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1.  Introduction

At the Forecast Applications Branch (FAB) of the Global Systems Division (GSD) of NOAA/ESRL, we have been running an analysis scheme since the 1980s known as LAPS, for Local Analysis and Prediction System (Albers et al. 1996).  The philosophy behind the creation of LAPS was to provide a real-time high-resolution analysis using all available data sources.  The analysis scheme has been a part of the Advanced Weather Interactive Processing System (AWIPS) and available to forecasters in real-time for over twenty years.  During this time a number of data sources have been added to the analysis, and the horizontal resolution increased from an original 10 km to 5 km, with the option to run at finer resolution at a WFO.  Besides providing the forecaster with a high-resolution surface and three-dimensional analysis at hourly intervals, LAPS was envisioned as a starting point analysis to use for a local model that could be run even at a WFO, and, indeed, several WFOs are running a local-scale model initialized with LAPS.    

While LAPS over the years has been associated with the analysis system described above, in fact it is really a system composed of an analysis component and a predictive component.  Within the analysis component, we have recently been testing LAPS at much higher space (down to 1 km in the horizontal grid) and time (every 15 min) resolutions.  In addition, a different type of analysis scheme known as STMAS, for Space-Time Mesoscale Analysis System, has been developed and is being run at horizontal grid resolutions varying from 5 to 1 km (Yuan et al. 2011 do we need another reference for STMAS?).  

STMAS is envisioned to one day replace the original “LAPS” analysis, and one of the motivations for our participation in EWP-2011 is to compare STMAS analyses with those from “traditional LAPS”.  Since a typical forecaster use of an analysis scheme is to monitor boundaries and monitor conditions along a boundary, we hope to have forecasters concentrate on features such as these when examining the LAPS and STMAS analyses.  Over the past year or so we have been conducting such comparisons for a number of cases, and these have been summarized in two recent conference papers and talks (Szoke et al. 2010 and 2011).  In terms of applications to potential severe weather, we focused on a known and well-studied boundary that commonly occurs in Northeast Colorado called the Denver Convergence-Vorticity Zone (DCVZ, or “Denver Cyclone”, Szoke et al., 1984).  Evaluation was done to determine how effective the analyses were in capturing this boundary (and others), as well as the value of monitoring derived fields such as surface vorticity and convergence along the boundary as it may relate to nowcasting convective development or determining the potential for non-supercell tornadoes.  How the analyses handle not only this type of boundary, but smaller scale but potentially important boundaries such as outflows, was an important question in our evaluations.

In EWP-2011 we hope forecasters can provide a similar assessment, taking advantage of quasi-stationary dry line type boundaries, for example, as well as others that typically develop in the Oklahoma area, as well as smaller outflow boundaries.  In addition, we will add a short-term modeling component that is discussed below, and follows from the idea of WFOs utilizing a high-resolution local analysis to launch a local-scale model at high resolution. 
2.  Overview of the Analyses

As noted earlier, LAPS is a long-standing analysis scheme whose original purpose was to provide a rapid, high-resolution surface and 3-D analysis on an hourly basis on a WFO type scale.  The analysis could then be used to initialize a local-scale model for short-term forecasting applications.  The original LAPS used a 10-km horizontal grid spacing and one-hour time resolution.  The LAPS schemes used in the study here have the following characteristics: 

· Horizontal grid resolutions varying from 5 km to 1 km.

· Most operational versions are at 5 km at this time.   

· Temporal resolution down to 15 min. 

· Operational versions generally at 1 h intervals.

· Full 3-D analysis.


· Available on AWIPS on WFO to sub-Regional scales, but not CONUS.


· Uses all available observations including Doppler winds, satellite, METARs and mesonet, profilers, and ACARS. 

· Utilizes variational methods and Kalman filtering techniques.
· Fairly liberal QC in order to catch smaller-scale features.
The STMAS scheme was motivated by work with the FAA to provide a quick, high-resolution surface analysis.  Some of the characteristics include: 

· Horizontal grid resolutions varying from 5 km to 1 km.

· Temporal resolution of 15 min. 

· Full 3-D analysis.

· Goal is to use all observations, like LAPS, but currently does not use Doppler winds.

· Uses a multigrid technique combining the advantages of EnKF and 4DVAR.
· QC scheme similar but not identical to LAPS.
3.  Products to be tested during EFP-2012 and EWP-2012 
We are setting up several LAPS / WRF domains to support both EWP-2011 and EFP-2011. The products are currently being displayed via the internet at http://laps.noaa.gov/hwt/hwt.html. This website has a chart and links for the various domains, and also allows for customized displays of various fields. 

	Domain (on-the-fly)
	First Guess
	Analysis
	Forecast
	Resolution
	Analysis 
Cycle Time
	WRF Initialization 
Frequency
	Forecast 
Duration
	Availability

	STMAS_CONUS
	HRRR
	STMAS (2D)
	
	2km - CONUS
	15min
	
	
	Web + ALPS

	LAPS_CONUS
	RUC-13
	LAPS
	WRF
	3km - CONUS
	120min
	Daily at 00Z
	12h
	Web + ALPS + NSSL?

	LAPS_HWT (control run)
	RUC-13
	LAPS
	WRF
	3km - Regional
	15min
	15min
	2hr
	Web + ALPS

	LAPS_HWT (10-mem ensemble)
	RUC-13
	LAPS
	WRF
	3km - Regional
	15min
	120min (18Z-00Z)
	6hr
	Web + ALPS

	STMAS_HWT
	RUC-13
	STMAS
	WRF
	3km - Regional
	15min
	15min
	2hr
	Web

	LAPS_OUN
	RUC-13
	LAPS
	
	1km - Subregional
	15min
	
	
	Web + ALPS

	STMAS_OUN
	RUC-13
	STMAS
	
	1km - Subregional
	15min
	
	
	Web


3a.  Analysis products for EFP-2012
The specific analyses to be run during EFP-2011 are discussed in this section.  

CONUS scale 3 km horizontal grid resolution analyses run once per day will be available from LAPS. These 3D grids, which will allow forecasters to monitor both surface and above-surface parameters and/or integrated parameters (such as vertical wind shear, CAPE or CIN), or generate point soundings.  

3b.  Short-range forecast products for EFP-2012
The CONUS scale LAPS analysis noted in Section 3a will be used to initialize a model run using the LAPS “hot start” technique (e. g. McGinley et al., 2001, Schultz and Albers, 2001) (note, we need more discussion on this).  This will be both a high-resolution (3 km horizontal grid resolution) experimental model.  The intent is to try and bridge a gap between longer-range models that may take an hour or more to “spin-up” and current radar and short-term extrapolation techniques.  The forecast will extend to 12 hours so we can follow the evolution of convection in the hot-started forecast.
3c.  Analysis products for EWP-2012
The specific analyses to be run during EWP-2011 are discussed in this section.  
Regional scale 3 km horizontal grid resolution analyses run at 15 minute frequency will be available from the two schemes, LAPS and STMAS.  Both will have 3D grids, which will allow forecasters to monitor both surface and above-surface parameters and/or integrated parameters (such as vertical wind shear, CAPE or CIN), or generate point soundings.  
A “State Scale” 1 km horizontal grid resolution 3-D analysis run at 15 minute frequency will be available from LAPS.  

3d.  Short-range forecast products for EWP-2012
The Regional scale LAPS analysis noted in Section 3a will be used to initialize a model run using the LAPS “hot start” technique (e. g. McGinley et al., 2001, Schultz and Albers, 2001) This will be both a high-resolution (3 km horizontal grid resolution) and high frequency (run every 15 minutes) experimental model.  The intent is to try and bridge a gap between longer-range models that may take an hour or more to “spin-up” and current radar and short-term extrapolation techniques.  With this in mind each model run will only extend to 2 hours of forecast.  This will still allow for various techniques of evaluation, including dProg/dt and a potential for an ensemble run launched hourly.
4.  Using the AWIPS2 / ALPS workstation to examine the products during EWP-2012
We are also setting up a feed into the ALPS workstation that we hope will be installed by May 1, 2011.  There are various techniques that will be available on the ALPS workstation that can be used to help evaluate the utility of the various products.  Some possibilities include the following:
1. Pre-convective environment assessment: Traditional fields used by forecasters such as CAPE, CIN, SREH, and Vertical Wind Shear can be compared from the various analyses.  Combining fields like visible satellite imagery or radar with various analyses can be done using ALPS.  Boundaries are often a focus of convective initiation, and we are particularly interested in the utility of the analyses to help forecasters better determine the potential for convective development along a boundary.  To this end overlays such as radar reflectivity, which can often identify fine lines, can be paired with various LAPS and STMAS analyses, as well as with surface observations from both conventional (METARs) and non-conventional (various mesonets) sources.  
2. Storm environment assessment: Radar reflectivity and velocity can be overlaid with the analyses to determine the environment surrounding a given storm.  One can also assess upper-level structure by creating point soundings from the various analyses, as well as the short-range forecasts from LAPS.   

3. Short-range forecast assessment: All of the fields that can be examined using the analyses will also be available from the short-range LAPS forecasts.  Of obvious interest to the warning forecaster is the behavior and development of convective storms.  Model generated radar reflectivity can be displayed on ALPS, and can be compared to observed reflectivity.  One way to do such a comparison is to use the combine image feature, which would allow one to display both the observed and model generated reflectivity as images on one screen.
Training on how to use ALPS to accomplish these assessments will be provided.  In many cases forecasters coming from WFOs will not need any training, since ALPS works like the D2D workstation that they use in operations.
5.  EFP 2012 Considerations

6.  Evaluations of the LAPS/STMAS products during EWP-2012
There are key areas where we hope to have forecaster evaluation.  The exact mechanism of doing the evaluation will still need to be sorted out, but would likely include oral questions posed by an evaluator, as well as written assessment.  
The general areas of interest include the following:

1. Are there differences between the LAPS and STMAS analyses?  In particular, evaluating trends in each. STMAS 3-D / WRF will be run experimentally at ESRL and available via the web. LAPS / WRF runs along with STMAS CONUS 2-D will be available both on the web and on ALPS. 
2. Comparison of horizontal grid resolution; value of 1 vs 3 km analyses.

3. Assessment of temporal frequency; is 15 min enough?  Is latency an issue?

4. Model forecasts: do they add value to simple radar echo extrapolation (at various short-range forecast times)?  Do they fill a gap (the next 2 h) that other model forecasts have?  Do the forecasts retain important features and at what scale (larger boundaries versus outflow boundaries, for example)?

Often the best assessment comes from the forecaster recording comments during real-time, which could be guided by the specific questions listed below based on the above areas of interest:

1. Are there significant differences between the various analyses in displays of traditional pre-convective environment assessment fields such as CAPE, CIN, SREH, and Vertical Wind Shear?  Do the trends of these fields appear reasonable, and what differences are there?  Is the temporal frequency sufficient? 

2. Are there differences in how the analyses and short-range forecasts resolve boundaries?  Specifically, larger scale boundaries (a front or larger-scale convergence line such as a dry line) versus smaller-scale outflow boundaries?  Is there any value in the trends in derived fields such as surface vorticity and convergence, and how do these fields compare in the 1 vs. 3 km analyses?

3. Are the short-term forecasts useful for convective storm evolution?  Are there differences among storm types (supercell vs. multi-cellular convection)?  Is the model able to develop storms that actually do form?  Are there under/over forecast issues?  Is product latency an issue in using the forecasts effectively?

7.  Verification
We are presently formulating our verification plans. We can check that our FUA/FSF files are being copied to the Mass Store from the JET WRF runs. If we want to archive the LAPS/STMAS analyses we can adapt the ‘msslaps.csh’ script that runs on FAB machines so that it can also run on JET.
8.  Summary

The participation in EWP-2011 and EFP-2011 affords the opportunity for a real-time test of cutting-edge analyses at very high time and space resolutions.  These analyses have not yet been tested in an operational setting, and there are many issues that can be addressed in the EWP / EFP exercises.  The use of the ALPS workstation should allow for considerable flexibility in displaying the new products in concert with many different types of observations.  

The short-term modeling component addresses a new realm of determining how useful very short-range but frequently (every 15-min) run models initialized with a very high-resolution and inclusive analysis scheme can aid in the warning process.  As with the analyses, the ALPS workstation will allow for immediate subjective verification possibilities and assessment of the forecasts that should allow for very useful feedback on the utility of this modeling scheme.

7.  References

Albers, S., J. McGinley, D. Bierkenheuer, and J. Smart, 1996: The Local Analysis and Prediction System (LAPS): Analyses of clouds, precipitation, and temperature. Weather and Forecasting, 11, 273-287.
Jankov, I., W. A. Gallus, M. Segal and S. E. Koch (2007): Influence of initial conditions on the WRF-ARW model QPF response to physical parameterization changes. WEATHER AND FORECASTING, 22(3), 501-519, Html 

Jankov, I., W. Gallus, M Segal, B. Shaw and S. E. Koch (2005): The impact of different WRF model physical parameterizations and their interactions on warm season MCS rainfall. WEATHER AND FORECASTING, 20(6), 1048-1060, Html
Szoke, E.J., S. Albers, Y. Xie, L. Wharton, R. Glancy, E. Thaler, D. Barjenbruch, B. Meier, and Z. Toth, 2010: Assessing the utility of several analysis schemes for diagnosing precursor signals for convective initiation and non-supercell tornadogenesis along boundaries.  25th Conference on Severe Local Storms, AMS, Denver, Paper 14.2.

Szoke, E.J., S. Albers, Y. Xie, L. Wharton, R. Glancy, E. Thaler, D. Barjenbruch, B. Meier, and Z. Toth, 2011: A comparison of several analysis schemes in their ability to diagnose boundaries.  24th Conference on Weather Analysis and Forecasting/20th Conference on Numerical Weather Prediction, AMS, Seattle, Paper 15.A6.
Szoke, E.J., M.L. Weisman, J.M. Brown, F. Caracena and T.W. Schlatter, 1984: A subsynoptic analysis of the Denver tornadoes of 3 June 1981.  Mon. Wea. Rev., 112, 790-808.
Yuan, H., Y. Xie, S. Albers, and I. Jankov, 2011: Impacts of the STMAS cycling data assimilation system on improving severe weather forecasting.  15th Symposium on IOAS-AOLS,  AMS, Seattle, Paper J13.2.
McGinley, J.A. and J.R. Smart, 2001: On providing a cloud-balanced initial condition for diabatic initialization. Preprints, 18th Conf. on Weather Analysis and Forecasting, Ft. Lauderdale, FL, Amer. Meteor. Soc.

Schultz, P. and S. Albers, 2001: The use of three-dimensional analyses of cloud attributes for diabatic initialization of mesoscale models. Preprints, 14th Conf. on Numerical Weather Prediction, Ft. Lauderdale, FL, Amer. Meteor. Soc.
