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Very Short-Range Forecasting activities in RA-IV
(Submitted by Donald Talbot, Environment Canada)

Summary and purpose of document

This document gives an overview of the current state and foreseen developments for operational implementation in the field of very short-range forecasting in RA-IV from numerical weather prediction to downstream systems.
Action Proposed

The meeting is invited to take note of the present document.
Annex I: provides an update of the state of numerical weather prediction models that can be associated to very short-range forecasting in Canada.
1. Nowcasting and very short-range forecasting systems in Canada
1.1 The Canadian Regional Deterministic Prediction System (RDPS)

The RDPS is the basis of the short-term forecast (day one and two) leading to products and services provided by Environment Canada. It uses the Global Environmental Multi-scale (GEM) model in its limited area (LAM) configuration; the computational grid covers Canada, USA and adjacent oceans.  It is integrated four times a day: from 00 and 12 UTC producing 48-h forecasts and 54-h from 06 and 18 UTC.

The RDPS has a horizontal resolution of 15 km, 80 levels in the vertical and includes a detailed physics package for the surface (a mosaic-type approach with the ISBA land surface scheme) and condensation processes (Kain-Fritsch for deep convection, Sundquist microphysics scheme, moist turbulence and shallow convection).  

The initial conditions are provided by a 6-h cycle of the regional data assimilation system (RDAS) based on the 3DVar-FGAT procedure (First Guess at Appropriate Time).  This regional data assimilation is a “spin-up” of trial (“background”) fields obtained from the lower-resolution global data assimilation cycle. The piloting fields to the RDPS are provided by a version of the global model with a resolution lower than the Global Deterministic Prediction System (GDPS).  This piloting system essentially has the same data set assimilated as the RDPS.
Development is in progress for a 4DVar in the RDPS at a analysis increment resolution of 100 km instead of 180 km as per the GDPS. This should allow for better quality, more balanced, fields at the beginning of the integration. A 4Dvar could provide physical process tendencies to be non-zero at the beginning of the RDPS integration and could also lead to having cloud condensate at time zero that could significantly reduce spin up issues for quantitative precipitation forecasts. For summer convection, this could represent an improvement in indicating the presence of severe weather potential where high precipitation quantities are forecast in the very short-range.
Another change that will follow is the increase of resolution to 10 km, the last increase in resolution having been done in 2004.  Piloting will eventually not only be along the lateral frontiers but also at the model lid. This would allow to focus computational capacity in the troposphere as stratospheric forecast would be given the by the driving GDPS. 
Having four daily runs changed the paradigm of VSRF: when observations are transmitted and the model integrated, there is now an overlap in the 0 to 2-h period of this run with the 6 to 8-h forecasts of the previous run. As such, the 2 to 8-h forecasts of each of the 4 daily runs will be used by the nowcasting system, described below. After forecast hour 8, the model remains the tool for the forecasters to rely on.  
1.2 SCRIBE nowcasting
The Canadian Meteorological Centre has developed SCRIBE, an interactive expert system for the composition of meteorological forecast products from weather element matrices valid at an ensemble of sample station points. The matrices,  produced at approximately 1000 points across Canada, include statistical and direct model output parameters at a 3-h time resolution. Upon reception of the matrices, the SCRIBE Knowledge Base System processes the data to extract the events, or meteorological concepts, resulting from a semantic numerical analysis of the weather element matrices content. The concepts, such as wind or temperature, can be displayed on a graphical user interface for editing if needed and the Knowledge Base Systems is then called once more to generate various forecast products, such as public, marine, agricultural and air quality, amongst others. SCRIBE has been installed at all Regional Weather Centres across Canada, where it has been used operationally since 2005.
A nowcasting system has been developed in SCRIBE to help out with the routine forecasting of weather elements: the amount of work required from the forecaster in adjusting the weather elements to fit current observations is significantly reduced with this system.  It is basically a stand-alone statistical forecast system based on recent surface observations (METAR), radar and lightning data. However, the current short term forecast systems associated with these observations needs to be examined and/or replaced by better performing systems such as the ones developed by the Cloud Physics and Severe Weather Research Section and tested in the CAN-Now and SNOW V10 projects. These include MAPLE (McGill Algorithm Precipitation Lagrangien Extrapolation), PubTool (Statistical Nowcast System) and a Lightning extrapolation algorithm. As well, the decision rule system that manages the observed and forecast data to provide the deterministic sequence of weather elements will be modified to increase the reliability of the forecasts. This modification will be validated through a new re-structured verification system.
Throughout the rule based system, the RDPS output is part of the decision tree: for regions covered by a High Resolution Deterministic Prediction System (HRDPS) at 2.5 km (described below), future work will include verification of the 4 HRDPS for different weather regimes encountered in the country.
The SCRIBE nowcasting system generates hourly forecasts from 0 to 12-h of sky condition, occurrence and precipitation type, convection, visibility and temperature, at target points. The forecaster may decide to use a nowcasting forecast period of less than 12-h, based on recent verification. In general, the nowcasting system outperforms persistence after one to two hours projection time. The nowcasting system also outperforms the direct NWP model outputs up to 6 hour lead-time, in general.

SCRIBE nowcasting has been available to forecaster for a few years but a national training is being organized with the expectation that the whole forecasting system will benefit from nowcasting by freeing up time for the forecaster to perform other duties.

Cloud field from GOES satellites will be added, likely for the summer 2011 version. This diagnostic cloud field would be advected as a single layer with the 700 hPa circulation, as forecast by the RDPS, in a future version. Ultimately, the operation would be extended to three layers for low, mid and high cloud. 
Following the author’s attendance at the 2010 EUMETSAT annual conference, a request was made to AEMET to obtain the NWCSAF software. This will allow the various Canadian teams to keep abreast of European community developments in the application of satellite imagery to VSRF. MSG processing will be applied to the next generation of GOES satellites. As development on nowcasting becomes more intensive, new features will be delivered to the NWCSAF working group for the benefit of others.
The radar network in Canada covers the southern portion of the country where most of the population is located. Precipitation diagnosed from satellite imagery, such as in NWCSAF, will serve the regions lacking radar coverage or to validate precipitation as seen by radar. Convective initiation as derived by satellite imagery could feed the SCRIBE nowcasting system and here again some cross validation with radar will be possible.
SCRIBE nowcasting is currently designed for sites reporting observations, but with interpolation methods applied to MOS sites it is possible to generate nowcasting forecasts for any location. However, the absence of supporting observations adds a constraint to the verification.

1.3 The Canadian High Resolution Deterministic Prediction System (HRDPS)
A high resolution, non-hydrostatic and limited-area configuration of the Canadian GEM model has been running in operations in experimental mode. The model is running once per day at 2.5-km horizontal resolution with 58 levels in the vertical (top at 10 hPa) over 4 local area windows (figure 1) for 24-h integration. The condensation processes are represented by the explicit 1-moment Milbrandt-Yau microphysics scheme (no implicit deep convective scheme). For each domain, a 15 km LAM is run first, with the same explicit condensation scheme, for the purpose of initialization (after 6 or 12-h depending on the domain) with cloud condensate (6 hydrometeor types) and for piloting the 4 HRDPS. 
Science and Nowcasting for Olympics Weather – Vancouver 2010 (SNOW V10): Scientists from several countries (led by Canada) participated in a WMO endorsed World Weather Research Program (WWRP) Research Development Project (RDP) for the Vancouver 2010 Winter Olympic Games. In the context of SNOW V10, a LAM version window at 1 km resolution embedded in the LAM 2.5 km grid over the Games site was put in place with a double-moment Milbrandt-Yau scheme. This condensation scheme presents several improvements to parameterization, leading to better precipitation rates and to new prognostic and diagnostic fields. In the following months, this double-moment Milbrandt-Yau scheme will be introduced in the experimental LAM 2.5. In a further step, the four LAM 2.5 km grids will be made operational once implementation standards are met. 
The verification standards of higher resolution models can not be the same as for regional models considering the observation dataset and at present time this verification focuses on the surface.  The current experimental set up was designed to allow the quasi-real-time verification by operational meteorologists. Similar to our American colleagues, the focus is to assess the added value of such high resolution forecast tools with respect to the lower resolution continental scale guidance, especially for high impact weather forecasts. These validation procedures and verification activities, in experimental mode, are essential to guide future Research and Development in addressing operational needs.
The most recent document on subjective evaluation of the HRDPS indicates that the LAMs show promise with deep convection modes. The storm structures are realistic and give some indication of the severity of the storms. The timing and distribution of the cells and structure are not dependent at the moment though, unless they are terrain driven or associated with strong dynamic features. A finer scale analysis, giving a better handle of the initial conditions of the atmospheric humidity and temperature fields at the model scale, is needed.
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Figure 1: the 4 LAM 2.5 km domains
1.4 The Canadian Regional Ensemble Prediction System (REPS)
The REPS domain was configured for the past active hurricane season in order to provide meteorological guidance for the Caribbean region (Haiti).
The REPS is expected to become fully operational by the end of 2011 and by then its domain of integration will correspond to the RDPS.  It will provide probabilistic forecast guidance for severe weather and warnings with lead times to 72-h.

The forecasts will be performed twice daily, initialized at 00 and 12 UTC. The REPS comprises 20 members and the subgrid-scale physical parameterizations are almost identical to the GDPS. This physical parameterization package has been adapted to generate more realistic statistics of tropical cyclones. The horizontal resolution of the system is at 0.3°, which is also very close to the GDPS.

The diversity of the ensemble members is obtained from the following three factors: 

1) The application of the stochastic perturbations to the subgrid-scale physical tendencies on winds and temperature;

2) Each member utilizes its own initial condition from the operational global ensemble Kalman filter (different from member to member);

3) The lateral boundary conditions for each GEM-LAM member, updated every 3-h, are provided by the different members of the Global Ensemble Prediction System (GEPS).
A whole suite of derived products are generated for the forecaster to evaluate and use.
1.5 High spatial and temporal resolution assimilation 
Research has started on kilometric assimilation with an Ensemble Kalman Filter for eventual assimilation of radar data. Considering that this activity has only just begun, there is no implementation plan as yet. While there is no activity with respect to assimilation on an hourly basis, the 4Dvar and the 3Dvar-fgat use observations at the proper time, but to provide an analysis every 6 hours.
1.6 High resolution land surface
1.6.1 CaLDAS
Development of an improved land surface data assimilation system is ongoing. The new system, called the Canadian Land Data Assimilation System (CaLDAS), will assimilate a larger amount of data using more advanced techniques. For soil moisture, remote sensing data from ESA’s Soil Moisture and Ocean Salinity (SMOS) mission and from NASA’s Soil Moisture Active and Passive (SMAP) are being examined. This data, which is available on an hourly basis, compared to 1 to 3 day basis for SMOS / SMAP data, will be assimilated in conjunction with near-surface air temperature and humidity. For snow, a new project is now underway to use space-based high-resolution optical information (e.g., from MODIS) to specify snow fractional coverage and microwave information (e.g., AMSR-E or SSM/I) to retrieve snow water equivalent will be examined. Finally, work is also underway to improve the first guess for the assimilation of leaf area index (LAI). The Biome-BGC model, predicting the evolution of ecosystems including fluxes of water, energy, carbon, and nitrogen, is used for the evolution of vegetation. Results from Biome-BGC will be provided in a simple LAI assimilation system developed a few years ago at Environment Canada.
1.6.2 High resolution land surface prediction
Several new models and approaches are currently being examined to better predict surface or near-surface conditions over land. An external land surface modelling system has been developed and is now integrated at grid sizes much smaller than that of the atmospheric models. This increased resolution allows better exploitation of geophysical information on orography, land use / land cover, and water fractional coverage. Adaptation, or downscaling, of atmospheric forcing (precipitation, temperature, humidity, winds) is used to more realistically drive the surface processes. The success of this approach has been demonstrated in mountainous regions (as a prototype had been prepared for SNOW V10).
A high resolution surface associated with a HRDPS piloted by a RDPS in the free atmosphere just above the boundary layer will be feasible. With the jet stream outside the domain of integration, such a model would also have the advantage of being less costly computationally.  
1.7 NinJo and its applications
Canada is part of the NinJo consortium and the software has been deployed in the regional forecasting centres for operational use. As the application becomes more and more integrated into operations for visualization of meteorological information, old software are gradually being retired. Forecasters can look at the RDPS and HRDPS outputs transmitted to the regional centres. The Ontario national laboratory is contributing to development of GOES imagery ingested by NinJo and Canadian programmers are developing the met object component for the NinJo consortium.
A Signature project is under way in Canada to restructure warning services. The project encompasses warning creation  as well as the transmission and dissemination of products. A team is working on a user requirement document for the warning software, development of which will start in 2012. As an example of what is anticipated for summer severe weather, the warning software will allow the forecaster to identify threatening thunderstorm cells, define a motion vector for the next few hours and produce warnings for the affected public regions, to be transmitted without further delay. The approach is likely to be area-based, object-oriented and programmed in NinJo. 
2. Verification activities in Canada
2.1 Canadian Precipitation Analysis (CaPA)
The most important input for hydrological prediction and land data assimilation systems is generally precipitation and this has led to the development of CaPA. Currently, CaPA uses optimal interpolation to combine a background field obtained from a 6-h forecast of the RDPS with observations of precipitation accumulations. The domain covers all of Canada and most of the continental United States. Observations are obtained by combining the reports from the synoptic observation network with reports from COOP networks (currently only over the US and over the Province of Quebec). A 6-h analysis available at synoptic hours and a 24-h analysis valid at 12 UTC have been implemented for evaluation and will soon become operational. Research currently focuses on including other sources of observation in the analysis, including observations of clear sky from GOES imagery, ground radar quantity precipitation estimates (QPE) and lightning observations. Efforts are also devoted to increasing the number of COOP network stations in the analysis and to correcting bias in solid precipitation measurements.
2.2 A verification Committee
A committee was put in place to oversee the various activities related to NWP verification within the organization. The committee has the mandate to recommend mechanisms to improve the synergy in the development of verification tools. Currently, many initiatives are individual efforts using various tools and databases. Standardization in approach will allow work done for specific needs to benefit the broader community.
A verification tool called EMET is now available in beta version for HRDPS forecast verification. EMET relies on the use of relational databases to handle observations and model outputs interpolated to surface stations. EMET allows the production of common continuous scores at each hour accompanied by errors bars, computed using the bootstrap method. Currently, EMET can produce scores for temperature and wind speed and direction. Dew point depression and precipitation scores will soon be added.

3. Nowcasting and very short-range forecasting systems in the United States
      3.1 The U.S.A. North American Mesoscale (NAM) Forecast System

The North American Mesoscale Forecast System (NAM) provides high resolution (12 km and 60 levels) forecasts over North America out to 84 hours at 0000, 0600, 1200 and 1800 UTC.

The forecast system is based on the WRF version of the NCEP Non-hydrostatic Mesoscale Model (WRF-NMM) since June 2006.  The model is based on precise dynamics and numerics, using a hybrid sigma-pressure vertical coordinate. The WRF-NMM includes a full set of parameterizations for physical processes, including Janjic modified Betts-Miller convection &Mellor-Yamada turbulent exchange, Fels-Schwarzkopf radiation, a land surface scheme with 4 soil layers and predictive cloud scheme. The lateral boundary conditions are derived from the prior (6-h old) NCEP global model forecast at a 3 hour frequency.


Initial conditions for the four NAM runs are produced by the regional Grid-point Statistical Interpolation (GSI) analysis, which is a multivariate 3-dimensional variational analysis which uses as its first guess a 3-hour WRF_NMM forecast from the NAM Data Assimilation System (NDAS).  The data cutoff time for the NAM initial conditions is 1 hour and 10 minutes past the nominal NAM analysis time.  The data time window radius is 1.5 hours about the centre of the data dump cycle time.  No initialization is applied.

The NDAS is a partial cycled, intermittently updated system of 3-hourly WRF-NMM forecasts and regional GSI analyses, using global atmospheric fields only at the beginning of the 12-h NDAS period and for lateral boundary conditions. An NDAS cycle runs prior to each NAM forecast, assimilating all available observations within the 12-h period preceding the NAM initialization time, with a data cut-off time up to 9-10-h past the nominal NDAS analysis times.  The data time window radius is 1.5 hours about the centre of the data dump cycle times.  No initialization is applied.
Tentatively scheduled for early this summer (June-July 2011), NCEP is planning a major upgrade to NAM.  First, NCEP will replace the common modelling infrastructure used by the prediction model in the NAM run from one based on the Weather Research and Forecast (WRF) to one based on the new NOAA Environmental Modelling System (NEMS) which, in turn, is based on the tenets put forth by the Earth System Modelling Framework.  Eventually all of NCEP's major modelling will be performed within NEMS.  Second, the prediction model used in the NAM run will change from being the strictly regional Nonhydrostatic Mesoscale Model (NMM) to a new extended capability version now known as Nonhydrostatic Multiscale Model on B-grid (NMMB) which can be run either regionally or globally and with or without embedded nests.  This NEMS-NMMB will also serve as the prediction model running in the NDAS.  Third, with this change, NCEP will be adding a suite of four high resolution one-way interactive nests within each NAM run.  These nests will be run out to 60 hours.  The suite includes a 4 km nest covering continental United States (CONUS), a 6 km nest covering Alaska, and a pair of 3 km nests covering Hawaii and Puerto Rico - Hispaniola.  These nests will run in every NAM run, i.e. four-times per day, and will not be preemptable by hurricane runs (like the HiResWindow runs).  In this way, the high resolution nested guidance from NAM will be available ~3 hours sooner than the guidance from the HiResWindow runs.  The nested output grids with full content will be available via NOAA Operational Model Archive Distribution System (NOMADS) and anonymous ftp servers.  Fourth, NCEP will reinstate a Fire Weather / IMET [Incident METeorologist] Support (FWIS) capability that was suspended in 2006.  This is an innermost nest which can be positioned in either the CONUS nest domain and run at 1.33 km resolution or in the Alaska nest domain and run at 1.5 km resolution.
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Figure 2
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Figure 3: NAM parent 12 km prediction (left) versus NAM nest 3 km prediction (right) for  hurricane Earl near Puerto Rico
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Figure 4
     3.2 The U.S.A. (NCEP) Rapid Update Cycle (RUC)

The Rapid Update Cycle (RUC) generates high-resolution analyses and 18-hour forecasts for the contiguous United States every hour.  The model has a 13-km horizontal resolution with 50 vertical levels.  

The RUC system was developed by the NOAA/ESRL/Global Systems Division (formerly Forecast Systems Laboratory). The RUC run provides high-frequency, short-term forecasts on a domain covering CONUS.  Run with a data cutoff of 26 minutes at 0100-1100 and 1300-2300 UTC and 58 minutes at 0000 and 1200 UTC, the analysis relies heavily on high frequency data from surface marine, METAR and  mesonet reports, wind profiler, GOES satellite layer PW retrievals, GPS precipitable water observations, and derived wind data, and MDCRS ACARS aircraft data. In 2010 a diabatic digital filter initialization was instituted that uses national mosaics of Doppler radar reflectivity.
One of its unique aspects it is use of a hybrid vertical coordinate that is primarily isentropic. Most of its 50 levels are isentropic except for layers in the lowest 1-2 km of the atmosphere where terrain-following coordinates are used. The two types of surfaces change smoothly from one to another.  There is a nudging of soil temperature and moisture.  A full package of physics is included with 5 cloud precipitation species carried as historic variables of the model.
In late 2011, a new system call Rapid Refresh will replace RUC.  The model will be replaced by the Advanced Research WRF (ARW) core of WRF, the analysis will be replaced by NCEP’s GSI and the domain will expand to cover most of North America while remaining at 13km resolution and 50 sigma levels and making hourly forecasts to 18 hr.  Meanwhile NOAA/ESRL runs an experimental hourly updated 3 km WRF-ARW High Resolution Rapid Refresh (HRRR) for the CONUS.
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Figure 5
    3.3 The NCEP (USA) Short Range EPS 

The NCEP Short-Range Ensemble Forecast (SREF) system provides multiple model short-range (0-3.5 day) ensemble predictions that offer operationally relevant and useful guidance on probabilities of occurrence for various potential weather elements or events.   

The SREF includes 10  Weather Research and Forecasting (WRF) model members, 6 Eta model members and 5 Regional Spectral Model (RSM) members.  The 10 WRF members are made up of five using the Advanced Research (ARW) WRF core (at 35km  resolution) and five with the Nonhydrostatic Mesoscale Model (NMM, running at 32km resolution) core and physics. Initial condition, lateral boundary condition and physics diversity are included in the SREF suite to sample overall model/predictive uncertainty. 
Both deterministic and probabilistic verification statistics have shown that the SREF provides improved accuracy and forecast spread (uncertainty) information, especially for key weather elements.  Recent changes include addition of bias corrections as well as hourly BUFR sounding output from each member.  
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Figure 6
A Very Short Range Ensemble Forecast (VSREF) system has been constructed which produces 12-h forecast guidance updated every hour.  Currently focused on aviation, this product generation capability relies on a time-lagged approach to gather and blend 4 prior NAM and 6 prior RUC forecasts. This is a precursor to a North American Rapid Refresh Ensemble which will in the future combine NAM and Rapid Refresh into a multi-model hourly updated ensemble system.
    3.4 The U.S.A High Resolution Experimental Systems

NCEP (USA) is running a set of high resolution window runs of the WRF-NMM and the NCAR Advanced Research WRF model (WRF-ARW) over various domains.  See Figure 7 for the coverage of the domains. This NWP system is really addressing the very short-term forecast.

The WRF-NMM model is running at 4-km horizontal resolution while the WRF-ARW runs at 5.1-km horizontal resolution. Following is the schedule for the various windows:  East/Central U.S. and Hawaii windows at 00Z; West/Central U.S. and  Puerto Rico windows at 06Z; East/Central U.S. and  Hawaii windows at 12Z; : Alaska and Puerto Rico windows at 18Z. These high resolution window forecasts are subject to cancellation (preemption) by NCEP Central Operations (NCO) if the NCEP Hurricane Model is running. In 2011, the WRF version will be upgraded from v2.2 to v3.2 and Guam runs will be added at 00z and 12z (not subject to pre-emption).
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Figure 7 
NCEP  (USA) High resolution window domains.  From west to east, the windows are called:  Hawaii,  Alaska, West/Central U.S., East/Central and Puerto Rico.
Case studies and real-time assessments are conducted in the USA Storm Prediction Center’s (SPC) Hazardous Weather Testbed.  It appears that these specialized users’ reliance on such high resolution guidance in the operational prediction of severe weather over the continental US is now commonplace.   
Real-Time Mesoscale Analysis

For situational awareness and verification purposes, NCEP produces Real-Time Mesoscale Analysis (RTMA) for surface wind, temperature, dew point and pressure and an estimate of analysis uncertainty every hour for grids whose resolution is matched to the US NWS’ National Digital Forecast Database (NDFD) grids.  For CONUS domain, two resolutions are made.  The original NDFD 5 km and a new 2.5 km.  For Alaska the resolution is 5.9km (but soon to be 3 km with a Juneau window at 1.5km).  Hawaii, Guam and Puerto Rico are done at 2.5 km.
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Figure 8
