IV.  Research Collaborations with the GSD Forecast Applications Branch (updated 6/16/2009 2130UTC)

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


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 the RAMS, MM5, WRF, and ETA models.  Any or all of these models, usually being initialized with LAPS analyses, are run to provide short-term forecasts.  Ensemble 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 a domain 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 improvements benefiting these projects are included in this section. 

Research Accomplishments/Highlights:


                             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. These improvements are detailed below for surface and upper air observations. 

                                         Surface Observations

MADIS mesonet data is now the default source to be used for LAPS, instead of the legacy NIMBUS system. Updates were made allowing better QC flexibility for MADIS data in the LAPS surface observation ingest for testing various approaches to using surface data in STMAS (and traditional LAPS). The type of MADIS QC checks can now be controlled with a user supplied namelist parameter. This includes an option to test the MADIS dynamic blacklist feature. We now make use of more of the MADIS QC checks for wind and other variables. 

ASOS/AWOS data from MADIS were added into the intermediate obs "LSO" file via the 'obs_driver' program. The new data can be turned on or off via namelist to help in sensitivity experiments. Surface obs ingest software now has an option to allow multiple reports from the same mesonet station within the time window. The surface observation waiting functionality was improved. 

                                    Upper Air Observations

Sounding access routines work more reliably with addition of observation time as well as improved QC. Removal of duplicate sounding levels was improved. 

Dropsonde handling was improved in terms of station names, addition of significant wind level data, and more robust quality control. This should give us more wind data to try out with our hurricane cases. Sounding ingest now has a namelist flag 'l_fill_ht' to decide whether to write calculated heights from the hypsometric equation if they aren't reported in the raw sounding data. Heights for significant T levels are now computed even if we are above the highest mandatory level to help give more complete dropsonde output. 

Station names were fixed so that they contain the observation counts for POES soundings. Software was upgraded to support the use of WISDOM balloon data with ingest and analysis routines. 


                                              Surface Analysis

We have a new ability to read surface pressure (and other variables) from dropsondes into the surface analyses. In a related change the fit of surface pressure to the obs can now be adjusted via namelist. More complete surface data can now be read in from various types of soundings. 

We now utilize station pressure measurements if altimeter settings are absent for the reduced pressure analysis. A QC check was added when we read in the first-guess mean sea level pressure field. Improvements were made to a recently constructed routine that interpolates the 3-D balance package fields to make 2-D surface products. 


                                            Radar Processing

CIRA staff have worked towards more efficiency and other functional improvements for radar remapping and mosaicing. This is described in detail as follows. The automated radar list generated upon localization has been improved. Testing was conducted with a new version of the Archive II to NetCDF conversion software developed by ITS. Associated NCDC archived radar data access scripts were improved. A correction was made in the way hours are incremented to handle the end of day transition better for real-time Archive-II to NetCDF conversion. 

The radar remapping software was modified so it can better handle the new super-resolution wideband data. The remapper also can automatically switch from the high-res data back to archive low-res as the latter needs the proper default values for scale and offset to be used when they are absent from the NetCDF file. Conversely the remapper was enhanced to read in the reflectivity and velocity scale/offset parameters. This is a relatively new addition to the NetCDF data and it will be important to use this for high resolution data or if the scaling otherwise changes from the default values we've been using. 

The wideband radar remapping was adjusted (in the vertical) to reduce the potential for ring shaped artifacts. This was done by increasing the allowable altitude of echo base (from 800m to 3000m AGL) for "low fill" extrapolation of refectivities down to the ground. For artifacts we're seeing at GSD, please see the next section on Cloud / Precipitation Analyses. 

The remapper can now optionally display input PPI tilts for testing and this can be enabled via namelist. Some recent changes for the radar remapper were cleaned up to allow better backwards compatibility. Some other streamlining was done and reliability was improved. The addition of some allocate statements means it can now remap with larger domains on the IBM platform. 

The WSI NOWRAD radar remapping code is now more robust in its ability to run on 64-bit platforms such as JET. This cartesian reflectivity data ingest was optimized so it can run a bit faster for case reruns. 

In the LAPS radar reflectivity mosaicing program a 4-D radar array is now allocatable for better IBM memory utilization. 

Software to utilize 3-D contingency tables was set up for forecast radar verification. See the "Mesoscale NWP Model Initialization and Evaluation" section below for more details on the radar verification. 


                                    Wind / Temperature Analyses

An option was added to use mean sea level pressure as the boundary condition for hydrostatic integration as this helps the height analysis for strong hurricane cases. Several quality control checks were added to the wind analysis. LAPS wind analysis QC thresholds are now adjustable via namelist (request from the PADS project). Observation counts from the pre-balanced wind and temperature analyses were included in the comment block of the NetCDF output files so they can be used downstream in the balance package. 

Software is being developed to interpolate temperature observations in the vertical using pressure instead of height for more accurate placement in tropical cyclones 


                                      Cloud / Precipitation Analyses

For global LAPS runs we now set the present weather string to "UNKNOWN" for mesonet stations to help 'deriv.exe' run more accurately (for surface precipitation type diagnosis) as well as more efficiently on large domains. 

A post-processing QC step was turned on to blank out radar echoes where significant clouds aren't analyzed. As a result, the cloud and 3-D radar analyses should now be more consistent with somewhat less false echo. The radar QC steps (minimum echo top thresholds) have been increased (as a function of time of day) in the cloud analysis to reject the increased ground clutter we see during the night. Further refinements were made to the echo top test for using radar in the cloud analysis to help suppress ground clutter. 

Radar reflectivity is now set to a base value if less than "usable" value. Logging was improved in the cloud analysis to help in assessing how the analysis verifies against the input data (e.g. radar). 

Partial changes were made to add a new field of precip melting level using a new parameter called 'twet_snow', with a default value of +1.3C. 

For cloud omega, a new namelist parameter called 'l_deep_vv' was added so the user can independently control whether we do the deep parabolic profiles in the cloud analysis and model hot start. We thus get the benefit of the change we made with Adan Teng (from CWB) to get deeper parabolic profiles in convective clouds even if their upper regions are more stable. 

The precipitation analysis can potentially read in model precip fields as either the "raw" values or when they are normalized to the LAPS analysis cycle time. LAPS precip accumulation now reads radar distance as a quality indicator, and can apply a simple spatially varying gauge bias correction. Note that this software is intended to be fairly flexible so we can apply various precip analysis methods on a situation dependent basis, and possibly incorporate techniques that several of us in FAB are working on. The radar reflectivity analysis web product now has precip gauge and surface weather reports plotted for comparison. 


                      General Software Improvements & Portability

LAPS documentation, logging, reliability, and error handling were improved. Obsolete software was removed. Quality control checks were improved. The LAPS product directory list was updated for the localization procedure. For example radar verification subdirectories are now created upon localization. 

Scripts for processing radar data and managing web pages were updated. The humidity "what-got-in" script now includes GPS data. The LAPS scheduling script now better supports timing of analysis runs and handles the cycle time better. Script routines that manipulate and convert time were given more functionality. LAPS scripts were improved that access archived observational data files to rerun LAPS analyses, including the access of archived RUC and GFS data. Other scripts that save LAPS analysis runs to the Mass Store were set up. 

Software portability was improved for different platforms. For example variables are now more thoroughly initialized so LAPS can run better on 64-bit platforms. LAPS source code was modified to be more portable for compiling with 'gfortran'. Support was added for configuring LAPS with the 'ifort' and 'icc' compilers. This is being tested both here on the JET machine and at a LAPS installation at the Mauna Kea Weather Center in Hawaii. Other configuration flags were cleaned up including FORTRAN flags for the IBM, and C debugging flags more generally. The top level Makefile was improved with a better sequence of building the libraries as well as an IBM specific target that does the build more efficiently. 

A map projection subroutine (GETOPS) was improved so that it no longer modifies the input lat/lon by a machine epsilon amount for polar stereo projections. 

                                                STMAS

Work continues with development and testing of a major new option in LAPS to produce analyses using new newly embedded Space-Time Multi-scale Analysis System (STMAS).

We helped with porting of STMAS 2D software to the Meteorological Development Lab (MDL). Towards this end the porting and running is now somewhat more automated along with better attendant documentation. We also started to port STMAS software to the NWS Southern Region Headquaters. Another STMAS port to MIT/LL is being discussed in the context of LAPS / STMAS improvements in using ASOS high frequency observations and TDWR Doppler radar data. ASOS data capability has been added and further tested so we can start to see how well these high frequency observations help the analysis as they become available over more areas in the United States. 

We updated the surface analysis "lsx" NetCDF CDL to be compatable between LAPS and STMAS. LAPS scripts that help to run the STMAS analysis were improved, along with case data access scripts and web data plotting. STMAS surface only pre-generated web products were made more efficient. Observation plots were improved so that they work better in the STMAS environment. 

Discussions were held within FAB on how to best analyze clouds in STMAS. Analysis techniques (such as heights and temperature) were discussed with STMAS developer Yuanfu Xie. We are also evaluating how STMAS runs compare with the traditional LAPS analyses. 

A software module diagram was updated as we learn more about the STMAS 3-D analysis software. Quality control was discussed (including with the AMB/RUC group) and refined for STMAS. MADIS QC was improved so we can select a subset of QC checks that should work best for STMAS. Work continues on an STMAS paper that we are coauthoring. 

<Insert Albers fig 1 here>


                                    LAPS Implementation

We presented a summary detailing LAPS handling of Land-Surface and Soil Moisture at a mini-workshop held by the ESRL Physical Sciences Division. We maintain the LAPS software distribution and the associated web site. We are also continuing to run a global LAPS domain that feeds analyses to Science On A Sphere (SOS) as well as the internet.

<Insert Albers fig 2 here>

                                               WWW LAPS Interface

Our web plotting software was improved to support surface wind speed difference plots, with some other minor bug fixes to the observation plots (helping the AOML Dennis case). METAR temperatures were added in the 3D temperature observation plots as a green color. The color range of background surface wind speed image plots was adjusted to match that of the analysis. Color tables and labels for SH and RH, as well as forecast U/V labels were improved. There is now a adjustable parameter for surface wind speed color table range. The colorbar range for surface vorticity images was reduced slightly. 

Soil moisture and surface vorticity plots are now done with the "raster" mode for better reliability. Elsewhere within the 'lapsplot' program, the station pressure field contour labeling was fixed and wind barbs can now be plotted up to 300kt (good for intense hurricanes). Plotting flexibility was improved to help domains running with radar data only. 

Plotting software now handles forecasts that go beyond 99 hours, and allows display of balanced (particularly surface) fields. Units are now more consistent between background and analyzed winds. Integrated water vapor values were added to sounding plots to help with analysis assessment. Labeling routines were improved to be more flexible. 

Pregenerated web analysis images now have a more general check for whether we should generate 2D or 3D web product sets, as well as a better generalization of image framing depending on the domain aspect ratio. 

The "on-the-fly" page was updated with the latest available fields. The "on-the-fly" web page now has animation capability where the user can select the number of frames. LAPS plotting software including the "on-the-fly" page can now change dataroots in mid-stream so one can overlay (and difference) fields from multiple LAPS runs. We now allow height and precipitable water to have variable density contours with the "on-the-fly" page. Visibility images were added to the "on-the-fly" page with a newly updated color table in 'lapsplot'. 

The "on-the-fly" page was improved in terms of surface wind plots, labels, observation plot color, zoomable precip type, and wet bulb zero images. Wind barb only plots can now be animated. Rain/snow concentration and vorticity cross-section images now work properly. "On-the-fly" plots of sounding animations, soil moisture observations, multiple domain comparisons, and various other fields were improved. A pause was added at the end of an "on-the-fly" page animation to improve viewability. Other "on-the-fly" page updates support projects such as STMAS hurricane work, the NSF project with radar reflectivtity, and CU Doctoral Student Brad Beechler's radar work. Updates for improving portability were made to the export version of the "on-the-fly" page. Documentation for this page is now available in the export version of LAPS. 


                    Mesoscale NWP Model Initialization and Evaluation

The default model initialization (in lapsprep) now includes WPS output. A directory was created for the WRF WPS initialization file when LAPS is localized. Documentation was added about how to do the WRF/WPS initialization. The model initialization software can now use balanced surface analysis fields. Snow cover is now initialized better, particularly with respect to missing data values. Some PERL model preprocessing scripts/modules were added. 

Improvements were made to model post processing and model file copying scripts. The 'sched_sys.pl' (and related) scripts are now more generalized for applications such as model precipitation post-processing. Associated scripts also now run better for both real-time and case reruns. Omega fields were fixed with the proper units in the model post-processing software. The model post processing (lfmpost) Makefile now works more smoothly on various platforms. LAPS model initialization output was optimized to save disk space. Support was added (in LAPS libraries and plotting software) for a forecast filename length that can extend beyond 99 hours. 

Software is being developed that compares analyzed and model forecast radar reflectivity for the This software generates histograms and contingency tables for various thresholded values of forecast reflectivity so we can compare several ensemble forecast members with the "observed" analyses. The histograms have options for masking areas where both forecast and analysis have values exceeding a threshold. Contingency tables with some standard statistical scores showing hits and misses were calculated for several values of the thresholded reflectivity. 

Radar verification software was improved to be more general allowing future addition of other data types. It also has functionality to generate statistics for designated sub-regions. Radar reflectivity histograms are now shown for each vertical level. 

Radar quality information (2D vs 3D) is now being written out by the cloud analysis and used by the radar verification histogram program. Radar verification software was improved to apply the QC for 2D radar data, add contingency tables every 10dBZ as well as other streamlining. This software was used in the preparation of a presentation on the use of radar data to evaluate and adjust model microphysics at the AMS NWP conference in June, 2009 (see HMT section below where an associated NSF proposal is described). 

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 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:

Discussions were held with the new RSA contractor (ITT) about we can update the radar processing software at the ranges to keep up with changes in the WSR-88D data stream. A methodology was set up to generate a source code patch of the radar remapper so we can try and merge the new version of the radar code with the older LAPS release being used at the Ranges. LAPS builds and analysis runs have resumed on our in-house shadow server (atlas) to see how well the latest software performs. 

Future work will involve an implementation of WRF model into the system with the purpose of replacing the existing MM5 model runs. Prior to the model switch an extensive evaluation of how the two models’ performance compare to each other will be performed.

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 past season’s experiment significant changes in ensemble forecasting system have been made. Primary changes were related to the model version. The model update involved notable effort in upgrading operational scripts. Also, during the last season the integration domain was enlarged to cover the entire state of California and a larger part of the Pacific Ocean. The forecast length was extended from 72 to 120 hours and the forecast cycle was decreased from 6 to 3 hours. The integration domain enlargement resulted in coarsening of horizontal resolution from 3 km to 9km. The ensemble design stayed the same as previous years (3 WRF-ARW runs with various microphysics and one WRF-NMM run).  In addition, one higher resolution run (5 km) with an hourly cycle and 12 hr forecast length was run over the same domain. Output from the high resolution run was used as input to a moisture flux tool developed by colleagues from PSD. Testing of the system included using the ensemble output to drive stream-flow models that provide ensemble river stage forecasts as well as designing alternative domain configurations to accommodate a wider user base.

4. Wind PADS  (Precision Airdrop)

NOAA/CIRA funding was unavailable so only minimal work was done during this period. However one of us (Steve Albers) won a special CIRA award for our past efforts on the Precision Airdrop Support System that was recognized by NOAA. We are fielding some questions relating to the balance package, wind analysis, and software efficiency. 

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. We consulted with the CWB to help get a version of our LAPS "on-the-fly" page working at CWB.

We worked to troubleshoot the processing of LAPS/STMAS radar data, as well as assess comparisons of STMAS vs LAPS running at the CWB. Discussions were held with the CWB about their public web displays of temperature fields. 

We identified some issues with the tropical cyclone bogusing procedure involving anomalously low boundary layer temperatures that the CWB was able to resolve. We are currently investigating how to get the LAPS balance package to run properly on the new 64-bit machines the CWB is planning to acquire. Surface observation ingest is also being evaluated for possible improvements. 

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, however GSI funding was dropped.

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. We continue to support and monitor a shadow run that helps us ensure that the LAPS software is ready for AWIPS releases. 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. 

Recently a high resolution WRF-ARW model run has been set up for operational use by the local    NWS office in Boulder. The new WRF model run replaced the old MM5 runs. In addition, Isidora Jankov was invited to discuss options for setting up a high resolution model for numerical prediction for convective weather forecasting at 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. 

The interaction includes Ed Szoke working forecast shifts at the Boulder WFO.  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.

7. Regional Climate Studies

(Additional NOAA Mission Goal to Understand climate variability and change to enhance society’s ability to plan and respond / Climate predictions and projections)

NOAA/CIRA funding was unavailable for work during this period.

8. LAPS III (Ensemble-based LAPS)

NOAA/CIRA funding was unavailable for work during this period.

9. 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 four 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:

We set up LAPS analysis runs for the winter exercise period for the California domain with the DWR project. This is a similar region to what we did for HMT in the previous winter season. We ran 5km and 9km domains that are used to initialize the WRF. We also set up model initialization scripts and model post-processing scripts including web displays.

Discussions were held about the accuracy of the LAPS wind and cloud analyses over the California modeling domains. We collaborated to diagnose and fix some aspects of the analyses in response to verification studies against wind profilers and GPS water vapor measurements. The wind and cloud analyses are being evaluated for use in a water vapor flux calculation. A preliminary upslope component of the moisture flux routine is now in place. We also worked on testing the interpolation of WRF-NMM precipitation back onto the LAPS domain to see if bias effects can be reduced. 

              <Insert Albers HMT fig 3a, 3b here>

                          Post-Season Analysis and Research 

We gave a presentation on the LAPS soil moisture analysis at a soil moisture workshop convened by ESRL/PSD. In another collaboration with PSD some proposals were submitted to investigate the relationship between ensemble forecast spread and forecast error. 

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 accepted for publication in Journal of Hydrometeorology. The evaluation consisted of comparisons of the flow and cloud structure against observations from experimental radars deployed for the HMT project. This study has revealed more details about performance of various microphysical schemes for this type of event with mountainous terrain and different precipitation regimes (Bright Band vs. Non-Bright Band). Even though various microphysics have demonstrated a large diversity in their solutions, it has been found that all model configurations had a tendency to overestimate simulated precipitation amounts possibly due to the model’s tendency to overestimate the moisture content and the upslope wind component’s duration and intensity. 

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. Current related activities involved preparation of a manuscript for submission to Journal of Hydrometeorlogy. 

Steve Albers and Isidora Jankov continue to work in collaboration with CIRES scientist Tomislava Vukicevic and a PhD student Marcus van-Lier Walqui on a recently granted NSF proposal. The work focuses on improving nonconvective precipitation accuracy by objectively estimating the individual contributions of parameterized processes representing generation and depletion of the various hydrometeors. The objective method will include use of the Weather Research and Forecasting (WRF) model and its 4-dimensional variational (4DVAR) data assimilation system for radar reflectivity data assimilation. Preliminary results from this study have been recently presented at the Weather Analysis and Forecasting conference in Omaha. 

One of the recent activities included an application of a theoretical approach developed in collaboration with CIRES scientist Tomislava Vukicevic and FAB scientist John McGinley, recently published in Monthly Weather Review, on model output from a full blown system for numerical weather prediction (WRF-ARW model). The technique consists of first diagnosing the performance of the forecast ensemble which is based on explicit use of the analysis uncertainties, and then optimizing the ensemble forecast using results of the diagnosis. The technique includes explicit evaluation of probabilities which are associated with the Gaussian stochastic representation of both the analysis and forecast. It combines the technique for evaluating the analysis error covariance that was first presented in the Ensemble Transform data assimilation method developed by Bishop et al in 2001 and the standard Monte Carlo approach for computing samples from the known Gaussian distribution.  Results from this study have been recently presented at the Weather Analysis and Forecasting conference in Omaha. 

One additional HMT activity 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.  


                             Conclusion 

We have finished the 2008-2009 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. 

10. LAPS/WRF Modeling Activities

Participating CIRA Scientists: Steve Albers, Isidora Jankov

Fire Weather 

The LAPS analysis runs at 500m resolution and utilizes a downscaled RUC background together with the latest observational data. The relocatable 500-m resolution forecast downscales the latest NAM run into the future. We also initiailized some WRF-NMM 500m runs with the LAPS analysis.

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 condition for the inner nest with 1.5 km horizontal grid spacing. The model output is used as an input to the HYSPLIT dispersion model as well as for a display on AWIPS work stations.

ATMET/AFTAC

We are continuing with a reorganization of LAPS top level routines to support a single executable compilation and runtime option. Various makefiles were updated to help in consolidating ATMET related software changes (e.g. global parameter access) in the libaries. There are quite a few ATMET related changes providing compatibility for the wind, temperature, surface, and cloud analyses. This includes use of f90 memory modules for arrays, static files, and namelist parameters. System time is also read in from the top level surface driver. The wind, surface, temperature, and cloud analyses now make use of the parameter for controlling the writing of "little files" output. 

Some further ATMET changes were made, largely to eliminate redundancy of various library routines that do similar things with global and program specific namelist parameters. Reduced pressure level is now a global parameter in the ATMET memory module. ATMET supplied us with a new module called 'mem_static.f90' that reads topography and other static data. Other changes relate to writing out temperature analysis files closer to the top level routine. 

Finnish Meteorological Institute (FMI) 

We continued to work with the FMI on various LAPS topics including the use of radar data in the LAPS analyses. They sent us a real-time feed of several of their radars and these were tested in our global LAPS run. We helped prepare a presentation on LAPS being given at the FMI by our NOAA colleague Linda Wharton. 

Atlantic Oceanographic and Meteorological Laboratory (AOML) 

We participated in hurricane case studies where LAPS and WRF are run for hurricanes Dennis and Katrina. Results of these studies were discussed with AOML in several telecons and improvements to LAPS ingest and analyses were made as here described. Improvements with balance package weighting were tested. This was done in collaboration with Isidora Jankov, John McGinley and visiting PhD student Jin-Young Kim. 

A VRC (2-dimensional radar ingest) program addition was made to read in AOML aircraft 2-dimensional radar reflectivities for use in the (improved) mosaicing program and downstream in the cloud analysis package. Upper air obs can now be thinned prior to plotting to help with the dense AOML radar data. Our new ability to read surface pressure (and other variables) from dropsondes into the surface analyses helps for hurricane analysis. 

We gained greater experience with the use of observational data (e.g. radar and drop sonde) both near and inside of tropical cyclones. We also proposed a "data warehouse" to help various researchers run and compare results from case studies. LAPS archive data access scripts were made more efficient and more complete to help with hurricane case reruns. We started a real-time LAPS analysis run over the Caribbean that caught the tail end of the 2008 hurricane season. 

Steve Albers and Isidora Jankov worked on presentations about LAPS data assimilation and associated WRF forecasting for Hurricanes Dennis and Katrina given at the annual AMS conference in Phoenix. AOML radar reflectivity ingest now allows special handling when AOML data goes beyond the 24 hour clock time. 

We continued to participate in telecons with AOML and we did runs of LAPS / STMAS for a case study of Hurricane Rita. We are also doing some analysis runs in real-time for the 2009 hurricane season. Investigations with GSD/ISB into the decoding of dropsondes were started and several improvements were made. LAPS / STMAS dropsonde ingest was refined to be more complete and reliable. We are starting to work on ingest and assimilation of airborne radar velocity data for LAPS / STMAS. 

<Insert Albers fig 4 here>

WISDOM Balloon Project  

We assisted Yuanfu Xie from GSD/FAB in setting up radar and other data ingest for the WISDOM domain STMAS run to help monitor balloon trajectories. In addition we have a larger domain over the Caribbean running the LAPS analysis that can help track long lived balloons. 

During the WISDOM test field exercise from late September into November we provided forecast support for the project, both to determine where the balloons might go as well as the forecast weather at the launch sites.  The 2008 season was a intended to be a trial operation to demonstrate the feasibility of launching the balloons, although a couple of storms were marginally sampled. 

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

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. Several meetings were held and retrospective LAPS runs are being tested for this case study. A successful proposal was submitted to the GSD director for a CIRA managed special project dedicated to continued resesarch on this topic. 

                                                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 in Fall 2009.

B. Project Title:  Non-LAPS Activities

1. Science on a Sphere

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

CIRA staff continued to monitor the reliability of various real-time animations, both on our operational and newer developmental machines. CIRA staff also attended SOS meetings.

Tests were conducted with the GME global atmospheric model running in Korea to see if it can be displayed using SOS. With our earthquake animation, locally gathered data from the Taiwan CWB has been integrated with the global database from USGS (Fig. 5) to give greater earthquake accuracy over Taiwan. A new animation of the "Blue Marble" image with nighttime lights was created. 

<Insert Albers fig 5 here>

We made an animation showing the establishment of GLOBE schools around the world over the past 14 years. 

CIRA staff worked on setting up a quasi real-time animation from the STEREO pair of satellites orbiting the sun to show more than half the solar disk in extreme ultraviolet light. This involves adapting our reprojection software so it can work with the spacecraft images provided by Goddard Space Flight Center. An algorithm was developed to use persistence imagery to fill in the part of the sun that has rotated out of view. Work is continuing on improving the reliability of the animation. 

The map of Mercury was updated with improved use of older Mariner imagery along with improved navigation of the newer images from Messenger. The map of Saturn's moon Mimas was reworked with improved navigation information for the individual images. The Enceladus map now has color imagery more widely used, as well as improved navigation in the vicinity of the south pole. Some new Cassini imagery was added to the Tethys map. The map of Saturn's satellite Rhea was updated with new imagery from a February Cassini flyby. Maps were updated for Titan and Iapetus using the latest available Cassini spacecraft imagery. The map of Iapetus is slated to be used in a paper in "Science" magazine. 

<Insert Albers fig 6 here>

2. QC Procedures for Application to US Operational and Real-time Mesonetwork Precipitation Observations

Please check with Randy Collander on this who now works with the MADIS group.

3. Data Link Dissemination (DLD) Project

Participating CIRA Researcher: Ed Szoke 

Even though the TAMDAR (Tropospheric AMDAR (Aircraft Meteorological Data Relay)) data from the Midwest that had been part of the TAMDAR Great Lakes Field Experiment continued to be available to forecasters and numerical models, funding levels were drastically reduced to ESRL in the last fiscal year.  A small amount of monitoring and case study work continued with the limited funding over the past year. 

4. Balloon-borne Atmospheric Sampling 

Please check with Randy Collander on this who now works with the MADIS group.

5. Trend Analysis 

Funding for this was unavailable for FAB CIRA staff during the 2008-2009 academic year.

6. ESRL Model Prediction Post Processor

Funding for this was unavailable for FAB CIRA staff during the 2008-2009 academic year.

7. FX-NET

Funding for this was unavailable for FAB CIRA staff during the 2008-2009 academic year.

8. Web site development

Funding for this was unavailable for FAB CIRA staff during the 2008-2009 academic year. LAPS websites are discussed in Section A-1.

9. Development of a Multi-Vehicle Atmospheric Trajectory Prediction System 

Funding for this was unavailable for FAB CIRA staff during the 2008-2009 academic year.

10. Flow-following finite-volume Icosahedral Model (FIM)

Participating CIRA Researcher: Ed Szoke 

The FIM is a new global model that has been developed over the last couple of years at ESRL/GSD.  It features an icosahedral grid with a grid spacing of 30 km, and in the vertical the hybrid isentropic-sigma coordinate used in the RUC.  The homepage at  http://fim.noaa.gov/ describes the model in detail and gives access to the forecasts, which are run twice daily out to 7 days.  Our efforts have involved examining the model forecasts to determine their quality and comparing to forecasts from the GFS and ECMWF.  This effort is important to establish how the FIM compares to other models, since one potential role for the FIM in the future may be as a member of the North American Ensemble Forecast System (NAEFS).  A conference paper was submitted to the 23rd Weather Analysis and Forecasting/19th Conference on Numerical Weather Prediction, with the talk given in early June at the conference.

11. GOES-R Proving Ground

Participating CIRA Researcher: Ed Szoke 

The GOES-R Proving Ground was established to help National Weather Service forecasters prepare for the transition to the GOES-R satellite era, with the first launch scheduled for 2015.  The key to the effort is close two-way interaction with forecasters to determine the best potential products that can be developed from the myriad of possible products that will be available with the expanded number of channels on the GOES-R satellites.  As outlined on the project homepage at  http://cimss.ssec.wisc.edu/goes_r/proving-ground.html, three principal groups are involved, CIRA, CIMSS with the University of Wisconsin-Madison, and SPoRT, a NASA sponsored group co-located with the University of Alabama-Huntsville and the NWS Huntsville Weather Forecast Office (WFO).  Our efforts are principally to be the main liaison with the Boulder and Cheyenne WFOs, where we have begun to introduce test GOES-R like products onto their AWIPS workstations.  A conference paper was submitted to the 23rd Weather Analysis and Forecasting/19th Conference on Numerical Weather Prediction, with the talk given in early June at the conference. 

Publications:

A CIRA-FAB 2008-2009 publications list is available on-line at this URL:

http://laps.noaa.gov/cira/annual_report/2008-2009/pubs/all.html

