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Abstract:

1. Proposed Work

1.1 Statement of the problem

NOAA’s National Air Quality Forecast Capability (NAQFC) provides 72-hr forecasts of ground- level ozone and PM2.5 across the entire U. S. (including Alaska and Hawaii). The current NAQFC system is an offline model that uses meteorological data from the Global Forecast System (GFS) version 16 to drive the Community Multiscale Air Quality (CMAQ) air quality model (Campbell et al., 2021). Currently, NOAA is moving towards the creation of the Unified Forecast System (UFS) which will streamline and unify the atmospheric forecast systems used in the National Weather Service (NWS).  The planned successor to the current offline NAQFC modeling system is being based on the Rapid Refresh Forecast System (RRFS), which is NOAA’s UFS-based convection-allowing, rapidly-updated ensemble prediction system, currently scheduled for operational implementation in FY24-25. RRFS with CMAQ column chemistry capability (RRFS-CMAQ) is being developed within the Unified Forecast System (UFS) framework. RRFS-CMAQ is an online-coupled weather-chemistry models can replicate important feedbacks between meteorology and atmospheric composition that are not possible using offline models. The operational configuration of RRFS will feature a 3 km grid covering North America.  The air quality modeling system being based on RRFS will also target a 3 km horizontal grid, but cover a smaller sub-domain centered over the conterminous U. S. (CONUS).  The system currently being developed uses CMAQ-based emissions, deposition and chemistry as an inline component within RRFS, with the dynamic core handling transport of the chemical species simulated by CMAQ.  RRFS-CMAQ is currently under active development in NOAA with a large team from OAR laboratories, the National Weather Service’s Environmental Modeling Center (EMC), NOAA’s National Environmental Satellite Data and Information Service (NESDIS) and several university partners.  In this project, we propose to work in collaboration with RRFS-CMAQ development team members at NOAA and CMAQ development team at EPA to assist in the creation and evaluation of this new air quality modeling system and provide critical model inputs and capabilities that will allow it to provide accurate, high-resolution forecasts of surface ozone and PM2.5 for the entire U. S.
1.2 Relevance to AQRF Challenges and Priorities
This work is highly relevant to the RFP as it directly addresses operational forecast challenges and science improvement needs for O3 and PM2.5. It targets on AC-1 priorities on development and evaluation of RRFS’s capability for high-resolution forecasting, with a focus on urban areas
.   
1.3 The Conceptual Framework

1.4 Background and Scientific Hypotheses

1.5 Specific Objectives

In this work, we will address the above deficiencies in RRFS-CMAQ via improving its inputs and formulations. Our main objective is to improve RRFS-CMAQ high resolution forecasting capability at 1-3 km resolutions to support policy analysis for emission reduction strategies, pollution preventative actions, and health impact assessment.

1.6 Results from Prior Research
1.7 Proposed Methodology and Work plan
Specially, we will perform five major tasks (1) develop high resolution anthropogenic emissions, (2) improve BEIS BVOC estimates, (3) implement an inline plume rise scheme, (4) incorporate an urban canopy model (UCM), and (5) demonstrate improved forecasting skills of the improved RRFS-CMAQ. 

Specific Objectives and Methodologies 

Task 1.  High 
resolution emissions will be developed using a hybrid emission modeling system that utilizes SMOKE V4.7 to process anthropogenic emissions, and a suite of emission models to estimate intermittent and/or meteorology-dependent emissions. Anthropogenic emissions from point/area/mobile sources will take from EPA 2017 NEI. MOVES will be used to generate county-level emission factors for the onroad/offroad sources. SMOKE uses a combination of vehicle activity data, MOVES emission factors, meteorology and other ancillary data (spatial, temporal and speciation information) to generate hourly speciated model-ready emission data. Point sources are processed in two steps. Emission inventories of point sources are first processed with SMOKE to generate intermediate input files, which are then used to drive inline calculation of plume rise to distribute point source emissions vertically for RRFS-CMAQ domain. Several natural sources (e.g., biogenic, sea-salt, dust and wildfire) will be also included. Sea-salt emissions will be calculated using an updated version of the Gong sea-spray emission parameterization. Wildfire emissions will be provided by the GBBEPx products and the windblown dust by the FENGSHA scheme. Biogenic emissions from terrestrial plants will be predicted using the inline version of the BEIS, with further improvements as described in Task 2.

Task 2:  The current RRFS/CMAQ inline system being tested by the EMC uses the GFS v15 as the atmospheric model and CMAQv5.2.1 as a chemical component to simulate temporal-spatial variations in chemical species (e.g., O3 and PM2.5). As a plan, EMC is going to upgrade the current inline system to use the FV3 dynamic core-based Limited Area Model (FV3LAM) as the atmospheric model and CMAQv5.3.3 (or the latest one) as the chemistry component soon. To butter support this mission, we are going to develop a similar and comparable offline system with the same dynamic core and same chemistry model, i.e., RRFS-driven CMAQv5.3.3 or latest one offline system to provide a more realistic benchmark. The key subtract include two
1) Upgrade the CMAQ model of the current operational NAQFC with the CMAQ v5.3.x (i.e. the latest one or to be consistent with the updated RRFS/CMAQ inline system).
2) Switch the meteorological driver model of the operational NAQFC from GFSv16 to RRFS, the one that EMC is going to use in the inline system.
Task 3. With the experience working with the RRFS/CMAQ offline system developed through Task 3, we are going to improve the gas-phase chemical mechanism and aerosol representation to better support the development of the RRFS/CMAQv5.3.x inline system which is to be updated by EMC. The key subtasks include
1) To assist the refinement of the current RRFS/CMAQ inline system (i.e., GFSv15-driven CMAQv5.2.1),

2) To contribute the update of chemical mechanism and aerosol representation of the RRFS/CMAQ inline system which is going to be upgraded.

(1) Incorporate CB6 and AERO7 into RRFS-CMAQ

Task 4. We will apply/evaluate updated RRFS-CMAQ over northeastern 
U.S. at a 3-km grid resolution to demonstrate its improved forecasting skill. Chemical observations from EPA’s surface networks (e.g., AQS) and special field campaigns (e.g., 2019 FIREXand AEROMA
) and meteorological observations from NOAA’s METAR will be used to evaluate the improved model based on widely used skill scores and discrete statistics, and additional spatiotemporal comparison. 

Several steps will be taken for R2O transition of the updated RRFS-CMAQ to implementation testing.

1.8 Development of Testbed and Plan to Evaluate the Capability in the Testbed
1.9 Operational Applicability and Past collaborations with the Operational Community 
2.  Technology Transfer Outcomes, Readiness Levels, and Performance Measures of Success
2.1 Project Outcomes, Products, Impacts, and Benefits
This 3-yr project is expected to greatly enhance high resolution forecasting capability of RRFS-CMAQ via performing Tasks 1-2 in Yr 1, Task 3 in Yr 2, and Task 4 in Yr 3. The proposed work will not only benefit RRFS-UFS and other stateholders for fine-scale forecasting, but also inform future model improvement for EPA’s CMAQ, NOAA’s WRF-Chem, and other community models.  

2.2 Readiness Level: 

We plan to increase the start RL4 to RL 5 in Yr 1, to RL6-7 in Yr 2, to end RL8 in Yr 3.

We will collaborate with NOAA ARL/NCEP and EPA to complement their work plans.  
2.3 Performance Measures of Success
2.4 Milestones, Timelines, Roles, and Work Plans

2.5 High-Performance Computing Request: 
800,000 CPUs for simulations/processing and 100 TBs storage.

3. Travel and Meeting Plan 
4. References 
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