IV.  Research Collaborations with the Forecast Applications Branch 

      A.  Local Analysis and Prediction  and Space-Time Multiscale Analysis System 

           (NOAA Mission Goal to Serve Society’s Needs for Weather and Water Information)

CIRA proposes the following scientific collaboration involving some aspect of applications of the Local Analysis and Prediction System (LAPS) and Space-Time Multiscale Analysis System (STMAS) within the Forecast Applications Branch (FAB).

1  LAPS/WRF Improvements

LAPS is proposed to be updated and improved by utilizing 3-D variational and other methods including use of forward models for retrieval of temperature and moisture, application of dynamic constraints, and inclusion of cloud information.  One of the goals would be to maintain a LAPS presence in the development of any new generation of forecaster workstations, such as AWIPS II. The LAPS system is evolving and now supports options for both “traditional” LAPS and the newer more variational STMAS analysis. Most of the ongoing development of the system will be in support of STMAS so it can be used more widely in an operational setting.
Specific proposed research efforts include:

                - Improvement of interfaces to a wider variety of observational datasets (e.g. NNEW)

                - Radar processing improvements

    - Surface analysis improvements

                - Improved QC and preprocessing of surface observations at high frequency

    - Cloud analysis improvements (including microphysics)

                - Wind and temperature analysis improvements

                - Plotting of software and WWW interfaces

- Combined radar rain gauge analysis

     - Grid point verification (for radar and satellite)

           - STMAS/GSI analysis improvements – develop forward models

 - Increasing the resolution of LAPS & STMAS operational 
 -  General streamlining, debugging, and documentation improvements                                                                  

                 - Acquiring more datasets for Global LAPS

           - Other software improvements (in response to evolving needs)

     - Model post-processing to produce synthetic radar and satellite imagery

                 - Performing comparisons of LAPS, STMAS, and RTMA analyses.

 2.  STMAS-3D Development and Improvements

STMAS is undergoing a major development and improvement from the current version  of STMAS-3D. Recently Dr. Yuanfu Xie (NOAA parter) finished a very much improved STMAS two-dimensional surface analysis (STMAS-2d).  The STMAS2d handls high resolution terrain much better, and it is flow dependent and land-water dependent. The proposed STMAS3D development and improvement will be built upon the STMAS2d.
Specific proposed research efforts include:

· Improvement of dynamic constrains to include a whole set of equations that govern              atmospheric motions. 
· Incorporate a terrain following vertical coordinate and the transformation of the governing equations
·    Incorporate and improve cloud analysis based on LAPS (“hot-start”). This action involves Steve Albers and Hongli Jiang from CIRA and our NOAA Partners.
·    Expand the use of forward models in the STMAS variational formulation to allow the assimilation of a wider variety of remotely sensed and in-situ observations. 
· Perform comparisons and evaluation among  LAPS, STMAS, RR (Rapid Refresh), HRRR (high resolution rapid refresh), NAM (North American Mesoscale Model) and RTMA analyses.

· Improvement of the dynamic downscaling code to make it a stand-alone package that can be deployed easily for fire weather research, and other case studies.
· STMAS3D will be highly modularized and each of the modules will be tested using WRF-ARW initialized from STMAS3D.  

         3.   Model initialization and cycling

     Modelers and forecasters running WRF-ARW have reported and experienced problems with model initialzed using GFS (Global Forecast System).  Imperfect model, and background and analysis error all contribute to inaccurate forecast and uncertainty. Cycling frequently will hopefully improve the model performance, but cycling itself will introduce error as well. CIRA proposes to examine and evaluate various issues associated with model initialization and cycling process, and to hopefully improve these processes.
        4.  Range Standardization and Augmentation (RSA) Project

The RSA project is an ongoing effort to enhance weather support for space launch operations at Cape Canaveral AFS and Vandenberg AFB through the use of a LAPS and MM5-based data assimilation and forecast system.  An initial implementation is being run in real time at both ranges, as well as on a developmental system within GSD.  CIRA scientists propose the following research be conducted as part of the RSA project:

   - Sustain system through periodic upgrades that include ingest systems for new datasets

   - Improve use and products arising from new data sets

  - Tune diabatic initialization

  - Assist with the transition to the WRF as a replacement for the MM5

        - Continued testing of SST initialization implementation
5.  Model Ensembles and Ensemble Post Processing
 
 Forecast Application Branch is running a set of ensembles to provide forecasts and forecast uncertainty to users.  Combining sets of forecasts allows for probabilistic post processing and threshold probabilities for a range of weather parameters.  The focal point for this exercise has been a series of experiments associated with the Hydrometeorological Test Bed (HMT) and THORPEX .In the near future we expect to broaden the ensemble expertise by getting involved in additional collaborative projects such as:  HFIP, HWT, NextGen, Fire Weather and regional studies associated with these projects.
 
     - Configure optimum ensemble members to maximize spread with minimum 

                  computational cost
                - Run and sustain WRF-based ensembles to serve the needs of HMT
                - Investigate the quality of global models to forecast precipitation, water vapor  

                  trajectories and representativeness of convective forecasts
                - Evaluate model biases, variances, and error covariances
                - Use ensemble output to enhance analysis through WRF-3-D Var, STMAS, GSI and

                  others

                - Examine the utility of using multiple boundary conditions compared to adding  

                  random perturbations to a single boundary condition source

6.  CWB (Taiwan) Collaboration

CIRA proposes to continue its long-term scientific collaboration with the Taiwan Central Weather Bureau (CWB) to update the LAPS/STMAS analyses and hot-start forecast 

software at the CWB.  CIRA proposes to study improvements to analysis techniques,                     

diabatic initialization and balance package, WRF model initialization, as well as model 

           forecast verification.  

7. NWS Interaction

a. LAPS/STMAS in AWIPS, AWIPS II and ALPS
 
CIRA proposes to continue its long-term collaboration with GSD to have LAPS / STMAS software running in the National Weather Service WFOs for evaluation and use by operational forecasters in both AWIPS and AWIPS II.  Work with ALPS (the new AWIPS Prototype) includes support of LAPS products on deployed systems (e.g. HMT WFOs).

b. EFF (Experimental Forecasting Facility)

CIRA proposes that collaborative interaction with the local National Weather Service Weather Forecast Office (WFO) in Boulder, located within the David Skaggs Research Center, be continued.  This involves FAB staff working forecast shifts, as well as involvement in some cooperative projects, including the implementation of 4-km WRF forecasts out to 36 hours for the Rocky Mountain domain.  This also involves continuing our long-term Daily Weather Briefing weather discussion that is open to anyone within the David Skagg’s Building, and is often viewed by visitors to ESRL.

      8.  Hydrometeorological Testbed (HMT)


CIRA will continue to support HMT operations in California as part of HMT-WEST legacy but similar effort, including support of the analysis and modeling system, will continue in support of the California Dept. of Water Resources (DWR).  Furthermore, CIRA will participate in support of the analysis and forecast systems as well as model forecasting, including ensembles, for the HMT-EAST field project.  Unlike the HMT-WEST project which focused on winter time phenomena only, HMT-EAST will be conducted during the entire year focusing on both hurricanes and winter storms.  If feasible, operational results will be used for research work and some of the related findings will be published.  We are also obtaining funding from NSF for further evaluation and improvement of various microphysical schemes for several HMT cases.

Alternative sources for boundary conditions to the ensemble system will also be tested.

      9.  LAPS / STMAS / WRF Modeling Activities

CIRA proposes to provide expertise to develop and deploy LAPS and the WRF for additional applications, including Renewable Energy, Fire Weather, Homeland Security, Hurricane model initialization, etc., as newly funded projects and other initiatives arise. Improvements in model initialization and cycled runs will be explored. We are participating in the Hazardous Weather Testbed (HWT) that is an important venue for the testing and evaluation of LAPS & STMAS modeling.
10.  Investigative Modeling Research

Additional collaborative research associated with branch activities performed by CIRA scientists in their investigations would include:

    a. Model microphysics optmization as funded by the NSF

    b. Hurricane initialization studies with LAPS / STMAS / GSI and corresponding

        modeling studies

     

     11.  General Research Efforts

CIRA proposes to collaborate on the following project-independent efforts:

a. Assist with preparation of analyses and data sets for non-recurring functions   (proposals, special reports, etc.).

b. Assist with preparation of analyses, data sets, written publications and presentations for Annual Reports, Technical Reviews and scientific workshops, meetings and conferences.

c. Present results at formal and informal conferences, meetings and seminars.

B.  Activities Primarily Outside FAB

(NOAA Mission Goal to Serve Society’s Needs for Weather and Water Information)

1.  Science on a Sphere (SOS)

CIRA proposes to continue collaboration with the Technology Outreach Branch to enhance educational displays of SOS.  SOS has been an important component in public science education and is being ported to many national and international museums.

2.  Vegetation and Surface Tracker (VAST)

CIRA proposes to continue collaboration with the Office of the Director to participate in the VAST and GLOBE programs to improve understand of vegetation and land cover as they change both seasonally and on longer climate related time scales. This research engages GLOBE schools in the observation of vegetation, correlating this with satellites and static databases. Seasonal and long term changes will be observed. There is a possibility of data assimilation work with ESRL/GMD's Carbon Tracker as well. 

3.  FIM evaluation

Collaborative work with the ESRL Assimilation and Modeling Branch (AMB) involving evaluation of the experimental versions of the FIM (Flow-following Finite-volume Icosahedral Model) and comparison with other operational models.

4.  GOES-R Proving Ground 

Working with the CIRA GOES-R Proving Ground group as a liason to interactions with a number of National Weather Service (NWS) Weather Forecast Offices (WFOs).  Our closest interation is with the local WFO that is located in the same building as FAB, including working some forecast shifts at the Boulder WFO.
