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          There are several studies on the effects of emissions of highly reactive volatile organic compounds (HRVOC) from the industrial sources in the Houston- Galveston-Brazoria (HGB) area on the high ozone events during the Texas Air Quality Study (TexAQS) in summer of 2000. They showed that the modeled atmosphere lacked reactivity to produce the observed high ozone event and suggested “imputation” of HRVOC emissions from the base inventory. Byun et al. (2007b) showed the imputed inventory leads to too high ethylene concentrations compared to the measurements at the chemical super sites but still too little aloft compared to the NOAA aircraft. The paper suggested that the lack of reactivity in the modeled Houston atmosphere must be corrected by targeted, and sometimes of episodic, increase of HRV OC emissions from the large sources such as flares in the Houston Ship Channel (HSC) distributed into the deeper level of the boundary layer. We performed retrospective meteorological and air quality modeling to achieve better air quality prediction of ozone by comparison with various chemical and meteorological measurements during the Texas Air Quality Study periods in August-September 2006 (TexA QS-II). After identifying several shortcomings of the forecast meteorological simulations and emissions inputs, we prepared new retrospective meteorological simulations and updated emissions inputs. We utilized assimilated MM5 inputs to achieve better meteorological simulations (detailed description of MM5 assimilation can be found in F. Ngan et al., 2012) and used them in this study for air quality simulations. Using the better predicted meteorological results, we focused on the emissions uncertainty in order to capture high peak ozone which occasionally happens in the HGB area. We described how the ozone predictions are affected by emissions uncertainty in the air quality simulations utilizing different emission inventories and adjustments.
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      1. INTRODUCTION
      Currently, the Houston-Galveston-Brazoria (HGB) area is classified as a severe ozone nonattainment area. The region must reduce its ozone levels through an effective State Implementation Plan (SIP) to comply with the US Environmental Protection Agency (US EPA) standards as specified in the Clean Air Act and its Amendments. Air quality models are used to guide the development of air quality regulations and standards and to create SIP for managing air emissions. Accurate meteorological and photochemical modeling results are essential to support the efforts for establishing SIP by the local government such as Texas Commission on Environmental Quality (TCEQ). To provide routine air quality forecasting (AQF) and to support the 2006 Second Texas Air Quality Study (TexA QS-II), University of Houston operated the East Texas Air Quality (ETAQ) forecasting system. We performed daily operation of two-day air quality forecasting simulations at the 12-km resolution for the Eastern Texas regional domain and at the 4-km resolution for the HGB domain. Byun et al. (2007a) provided a detailed performance evaluation of the 2005/2006 ETAQ forecasting system. It showed that the AQF systems were capable of forecasting day-to-day ozone variations in East Texas and showed good performance in predicting averaged (either spatially, temporally or both) ozone. However, we found a few air quality simulation errors that could have been caused by the imperfect meteorology forecasting as well as the emissions inputs.

      There are several studies on the effects of emissions of highly reactive volatile organic compounds (HRV OC) from the industrial sources in the HGB area on the high ozone events during the Texas Air Quality Study (TexAQS) in summer of 2000 (Murphy and Allen, 2005; Daum et al., 2004; Rayerson et al., 2003). They showed that the modeled atmosphere lacked reactivity to produce the observed high ozone event and suggested “imputation” of HRVOC emissions from the base inventory (i.e., selectively increasing ethylene emissions by up to factor 21, and on the average 160-200 tons per day). Byun et al. (2007b) showed the imputed inventory leads to too high ethylene concentrations compared to the measurements at the chemical super sites but still too little aloft compared to the NOAA aircraft. The paper suggested that the lack of reactivity in the modeled Houston atmosphere must be corrected by targeted, and sometimes of episodic, increase of HRVOC emissions from the large sources such as flares in the Houston Ship Channel (HSC) distributed into the deeper level of the boundary layer.

      We performed retrospective meteorological and air quality modeling to achieve better air quality prediction of ozone by comparison with various chemical and meteorological measurements during the Texas Air Quality Study periods in August-September 2006 (TexAQS-II). After identifying several shortcomings of the forecast meteorological simulations and emissions inputs, we prepared new retrospective meteorological simulations and updated emissions inputs. We utilized assimilated MM5 inputs to achieve better meteorological simulations (detailed description of MM5 assimilation can be found in F. Ngan et al., 2012) and used them in this study for air quality simulations. Using the better predicted meteorological results, we focused on the emissions uncertainty in order to capture high peak ozone which occasionally happens in the HGB area. We described how the ozone predictions are affected by emissions uncertainty in the air quality simulations utilizing different emission inventories and adjustments.

    

    

  
    
      2. METHODOLOGY
      
        2. 1 MM5-SMOKE-CMAQ Modeling System
        The air quality modeling system used in this study is the Environmental Protection Agency (EPA)’s Community Multiscale Air Quality (CMAQ) (Byun and Schere, 2006; Byun and Ching, 1999) modeling system. The primary modeling components in the CMAQ modeling system include: (1) Penn State-NCAR Fifth generation Mesoscale Model (MM5) (Grell et al., 1994) meteorological modeling system for the description of atmospheric states and motions; (2) Sparse Matrix Operating Kernel for Emissions (SMOKE) models for processing man-made and natural emissions that are injected into the atmosphere; and (3) CMAQ Chemistry Transport Modeling (CTM) system for the simulation of chemical transformations and fate of emissions.

        The modeling domain was defined with the Lambert Conformal Conic map projection with the first true latitude (alpha) at 30°N, second true latitude (beta) at 60 °N, central longitude (gamma) at 100°W, and the projection origin at (100°W, 40°N). The spheroid used is a perfect sphere with a radius of 6,370.997 meters. The MM5 simulations for the Eastern Texas area were conducted for three domains at different horizontal resolutions (36-, 12- and 4-km) and 43 variable vertical layers with one-way nesting. CMAQ domains at different resolutions were subsets of the respective meteorological modeling domains. For the CMAQ simulations we kept the same vertical layer structure as MM5 for the lower 12 layers (i.e., ~1 km) but upper 33 layers of MM5 were collapsed to form 11 CMAQ layers to reduce computation cost. The thickness of lowest model layer was ~34 m.

      

      
        2. 2 Preparation of Emissions Data
        
          2. 2. 1 Base-case AQF Emissions Inputs
          Air quality forecasting utilizing the MM5-SMOKECMAQ system has been operating in the University of Houston since May 2005. The emissions for air quality forecasting were processed using the Texas emissions inventory (TEI) for base year 2000 which is projected to year 2005 utilizing growth and control factors (TCEQ, 2008a). The emissions inputs for the air quality forecasting system have been used as the basecase emissions in this study. Based on TexAQS 2000 aircraft measurements and VOC reactivity analysis of gas chromatography observations at a few surface sites Ryerson et al. (2003) and Wert et al. (2003) suggested serious underprediction of HRVOC emissions in the inventories. In response to this TCEQ selectively increased HRVOC emissions from the regular inventory values and generated “imputed” HRVOC emissions for year 2000 (Byun et al., 2007b). The additional volatile organic compounds (VOC) emissions increased from non-electric generation utilities over the HGB area amount to ~170 tons/day while total VOC emissions in the regular emissions inventory are ~230 tons/day from the area. To represent the impact of the imputed VOC emissions in the air quality simulations, they were used without projection to approximate industrial emissions in the Houston Ship Channel. For biogenic emissions, vegetation data from TCEQ was used and then adjusted with the Meteorology-Chemistry Interface Processor (MCIP)-processed meteorological data. More detailed descriptions of the AQF emissions can be found from the Houston Advanced Research Center (HARC) project final report on East Texas Air Quality (ETAQ) Forecasting (Byun et al., 2007a).

        

        
          2. 2. 2 Best-effort Model Ready 2006 Emissions Inputs
          In addition to air quality simulations using the basecase AQF emissions, we decided to prepare “best-effort model-ready (BEMR) 2006 Texas emissions inputs” utilizing currently available emissions inventories to perform air quality simulations for the assessment study and to see how different emissions inputs affect air quality simulations during summer 2006. Compared to the base-case AQF emissions, the BEMR emissions include major revisions in point and mobile emission inventories. First, the BEMR emissions inputs include the 2006 special point source emission inventories for summer 2006 TexAQS II (TCEQ, 2008b) in which a set of hourly-specific, and speciated VOC and NOx emissions from point sources are estimated. Total point source VOC emissions in the BEMR emissions are around 210 tons/day for the HGB area, similar to the total point source VOC emissions in the 2000 regular inventory (~230 tons/day) but shorter than the base-case AQF when the additional VOC emissions are applied. Secondly, the MOBILE6 emissions estimated for year 2003 were used in the base-case AQF emissions, while the MOBILE6 emissions for 2005 were used for the BEMR emissions. Note that ~20 tons of nitrogen oxides (NOx) emissions from mobile sources decreases every year for the HGB area according to the emissions estimated. Table 1 summarizes the differences of inventories between AQF emissions and BEMR emissions.

          
            Table 1. 
				
            

            
              Emissions inventories used for the base AQF and the “best-effort model-ready” (BEMR) Texas Emission Inputs.
            
            

          

          
            
              
                	
                	Base AQF
                	BEMR
              

            
            
              	Area & Non-road
              	Base year 2000
              	Base year 2007
            

            
              	On-road
              	MOBILE6 for year 2003
              	MOBILE6 for year 2005
            

            
              	Point
              	Regular emissions projected for 2005 & additional VOC for 2000 imputation
              	2006 Texas point-source special inventory (TPSI2006)
            

            
              	Biogenic
              	Old vegetation data from TCEQ
              	New vegetation data from TCEQ
            

            
              	Supplementary
              	NEI99
              	NEI2002
            

          

          

        

      

    

    

  