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1.  Abstract
The goal of this project is to demonstrate the ability to improve nowcasting and numerical forecasting of extreme convective weather through the hourly assimilation of three-dimensional high-resolution (2-km) satellite retrieved water vapor soundings in a pre-operational environment. These soundings are called ‘PHSnABI’ soundings to denote the combination of Polar Hyperspectral Soundings (PHS) with GOES Advanced Baseline Instrument (ABI) multispectral water vapor sounding data.  They simulate the soundings that will be obtained from future geostationary satellite hyperspectral sounding systems (e.g., the European MTG and the US Geo-XO).  Recently, polar satellite microwave soundings provided by operational satellites (i.e., ATMS on Suomi NPP and JPSS, and the AMSU on the Metop) have been fused with the PHS and ABI data (hereafter PHSnMWnABI) to fill-in sounding data below clouds otherwise missing in the PHSnABI Infrared sounding profiles. Using direct broadcast polar hyperspectral infrared and microwave (MW) radiances from the Metop, Suomi-NPP, and NOAA-20 satellite with geostationary satellite multispectral infrared ABI radiances,  high-resolution ‘PHSnMWnABI’ vertical temperature and water vapor soundings are derived, together with associated cloud and surface variable products., with low latency. NOAA and NASA have provided support for UW/CIMSS and HU/CAS, respectively, to jointly develop a demonstration system for producing the high-resolution sounding data and assimilating these data into Rapid Refresh (RAP) and High-resolution Rapid Refresh (HRRR) configured Weather Research and Forecasting (WRF) models. This system has been operating on a routine 24/7 research basis since early 2019 during which improvements in system performance and forecasting skill have been achieved. Routine validation statistics, based on radiosonde and aircraft temperature, humidity, and wind data, surface-based Stage-IV hourly precipitation measurements, and Storm Prediction Center provided severe storm reports, have demonstrated that the addition of the satellite soundings to the currently operational RAP initial forecast model analyses improve short range (0 to 12 hour) predictions [1,2]). Validation statistics used for model forecast improvement are shown in this proposal. This proposal contributes to achieving the HWT-3 objective priority "Identify and validate via testbed demonstrations new high temporal and spatial resolution in-situ and remotely-sensed observation datasets and dynamically consistent 3-D objective data analysis techniques to provide the best state of the current environment”. The objective is to demonstrate, in a pre-operational forecast environment, the nowcasting and numerical forecasting benefit of assimilating high-resolution satellite thermodynamic profile information (i.e., ‘PHSnMWnABI’ soundings) together with current operational data to improve analyses and forecasts of atmospheric state (i.e., pressure, temperature, humidity, and wind) and extreme weather phenomena (e.g., tornado, hail, strong winds, extreme precipitation, etc.).  This objective will be achieved by first increasing the computational reliability of the current ‘PHSnMWnABI’ data production and the assimilation/analysis/forecast system product availability by transforming the existing UW/HU research- based ‘PHSnMWnABI’ computer system into a reliable operational system using the Amazon Web Services (AWS) Cloud.  This project will leverage resources being provided through a NASA/LaRC project to demonstrate the ability to produce the PHSnMWnABI high-resolution soundings using the AWS Cloud and to assimilate them into a WRF model to produce numerical forecasts of atmospheric parameters, including clouds, aerosols (WRF-Chem is needed if you want predict aerosols, maybe it is cloud hydrometer variables??), and aviation forecast products, as part of the NASA/LaRC Satellite ClOud and Radiation Property retrieval System (SatCORPS). 
2. Project Narrative
2.1 Proposed Duration of Project
The duration of this research project is two years and will be split into three stages: Stage I (month 1 to month 12), will focus on development of a Test Plan, as defined the NOAA/OAR/WPO Weather Testbeds Competition document and R2O Transition Plans with designated NOAA staff. During year 1, the ‘PHSnMWnABI’ system, designed for operation during the HWT experiments, will be deployed on the AWS for participation in the spring HWT as well as other projects in HWT during 2023. Performance enhancement will take place based on forecast skill evaluation statistics derived from case studies and forecaster user feedback gained through our participation in the HWT 2023 field campaign; Stage II (month 13 to month 22) , will focus on improving the AWS processing system, implementing improvements gained from our participation in the 2023 HWT Forecast Experiments and participation in the 2024 HWT Forecast Experiments. R2O Transition will be initiated with appropriate NOAA/NESDIS and NCEP staff; Stage III (month 23 to month 24), will focus on organizing and publishing datasets, documentation of procedures and approaches developed or upgraded for the AWS system, and the publication of the HWT Forecast Experiment results together with forecaster feedback, and the results of other case studies performed using the AWS system conducted during the course of the project.
2.2 Problem Statement
2.2.1 Statement of the Need
Numerous deaths occur and huge economic loss takes place every year during the severe storm season. Since 1980, up to October of this year, the US has been impacted by 308 severe weather and climate events in which the total costs exceeds 2 trillion dollars, about 48 Billion per year, and deaths of over 14,000 deaths, about 350/year ((https://www.ncdc.noaa.gov/billions/). Both the severity of the material losses and the number of deaths for a particular storm depends on the accuracy of the location and initiation time of the severe weather event, and the lead time of the weather forecasts.  Many tornadoes and flash flood events develop rapidly at night after people are asleep and as a result do not receive the warnings issued once these events are confirmed by radar or surface observations. Because of inaccuracies of forecasts greater than a couple hours in advance, the public do not often heed severe weather advisories issued before retiring to sleep. The key to improving this situation and reduce the loss of life and property due to convective severe weather events is to greatly improve the accuracy and reliability of numerical model forecasts with lead times up to 12 hours, thereby enabling warnings to be issued many hours in advance of the storm’s onset time that the public will heed because of proven forecast accuracy and reliability.  Since the accuracy of numerical forecasts is critically dependent on the accuracy of the initial state of the atmosphere used to initialize these forecasts, their accuracy and reliability depends on having a three-dimensional high spatial resolution network of pressure, temperature, water vapor, and wind observations whose observation density and frequency are consistent in time. Such a network can be provided from operational polar orbiting and geostationary satellites whose observation quality and reliability are enhanced using available in-situ surface and upper air observations and numerical model data assimilation methods.  This proposal is to demonstrate through the NOAA Hazardous Weather Testbed Forecast Experiments, that such a combined satellite and in-situ observation network can be used to greatly improve current operational numerical forecasts of severe convective storms. 
2.2.2 Identification of the Problem
The problem of improving current Numerical Weather Prediction (NWP) model forecasts of severe weather is to be solved by using a dense network of upper air atmospheric state satellite and in-situ observations to initialize the numerical forecast cycle. The satellite soundings are obtained continuously using polar orbiting satellite high-vertical resolution hyperspectral infrared and cloud penetrating microwave sounding observations combined with high horizontal and temporal resolution geostationary satellite multispectral imagery data. The satellite data from different satellite instruments are combined using data fusion methods to provide a dense network of atmospheric soundings with 2-km spatial resolution and a temporal frequency of 30 minutes [1,2].  The vertical resolution and accuracy of the satellite soundings are enhanced using NOAA’s Rapid Refresh (RAP) model 2-hour numerical forecasts based on operational weather observations [3,4].  The final fusion satellite sounding product are those atmospheric profiles made to deviate least from the RAP 2-hour forecast at the satellite location and observation time to theoretically satisfy, through the radiative transfer equation, the satellite observed spectral radiances to within their observational errors together with the expected errors of radiative transfer calculations. Using SSEC’sthe high performance computing cluster (S4) together with Amazon Web Service (AWS) Cloud for the high-resolution sounding production and forecast model application will assist NCEP in evaluating the ‘PHSnMWnABI’ product assimilation since NOAA currently uses the AWS for related satellite data and forecast model data distribution. The AWS ‘PHSnMWnABI’ satellite processing system will enable our participation in the NOAA sponsored HWT Forecast Experiments to demonstrate the capability proposed here.

2.3 Planed Project Outputs and Products
2.3.1 Outputs
Two datasets will be produced for public release (Readiness Level 7 - 8):
1. East of the Rocky Mountains (i.e., 105°  W) Continental USA region ‘PHSnMWnABI’ temperature and water vapor profile data sets for the 2022, 2023, and 2024 severe weather seasons (February through September), with a temporal resolution of 30 minutes and horizontal resolution of 4 km.
2. Case study datasets for significant severe weather events which take place in the USA during years 2023 and 2024, with a temporal resolution of 1 hour and horizontal resolution of 34 km.
3. Hourly output 3-km resolution forecasts initialized at three-hourly intervals with lead-time up to 18 hours for the 2023 and 2024 severe weather seasons.
2.3.2 Products
Two software system will be ready for operational demonstration during the 2023 and 2024 HWT Spring Forecast Experiments:
1. An improved version of the ‘PHSnMWnABI’ temperature and water vapor retrieval system containing an enhanced cloudy condition atmospheric profile retrieval algorithm, will be deployed on the AWS and S4 (Readiness Level 7).
2. A GSIGSI-UFS based short-term forecast system enhanced with VarQC, for the purpose of assimilating PHSnMWnABI retrievals, will be implemented on the AWS and S4  (Readiness Level 7).
3.  Products of the system include the satellite sounding data and operational model analyses used to initialize the UFS forecast model and the output variables which are the same as those produced by NOAA’s operational 3-km resolution forecast model.

2.4 Planed Impacts/Outcomes/Broader Benefits
2.4.1 Impacts
For this project, the major impact will be improving severe convective weather location and intensity forecasts prediction by assimilating all-sky ‘PHSnMWnABI’ temperature and water vapor retrievals using the GSI,, enhanced by using the variational quality control (VarQC) method. A physical scheme combination will be employed in a manner to optimize the assimilation of geostationary IR sounding observations into the current and next generation UFSnumerical weather prediction system.
2.4.2 Outcomes
Based on the development described above, operational numerical forecast centers will be encouraged to assimilate high-resolution satellite temperature and water vapor profile retrievals within the current and next generation  numerical weather prediction systemUFS.
2.4.3 Broader Benefits
The positive impact of PHSnABI data on data assimilation and numerical weather predictionGSI-UFS based hurricane forecast system  will demonstrate the potential impact of forthcoming geostationary hyperspectral IR sounder observation on hurricane intensity and track forecasts. This project will accelerate the development and the capability to use next generation geostationary hyperspectral IR Sounder observations to improve hurricane track and intensity forecasts, as well as the forecasts of other high impact weather events (e.g. tornadoes).

2.5 Key Method and Activities Description
2.5.1 High-resolution Atmospheric Sounding Determination 
The objective of this project is to demonstrate that severe weather forecasts can be improved by assimilating satellite sounding retrievals which possess very high spatial and temporal resolution. The basic steps in the satellite retrieval methodology are: (1) acquire polar satellite radiance data in real-time from Direct Broadcast Satellite (DBS receiving systems and produce polar satellite infrared and microwave soundings and geostationary satellite ABI soundings using the Dual Regression De-Aliasing (DRDA) retrieval methodology [1,2]. Use the K-Degree Tree search algorithm [5] to fuse the three satellite instrument data sets to form high spatial and temporal resolution vertical temperature, water vapor, and trace gas profiles together with cloud top height, cloud optical depth, and surface skin temperature with a 2-km horizontal spacing. A recent example of the satellite sounding product and its deviation from the RAP 2-hour forecasts used in the satellite data production are shown in figure 1 below. As can be seen, the cloud penetrating microwave soundings fill-in the below cloud gaps in the high-vertical resolution polar hyperspectral soundings, which together with the high horizontal ABI data dominate the spatial coverage of the satellite sounding products. The 2-km spatial resolution sounding data are produced at a uniform 30-minute interval for nowcasting applications and continuously assimilated into Numerical Weather Prediction models at hourly intervals. The SAT-RAP differences shown in figure 1 illustrate the differences between assimilated satellite data forecast model initial conditions and the initial conditions used for operational RAP forecasts.
[image: ]    Figure 1. Example of 700-hPa analyses of satellite temperature and humidity retrieval soundings for November 4, 2021, at 16 UTC. The central panels include infrared Polar Hyperspectral Sounding (PHS), below cloud microwave (MW) sounding data and geostationary Advanced Baseline Imager (ABI) data (‘PHSnMWnABI’) whereas the right-hand panels are for clear sky PHS and ABI data (‘PHSnABI’). The deviations between the satellite sounding values and the NOAA operational weather observation-based RAP model analyses (SAT-RAP) are shown.
2.5.2 Grid-point Statistical Interpolation analysis system (GSI)
The satellite soundings are to be assimilated into Weather Analysis Research and Forecast (WRF) models to demonstrate that they can improve predictions of severe weather events. The Grid-point Statistical Intonation (GSI) algorithm is used to assimilate the satellite data using the RAP analyses as the background atmospheric condition.  The GSI, which was initially developed by NCEP’s Environmental Modeling Center (EMC), is an analysis system designed to assimilate conventional observations, satellite radiance and brightness temperature, and radar observations. It was designed as a traditional 3DVAR system applied in grid-point space to facilitate the implementation of anisotropic inhomogeneous covariances [19, 20]. This 3DVAR system replaced NCEP’s operational grid-space regional analysis system for the North American Mesoscale Forecast System (NAM) in 2006 and the global Spectral Statistical Interpolation (SSI) analysis system for the Global Forecast System (GFS) in 2007 [21]. In the past few years, GSI has evolved to include various data assimilation techniques for multiple operational applications, including the hybrid En-Var technique, and 4DVAR [22].
2.5.3 Atmospheric Wind Velocity Determination
Besides the atmospheric temperature and moisture profiles retrieved from the satellite radiance data, the wind velocity profile associated with the satellite derived atmospheric temperature and moisture profiles must be specified to initialize a forecast model. It has been shown that Wind vectors can be accurately diagnosed through hourly assimilation of the high-resolution satellite thermodynamic sounding data over a three-hour satellite sounding retrieval data assimilation period used to initialize a numerical forecast model. The quasi-continuous assimilation of these thermodynamic data enables the model dynamics (i.e., winds) to adjust to the actual motion of the atmosphere through the time integration of the model’s equations of motion. The assimilation procedure is illustrated in figure 2.  As shown, the 3-hour assimilation process begins using NOAA’s Rapid Refresh (RAP) model analysis, which contains all the operationally available meteorological data, to produce a 1-hour WRF model forecast of the atmospheric state parameters to which the satellite profile retrievals are assimilated using the Grid-point Statistical Interpolation (GSI) method as discussed in section 2.5.2. From this satellite data modified forecast background, another 1-hour WRF forecast is produced and the next hour of satellite profiles are assimilated. Finally a third 1-hr WRF forecast is produced to which the next hour of satellite profiles are assimilated with a subsequent 1-hr forecast producing the model diagnosed satellite winds used for assimilating, with all other available data, to perform the analysis used as the initial condition for WRF forecast cycle during which the forecasts are output at hourly intervals between the initialization time and the end of the 18-hour forecast period. It has been found that the satellite profile data assimilation and subsequent forecasts are improved due to the higher spatial resolution structure being provided by the satellite retrievals.   
[image: ]
Figure 2: Schematic illustrating the 3-hour sounding retrieval data assimilation cycle used to diagnose the atmospheric wind vector profiles (left panel).  The right panel shows the model domain and radiosonde validation region (purple outline) with radiosonde station locations (white dots).
To demonstrate the accuracy of wind vectors diagnosed through continuous hourly assimilation of thermodynamic sounding data, the 3-hour assimilated satellite model diagnosed winds at 00 UTC and 12 UTC were compared with independent CONUS radiosonde observations, shown in figure 2, and cloud and water vapor track winds obtained throughout the entire months of June and October 2020.   Figure 3 shows statistics for the differences between model-diagnosed 3-hr Retrieval Data Assimilated (RDA) winds and CONUS radiosonde observations (red curves) together with statistics for differences between to the ‘Control’ model forecast winds (CTL), generated over the 3-hr assimilation period without the assimilation of the satellite retrieval data (cyan curves), and the differences between cloud and water vapor Derived Motion Wind (DMW) vectors and radiosonde observations (green curves). The left panel for each month shows the results obtained with 3-hr assimilation Retrieval Data Assimilated (RDA) winds compared to the ‘Control’ model forecast winds generated over the 3-hr assimilation period without the assimilation of the satellite retrieval data (CTL). The panel on the right for each month shows the standard error of NOAA operational GOES-16 cloud and water vapor DMW vectors, using the CTL forecast for optimal height assignment, compared with the standard error of the Retrieval Data Assimilated Wind and the standard error of CTL winds computed from radiosonde observation for the DMW observation times and locations during the months of June and October 2020. As can be seen, the model diagnosed retrieval assimilated winds are in better agreement with the radiosonde observations, than is the control forecast (i.e., satellite soundings excluded) and the feature tracked (DMW) winds,
[image: ]
Figure 3. Standard of the 3-hr satellite data and radiosonde wind vector speed differences (DA3hrs) compared with the Control (CTL) for the entire months of June and October 2020. The left panel for each month shows the results obtained with 3-hr assimilation Retrieval Data Assimilated (RDA) winds compared to the ‘Control’ model forecast winds generated over the 3-hr assimilation period without the assimilation of the satellite retrieval data (CTL). The panel on the right for each month shows the Standard Deviation of NOAA operational GOES-16 cloud and water vapor DMW (blue line) using the CTL model winds for optimal height assignment, and radiosonde wind vector speed differences, compared with the Retrieval Data Assimilated Wind and the CTL wind differences from radiosonde wind vector for the DMW observation times and locations during the months of June and October 2020.

2.5.4 Forecast Validation
For the forecast cycle, the model grid point temperature, moisture, and wind profiles produced from the 3-hr assimilation of the satellite atmospheric soundings are assimilate with the RAP analyses of operational weather observations to produce the initial condition for the WRF 8-km horizontal resolution RAP-like and 3-km HRRR-like model satellite data assimilated forecasts. Figure 4 shows the comparison between 6-hour temperature, humidity, and wind forecasts initiated with the satellite sounding data Vs those forecasts initialized with the RAP analyses, which did not benefit from the satellite data.  As can be seen the assimilation of the satellite sounding data produces significantly improved forecasts of the atmospheric state parameters.
[image: ]  
Figure 4. United States radiosonde validation of satellite data assimilated and control (without satellite data) 6-hour forecasts for the radiosonde observation times of 00 UTC and 12 UTC during the months of February and March 2021.
The improvement of the forecasts of the atmospheric state parameters leads to improved predictions of atmospheric parameters used to forecast severe weather, such as the Significant Tornado Parameter (STP) used to provide public advisories of probable tornadic storm development. During the past three years it has been shown that the satellite sounding data consistently improves the prediction of severe convective storm development location and onset time.     As a recent example, figure 5 shows the STP forecasts for the tornado outbreak which occurred In Oklahoma on October 11, 2021.  As can be seen by the Satellite (PHSnABI) data assimilated sounding data forecasts agree much better with the Storm Prediction Center (SPC) published surface observer severe weather reports than does the operational HRRR forecasts, particularly in the locations of where the severe weather would occur during the tornado outbreak period.              [image: ]
Figure 5. Satellite profile data assimilated forecasts of the Significant Tornado Parameter (STP) initialized at 18 UTC on October 10, 2021, compared to the operational HRRR forecasts of STP and the Storm Prediction Center (SPC) published surface observer severe weather reports.
2.5.5 Use of AWS for Real-time HWT Operational Demonstration 
For the fact that NOAA has already put a variety of numerical weather prediction products (e.g. RAP, HRRR, GFS, GEFS etc.) and remote sensing products (e.g. GOES) on AWS, Using AWS computational resources to deploy GSI-USF based forecast system can decrease the time consumption of data retrieving and hence improve the readiness of numerical weather prediction. Further more,   
TBD

2.5.6 Participation in HWT Spring Forecast Experiments and other projects
TBD  

2.6 Timeline and Key Milestones
As discussed in section 2.1, the project is proposed for a two year period.
	Stage I (month 1 - month 12):  
· Develop a Test Plan, as defined the NOAA/OAR/WPO Weather Testbeds Competition document and R2O Transition Plans with designated NOAA staff.
· Deploy UFS on the AWSPerformance enhancement for GSI-UFS on SSEC S4, transplant the ‘PHSnMWnABI’ data read-in interface and migrate VarQC method from WRF based GSI to UFS based GSI (Readiness Level 5).
· Improve ‘PHSnMWnABI’ temporal resolution from 60 minutes to 30 minutes. All the modifications will be conducted based on the enhanced profile retrieval system which utilizes an improved cloudy sky ‘PHSnMNWnABI’ profile calculation scheme (Readiness Level 7).
· Conduct case studies based on at least 3 representative severe weather cases to optimize the physical scheme selections and data assimilation parameter settings of the UFS for the HWT Spring Experiment (Readiness Level 6).
· Participate in the 2023 Spring Forecast Experiment.

Stage II (month 13 - month 22):  
· Conduct case studies of 2023 sever weather events with particular emphasis on those which occurred during the 2023 HWT Spring Forecast Experiment. 
· Improve GSI-UFS based numerical forecast system focusing on 2023 HWT severe weather events (Readiness Level 7).
· Participate in the 2024 HWT Spring Forecast Campaign.
· Produce several data sets for the most significant 2023 and 2024 severe storm events for distribution to the severe weather research community for case study and publication of their research results.
· Improve the AWS system performance based on the results and forecast user feedback obtained during the 2023 and 2024 HWT Spring Forecast Experiments.

	Stage III (month 23 - month 24):
· Complete the documentation of the AWS GSI-UFS based numerical forecast system.
· Organize source code and make it available to UFS development groups.
· Publish descriptions of the R&D results and datasets. 

2.7 Data Management Plan
PHSnABI temperature and water vapor will be stored in HDF5 format. Retrospective analysis dataset will be stored in netCDF4 format. For further convenience, operational forecast products will be converted to GRIB2 format that can be used within the NWS Advanced Weather Interactive Processing System (AWIPS) [23].
 2.8 Outreach and Education: The research proposed here will be conducted within the Cooperative Institute for Meteorological Satellite Studies of the Space Science and Engineering Center (CIMSS/SSEC) and Hampton University’s Severe Weather Research Center (SWRC).  This proposal will fund one MS degree student at UW and one MS degree student at HU to perform their research on the topic "The use of the GSI-UFS system for storm forecasting - case study analyses”.  Also, workspace equipped with computer terminals for students and faculty at the UW and HU to access the satellite radiance and sounding data used for the initialization of forecasts conducted with the GSI-UFS system being developed under this proposal to be used in classroom education and graduate student research projects.
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William L. Smith Sr. (PI)
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Education: Ph.D. Meteorology, University of Wisconsin, 1966, M.S. Meteorology, University of Wisconsin, 1964, B.S. Meteorology, St. Louis University, 1963
Professional Background:
2004 -		Senior Scientist, Space Science and Engineering Center and Professor Emeritus, Atmospheric and Oceanic Science, UW-Madison. 
           	Distinguished Professor, Hampton University, Hampton VA 
2000 - 2004  Senior Scientist, NASA/Langley Research Center (LaRC), Hampton VA
1997 - 2000  Chief, Atmospheric Sciences Division, NASA/LaRC, Hampton VA
1982 - 1997 	Professor, Atmospheric and Oceanic Sciences and Director, CIMSS/SSEC, University of Wisconsin, Madison Wisconsin 
1977 - 1982  Director, Development Laboratory, NOAA/NESDIS, UW Madison WI.
1966 - 1977  Research Scientist, and Chief, Radiation Branch, NOAA, Suitland MD
Research Experience: Professor Smith is an active satellite and airborne experimentalist. He has been Principal Investigator of three Nimbus research satellite sounding and Earth radiation budget experiments (i.e., the Nimbus-5 ITPR, the Nimbus-6 HIRS, and the Nimbus-6 ERB). Dr. Smith pioneered the hyperspectral resolution sounding technique that is being used for current and future operational polar satellite advanced infrared sounding systems. In particular, Dr. Smith specified the instrument design requirements for the Interferometer Thermal Sounder (ITS), which was adopted as the US Suomi-NPP and Joint Polar Satellite System (JPSS) Cross-track Infrared Sounder (CrIS).  Dr. Smith was the Principal Investigator for the Geostationary Imaging Fourier Transform Spectrometer (GIFTS), which was completed and ground demonstrated as an engineering development unit and prototype for future geostationary satellite operational sounding sensors. The GIFTS is the basis for the Geostationary Interferometric Infrared Sounder (GIIRS) currently flying on the Chinese FY-4A satellite and the Infrared Radiation Sounder (IRS) to fly on the forthcoming European Meteosat Third Generation (MTG) satellite. Dr. Smith was the innovator of the ground-based upward-looking Atmospheric Emitted Radiance Interferometer (AERI) planetary boundary layer sounding technique and principal investigator of the OTIS experiment, conducted with a shipboard implementation of the AERI in January 1995. The success of the OTIS led to the production of the Marine AERI (M-AERI), recognized worldwide for providing the most accurate sea surface skin temperature and emissivity measurements.  Dr. Smith is known for his development of the first atmospheric sounding retrieval system used operationally beginning in 1969, and as well as for the development of atmospheric sounding retrieval techniques used to process current aircraft and satellite hyperspectral sounding radiance data.
Awards: Department of Commerce Gold Medal, American Meteorological Society (AMS) Clarence Leroy Meisinger Award, AMS Remote Sensing Lecturer Award, AMS Verner E. Suomi Award, and the American Institute of Aeronautics and Astronautics (AIAA) 2016 Losey Atmospheric Sciences Award.
Proposal Relevant Publications:
Smith, W. L., and E. Weisz, 2017: Dual Regression Approach for High Spatial Resolution Infrared Soundings, in Comprehensive Remote Sensing, M. Goldberg, Editor, Elsevier Ltd, Langford Lane Oxford, OX5 1GB UK.

Smith, W. L., Q. Zhang, M. Shao, and E. Weisz, 2020: Improved Severe Weather Forecasts Using LEO and GEO Satellite Soundings. J. Atmos. Oceanic Technol., 37, 1203–1218, https://doi.org/10.1175/JTECH-D-19-0158.1.

Qi Zhang (Co-PI)
Position: Research Scientist, Hampton University, Hampton, VA
EDUCATION: 
  Nanjing University            PhD. in Atmospheric Sciences            2019
  Yunnan University            B.S. in Atmospheric Sciences             2014
RESEARCH PROJECT CONTRIBUTIONS:
  2020 ~     :  “Observation System Experiments Supporting Future Satellite Sounding 			   Instrument Development”
· Conduct data assimilation and numerical weather prediction sensitivity experiments to validate the usability of Next-Generation Hyperspectral Sounding Instruments
· Evaluate One Dimensional Variational Nudging (1Dvar Nudging) method’s performance in short-range NWP System 
  2019 ~    :  “Improved Severe Weather Forecasting Using Direct Broadcast Satellite Observations”
· Applied variational quality control methodology for assimilating hyperspectral satellite sounding profile retrievals into short-range weather forecast models
· Developed two (3-km and 8-km horizontal resolution) near real time operational weather data assimilation and forecast system
  2016 ~ 2019:	“High Resolution Regional Coupled Ocean Atmosphere-Land Model Development”
· Developed First Edition of China Regional Reanalysis framework (Offline data assimilation without ocean model coupling).
· Coupled ocean- atmospheric model development (ROMS - RegCM) with ESMF coupler.
  2014 ~ 2016:	“Evolution Mechanism, Monitoring and Forecast Technology of Severe Convection Weather”
· Assimilated WSR-88D reflectivity data using ARPS Data Assimilation System.
· Provided initial condition’s added value analysis for data assimilation.
SELECTIVE PUBLICATIONS:
1. Zhang, Q., Pan, Y., Wang, S., Xu, J., & Tang, J. (2017). High‐resolution regional reanalysis in China: Evaluation of 1-year period experiments. Journal of Geophysical Research: Atmospheres, 122, 10,801–10,819. https://doi.org/10.1002/2017JD027476
2. Smith W., Zhang Q., Shao M., Weisz E., (2020). Improved Severe Weather Forecasts Using LEO and GEO Satellite Soundings. J. Atmos. Oceanic Technol., 37, 1203–1218, https://doi.org/10.1175/JTECH-D-19-0158.1.
3. Zhang, Q. (2021) Impacts on Initial Condition Modification from Hyperspectral Infrared Sounding Data Assimilation: Comparisons between Full-Spectrum and Channel-Selection Scheme Based on Two-Month Experiments Using CrIS and IASI Observation. International Journal of Geosciences, 12, 763-783.https://doi.org/10.4236/ijg.2021.129043.

4 . Current and Pending Support
  William L. Smith (25% commitment): Use of Direct Broadcast POESS and GOES for   
  Localized Convective Weather Forecasting
	Agency
	Award Number
	PI
	Award period
	Award

	NOAA
	NA15NES4320001
	W. Smith
	7/2018 – 6/2021
	$155,000


 Qi Zhang (65% commitment): 
	Agency
	Award Number/Title
	Collaborator
	Award period
	Award

	City of Hampton, VA
	“Atmospheric Severe Weather Center of Excellence”
	Q. Zhang

	07/2019 – 6/2020
	$135,000



Funding by the NOAA JPSS Proving Ground and Risk Reduction programs supported a joint University of Wisconsin and Hampton University team to provide low latency high-resolution thermodynamic sounding retrieval system. The temperature and moisture soundings are produced at a 2-km spatial and 30-minute temporal resolution from Direct Broadcast System (DBS) operational CrIS and IASI Polar Hyperspectral Satellite (PHS) and Advanced Baseline Imager (ABI) geostationary satellite multi-spectral radiances observed over much of the continental US (CONUS) and the Western Atlantic (i.e., 10 – 48 N, 60 to 105 W).  These high-resolution temperature and humidity profiles (called “PHSnABI”) are assimilated hourly into 8-km and 3-km spatial resolution Rapid Refresh (RAP) and High Resolution RAP (HRRR) like WRF models to investigate the ability of these data for improving the skill of short-term (1 – 12 hour) convective weather forecasts and longer-term (3 – 72 hour) tropical storm and hurricane forecasts.  The results of nearly two years of operation of the 8-km resolution WRF model show that severe weather and precipitation numerical forecasts are consistently improved by assimilating the PHSnABI satellite sounding observations.
5. Budget Justification
	Organization
	Funding Vehicle (Contract/Grant/Federal Travel/IIA/other)
	Anticipated Start
Month/Year
	Year 1 Funding Request ($)
	Year 2 Funding Request ($)
	Total Funding Request ($)

	Hampton University
	CREST
	08/2021
	235,015
	234,428
	469,443



PI, William L. Smith, Sr. (HU) commits to a work effort of 17%, 17% for each year of the 2-year project proposed. As PI, Dr. Smith will be responsible for the overall progress and management of the project as well as the development of an improved cloudy sky atmospheric profile retrieval algorithm and its implementation for the enhancement of combined polar hyperspectral and advanced baseline Imager infrared profile retrieval processing system.
Co-PI, Dr. Qi Zhang (HU) commits to a work effort of 35%, 35% for each year of the 2-year project proposed. As co-I, Dr. Zhang will be responsible for the GSI - HAFS Numerical Weather Prediction (NWP) model and data assimilation system development, implementation, case studies, and forecast applications. 

Collaborator, Anthony DiNorscia (HU) commits to a work effort of 67%, 67% of his time for the 2-year project proposed. As Collaborator, Anthony DiNorscia will be responsible for the deployment and day-to-day operation of the satellite profile retrieval processing system and the preparation of the satellite data sets used for the hurricane forecast case studies conducted.  Mr. DiNorscia will also produce forecast model visualization products to be made publicly available on the HU project’s web-site.

Graduate Student Support: The budget includes financial support for one full-time graduate student who will perform their MS thesis research on the topic: "The use of the GSI-UFS system for tropical storm and hurricane forecasting - case study analyses”

Travel: The budget includes travel for by individuals to the annual meeting of the American Meteorological Society and for interaction with scientists working on the UFS at NOAA-EMC.
 
The details of the budget are presented in the table below:

					TBD
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Demonstration that Satellite Profiles Improve 

Numerical Weather  Predictions:

-

High-resolution (2-km) combined polar hyperspectal(i.e., CrISand IASI) 

and geo-multispectral (GOES-ABI) humidity profiles (called “PHSnABI”) 

are continuously assimilated (1-hour time frequency) into an 8-km 

resolution NWP forecast model.

-

Assimilating these data for a period of three hours produces model grid 

point wind profiles dynamically consistent with the spatial and temporal 

humidity variations observed with the satellite sounding data. These model 

diagnosed winds are called Retrieval Data Assimilated (RDA) winds.
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NWP Model Assimilated Hourly Satellite Profiles Greatly Improve Wind Vector Forecasts

-

Radiosonde (Raob) wind standard deviations (STD) from RDAs, satellite profile excluded model winds 

(CNTL and RAP), and cloud and humidity feature Derived  Motion Winds (DMWs) are shown below.
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