICARTT DC-8 and WP-3 flights. The ICARTT WP-3 flight paths were shown in Figure 1. Since these 3 STEM simulations use the same inputs and parameters except for BCs, their difference solely comes from difference of corresponding global models. This comparison shows that the CO mean difference caused by global models could be up to 70 ppbv, and O3 simulations could differ up to 40 ppbv depending on altitude and locations. Tang et al. (2006) shows the detail about the influence of global model BCs on regional air quality prediction. It should be noted that difference of global models shown here does not represent the influence of global change, but just reflect the sensitivity of regional air quality prediction to external forcing. In fact, global change could result in even stronger difference, as global emission and global circulation pattern change. 
Table 1 summarizes the STEM 12km and 60km simulations compared to ICARTT WP-3 and DC-8 aircraft measurements below 1km, respectively. The DC-8 aircraft flew over a broader region than the WP-3. The STEM 60km simulation shows better CO prediction compared to DC-8 flights than the 12km STEM compared to WP-3 flights. The high resolution simulation yielded higher correlation coefficient (R) for short-lived species: SO2 and propane, which are sensitive to local emissions. The cloud prediction looks more uncertain over the bigger region, and the STEM J-value prediction for DC-8 flights is not as good as that for WP-3 flights.
In this study, we plan to investigate all these influences with focus on the regional air quality’s sensitivity to internal and external forcings. This sensitivity can be represented in adjoint sensitivity functions that quantify the influences of global change on air quality.
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Figure 2, STEM simulated O3 with 3 kinds of dry deposition velocities compared to the observation over 4 AIRMAP stations during ICARTT period.
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Figure 3. Observed and STEM 60km-simulated CO and O3 mean profiles and standard deviations for all DC-8 flights (B, C) and WP-3 flights (D, E). Plot A shows the ICARTT DC-8 flight paths. The WP-3 flight paths can be found in Figure 1.

	Species and Variables
	WP-3 below 1km
	DC8 below 1km 

	
	Observed
	STEM 12km
	R
	Observed
	STEM 60km
	R

	CO  (ppbv)              
	158.
	165
	0.54
	136
	137
	0.68

	O3   (ppbv)
	56
	60
	0.72
	47
	52
	0.70

	SO2  (ppbv)
	2.4
	3.3
	0.60
	1.1
	1.2
	0.36

	NOy  (ppbv)
	3.8
	5.6
	0.32
	1.8
	3.1
	0.59

	Propane (ppbv)
	0.5
	0.4
	0.56
	0.40
	0.33
	0.43

	HCHO (ppbv)
	1.9
	1.1
	0.25
	1.4
	1.1
	0.72

	HNO3 (ppbv)
	3.0
	2.3
	0.35
	1.0
	1.2
	0.65

	Fine Sulfate ((g/std m3)
	5.0
	8.3
	0.67
	2.6
	4.3
	0.69

	J[NO2]  (/s) 
	0.0047
	0.0042
	0.77
	0.0073
	0.0057
	0.54

	J[O1D] (/s) 
	1.54(10-5
	1.25(10-5
	0.78
	2.37(10-5
	1.75(10-5
	0.70


Isle of Shoals (-70.62W, 42.97N)





Thompson Farm (-70.95W, 43.11N)
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Table 1, Mean values and Correlations between STEM simulations and ICARTT aircraft measurements below 1km
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