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DEVELOPMENTS IN NOWCASTING
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Working Group on Nowcasting Research)

Summary and purpose of document

This document gives an overview of the recent developments in the field of nowcasting.
Action Proposed

The meeting is invited to take note of the present document.

______________

A.
Research issues
i. Data Assimilation and Model Development:

NWP is certainly making significant and rapid gains in its capacity to undertake high resolution predictions relevant to nowcasting.  This capability is extending into the realm of accurate simulations of moist storm scale evolution building on those related to dry orographic forcing which already indicate significant skill.

Data Assimilation (DA) - The challenges for convective scale data assimilation as required in nowcasting are significant and different from those encountered in larger scale NWP.  Retrieval of high resolution unobserved model variables is required where observations of relevance to nowcasting are employed e.g. radial velocity observed by radar.  The phenomena being forecast also have high spatial and temporal resolution without the constraint of a simple dynamical balance found in larger scale model prediction e.g., geostrophic balance.   In addition the error covariance structures needed within the DA framework are not available.  DA on the convective scale is still in its infancy and the best way to assimilate high-resolution data (such as radar) into mesoscale models e.g. cloud resolving models is still an active area of research (EnKF and 4D-VAR). The challenge lies in achieving an optimal mix of data that is representative of different scales of motion.

Model Resolution and Dynamics - To capture convective processes associated with severe weather a model resolution less than 3 km is required with some arguing that 1 km resolution is required.  For nowcasting, the model spinup problem typically limits the impact of NWP to periods greater than about 6h and the DA issue is crucial to account for spin-up of convection

Representation of Physical Processes - Strong dependencies remain on modeling physical processes within the model and as part of the data assimilation.  Improvement in model physics is required but that will only come after better understanding is achieved.  Model microphysics is but one example.  The representation of microphysical processes is critical in determining the timing and characteristics of thunderstorm outflows.

Model Uncertainty - Error growth in the models especially at the convective scale is significant and impacts basic predictive skill.  Estimating and providing "Uncertainty" of model forecasts is getting more and more important. However, there is no standard method to estimate it yet. Since model errors for mesoscale events not Gaussian probability distribution, it is not guaranteed that "ensemble method" provides appropriate estimation of model errors.
Probabilistic NWP - Coupled with the advances in the physical modeling at high resolution mesoscale ensemble based forecasts are becoming increasingly skillful.  Integration of uncertainty associated with nowcasting techniques and numerical NWP is required for seamless prediction systems.  For instance, the Short-Term Ensemble Prediction System (STEPS), a precipitation nowcasting system, characterizes uncertainty due to advection and the more stochastic evolution of precipitation at small scales.

Post Processing - The existence of systematic biases in NWP do enable post processing to be employed to improve the overall contribution of NWP to nowcasting.  Now post processing is being considered as an integral part of the NWP suite enabling products to be downscaled and re-gridded at standard grids relevant to nowcasting at scales beyond those involved in the original NWP run.
ii. Observing Systems and Strategies
The need for an optimum initial estimate has been highlighted with an associated need for the error characteristic.  This places demands on observational systems and the way they are combined typically within a data fusion framework that may include data assimilation.  Many techniques are showing promise.  Remote sensing including refractivity-based moisture retrievals based on radar clutter returns show promise in subtropical locations.  GPS derived vertically integrated or slant-path Precipitable Water Vapour (PWV) and microwave radiometer retrieved low level moisture are additional emerging techniques and are being implemented in some nowcasting systems.  Many of these can provide high spatial (including vertical) and temporal information about the current state of the atmosphere especially in the lower levels of the atmosphere.  All have special strengths to define the initial state.

It is also apparent that to nowcast precipitation growth detailed monitoring and prediction of the capping inversion along with gravity waves and other boundary layer flow is required.  Recently scanning Doppler lidar operating at wavelengths around 1.5 microns provides measurements of aerosol backscatter and atmospheric turbulence and shows promise.
Lightning discharge (cloud to cloud, cloud to ground, negative and positive discharges) is another area which offers considerable potential.
For the timely detection of severe weather new and developing rapid scan radar technology coupled with prediction algorithms hold important promise over limited domains.  To extend predictability and initialization of NWP it is necessary to get away from the coverage provided by individual platforms e.g. single radars and work towards extended domains or three dimensional domains based on multiple radar mosaics.  This provides not only extended spatial coverage but improved data quality.  Approaches such as the Collaborative Adaptive Sensing of the Atmosphere (CAS) X-band radar offer significant potential if they become practical.

Satellite remote sensing is particularly under utilized in nowcasting and is important for many areas of the globe especially those with poor infrastructure and limited capacity.  The growth in satellite products over the last ten years has been phenomenal e.g., through Meteosat Second Generation (MSG) but their associated use in the nowcasting process has not kept pace.  Many areas of the globe have satellite coverage but yet cannot access the information in manner that is effective and timely.  It is necessary to develop satellite based nowcasting applications but importantly they have to be integrated into an effective nowcasting process.  Associated techniques to form a nowcast process enabling a nowcasting service with outputs that can be rapidly delivered is required.  This whole area has significant potential and is a priority for research and development as part of an end-to-end-process.

To progress the utilization of these new and current data sources quality control processes are essential.  Critical aspects involve the removal of non-meteorological echoes, contamination due to interference, recognition of aliasing and methods to maintain consistency and calibration.  Without appropriate quality control and associated error characterization the utility of these modern data source is severely compromised (see WMO Radar QC/QPE Inter-comparison (RQQI) project activity).

iii. Gaps related to uncertainty and predictability
The accuracy of the initial state - Errors in phase (location and time) and amplitude (growth and decay) severely limit Quantitative Precipitation Nowcasting (QPN) especially for high space and time resolution nowcasts.  Quality control and correction procedures have become critical part of the estimation process even with and new techniques. Typically instantaneous rain rates are in error by 50-100%, and this error then dominates the nowcast and often becomes even more important when it becomes coupled to downstream applications e.g. hydrological run-off models.

Growth and decay - Although persistent effects dominate in terms of numbers the crucial control and predictive skill comes from capturing growth and decay forecasts.  By filtering out the smaller scales to focus on the more predictable larger scale components the forecast then fails to capture physically important growth and decay, i.e., non-persistent effects crucial to the forecast are not represented.  At present most techniques treat these non-predictable components as stochastic problem with randomisation employed to capture the observed statistical properties.

For predicting evolution of initial convection and initiation of secondary convection observation of the near mesoscale environment, detailed knowledge of updraft/downdraft and importantly planetary boundary layer outflow structures and an understanding of precipitation microphysics (type, size distribution) are essential.

Diagnosing where growth and decay will produce high impact storms or severe weather remains a crucial issue.  Conceptual models are being encoded in some nowcast systems.  For example the NCAR autonowcaster is probably the most sophisticated incorporating conceptual models of individual convective growth in relation to low level flow and density currents.  But in most cases the potential for cell growth and organization is based on large scale environmental influences such as CAPE, shear etc.  This approach provides limited skill where development of individual convective scale events are concerned.  Early detection of the transition of individual cells to severe storms is still the key with little or any capability to forecast which storm will actually lead to the development of a tornado, hail or flash-floods. 

Probabilistic Nowcasting - Probabilistic nowcasting (physically or statistically based) is partly an outcome of the error growth and predictability issues discussed above.  However they do provide increased predictive utility especially where coupling with decision making models e.g., coupling of river flow modeling with probabilistic precipitation nowcasting approaches (e.g. STEPS).  The need to characterize initial state errors remains an important foundation for these approaches.
Ensemble based approaches help in that they provide information on the possibility of extreme events.  They also help quantify the uncertainty associated with a nowcasting product, an important requirement for many users.  The way this information is presented is crucial and ensemble approaches available in the NWP community should be exploited in establishing ensemble nowcasting systems.
Importantly, probabilistic techniques provide a mechanism to quantify uncertainty and undertake a more seamless link to forecasting across time scales.

Validation and Skill Metrics - With high spatial and temporal resolution of nowcasts "standard" verification metrics like RMS and CSI do not reflect the increased value of the forecasts. Traditional scores frequently get worse at higher resolution as it becomes more difficult for the forecast to achieve a perfect match.  New verification methods that take scale into account, either through scale decomposition or using multiple scales, are able to quantify the skill of the forecasts at time and space scales that are predictable.

The Human Role in Nowcasting - The role of humans in predictability remains important issue especially with nowcasting.  Apart from quality control a range of rules, practices and conceptual models are important for this aspect of the forecast process.  While automation of extrapolation has been generally successful, there are few examples of the successful automation of conceptual models. Optimally combining human skills and automation on the basis of conceptual models should be encouraged.
B.
Need for an Integrated Approach to Forecasting Systems Research and Implementation

For more than thirty years, WMO has promoted international collaboration on numerical weather prediction (NWP) through the Working Group on Numerical Experimentation (WGNE) and other mechanisms.  The WGNE has provided a forum for scientists from key operational centres working on NWP.  It has led to the continuing and rapid development of numerical techniques and systems that have been readily implemented in operational environments.

In the past, the main output of NWP systems has been in the form of charts for use by operational forecasters in preparation of routine forecasts.  Indeed NWP has been a primary reason for the continuing improvement in operational forecasting over the last twenty five years.  However, the nature of operational forecasting has been changing in many National Meteorological Services (NMSs) in recent years.  The output of NWP systems increasingly is being fed directly in gridded numerical form into forecast systems.  In this environment, forecasters interact with the forecast systems, which run on computer workstations, to generate semi-automatically a range of products for various external clients.  An increased role of the private sector in the provision of services has also developed.

While there has been research on the development of forecast systems for about twenty years, work has accelerated over the last decade to the extent that many NMSs have some relevant development activity.  Often this work has been somewhat separated from NWP research, and it has been seen as “system development” rather than “meteorological research”.  These features have not helped progress.  Optimal outcomes will be achieved only when an integrated system is developed in the recognition that NWP is part of the forecast system and that development of the forecast system applications requires the same degree of expertise and dedication as the NWP component.

Since forecast system research is a relatively new field and because it has not been fully integrated with strategic meteorological research, there is currently no international forum for the promotion of collaboration in this field.  Just as NWP has provided the means for NMSs to make steady improvements in operational forecast accuracy over recent decades, forecast systems will provide the means for NMSs to deliver the wide range of high-quality products expected by external clients in the future.

The increasing importance of forecast systems to NMSs in meeting the expectation of their clients for timely, sophisticated and accurate products is now recognised.  The development of these systems requires the same level of meteorological research as has been applied to NWP over the last half century.  The forecast system research needs to be closely coupled to the NWP systems at one end and to the operational requirements of a NMS at the other end.
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