 Steps Toward Pre-reference Testing of WRF
Analogous to pre-implementation testing (PIT) that has already been outlined as part of a critical path to operational implementation of WRF, there is another critical testing phase that precedes PIT.  The purpose of pre-reference testing (PRT) is to ensure that a given WRF prototype performs sufficiently well to attain the status of “reference” code, whereupon it is considered suitable for a community code with full research capability. 

A research-capable version of WRF is one that has been developed and tested to the level where it is well suited for use in cloud/mesoscale research across a broad range of idealized and NWP applications. Community users should be able to apply WRF to their particular research projects with the confidence that the basic system has been well tested and is suitable for their needs. In particular, the reference version of WRF should perform at least as well as current, widely-used community mesoscale models such as MM5. 

Priority emphasis will be given to testing WRF for horizontal grids in the range of 1-10 km, although some testing at both higher and lower resolutions will be necessary. Physics packages must be evaluated and tuned in the new WRF system across this range of resolutions. Particular emphasis will be placed on convection-resolving applications, since this is an area of strong interest for current research and for future operational NWP systems. To support diverse applications, the research-capable version must support flexible options for model configuration, particularly for features involving model initialization (idealized soundings, SI, data assimilation), lateral boundary conditions (rigid, open, periodic, specified), and grid nesting (one-way and two-way interacting, movable). These options must be well tested and easy to use in the research version.

The testing strategy that comprises PRT differs from that which comprises PIT but it is not entirely independent. The purpose of this document is to outline the major components of PRT, including the tests involved and the manpower requirements to perform those tests. It should be kept in mind that PRT is inherently less rigid than PIT, meaning that the details of what tests are performed may depend on previous tests or on specific aspects of the WRF system being tested. Furthermore, PRT will be flexible enough to incorporate new verification techniques as they become available.

In order to progress from where WRF is currently to a status of full research capability, the following steps are required (lead organization(s) listed, points of contact are representatives of WG7):

1.
Evaluation of optimal model physics packages. 

a.
Motivation

Unless all physics packages and combinations of physics in the model are tested and tuned for appropriate applications, it will not be possible to conclude that any combination of physics subjected to pre-implementation testing is optimal in any sense. This activity requires all model physics and combinations of model physics to be run in selected, idealized flows and compared against a simulation of fine vertical and horizontal resolution with a minimum of parameterizations. The simplest example is that of two-dimensional simulations of convection wherein cumulus parameterizations can be compared with cloud-resolving simulations. Further testing of model physics will then progress through analysis of case-study, real-time, and retrospective simulations.

b.
Tasks (NCAR)

· Define selected idealized flows, preferably those for which two-dimensional solutions are representative

· Conduct reference simulations at high resolution

· Create and execute scripts to run all permutations of model physics of interest at a range of horizontal and vertical grid spacings.

· Determine verification measures. Comparisons will be obtained by coarsening all forecasts to a common grid representative of the lowest-resolution member of the sample.

· Tune physics, as appropriate, for consistency with the dynamic model solver.

2.
Detailed analysis of individual cases. 

a. Motivation

Detailed examination of individual cases, covering a variety of weather situations, allows the diagnosis of model errors and relatively rapid initial assessments of changes in model physics which can then be subjected to more extensive, longer-period tests. For the past year, numerous cases have been simulated with the WRF height and mass coordinate models, listed below:

      Idealized:

·         Gravity current (2-D, 100 m grid)

·         Mountain wave (2-D, range)

·         No flow; steep mountain (2-D, 2 km, 20 km)

·         Squall line (2-D, with ice, 1-2 km)

·         Baroclinic Wave (3-D, 100 km grid)

      Observed:

·         January, 2000 East Coast Storm (30 km)

·         Tropical cyclone (10-20 km)

·         MCS case (20 km)

·         Arctic Front (30 km)

Tasks:

Several other cases, representative of different forecast problems, will be added to the test suite. (NCAR)

· West Coast frontal cyclone (PACJET)

· Appalachian cold air damming

· West Coast summertime case (stratus & fog)

In addition to augmenting the test suite, scripts will be created (many exist) to run individual cases. Graphical scripts will also be automatically executed to produce plots which can be directly compared with images of observations residing the same directory. The user will be able to choose which test cases to run from the total set available. The tests are designed to be tractable computationally so that the entire suite can be integrated in a reasonable time if desired.

3.
Real-time forecasts.

a. Motivation

These are designed to evaluate WRF on a daily basis and build up relatively large statistical samples. Real-time forecasts have been running at NCAR, AFWA and NSSL for about 1 year. These will become coordinated to test differences that arise from different choices of grid resolution and physics in WRF.

b. Tasks

· Perform parallel tests of WRF Mass coordinate model for 1-month periods to test differences in physics that are appropriate for different seasons. (NCAR)

· Perform comparisons with MM5 and document differences (NCAR, AFWA, NSSL)

· Perform precipitation verification of both forecasts (NSSL)

· Create selected pressure-level datasets for automated verification (NCAR, AFWA, NSSL)

· Compute verification statistics on selected pressure level datasets (FSL, AFWA)

4.
Extended test periods 

a. Motivation

These tests are an extension of case studies where many days of sequential forecasts are integrated with fixed model configurations initialized with operational analyses. Without extended retrospective periods, it is not possible to know the applicability of the results of individual case studies. Extended periods are also crucial for testing cycling data assimilation systems.

These configurations will be determined from results of (1), (2) and (3). These simulations will undergo evaluation by traditional verification measures, newer measures designed to highlight phenomenologically dependent model errors, and subjective verification. Test periods will range from roughly a few days to two weeks and focus on model behavior in distinct weather regimes. Extended test periods are further distinguished from pre-implementation tests by involving shorter and variable test periods as well as tests of a broader range of options and resolution.

Significant resources are required for retrospective testing which is envisioned as a collaboration among primarily FSL, NCAR, AFWA and NCEP. Selected test periods will be integrated on either FSL or NCAR computers and will be verified using software from FSL, NCEP or AFWA. Decisions regarding specific retrospective periods and details of verification methods and software will be made in consultation with WRF partners.

b. Tasks to prepare for retrospective tests (ALL indicates NCAR, AFWA, NSSL and NCEP)

· Define minimal set of statistics to be calculated for case studies and retrospective periods (NCAR)

· Choose a verification package that can be supported for the research community (NCAR)

· Develop strategy for archival and retrieval of observations, background fields and model output for individual retrospective tests (FSL)

· Upgrade chosen verification package to accomodate changes (FSL, NSSL)

· Enhance SI code to interface between WRF output and chosen verification package (FSL)

· Obtain observational datasets from NCEP for specific retrospective periods (including case studies). (FSL)

· Acquire Background datasets from NCEP (Eta or AVN) (FSL)

· Modify scripts that execute real-time forecasts (from NCAR, AFWA or NSSL) to execute retrospective tests (NCAR, AFWA, NSSL).

· Integrate retrospective tests (FSL)

· Evaluate retrospective tests (NCAR)

5.
Development of Verification Techniques Appropriate for High Resolution NWP

a. Motivation

Given a forecast field that contains realistic high-amplitude, small-scale features, small errors in phase, displacement, or time lag will produce very large differences between forecast and observed scalar variables at specific locations. Traditional approaches to verification may represent a forecast system that contains no small-scale, high-amplitude features as more accurate than one that consistently produces realistic features. Despite the potential for large errors at specific points in time and space, WRF predictions that contain similar spatial structures to those that are observed, albeit with phase/displacement errors, may be of considerable value to certain users. Consequently, the value of forecasts that contain realistic features will probably not be accurately expressed when using traditional methods of analyzing forecast accuracy. New methods, designed to complement traditional techniques such as threat scores and simple biases, must be developed and tested. This effort will involve a collaboration of FSL, NCAR, NSSL and universities, and will be ongoing. 

b. Tasks

Development and testing of new verification methodologies will require

· Interact with forecast users (typically NWS) to determine useful aspects of verification schemes. (NSSL)

· Create new verification schemes based on hypothetical scenarios, selected, representative cases and archived extended-period datasets. (NCAR)

· Augment existing verification packages to allow use of new schemes in real time and for retrospective cases (FSL, NSSL)

· Apply techniques to archived retrospective datasets. (FSL, NSSL)

· Develop analysis and display techniques for interpretation of results. (FSL, NSSL)

Pre-reference Testing of the WRF-MASS core

The following outlines the specific tasks and timelines for WRF-MASS to attain full research capability. The testing focuses on using WRF in the cloud-resolving range of horizontal grid spacing (dx < 4 km), but will also consider the model performance over a somewhat broader range of resolution. The few results that have been produced from quasi-operational systems run in this range of grid spacing is that forecasts do not necessarily improve as grid spacing decreases, and there are cases where forecasts became notably worse. Extensive testing of WRF-MASS in this range of grid spacing is important for both the research and operational communities to better understand model performance for different prediction scenarios. We emphasize that PRT is mainly designed to quantify the shortcomings of cloud-resolving NWP as it currently exists and to offer direction for future improvements.

(1) Idealized tests and physics dependence

NCAR will conduct the following sensitivity simulations for idealized flows to understand the expected behavior of physics in the range from 1-10 km.

(a) 2-D, dry, diurnal circulations near idealized terrain.

(b) 2-D and periodic 3-D simulations of deep convection for varying shear profiles and background soundings (no PBL scheme or diurnal cycle)

(c) 2-D and periodic 3-D simulations of deep convection with diurnal forcing of the PBL.

(d) 2-D Moist flow over idealized orography; tests of microphysics more applicable for cool season.

To better compare simulations, high-resolution grids will be coarsened appropriately to low-resolution grids and statistics (precipitation, mass flux, hydrometeor distributions, cloud distributions, diurnal cycle, etc.) will be computed.

Timeline: 9 months to complete beginning July, 2002. Initial emphasis will be placed on evaluating microphysics (3) and PBL schemes (2) currently available within WRF for the (a), (b) and (d), followed by (c).

Resources required: 0.5 annual FTE

(2) Case Studies

Perform and analyze selected idealized and real-data simulations with emphasis on grid spacings of 1-10 km.

· 3-D convection resolving.

· MCS case from test suite

· Tropical Storm Barry from test suite

· Cool season orographic rainfall/snowfall case.

· Individual cases identified from real-time simulations.

Verification of real-data cases derived from real-time will be done using the same verification measures as real-time system (as a basis) plus other measures, as appropriate.

Details of verification of other cases will vary from case to case.

Timeline: April, 2002 – June, 2003

Resource requirements: 0.5 annual FTE

(3) Real-time forecasts

NCAR and FSL will collaborate on conducting cloud-resolving real-time forecasts. These will include grid spacings of 4-22 km. Forecasts will be verified using existing verification packages at NCAR, FSL and NSSL, and later with the NCEP verification package. Based on preliminary results of (1), it may be necessary to integrate parallel cycles of WRF to test the performance of both PBL schemes currently available in WRF.

Timeline: begin within 3 months and integrate a warm season and cold season configurations for 3 months each, making upgrades during the period if significant errors can be identified and traced.

Tasks:

· Conduct real-time forecasts: 1 June – 31 August (RT-Warm) (NCAR, FSL)

· Perform the following verification:

(a) Precipitation threat scores and bias (NCAR, NSSL)

(b) Sounding Verification (NSSL)

(c) Experimental precipitation verification (NCAR)

(d) Standard NCEP upper-air verification

· Select case studies from real-time integrations for more detailed case study (see Case Study section): 1 June - 31 December (NCAR).

· Select one or more 1-2 week warm season retrospective periods for further analysis (see Extended Test Periods section).

· Conduct a second set of real-time forecasts from 1 Dec. – 1 March (RT-Cold)

· Select additional case studies from real-time integrations for more detailed case study (see Case Study section): 1 January - 31 March (NCAR).

· Select one or more 1-2 week cold season retrospective periods for further analysis (see Extended Test Simulations section).

Resource requirements: 2 FTE in April-May, 0.5 FTE thereafter (June ’02 – June ‘03)

(4) Extended Test Periods

Utilize the real-time efforts to choose 1-2 period of a few days to 2 weeks each during which data sufficient to reproduce the real-time forecasts will be specially archived. These special archives will then be rerun as necessary to test different model physics, especially that which might be added to WRF after the start of real-time simulations.

Tasks:

· Modify real-time scripts to access specific time periods comprising retrospective tests: July (NCAR)

· Integrate retrospective simulations: Warm season, July – Nov. 2002; cold season, Jan. 2003 – June 2003)

· Verify, evaluate retrospective simulations and design additional retrospective simulations as necessary (July, 2002 – June, 2003). Verification will proceed according to procedure for real-time forecasts, perhaps including other verification measures as appropriate.

Resource requirements: 0.5 annual FTE
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