IV.  Research Collaborations with the GSD Forecast Applications Branch (updated 4/23/2008 2026UTC)

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 (for activities #1, 2, 3, 5, 6, 7, 8, 9, and 10)

· Coasts, Estuaries, and Oceans (for activity #10)

· Hydrology (for activities #3 and 9)

Key Words: Local analysis and prediction, high resolution modeling

Narrative:

1. LAPS / WRF Improvements


Participating CIRA Scientists: Steve Albers, Chris Anderson, 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.  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 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, 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.

Research Accomplishments/Highlights:

Improvements were made in the Local Analysis and Prediction System (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.  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. 


                                    LAPS 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

Surface observation ingest quality control was improved. Duplicate station checks were made more versatile and otherwise streamlined. Default memory allocation was increased so we can accomodate more observations. 

               Upper Air Observations

The dropsonde ingest should now support the NIMBUS NetCDF format. This opens the way to do research on the usefulness of special sondes dropped into Pacific atmospheric rivers or Atlantic hurricanes to name two examples. Dropsonde support was also added to our case data retrieval script. Aircraft observation quality control was improved.

For cloud-drift winds we are including traditional IR data plus newer datasets for visible, water vapor, and sounder instruments/channels. Support was added for the ASCII format we see with newer satellites such as GOES11 (and GOES12), as well as support for water vapor (WV) based measurements. We also changed the default list of satellites to be GOES 10 and 11.


                                              Surface Analysis

The handling of observation error was streamlined in the software. Temperature QC thresholds are now applied independently over land and water areas to help in the global analysis of sea surface or "ground" temperature. Surface verification bias statistics are now included in the data summary "what-got-in" log file.


                                            Radar Processing

We have worked towards more efficiency and other functional improvements for radar remapping and mosaicing. We now handle either /public or NCDC formats for archived wideband radar data. Error checking and debugging info was added for remap lookup table generation. The radar mosaicing program has improved warning messages about parameter consistency. 


                                    Wind / Temperature Analyses

A new 1-D weighting array was added to improve looping efficiency with a 20% overall speedup noted in the wind analysis. A new K looping strategy was implemented that further speeds up the wind analysis somewhat. The maximum number of wind observations can now be set dynamically as a runtime parameter for better flexibility with machines of different memory capacity. Some other wind analysis mods were made to optimize the use of memory on the IBM. This helped pave the way to increase the vertical resolution of our operational runs. 

The vertical radius of influence for surface wind observations was reduced to half that of other observations to help improve wind analysis accuracy in the boundary layer. Data structures were updated (for consistency with the wind analysis) in support of specifying temperature observation locations in between vertical grid levels. 


                                      Cloud / Precipitation Analyses

For the cloud omega field, the single namelist parameter now switches all of CWB collaborator Adan Teng's changes in both the radar omega and the cloud omega routines. Therefore we would run without Dr. Teng's flag for HMT (stratiform cases) and perhaps with the flag for convective or tropical storm cases. There may be ways to make the cloud omega code adjust in a more dynamic fashion between these regimes. In brief, perhaps the parabolic profile could be set to extend about halfway above the convective portion of a cloud into the overlying stratiform region. 

Improvements were made to cloud analysis handling of radar echoes and cloud bases as a result of evaluating LAPS reruns for the Greensburg, KS tornado case day. Furthermore we are considering the use of surface derived lifted condensation level (LCL) information as an aid in the decision tree to find cloud base height in the vicinity of radar echoes. 

The precipitation analysis has a new gauge only 1-hour precip analysis that is substituted for incremental precip in areas where the radar analysis is missing. The background (LGA/FSF) precip is used as a first guess if it is available. This is being tested in real-time on the G-LAPS run.


                      General Software Improvements & Portability

LAPS documentation, process logging, and CDL descriptions were improved. Software was streamlined and made more consistent helping to make it more understandable. Software was made more portable to different platforms and quality control checks were improved. LAPS was made more portable to work with the Intel 'ifort' compiler. LAPS build and ingest driver scripts were updated and improved. Scripts that report what data get into the analyses were improved. The scheduling script can now accept a command line argument that selects from a variety of combinations of runtime executables depending on the application.

Archive case rerunning scripts accessing mass store data were refined. The scripts for accessing archived observations for retrospective LAPS runs can now automatically untar the data files. Data purging scripts were improved. 


                                    LAPS Implementation

We continue to run an hourly global LAPS analysis (GLAPS) on a 21km resolution domain. Real-time data and graphics are available on the LAPS web site, an ESRL wide web database, as well as Science On A Sphere (SOS). Improvements were made in the geometric reprojection of wind barbs when displaying GLAPS on SOS. The SOS display resolution was increased. Color tables and color bars were improved as well. GLAPS was featured in a recent town hall meeting given by the ESRL director.

<Insert Albers fig 1 here>

We set up a LAPS software build on our newest supercomputer (WJET) for the purpose of testing and integrating STMAS software. We have added MADIS QC flags for pressure variables (MSLP, altimeter, and station pressure). We also added a QC check for the MADIS subjective station reject list. In collaboration with NOAA colleagues a journal article is being submitted. 

<Insert Albers fig 2 here>

We maintain the LAPS software distribution and the associated web site.

                                               WWW LAPS Interface

A lag time parameter was added that will allow reading data up to 3 hours old without specifying a time when using the "on-the-fly" web page. A test for missing model RH data was included to help get the best humidity field when plotting model forecasts. Image support was added for balanced divergence. Place holders were added for future high-resolution coastline (RANGS) data use.

The color scheme for surface observation plots now reflects the vertical location of the observations. Color tables were improved for Theta(e-sat) cross-sections - and for precipitable water providing better global moisture depiction. Color bars were improved for high resolution plots. Wind barb density was increased for zoomed in upper air plots while satellite image plots now have improved zooming functionality. Changes were made so labels can be displayed with zoomed in fields. 

Cloud and precipitation type cross-sections were optimized to work with the new high-resolution display strategy. Full station names can now be plotted for stations up to 5 characters. Updates from the "on-the-fly" page have been added to the LAPS software release.


                    Mesoscale NWP Model Initialization and Evaluation

With regard to software improvements of the WRF numerical model, Schultz microphysics has been added to the microphysical suite in the latest version 3 of WRF-ARW code.

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: Chris Anderson and Steve Albers

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:

We continue to maintain LAPS analysis shadow runs on the GSD cluster in support of the on site LAPS/MM5 runs for range safety operations at Kennedy Space Center and Vandenberg Air Force Base. The system was modified over the previous year to include initialization from real-time SST analysis that is received in the data feed to the US Space Launch facilites.

Software logging information was improved to assist the selection of the level used in the surface reduced pressure analysis. We provided guidance and software assistance to the Western Range to get Level-II and Level-III radar ingest working again.  Tower data declarations were fixed for the newer RSA Met Tower routines we are using on the GSD shadow run. We also helped verify that LAPS running at the ranges is satisfying the requirement agreements for data ingest and analysis.

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. 

3. Model Ensembles and Ensemble Post Processing

            Participating CIRA Scientists: Chris Anderson, and Isidora Jankov

Ensemble forecast system testing and implementation continued in support of the  Hydrometeorological Testbed.  This year, the forecast length of the system was extended from 24 to 72 hours.  Testing of the system included using the ensemble output to drive stream-flow models to provide ensemble river stage forecasts and designing alternative domain configurations to accommodate a wider user base.

4. Wind PADS  (Precision Airdrop)

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

5. Taiwan Central Weather Bureau (CWB)


Participating CIRA Scientists: Steve Albers and Chris Anderson

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

See LAPS/WRF Improvements under section 1.

Research Accomplishments/Highlights:

We're continuing to maintain several LAPS analysis runs for Taiwan domains both at GSD and at the CWB. One of our runs on EJET is being evaluated and compared with the GSI run. Some improvements to the radar remapping code lookup tables were made so they work properly on EJET. Our ACARS ingest was improved so it can bring in the aircraft observations for our CWB runs. 

We worked with the CWB towards the goal of improving the velocity dealiasing software they are contributing to LAPS. We worked to reestablish the tropical cyclone bogusing data feed from their new server for our GSD runs. 

Collaborating with others in FAB, We coordinated the preparation of our LAPS/WRF Ensemble modeling software on a DVD for delivery to the CWB.

A README file was started to help in understanding and documenting how the new STMAS-3D software operates.

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. 

6. NWS Interaction


Participating CIRA Researchers: Ed Szoke and Steve Albers

a. AWIPS and AWIPS/LAPS 

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.  The LAPS software is being periodically updated within successive AWIPS builds in order to use our latest analyses.  We continue to support and monitor a shadow run that helps us ensure that the LAPS software is ready for AWIPS releases. 

We are consulting with several WFOs who are running LAPS either within or external to AWIPS. In some cases they will need to correct their station elevation database to get an accurate LAPS temperature analysis.

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.  Finally, 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.  

7. Regional Climate Studies

            Participating CIRA Scientist: Chris Anderson

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

Chris Anderson developed a modeling system based on WRF that can be used to perform seasonal to decadal regional simulations of climate. The system will be used to test the utility of downscaling seasonal forecasts from the Climate Forecast System for use in western water management decisions.

Chris worked with the Western Water Assessment in NOAA/PSD to provide an educational seminar and initial analysis in support of Colorado front range water managers, who prepared a grant to assess sensitivity of decision tools to climate shifts.

8. LAPS III (Ensemble-based LAPS)


Participating CIRA Scientists: Chris Anderson and Randy Collander

Ensemble work is described in Sections 3 and 9. Randy Collander may have additional input with web displays.

9. Hydrometeorological Testbed (HMT)

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


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.  The funding materialized after the CIRA statement of work was drafted.  Three large field campaigns were held in December through March of the past three winter seasons in the American River Basin (ARB) of the Central Sierra Mountains (Fig. 3).  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 in support of field operations and NWS operational forecasting. 

<Insert Albers HMT fig 3 here>


Research Accomplishments/Highlights:


                LAPS Analysis 

The HMT/LAPS analyses (laps.noaa.gov) are used to create web graphics for nowcasting, and they provide gridded initial conditions for experimental numerical weather prediction models we are running in support of NWS weather forecast office and river forecast center operations.  The analysis software assimilates a wide variety of in-situ and remotely sensed data including GOES satellite and full volume reflectivity and velocity scans from nine WSR-88D radars.  Some experimental observation systems are assimilated as well, e.g., the 915 MHz profilers deployed in the HMT domain by ESRL/PSD.  We set up and made improvements to our real-time hourly analysis run over the American River Basin, running at 3km resolution (figure 4a).  The surface relative humidity and wind fields show a wealth of detail related to the topography and larger scale weather systems.  In Fig. 4b, we can see where in the HMT domain the precipitation (both liquid equivalent and snowfall) has accumulated over the past day, as well as the current location and type of precipitation.  Cross-sections (Fig. 4c) also help show how the three dimensional wind and precipitation fields interact with the terrain. This information is useful for a forecaster who may want to anticipate the evolution of precipitation over the ARB, located in the center of the domain. 

            <Insert Albers HMT fig 4a here> 

<Insert Albers HMT fig 4b here>

<Insert Albers HMT fig 4c here>


Model Forecasts 

Forecasts from NWP models are a primary source of guidance to forecasters at forecast lead teams beyond 6 to 12 hours. NWP efforts for HMT are focused on improving precipitation forecasts in order to improve the timeliness of flash flood warnings and the accuracy of stream and river flow predictions.

During the 2007-2008 winter field campaign, we responded to forecaster input by producing ensemble forecasts out to a 72 hour lead time.  We added a few diagnostic variables and participated in system testing to improve the timeliness of model output display on ALPS machines installed during the field campaign.

The project is now moving into an intense developmental phase in which a new forecast domain will be designed, perhaps new ensemble strategies explored, and computing resources determined to run the install the new ensemble system with the support of California Department of Water funds at the California-Nevada River Forecast Office in 3-4 years.

            <Insert Albers HMT fig 5a here>

Gridded observations produced by the California Nevada River Forecast Center are shown below (Fig. 5b). 

<Insert Albers fig 5b here>

 Examples of the precipitation output are provided in Fig. 6. 

<Insert Albers HMT fig 6a here>

<Insert Albers HMT fig 6b here>

Fig 6b. Ensemble probability of 6-hr accumulation of precipitation exceeding 0.5" ending at the 18-hr lead time. 

<Insert Albers HMT fig 6c here>

Fig. 6c. Ensemble probability of 6-hr accumulation of precipitation exceeding 1.0" ending at the 18-hr lead time. 


WRF model QPF as Input to Hydrological Models 

We have continued development of initializing streamflow models with HMT ensemble model output, including the CHIPS model that is expected to be installed with AWIPS-II.  The lead on this work is Huiling Yuan, CIRES scientist.

<Insert Albers HMT fig 7 here>

Fig 7. Hydrograph traces for the North Fork American River that were generated using WRF ensemble precipitation forecasts as input to a hydrology model. 


Daily Forecast Support 

For the third year in a row, CIRA staff provided real-time support to the field experiment in the form of detailed daily discussions of the precipitation forecast over the testbed.  This included participation in the daily (7 days a week) conference call and posting text forecasts to the HMT website. 

An important part of the HMT program, as outlined at http://www.esrl.noaa.gov/psd/programs/2007/hmt/, is to assess various instrumentation, including new radar technologies, designed to better measure precipitation and determine precipitation type.  The ultimate goal is to arrive at more accurate quantitative precipitation estimates (QPE) which, coupled with the advances in high resolution numerical modeling, can lead to improved hydrologic forecasts and warnings.  Additional observations during events include special radiosonde launches at frequent intervals to document the characteristics of each storm.  All of these special observations require scientists to be on station for each event, but events might be widely spaced in time, so the strategy has been to make a forecast of each event and then staff accordingly, with some of the required staff having to fly in from Boulder as well as Norman, Oklahoma. 

The general forecast goals are to give as much advance warning of a potential event (an "Intensive Operational Period" or IOP) as possible, with a go/no go decision needed usually no less than 24 to 48 hours in advance.  The ultimate decision to call an IOP rests with the Project Director (this position rotating among several scientists within NOAA), but is of course highly influenced by the forecasters and their confidence in a potential IOP.  A conference call among HMT participants occurs every day during the program at 1230 local mountain time, with the initial business a forecast discussion, followed by further discussion and interpretation leading to a decision on a potential IOP.  A written forecast and forecast discussion is also done and posted to the project webpage (at http://www.esrl.noaa.gov/psd/programs/2007/hmt/) near or shortly after the conference call.  A preliminary version of the forecast discussion is sent to the project directors at least an hour or so ahead of the conference call for planning purposes. 

CIRA staff have been an integral part of a larger forecasting cadre that represents a cooperative effort between the National Weather Service (NWS) Weather Forecast Offices (WFO) in the HMT area, which are the Sacramento and Monterey WFOs in California and the Reno WFO in Nevada, the NOAA California-Nevada River Forecast Center in Sacramento, and the NOAA National Centers for Environmental Prediction (NCEP) Heavy Precipitation Branch.  During the HMT exercise, the Boulder forecasters were responsible for the written discussion posted to the website and leading the forecast part of the daily conference call.  Typically, the forecast discussion involves input from the other participants, particularly when the weather prediction becomes less certain.  A prototype AWIPS workstation was installed at the participating WFOs to allow the forecasters there to examine the output from the special model forecasts being run at GSD for the project.  There was also occasional participation by two NOAA forecasters from ESRL's Physical Sciences Division, who provide occasional longer range (2 to 3 week) guidance based on their analyses and interpretation of model forecasts. 

CIRA and other forecasters in Boulder use a variety of information and model forecasts to make the HMT daily forecast.  The standard operational models are found on AWIPS, but the web offers a look at many other models as well as ensemble model forecasts from the NCEP Global Forecast System (GFS), as well as a set of ensemble forecasts from Environment Canada.  Analyses of water vapor and other parameters are available from a number of other sites, with one of the favorites out of the University of Hawaii.  A set of the most often used sites has been compiled onto a web page for the project at http://laps.fsl.noaa.gov/szoke/DWB/Hydromet_Test_Bed_fcsthomepage.html.  In the shorter range, of course, the forecasters utilize the various 3 km and ensemble runs initialized with LAPS and run locally at GSD that are described in this article. 

                Post-Season Analysis and Research 

In terms of research activities, there are several HMT ongoing projects in collaboration with PSD and CIRES scientists. Initially, a study by Jankov et al (2007), evaluated the impact that various microphysical schemes, Planetary Boundary Layer (PBL) schemes, and initial conditions had on Quantitative Precipitation Forecast (QPF) over the HMT area and for events characterized by atmospheric river settings. It was found that for this type of events and this location only variations in microphysics resulted in a statistically significant impact on simulated precipitation amounts. Several ongoing studies build on this finding and focuses on various ways to evaluate performance of high-resolution numerical model with various microphysics and possibly finding a way to improve QPF in the case of significant precipitation events during a winter in California.    

An ongoing study in collaboration with several scientists from NOAA/PSD (Jian-Wen Bao, Paul Neiman and Allen White) and CIRES (Huiling Yuan) focuses on a detailed analysis of a high-resolution numerical model with various microphysics performances in the case of atmospheric river events. For this purpose, simulations of the representative events have been performed by utilizing the WRF-ARW numerical model with four different microphysics (Lin, Thompson, WSM6 and Schultz). The evaluation has consisted of comparisons of the flow and cloud structure against observations from experimental radars deployed for the HMT project. This study has revealed a more details about performance of various microphysical schemes for this type of events, 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 overestimation the moisture content and the upslope wind component’s duration and intensity. 

!!!!Insert observational image!!!!

The finding about the WRF-ARW model tendency to overestimate the intensity and duration of the upslope wind component has served as a motivation for a study to quantify the impact that various microphysical schemes and intensity of upslope wind component as well as the interaction between the two have on simulated orographycally induced rainfall. For this purpose 12-hour high resolution WRF ARW model simulations of a typical atmospheric river event will be used. The simulations will include variations in microphysical schemes and wind initial conditions. The initial wind perturbations will be generated by Monte Carlo sampling from Gaussian distribution using analysis based covariance estimate. The impact of microphysics and wind variations on the simulated rainfall will be quantified by using the factor separation methodology. This method measures absolute, relative and synergistic contribution of each variation to the simulated rainfall.

Further evaluation of WRF-ARW model with various microphysics performances will be assessed by producing synthetic satellite imagery and using an objective measure of difference in various microphysics compared to observations. This research will be performed in collaboration with CIRA scientists Louie Grasso and Sngupta Manajit.  To make this research possible a production of observational operators for WRF-ARW model has been developed as a part of collaborative work with a group of CIRA scientists (Renate Brummer, Louie Grasso, Sngupta Manajit, Dusanka and Milija Zupanski) on a WRF/RAMS Synthetic Imagery Project. An example of a synthetic satellite image (brightness temperature) from WRF-ARW model simulation using Schultz microphysics for storm Kyrill that occurred 18-19 January 2007 over Europe is presented in Fig. Xxxx

Fig. XXXX Brightness temperature for Kyrill from WRF-ARW model using Schultz microphysics valid at 12 UTC 18 January 2007.

An NSF proposal in collaboration with CIRES scientist Tomislava Vukicevic for work which will focus on improving nonconvective precipitation accuracy by objectively estimating the individual contributions of parameterized processes representing generation and depletion of the various hydrometeors has been recently granted.

The new method will be developed and tested using the Weather Research and Forecasting (WRF) model and this model’s 4-dimensional variational (4DVAR) data assimilation system. In this study once again the focus will be on modeling and prediction of precipitation associated with strong synoptic scale forcing mechanisms and topography.

One of the current ongoing activities is a build on a theoretical study performed in collaborations with a CIRES scientist Tomislava Vukicevic and an FAB scientist John McGinley, recently published in Monthly Weather Review. The main focus of this study was a development of a technique which unifies evaluation of the forecast uncertainties produced either by initial conditions or different model versions, or both. 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. The current activity consists of applying the theoretical approach on “real” data. For this purpose simulations of atmospheric river events performed by using WRF-ARW model with mixed physics and mixed initial conditions are used. 

CIRA researches actively participated in a Quantitative Precipitation Evaluation (QPE) project funded by the GSD director Steve Koch and led by Steven Mullen from Arizona State University. The main goal of this study was to evaluate a possibility of producing a better precipitation analysis by using an ensemble of WRF model forecasts to recover a background error covariance. Preliminary results were presented in a recent seminar and first draft of an official journal publication has been made. CIRA researchers will take a part in an extension of this study which will involve an implementation of the experimental radar data available for the HMT 30-31 December 2005 IOP. The experimental x-band radar data have been obtained from a PSD scientist David Kingsmill.

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 (Dan Gottas, Sara Michelson, Jian-Wen Bao, Paul Neiman, Allen White, Seth Gutman, Marty Ralph, Dave Kingsmill and Tim Schneider) 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.  

Working with the California Dept. of Water Resources, we coordinated the HMT datasets that were presented using Science On A Sphere at the California State Fair in late summer 2007. We also gave a number of on-site SOS demos with these and other datasets at the fair.  We also helped with the preparation of graphics being shown with Science On A Sphere for an interview of HMT participants by a National Geographic film crew.


Conclusion 

We have finished the 2007-2008 field experiment over the ARB in 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.  Discussions are underway with HMT participants to plan Science on a Sphere presentations highlighting HMT related water issues at the California State Fair that runs during August. 

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. 

10. LAPS/WRF Modeling Activities

Participating CIRA Scientists: Steve Albers, Chris Anderson, Isidora Jankov

Fire Weather 

We continue to support a web interface recently developed that allows an end user (e.g. Redzone Inc.) to automatically move a fire analysis/forecast domain so that we can quickly respond to evolving fire situations. 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 performed a LAPS case study of fire weather for recent Southern California fires that was presented to NWS personnel in the Los Angeles area.

Department of Homeland Security (DHS)

We gave a presentation on LAPS analyses to Dr. Starnes Walker from NOAA and DHS in the hopes of setting up additional projects related to disaster preparedness.

We maintained 4.5km and 1.5km LAPS analysis runs for domains over the Washington D.C. area, including the use of Level-II Doppler radars. We assisted with the development of an observation converter from LAPS format to WRF format that can be used in DHS WRF runs.

Some changes were made to the wind analysis towards the goal of improving the boundary layer winds. This entails allowing the vertical radius of influence to be adjustable based on observation type. The vertical radius of influence for surface wind observations was reduced to half that of other observations for evaluation of the anticipated improvements. 

ATMET/AFTAC

We are working with the ATMET company to make a version of LAPS that can be built as a single executable with other changes allowing incorporation as the analysis step of the RAMS model. Recent discussions held with both ATMET and AFTAC center on the best plan to continue the configuration of a single executable version of LAPS, including what software conventions should be used. 

Global parameter names were changed by stripping off the "_cmn" or "_common" suffix to improve interfacing with ATMET's single executable version of LAPS. Modifications in various LAPS FORTRAN routines and scripts were made to accomodate this. We are changing variable declarations from "real*4" to "real" and "integer*4" to "integer" to make the GSD and ATMET versions of LAPS more compatable. This should also make LAPS more robust when compiled on 64-bit platforms. We added a new global parameter to help control the writing of output from individual routines for ATMET purposes. 

FORTRAN 90 modules that will be used by the single executable driver routines are now being compiled into LAPS, including modules used for namelist parameter definition and access. LAPS libraries - global, ingest and wind parameters - and wind analysis drivers were made more compatible with the F90 single executable ATMET LAPS realization. LAPS configuration is now set up to use C preprocessor directives to compile LAPS in either the single or multiple executable mode. Different wind driver code is specified by these directives based on the configuration.

The wind analysis modules are now better organized according to their function - this helps in setting up the desired ATMET configuration. More of the global arrays are passed down from the main wind driver. We have updated the wind analysis to handle the passage of input and output arrays (as well as parameters) in a way that is compatable with the ATMET single executable version and keeps memory usage to a minimum.

Finnish Meteorological Institute (FMI) 

We advised FMI on LAPS software including topics such as graphics plotting, web displays, and software portability. We are troubleshooting the radar remapping with some of their case data. We have a hypothesis that explains the prescence of ring shaped artifacts and are advising FMI on ways to address them. 

Hazardous Weather Testbed (HWT) 

Collaboration between the Hazardous Weather Testbed and Hydrometeorological Testbed has been established.  Chris Anderson traveled with a group of managers to an initial brainstorming and meeting session to determine how the two testbeds can work together to accomplish common goals.  A primary developmental priority that was identified was the need to advance the use of high-resolution forecasts so that they could be used in an adaptable manner.  A pilot test is underway in which a mesoscale model ensemble forecast designed by Dave Stensrud and Mike Coniglio is being used to provide initial and boundary conditions to produce a cloudscale model ensemble forecast. Also,  recently Isidora Jankov has been invited by Spring Experiment organization committee to actively participate as a researcher in this year’s experiment which takes place in Norman, Oklahoma. 

Atlantic Oceanographic and Meteorological Laboratory (AOML) 

We collaborated with AOML to run a LAPS analysis for Hurricane Dennis from 2005, 

including the use of special derived radar observations. This is a proof of concept for using LAPS to initialize the WRF model with current tropical cyclone information to help improve forecasts. The planned WRF experiments are in collaboration with a PhD student Jin-Young Kim coming to us from Korea. Our web interface was improved to be able to plot the densely packed special observations that support the analysis of tropical storms, along with flexibility in wind barb colors.

<Insert Albers fig X here>

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

B. Project Title:  Non-LAPS Activities

1. Science on a Sphere

Participating CIRA Researcher: Steve Albers

FIM and GFS global model forecast displays were updated with additional fields and improved color tables. For example, a display that overlays precipitable water with surface pressure is useful for tracking tropical cyclones. These displays are now utilizing the higher resolution 0.5 degree gridded data. This was the centerpiece of a "high-level" presentation to NOAA administrators. IDL display procedures were generalized to make it easier to switch models and modify color tables & color bars. GLAPS analysis displays were also updated with improved color tables and wind barb depiction.

Efforts were restarted to combine or "unrender" various SOS datasets so they can be used with a more generalized projector configuration.

The dataset for Mercury was updated based on recent data from the MESSENGER spacecraft as well as Earth-based radar information. A new map of Io from the USGS is now available for SOS. We worked to construct updated planetary satellite maps for several of Saturn's moons, including Dione, Tethys, Enceladus, and Iapetus. An improved map of Ariel we've been working on is part of a collaboration mentioned in a poster at a NASA planetary science conference. 

<Insert Albers fig 10 here>

We gave some SOS demos to groups visiting the Space Environment Center. In August we attended a NASA workshop on Outer Planet Satellites held in Boulder. As part of that meeting we gave an SOS presentation here at ESRL of the related Solar System datasets that are being working on. We consulted with the Smithsonian Museum of Natural History about an SOS exhibit they are developing showing oceans and the early Earth.

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


Participating CIRA Researcher: Randy Collander

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

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

Precipitation observations from several thousand sites in the United States, in hourly and daily resolution, are received by the National Centers for Environmental Prediction (NCEP) in Washington, D.C. on a daily basis.  Much of this data is manually inspected and quality controlled at the River Forecast Centers (RFC) and other locations before being disseminated to the National Weather Service (NWS) offices and other users.  The Environmental Modeling Center (EMC) at NCEP desires to have an automated, objective system for performing a more consistent quality control on the hourly data, with the expectation that a cleaner data set would be of great value in evaluating current model predictions as well as input to current numerical weather prediction models.  This quality-control software was completed in late FY04, with refinement in FY05 and FY06 as needed based upon scrutiny during daily manual evaluation and case studies. 

Research Accomplishments/Highlights:

This may be reported directly to Cliff...

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. 

4. Balloon-borne Atmospheric Sampling 


Participating CIRA Researcher: Randy Collander

            This may be reported directly to Cliff...

7. FX-NET

This may be reported directly to Cliff...

8. Web site development

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

This may be reported directly to Cliff...

10. TAMDAR Assessment


Participating CIRA Researcher: Ed Szoke 

The TAMDAR (Tropospheric AMDAR (Aircraft Meteorological Data Relay)) program underwent a big milestone when the National Weather Service (NWS) agreed to purchase the TAMDAR data from the Midwest and mid-CONUS that had been part of the TAMDAR Great Lakes Field Experiment.  The objective and subjective evaluation efforts by GSD and some NWS WFOs (particularly WFO Green Bay, Wisconsin) were crucial to establishing the usefulness and reliability of the data, input that went into the NWS decision.  In the last year we continued to evaluate the TAMDAR data, including examination of new fleets that have come online with TAMDAR in Alaska.  The evaluations include the impact on forecasts from the Rapid Update Cycle (RUC) model, utilizing both objective scoring and subjective case studies.  Both objective and subjective evaluation of the model output has shown that TAMDAR does indeed have a positive impact on RUC forecasts of wind, temperature, humidity, and precipitation.  Demonstration of the utility of the TAMDAR soundings for forecasting convection and other weather problems has also continued.  A number of conference papers have been presented during the past year.

Publications:

A CIRA-FAB 2007-2008 publications list is available on-line at this URL:

http://laps.noaa.gov/cira/annual_report/2007-2008/pubs/all.html

