IV.  Research Collaborations with the GSD Forecast Applications Branch (updated 2/28/2010 2015UTC)

A.  Project Title: Local Analysis and Prediction System (LAPS)

NOAA Project Goals/Programs:  

Weather and Water—Serve society’s needs for weather and water information

· Local Warnings and Forecasts 

· Weather Water Science, Technology, and Infusion 

· Environmental Modeling 

· Coasts, Estuaries, and Oceans 

· Hydrology 

Key Words: Local analysis and prediction, high resolution modeling

Narrative:

1. LAPS / WRF Improvements

Participating CIRA Scientists: Steve Albers, Isidora Jankov, Ed Szoke

Long-term Research Objectives and Specific Plans to Achieve Them:

The Local Analysis and Prediction System (LAPS) integrates data from virtually every meteorological observation system into a very high-resolution gridded framework centered on a forecast office's domain of responsibility.  Thus, the data from local mesonetworks of surface observing systems, Doppler radars, satellites, wind and temperature (RASS) profilers (404 and boundary-layer 915 MHz), radiometric profilers, as well as aircraft are incorporated every hour into a three-dimensional grid covering a 1040km by 1240km area. New analysis techniques such as STMAS are being developed within the LAPS umbrella. LAPS has analysis and prediction components.  The prediction component is being configured using various mesoscale models that are initialized with LAPS or STMAS analyses and run to provide short-term forecasts. Ensemble based forecasts using multiple models and initialization methods, with verification are also produced.

LAPS (increasingly including the new STMAS analysis package) is run in real-time at ESRL/GSD for many domains including one centered on the Denver, CO Weather Forecast Office.  LAPS has also been ported to many locations (~150 worldwide) , including universities such as Univ. of Oklahoma ("OLAPS"), and Univ. of North Dakota.  LAPS is running on-site at each National Weather Service Forecast Office (WFO) as an integral part of AWIPS.  LAPS software is also being implemented at various U.S. government agencies such as Federal Highways Administration (MDSS), Range Standardization and Automation (RSA) at the U.S. Space Centers, National Ocean Service, U.S. Forest Service, and for international government weather bureaus such as China, Italy, Taiwan, Thailand, and Korea.

Research objectives related to LAPS continues to be the improvement and enhancement of the system in providing real-time, three-dimensional, local-scale analyses and short-range forecasts for domestic and foreign operational weather offices, facilities, and aviation and other field operations.

It is worth noting that LAPS and WRF improvements frequently have cross-cutting benefits that leverage towards many of the supported research projects (both within and external to NOAA) described later in this report. Funding has materialized for certain projects since the Statement of Work was formulated; LAPS/STMAS improvements benefiting these projects are included in this section. 

Research Accomplishments/Highlights:

                                                     First Guess Processing

The program option for utilizing surface fields (versus 3D) from the model first guess will now attempt this for a wider variety of models when we interpolate to the LAPS surface grid. Associated changes improve first guess interpolation from the Finnish Meteorological Institute. 

                                                     Observational Data Sets

Improvements were made in LAPS to analyze observations from new types of instruments and new data formats, thus expanding the envelope of meteorological data environments that we can operate in with our ever growing set of users.

                                                    Surface Observations

New MADIS networks were added while our subjective QC blacklist was updated. A QC check was added for solar radiation.

                                                    Upper Air Observations

Surface observations can now be extracted from satellite soundings. Support was added for radiometer cloud base and temperature. Temperature and relative humidity now accompany WISDOM balloon wind data. 

                                                    Surface Analysis

GPS surface observation access was made more flexible to work with the users' particular timing, supporting research done with the University of Hawaii. Surface "station" pressure analysis was improved to use the more accurate reduced pressure field in its calculation. 

                                  <Insert Albers fig 1 here (LAPS Surface)>

                                                    Radar Processing

In the radar remapping program elevation angle handling was generalized to help with radars pointing below the horizon, benefiting the Mauna-Kea Weather Center test radar on Mt. Haleakala. 

                                            Wind / Temperature Analyses

A more generic mean layer wind routine was developed for use in upslope moisture flux and other future uses. 

                                                 Stability Indices

CAPE and other related indices can now be calculated at very high altitudes to support the Global LAPS (G-LAPS). 


                                      Cloud / Precipitation Analyses

Flexibilty was improved in selecting radar, rain gauge, and model first guess options for the precipitation accumulation analysis. Rain gauge/radar pair information was improved. These changes benefit our study of precipitation representativeness. A new radar utility library has a "Kessler" microphysics to radar reflectivity forward model for use in STMAS.                                      

                              STMAS Development and real-time evaluation efforts

[NOTE: This STMAS subsection might be split out into a separate section of accomplishments to help keep closer to the 500 word limit.]

We continued with Space-time Mesoscale Analysis System (STMAS)  ports to NWS Southern Region Headquarters and MIT/LL where background model ingest was tested. We submitted a journal article on STMAS as co-author.

Preliminary changes were made to allow a sigma-height grid in the background model interpolation program (LGA) via a reorganization and enhancement of vertical interpolation routines. 

Progress was made on getting TDWR radar data into a format that can be used by STMAS and LAPS. The 3-D to surface field interpolation routine is now available in the library for STMAS use. The NetCDF file for STMAS-2D has been updated so we can output relative humidity and mixing ratio variables.

The duplicate observation names check can now be turned off via namelist to support reading in multiple surface observations in the time window for STMAS, particularly when reading ASOS data. Fixes to satellite ingest handling and precipitation accumulation were made to benefit various STMAS runs. 

The STMAS variation of LAPS is running in real-time at a 5 km horizontal grid resolution on the LAPS ROC (Colorado) domain.  As development continues on STMAS and changes are made to improve the analysis, an important step is to evaluate the quality of the analyses.  Ed Szoke has been involved in this part of the STMAS project, with an emphasis on examining case studies of features such as frontal passages. STMAS analyses were compared with observations as well as analyses from the traditional LAPS and RTMA (Real-Time Mesoscale Analysis).  RTMA is the current NWS analysis package that is available on AWIPS.  This subjective evaluation effort has proven useful in identifying areas where the STMAS analysis can be improved.  Much was learned about the quality control of observations. The figure below shows an example of  STMAS for a cold front moving southward across eastern Colorado during the winter of 2009-10.     

                                          <Insert figure 2 here for STMAS>


                      General Software Improvements & Portability

LAPS software documentation, logging, observation reporting, and error checking were improved, while obsolete code was removed. Software was revised to be more understandable. FORTRAN code was made more efficient. Scripts were made more robust and streamlined to be more user-friendly. More variables were initialized and declared properly for improved 64-bit portability. Observation reporting was improved. Physical constants were streamlined.


                            LAPS Implementation & Collaborations

We maintain the LAPS software distribution and the associated web site. A high resolution 1-km LAPS 3D analysis was set up to run with a 15-min cycle. A global analysis is also being run.

                                       <Insert Albers fig 3 here (GLAPS)>                                              

Research continues with both real-time and retrospective LAPS runs with the Mauna Kea Weather Center (University of Hawaii). The recent focus includes using retrospective satellite imagery and GPS data in the analyses.

A paper was submitted with an Italian Climate agency on use of Meteosat Second Generation satellite data in LAPS. We attended workshops at NCAR on cloud analysis and ensembles. Initial planning was conducted for a LAPS workshop.  

                                               WWW LAPS Interface

Observation plots were added for integrated water vapor, 3-D dewpoint and specific humidity. They were improved for surface obs, WISDOM balloons and ACARS.

Several fields were added such as altimeter setting, 3D dewpoint, and balanced specific humidity. Graphics were improved for snow accumulation, balanced divergence/vorticity, 3-D specific humidity, microphysical variables, and surface mixing ratio. Color tables and labels were improved. 

The "on-the-fly" page has additional available fields and improved animation capability. Sounding plots and forecast (pre-generated) web graphic scripts are now more user friendly. 

Comparison of Objectives vs Actual Accomplishments for the Report Period:

Our achievements for this project compare favorably with the goals projected in the statement of work. 

2. Range Standardization and Automation (RSA) Project

Participating CIRA Scientists: Steve Albers and Isidora Jankov

Long-term Research Objectives and Specific Plans to Achieve Them:

In early 2000s, the Air Force initiated the RSA program to modernize and standardize the command and control infrastructure of the two US Space Launch facilities (ranges) located at Vandenberg AFB, California and Cape Canaveral Air Station, Florida.  In cooperation with Lockheed Martin Mission Systems (and now ITT) staff serving as system integrator, ESRL/GSD developed and installed an integrated local data assimilation and forecasting system at the Western and Eastern Ranges with capabilities to incorporate local meteorological sensor data.  Upgrades, enhancements and maintenance to the system continues.

Research Accomplishments/Highlights:

We are maintaining the LAPS analysis on a shadow system at ESRL in preparation for delivery of a new LAPS/WRF software package to the ranges. The first challenge in implementing the WRF code on a computer that match the configuration with the contractors has been to compile the code using the pgi compiler. Preliminary tests have been conducted in collaboration with WRF support at NCAR. So far the code has not compiled successfully. The next step will be to compile the code with a different compiler (e.g. gfortran or ifort) that will be installed on both local and contractor’s machines. 

Comparison of Objectives vs Actual Accomplishments for the Report Period: 

Given the limited funding our achievements for this project compare favorably with the goals projected in the statement of work. 

3. Model Ensembles and Ensemble Post Processing

Participating CIRA Scientists: Isidora Jankov and Steve Albers

Ensemble forecast system testing and implementation continued in support of the Hydrometeorological Testbed and the project supported by California’s Department of Water Resources.  Prior to the current season’s experiment significant changes in ensemble forecasting system have been made. The last year’s integration domain, with 9-km grid spacing, has been extended westward and a high resolution (3-km grid spacing) nest has been added over the central California. The forecast length of 120 hours has been kept the same for the outer nest while the inner nest forecasts have been produced for the 12-hour period. The ensemble design in terms of dynamic cores and physics stayed the same as previous years (3 WRF-ARW runs with various microphysics and one WRF-NMM run). The additional variety has been added by using the GFS ensemble members to provide lateral boundary conditions for the HMT/DWR ensemble members.  

The last year’s model run with an hourly cycle and 12 hr forecast length this season has been run over the much larger domain covering basically the whole west coast. The increase in the integration domain resulted in coarsening horizontal grid spacing from 5 to 10 km. As during the last season the output from this run was used as input to a moisture flux tool developed by colleagues from PSD. 

4. Wind PADS  (Precision Airdrop)

NOAA/CIRA funding was unavailable so only minimal work was done during this period. 

5. Taiwan Central Weather Bureau (CWB)

Participating CIRA Scientist: Steve Albers

Research Accomplishments/Highlights:

We continued to operate real-time LAPS and STMAS runs both at GSD and at the CWB. 

Comparison of Objectives vs Actual Accomplishments for Report Period:

Our achievements for this project compare favorably with the goals projected in the statement of work, given the available funding.

6. NWS Interaction

Participating CIRA Researchers: Ed Szoke, Steve Albers, Isidora Jankov

a. AWIPS and AWIPS-II

We continue a long-term effort to have LAPS software running in the National Weather Service WFO's (on AWIPS) for evaluation and use by operational forecasters. Discussions are being held about future plans to upgrade LAPS and introduce STMAS in both AWIPS and the new AWIPS-II workstations running in National Weather Service WFOs. 

A high resolution (5 km horizontal grid spacing) WRF-ARW model run is available four times per day for operational use by the local NWS office in Boulder. In addition, Isidora Jankov was invited to discuss options for setting up a high resolution model for numerical prediction supporting convective weather forecasting at the NWS in Omaha.

b. EFF Activities

We continued our interaction with the local National Weather Service (NWS) Weather Forecast Office (WFO) in Boulder, located within the David Skaggs Research Center. 

This includes Ed Szoke working forecast shifts at the Boulder WFO.  The interaction helps to provide better forecaster feedback on other projects that Ed is involved with outside of LAPS, including the GOES-R Proving Ground project and evaluating the FIM model.  There are also occasional cooperative research projects, some resulting in co-authored conference papers.  Additionally, one of the Boulder forecasters does periodic weather briefings as a part of the long-running Daily Weather Briefing program, which involves a 30-minute weather briefing held on every workday at 11:00 A.M in GSD.  Several CIRA researchers also take part in presenting and producing weather briefings.  We have also begun to have better participation from other researchers within ESRL but outside of GSD following a new initiative to increase Weather Briefing awareness.

7. LAPS III (Ensemble-based LAPS)

NOAA/CIRA funding was unavailable for work during this period, however related work is described above in section 3.

8. Hydrometeorological Testbed (HMT) / California Department of Water Resources (DWR)

Participating CIRA Scientists: Isidora Jankov and Steve Albers

Long-term Research Objectives and Specific Plans to Achieve Them:

The Hydrometeorological testbed (HMT) is a well-funded, multi-year project (hmt.noaa.gov) designed to improve the use of research quality observations and modeling in operational forecasts of precipitation and streamflow.  Three large field campaigns were held in December through March of the past five winter seasons in California. CIRA staff in the Forecast Applications Branch (FAB) are an integral part of ESRL/GSD’s effort to provide high-resolution model analyses and forecasts, as well as forecast interpretation by meteorologists, in support of field operations and NWS operational forecasting. Starting in 2010 a second area in the Eastern U.S. will be the focus of the HMT experiment in which CIRA staff will be heavily involved.


Research Accomplishments/Highlights:

LAPS analyses were set up for this winter season's Hydrometeorological Testbed (HMT) domains over the west coast. This includes a 9km/3km nest for precipitation prediction and a 10km domain covering a wider area helping to support water vapor flux calculations. Improvments were made to model forecast post-processing. 

A subroutine was written to emulate what the PSD flux-tool does except we now calculate it over the 2-D LAPS grid instead of just a few locations. This upslope component of the moisture flux is being calculated within the LAPS analyses and forecasts. Upslope moisture flux is calculated as plain moisture flux over ocean areas and can be displayed on our web site. The controlling layer is set to 750-1250m. We are also looking at moisture flux on other domains (including global) to see the large-scale evolution of atmospheric rivers and other storm types. 

              <Insert Albers HMT fig 4a, 4b, 4c here>

                          Post-Season Analysis and Research 

A study performed in collaboration with several scientists from NOAA/PSD (Jian-Wen Bao, Paul Neiman and Allen White) and CIRES (Huiling Yuan) focused on a detailed analysis of a high-resolution numerical model with various microphysics and its performance in cases of atmospheric river events has been published in Journal of Hydrometeorology. 

An additional evaluation of the WRF-ARW model performance when using various microphysics was assessed by producing synthetic satellite imagery and using an objective measure of difference in various microphysics compared to observations. This research was performed in collaboration with a group of CIRA scientists. Results from this study were used in preparation of a manuscript that has been recently submitted for review to Journal of Hydrometeorlogy. 

An additional activity of Isidora Jankov consisted of taking part in a team effort to test a newly developed observations-based forecast model verification tool by a group of PSD scientists for atmospheric rivers and their impacts on coastal orographic precipitation enhancement. The tool focuses on water vapor flux as a major determinant of orographic precipitation. The water vapor transport is estimated by using wind profilers and GPS-met (Integrated Water Vapor) IWV data.  For this purpose LAPS analysis and hourly reinitialized 12-hr model simulations of ten events characterized by significant precipitations have been performed. The data from this experiment are currently undergoing a statistical analysis and the team is working on preparation of a manuscript for submission to a peer reviewed scientific journal. 


                             Conclusion 

We are wrapping up the 2009-2010 field experiment over California.  We look forward to conducting further analysis of the results and participating in future HMT field seasons that will cover several locations around the country, each having unique forecast challenges.  

Comparison of Objectives vs Actual Accomplishments for the Report Period:

Our achievements for this project compare very favorably with the goals projected in the statement of work. 

9. LAPS/WRF Modeling Activities (several projects)

Participating CIRA Scientists: Steve Albers, Isidora Jankov

Precision Wind

Preliminary discussions were held with CIRA & Precision Wind personnel about using LAPS & STMAS analyses to interface with the MLEF and WRF modeling being done at CIRA. The goal is to support wind energy operations with improved wind forecasts. An initial focus will be assimilating Doppler radar data and using this in LAPS analyses as well as with forward modeling in STMAS and/or MLEF. 

Department of Homeland Security (DHS)

We set up and continued to monitor LAPS analysis runs to support the initial Dallas-Ft. Worth implementation of the Geo-Targeted Alert System (GTAS). Doppler radars from 5 sites near DFW were included. The LAPS analysis is then used to initialize the outer nest of a high resolution (4.5 km) WRF-NMM model run. The outer nest provides boundary conditions for the inner nest having 1.5 km horizontal grid spacing. The same configuration has been used for two new sites added to the GTAS project since last year. The two additional sites include Seattle and Kansas City area. Currently, for the two new locations only WRF-NMM model runs are performed in real-time. The production of the corresponding real-time LAPS analysis in the proper location is in process. For this purpose an effort was made to add LAPS to the WRF domain wizard in collaboration with CIRA associate Jeff Smith.  The model output is used as an input to the HYSPLIT dispersion model as well as for a display on AWIPS work stations.

We are considering adding new domains such as in New York. We are also working with Ed Tollerud to ensure the LAPS analyses are properly archived for verification purposes (along with the WRF forecasts). 

ATMET/AFTAC

We are continuing with a reorganization of LAPS top level routines to support a single executable compilation and runtime option. Surface analysis routines were renamed to avoid duplication in the single executable version of LAPS. 

Finnish Meteorological Institute (FMI) 

We continued to work with the FMI on various LAPS topics including the use of radar data and the model first guess in the LAPS analyses.

Windsor Tornado Case Study:

We are collaborating with Radiometrics Corporation, UCAR, and others to study the analysis and short-range forecasting of the May 2008 Windsor, CO tornado. This includes gathering the real-time LAPS analyses, as well as all available in-situ and remotely sensed observational data for rerunning LAPS and STMAS, together with WRF forecasts. There is a CIRA managed special project dedicated to continued resesarch on this topic. 

For this project we ran short-term 1-hour and 3-hour LAPS/WRF forecasts of the Windsor Tornado. We made careful comparisons of model runs initialized from both LAPS and STMAS analyses. Resolutions ranged from 5km down to 800m. We also did some data denial experiments for the LAPS humidity analysis with and without special GPS measurements. These showed relatively little impact. 

Met-tower data from the Erie BAO tower can now be assimilated into the LAPS analyses and displayed on our web pages. Radiometrics corporation is experimenting with using LAPS soundings as input to a forward model. The forward modeled brightness temperatures are then compared with radiometer measurements in several frequency bands. Results show reasonable consistency, though with a bias at one of the highest frequency bands. Meanwhile STMAS is being run at a higher resolution (81 vertical levels) to improve depiction of the boundary layer. We identified some issues with model initialization of boundary layer humidity that will be investigated. 

Potential Vorticity has been added as a new field for diagnosing frontal structure and boundary layer vorticity. Namelist adjustment is now set up for the CAPE plot color table.

                                                Director's Discretionary Proposals

Several proposed research projects involving CIRA FAB personnel were submitted to the GSD director and funding was granted. Work is just beginning and we will be reporting on the research to the GSD director throughout 2010.

Our achievements in these other research areas meet or exceed the goals projected in the statement of work. 

10.  TAMDAR Research – none this year as funds ended

       11. Investigative Modeling Research

Participating CIRA Scientists: Isidora Jankov, Steve Albers

a. NSF model microphysics study

Steve Albers and Isidora Jankov continue to work in collaboration with Tomislava Vukicevic and a PhD student Marcus van-Lier Walqui on an NSF granted project. During the second year of the project in terms of the code development endeavor, a version of the SynPolRad model software allowing production of synthetic polarimetric reflectivity and associated parameters has been employed by CSU/CIRA personnel with help from Marcus van Lier-Valqui. The software has been implemented as a postprocessing part within the LAPS framework. In addition, two different options for synthetic reflectivity calculation (‘kessler’and ‘RAMS’) have been added to the same framework. 

Analysis and model simulations of two IHOP events have been performed. The selected events occurred on June 13th and June 16th of 2002. At the simulations initial time 00UTC both events were characterized by multiple convective cells nearby the northern Oklahoma border. The convective cells relatively quickly organized into well defined squall lines while moving from north-west to south-east over the state of Oklahoma. For both cases the simulations were performed for the 6-hour period with very high spatial (2-km horizontal grid spacing and 53 vertical levels) and temporal (15-minute) resolutions. The simulations included use of three different microphysics schemes available in the WRF-ARW code. The model output has been post processed by using two choices (mentioned above) for synthetic reflectivity calculations (SynPolRad option is still under testing). This resulted in a matrix of six solutions (three microphysics schemes and two different reflectivity calculation options) for each of the two events. For both events LAPS analysis was produced, for the same spatial and temporal resolutions as the simulations. For this purpose all available observations including both 2D and 3D radar data reflectivity, radial velocities, other in-situ and remotely sensed data were used.  The six various options of the synthetic reflectivity have been objectively compared to the LAPS radar reflectivity analysis, using our locally developed verification software. This comprises histograms, contingency tables and various skill scores. We are currently performing an assessment of the results so far obtained. The latest interim results and associated discussion will be included in the official report to the NSF which is due March the 1st of 2010.

As mentioned above the Synthetic polarimetric radar "SynPolRad" software package is now an option for the model post processed reflectivity fields. Other reflectivity options include "Kessler" and "RAMS".  The model post-processing software also includes derived polarimetric radar variables (ZDR and LDR). Along with this the polarimetric radar software interface was integrated more closely into the LAPS environment, and has improved microphysical inputs for ice. Thus we can post-process model forecast output for both conventional and polarimetric radar reflectivity parameters. 

LAPS precipitating hydrometeor analyses now have an option to use the "Kessler" relationship to radar reflectivity. This is the inverse of what the model post-processing does with Kessler for rain and Rogers & Yau for snow/ice. 

b. Hurricane initialization studies with LAPS / STMAS / GSI

We gave a presentation at the GSD technical review on hurricane research efforts within FAB. Additional wideband radars were set up along the Gulf Coast for the Carribean and WISDOM balloon LAPS & STMAS analysis runs. The domain localization procedure now tells us which radars are near the ocean as that is helpful in setting up hurricane runs. WISDOM balloon obs should now show up in the the LAPS "what-got-in" outputs for wind and temperature, including verification statistics. Preliminary work was done for accessing airborne doppler radial velocity data in the native radial (non-analyzed) format. Default dimensions of obs were increased helping our large hurricane domain STMAS runs.

Several WISDOM balloon launch events were tracked using LAPS and STMAS. Improvements were made for plotting WISDOM balloons with the LAPS NCAR graphics program. Additional station QC climatological and standard deviation checks can now be turned on and off via name list, helping particularly for surface observations in the vicinity of hurricanes. 

Recently a proposal of activities related to hurricane analysis and forecasting has been submitted to the HFIP program. Seven out of nine proposed ideas have been implemented into the program milestones. It remains to be seen how many of these ideas will be funded. CIRA researches will be heavily involved in this project supporting the development of hurricane data assimilation as well as development and setting of an ensemble system for hurricane forecasting. 

B. Project Title:  Activities Primarily Outside FAB

1. Science on a Sphere

Participating CIRA Researcher: Steve Albers (coordinating with Mike Biere)

CIRA staff continued to maintain realtime weather models (Global LAPS, FIM, GFS) on SOS. Real-time sea surface temperature analyses from Fleet Numerical Weather Center were reworked to conform to their new web site imagery. Experimental animations were made with test datasets of global lightning strike data from the Vaisala company. A set of "seismic rings" was created in the correct spherical projection for an earthquake/tsunami animation being developed with NGDC. 

<Insert Albers fig 5 here (FIM analysis)>

We maintained real-time earthquakes and a library of planetary datasets. The map of Mercury was updated using the data from the third MESSENGER spacecraft flyby. The map of Saturn's moon Enceladus was updated with images from a recent flyby of the Cassini spacecraft. Imagery from the Cassini spacecraft was also used to update the maps for Saturn's satellites Dione and Iapetus. We helped with a National Geographic crew filming a documentary on interplanetary travel. 

<Insert Albers fig 6 here (Iapetus)>

CIRA staff attended SOS meetings and the SOS users workshop help in Boulder. We served in the panel discussing content creation. 

Publications:

A CIRA-FAB 2009-2010 publications list is available on-line at this URL:

http://laps.noaa.gov/cira/annual_report/2009-2010/pubs/all-2009-2010.html

