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Nowcasting and VSRF
(Submitted by Ms Aurora Bell (Romania))
	Summary and Purpose of Document
To provide an updated version of the Statement of Guidance (SoG) for Nowcasting and Very Short Range Forecasting (VSRF).



ACTION PROPOSED

The meeting is invited to consider these updates and to incorporate them, as appropriate, into a revised Statement of Guidance.
____________

Appendix:
Statement of Guidance for Nowcasting and Very Short Range Forecasting (VSRF)
Discussion


The proposed revision of the Statement of Guidance for Nowcasting and Very Short Range Forecasting (VSRF) is provided in Appendix to this document (changes / additions indicated in red).
____________
Statement of Guidance for Nowcasting and Very Short Range Forecasting

(April 2002 version - revised 8 June 2006 – revised 20 June 2007 and 15 june 2008 by Ms Aurora Bell)
Nowcasting is carried out in regional or national forecast centres the present moment, then, based on these observations and numerical weather prediction models (NWP) to make forecasts from zero to 2 hours.  Very Short Range Forecasting (when meteorologists analyse observational data to make a diagnosis of the atmospheric state at VSRF) has a period of validity of up to 12 hours.  Depending on the phenomena, nowcasting and VSRF cover spatial scales from the micro-alpha (hundreds of metres to 2 km) to the meso-alpha (200-2000 km).  Temporal scales are from a few minutes to 12 or more hours.  At the larger end of the spatial and temporal scales, there is a transition to synoptic scale phenomena such as extratropical and tropical cyclones. 

While nowcasting is largely based on observational data, VSRFs are now being generated based on high-resolution regional numerical weather prediction models.  These models will increasingly be used to provide guidance for meteorologists making detailed nowcasts and VSRFs.

While nowcasting can be done over any region, it is more frequently practised over areas having, for example, cities, airports, marine and lakes recreation areas or for special events and large venues such as the Olympics Games or other sport events, or special missions like interventions in wild fires, floods, polluted or contaminated areas, or regions where emergency forces have to act.

Nowcasting and VSRF techniques are particularly applicable to satisfy specific tasks of aeronautical meteorology such as Terminal Aerodrome Forecasts (TAF).  We can actually say that Nowcasting and VSRF were first practiced and developed due to the needs of the aeronautical meteorology.  The data requirements of aeronautical meteorology include and expand upon those of nowcasting and VSRF.

Nowcasting and VSRF techniques can be applied to many phenomena, but are most frequently used to forecast: (1) convective storms with attendant phenomena; (2) mesoscale features associated with extra-tropical and tropical storms; (3) fog and low clouds; (4) locally forced precipitation events; (5) sand and dust storms; (6) wintertime weather (ice, glazed frost, blizzards, avalanches), and, (7) wild fires and contaminated areas.  While there is some commonality with synoptic meteorology in forecasting these phenomena, nowcasting focuses greater attention on short time scales and fine spatial resolution covering small geographic areas.  In the last years there is a clear tendency to develop the nowcasting of “severe” weather, which requires a special operational routine for the issue of warnings, based on specific regional needs and following specific national or administrative regulations and thresholds.

Nowcasting and VSRF observational requirements are best satisfied by frequently identifying the location, intensity, movement and evolution of the phenomena being monitored.  Important variables are: (1) clouds and precipitation; (2) surface meteorological variables: pressure, wind, temperature, moisture, present weather and precipitation accumulation (or snow layer) and recently, data like land cover and structure; (3) 3-dimensional (3-D) wind field; (4) 3-D humidity field; and, 
(5) 3-D temperature field.  Each variable listed above is assessed in the sections below as to how well the observational requirements are met by existing or planned observing systems.

- Clouds and Weather

Meteorological satellite data are well suited to monitoring in a qualitative way the initiation and rapid development of precipitation generating systems in space and time.  Rapid imaging (on the order of minutes) is critical to nowcasting, but it is not yet provided by all geostationary satellites.  With some systems, the rapid scan for small areas competes with broader coverage.  Frequent images from geostationary satellites provide good to adequate horizontal resolution for identifying the initiation, evolution and movement of cloud synoptic and mesoscale systems or local circulations over most of the tropics and temperate zones.
The more frequent and comprehensive data collected by MSG also aid the weather forecasters in the fast recognition and successful prediction of dangerous weather phenomena such as thunderstorms, thus forming  an important contribution to the nowcasting effort.

The air mass parameters derived from satellite data can be used to issue severe weather warnings if a corresponding index exceeds a certain threshold.  These thresholds are usually determined empirically and should not be regarded as fixed values.  A skilled local forecaster is absolutely necessary for a correct interpretation of the provided indices.

An operational satellite- based retrieval of the derived parameters gives a good potential for the identification of pre-convective conditions.

Polar orbiting satellites flown at lower altitude and in “trains” of well-timed succession can thus catch more details of weather phenomena and be a complement to the more frequent observations from geostationary satellites.
The satellite-based products derived for nowcasting use bring new information about: the relative probability of precipitation intensity categories in pre-defined intervals.
Using the polar orbiting satellites, the combined analysis of two different types of observations (high-resolution multi-spectral imagery and microwave observations) allows for a higher quality of the precipitating cloud product data.
The products of convective rainfall rate provide the rate of precipitation estimated for convective clouds (in millimeters per hour).  The forecasters are provided with complementary information to other Nowcasting products defining the characteristics of precipitating clouds and cloud type, related to rain and convection monitoring.
Data collected in clear air can be used for quantitative studies in the area of Nowcasting and VSRF.  They allow the monitoring of water vapour and the thermodynamic stability in pre-convective areas and therefore help to classify the air mass in terms of severe weather potential.  Moisture features of the troposphere are related to the dynamics of the upper troposphere, like the position of the jet stream, and provide information on the future development of weather systems.
Information about total precipitable water provides a vertical integral of the humidity in the atmosphere.  It is given as the total amount of liquid water, in millimeter, if all the atmospheric water vapour in the column from the Earth's surface to the "top" of the atmosphere were condensed.  High values in clear air often create conditions for the development of heavy precipitation and thus flash floods.
The Stability Analysis Imagery provides estimations of the atmospheric thermodynamicstability in cloud-free areas.
The Air Mass Analysis evaluates basic properties of air masses such as upper- and mid- level humidity, mean temperature, atmospheric stability, cloud pattern, etc.  These evaluations were formerly performed manually with radio soundings, but MSG data now makes it possible to perform them automatically every 15 minutes, with 5 kilometer horizontal resolution.
The High-Resolution Wind data support Nowcasting by providing dynamic information at a scale much better than the synoptic scale.  Of particular interest is the information associated with the derivative of this product, i.e., wind shear and wind convergence.  The product can also be used for aviation support and as input to regional NWP models.
The Rapidly Developing Thunderstorms are monitored from MSG data and products for the automatic identification, monitoring and tracking of intense convective systems as well as the detection of rapidly developing convective cells exist.
They highlight the most active convective cells, and can be an input for the automated convection detection used in aviation meteorology.
The Automatic Satellite Image Interpretation is an automatic diagnosis of typical cloud configurations in terms of conceptual models.  In other words, it identifies complex meteorological phenomena like fronts, wave structures, areas of intensification at fronts, positions of the jet stream axis, comma clouds and enhanced convection areas, etc.
While coverage is good over these areas, coverage over polar areas is marginal or absent.  Satellite microwave imagers and sounders offer information on liquid water and precipitation with good horizontal resolution and marginal temporal resolution with an accuracy that is acceptable (though validation is difficult) if other precipitation data (radar or rain gauge) are missing.

Scanning weather conventional radars can detect and track the movement and intensity of convective and non-convective systems over many populated areas where nowcasting techniques are primarily practiced.  Radar data are valuable in more precise quantitative measurements, identifying heavy rain, severe hail, high straight-line winds and tornadoes (if Doppler facilities are used) in single cellular convective storms as well as more organized convection, like linear or clustered multi-cellular storms, associated with extratropical and tropical storms.  The location and intensity of locally forced precipitation events such as those found downwind of large water bodies, or upslope enhancement,   can be monitored.  The radars will also identify changes in precipitation type if polarimetry is used.  Polarimetric radar systems give information on the temporal and spatial distribution of hydrometeors in the atmosphere and are able, in contrast to conventional radar, to classify the hydrometeors such as rain, hail, graupel, and snow.
Clear air detection can help in identifying the regions where lifting mechanisms develop giving a good precursor to convection initiation.  Coverage over many populated areas is marginal to acceptable, but over oceanic and sparsely inhabited land areas coverage is marginal or absent.  Where available, the time resolution of radar scans is of 5 -10 minutes at regional level, and the coverage in well surveyed regions of circles of a few hundred km in diameter if orography does not block the radar beam.  Due to the strong societal impact of severe weather in the last years, there is a general increase in the interest of many nations to develop radar networks, and even to join already existing networks.  These large cross borders integrated radar networks provide information at a lower resolution than the local radar data, but are of great value for regional monitoring.

Ground-based (total or only Cloud-to–Ground) lightning detection and tracking systems have demonstrated their value as an early indicator of the location and intensity of developing convection, and also of the movement of thunderstorms, being an almost real-time information.  By identifying electrically active storms in space and time, these systems help increase warning lead times for dangerous thunderstorms which may have a major impact on aviation, the electric power grid, mobile phones companies, satellite transmissions, oil and gas companies, forest management, fires control, marine and recreational activities.  The horizontal resolution of these systems is marginal to acceptable over populated land and adjacent ocean areas.  Over most oceanic, sparsely settled land and polar areas, coverage is marginal to acceptable, but in some areas absent.  Cycle time and delay is acceptable to good.  In some countries efforts are under way to expand the lightning detection system to cover additional oceanic areas.  More developed systems also provide the 3-D structure of the electrical activity, with special value for aeronautical purposes.
The strength of the lighting information is provided by the almost real-time sampling of the atmosphere, and is adding value to radar and satellite data.  The ‘satellite-radar-lightning’ trio is basic for a good nowcasting observation system over populated areas.

Precipitation is measured with adequate accuracy by automated and manual rain gauges, except with regard to frozen precipitation or small scale convection.  Advanced scanning radars can estimate accumulated precipitation to within 50% accuracy, but this can be substantially improved through real-time calibration with rain-gauge networks.  Supplemental reports of accumulated precipitation are provided on an event-driven basis by large numbers of non-professional cooperative observers reporting to nearby meteorological offices.  This near real-time reporting can fill horizontal resolution gaps and be helpful in flash-flood forecasting.

- Surface Variables

Automated and manual aviation and synoptic surface observing stations measure pressure, wind, temperature, humidity, present weather, visibility and accumulated precipitation at many locations where nowcasting and VSRF is practiced.  The sites are often at or near airports and population centres.  The sites provide the most comprehensive description of meteorological variables.  For most variables, the accuracy of the data is adequate to good.  For present weather however, there are important gaps in the networks, and phenomena like hail, tornadic winds, downbursts, and local maximum of precipitations are not well sampled.  There are regions where volunteers reports of such phenomena are available.

Over populated areas, the horizontal resolution of most surface variables is marginal to acceptable for nowcasting most phenomena.  For a few small scale phenomena, which are highly variable in distribution and intensity, such as fog, low cloud, dust and sand storms, the horizontal resolution of visibility and cloud base/top data is less than marginal even in populated areas.  Over oceanic and sparsely populated areas horizontal resolution is marginal or absent.

Satellites do not observe surface pressure, and horizontal visibility, but some research polar satellites provide information on oceanic surface wind with global coverage, good horizontal resolution and acceptable accuracy.  Passive microwave imagers already provide information of acceptable temporal resolution, but on wind speed only.  The cycle of data from polar satellites and the delay in their receipt makes the data of marginal or less value for nowcasting / VSRF.

- 3-D Wind Field

To be able to make nowcasting or VSRF predictions several hours in advance, the wind field needs to be known within the area of interest and for a few hundred kilometres beyond.  The wind shear is a crucial element in deciding the organization of the convection (severe vs. non-severe). Besides the observations, the NWP outputs are essential.

Wind profiles are available from radiosondes in specific locations over populated land areas and from aircraft (ascent / descent) profiles over limited areas.  The temporal resolution of wind profiles from radiosondes is marginal to acceptable.  Except for a few radiosonde stations and infrequent single level aircraft reports, wind coverage in Polar Regions is essentially absent.  Volumetric vertical profiles of winds usually within 1 - 5 km of the ground are given by Velocity Azimuth Displays (VAD) generated by scanning Doppler radars when sufficient atmospheric reflectors are available - normally the case in precipitating systems.  In clear air, the VAD data can be contaminated by birds, so this information requires careful treatment.  The data are available from isolated radars or rarely in networks of scanning radars over populated areas, but have good time resolutions, of a few minutes.  Overall horizontal and vertical coverage is generally acceptable and the vertical resolution is good, but is confined to a small region around the radar (up to 50 km).  Important information about the storm scale winds or local winds maxima, are provided by the Radial Doppler Velocity field, or by the Storm Relative Velocity.  These data are very important to determine the internal structure of the storms, and the way a storm can modify the environmental winds.  Over most parts of the Earth, weather radar coverage is marginal or absent.  Near or just below the tropopause, single level aircraft winds are often available along primary air routes over certain areas in the temperate and tropical zones.  At major airports, especially in populated areas, AMDAR wind profiles are providing increased numbers of high quality soundings.

Single-level satellite winds are sufficiently available over low and mid-latitudes to provide acceptable horizontal and temporal coverage, but vertical coverage is marginal.  Satellite winds are of acceptable to marginal accuracy.  The geostrophic component of wind can be deduced from temperature in the extra-tropics.

Doppler wind profilers have been deployed over limited areas by several countries.  Tropospheric profilers provide high vertical resolution and accurate winds at sub-hourly intervals from 0.5 to 17 km.  Boundary layer profilers also produce winds having similar attributes at altitudes from 0.1 to 3 km.  Accuracy, vertical resolution, cycle time and delay are good.  However, the current limited deployment over a few populated areas results in marginal or less horizontal resolution.  Wind profiler data over oceanic, sparsely populated and Polar Regions is nearly absent.  An expansion of boundary layer profilers in combination with en route AMDAR may provide a means of improving upper air coverage over selected land areas.

An expansion of the use of AMDAR technology over the next few years provides the best opportunity for increasing wind observations.  While AMDAR vertical profiles of wind and temperature are limited to airports having suitably equipped aircraft flying to them, additional single-level data will be given by AMDAR aircraft when flying at cruise altitudes.  In addition to ingesting AMDAR data into numerical models, it is important that profile data be routed to local forecast offices for display on thermodynamic diagrams and on plan view slices of the atmosphere.

- 3-D Temperature and Humidity Fields

In nowcasting, the temperature and humidity fields are particularly useful for determining atmospheric stability for predicting convective storms initiation, precipitation type, possibility of hail and the amount of frozen precipitation.  The vertical profiles of temperature, moisture and winds provide the basic information for convection nowcasting.

Radiosondes and some aircraft provide profiles of temperature and humidity over populated land areas.  Over these areas, the horizontal and temporal resolution is marginal to acceptable and the vertical resolution and accuracy are good.  Over most of the Earth - ocean and sparsely inhabited land - coverage is marginal or absent.  Temperature profile data are supplemented by single-level aircraft data along major air routes; some aircraft are beginning to carry humidity sensors also.  This yields acceptable to good horizontal and temporal resolution and accuracy.  A few sites have radio acoustic sounders (RASS) associated with wind profilers in several populated areas.  They provide profiles of virtual temperature from near the surface to up to from 1 to 4 km depending on the type of system wind conditions.  Their vertical resolution and accuracy are good, but horizontal resolution is less than marginal.

Geostationary infra-red soundings are also helping to expand coverage in some regions by making measurements hourly and thus creating more opportunities for finding cloud-free areas.  Vertical resolution will be substantially improved in cloud-free areas with the launch of high-resolution infrared sounders planned for METOP, NPOESS and EOS-Aqua.  Satellite sounding data are currently under-utilised over land, but progress is anticipated in the near future.  Radio-occultation measurements for planned satellites will complement other systems through high accuracy and vertical resolution in the stratosphere and upper troposphere, thus helping to improve analyses around the tropopause.

Similar to the 3-D wind field, the greatest opportunity for improving the temperature and humidity field by in situ instruments is from an expansion of AMDAR to more airlines and aircraft.  
If there is an eventual wider deployment of tropospheric and boundary layer wind profilers, additional vertical profiles may be obtained from RASS over limited populated areas.

3.4.1
Summary of Statement of Guidance for Nowcasting and VSRF

Nowcasting consists of analyzing primarily observational data to make diagnoses and essentially extrapolative forecasts from a few minutes to 2 hours.  VSRFs are now often generated by regional NWP models and have a validity period up to 12 hours.  Nowcasting and VSRF cover scales from hundreds of metres to as large as 2000 km.

Nowcasting and VSRF can be applied to many phenomena including severe weather, but is most frequently used to forecast and survey: 

- 
convective storms with attendant phenomena (gust fronts, hail, intense precipitation, intense electrical activity, tornadoes);

- 
wintertime severe weather (blizzards, snowstorms, ice, avalanches, etc.);
-
mesoscale features associated with extratropical and tropical storms;

-
local flows or circulations (breeze, foehn, low level jets, convergence lines, dry lines, boundaries, intersection of boundaries, etc.);
-
fog and low clouds;

-
locally forced precipitation events;

· sand and dust storms; and,
· 
wild fires.

Key nowcasting and VSRF parameters for which observational data are required are:

-
clouds and precipitation;

-
dust;
-
surface variables: pressure, wind, temperature, humidity, present weather, visibility and precipitation accumulation, snow layer, land cover or structure;
-
3-D wind field;
-
3-D humidity field; and, 
-
3-D temperature field.
Well-defined high spatial and temporal resolution multi-spectral imagery from space is providing important immediate benefits to nowcasting phenomena such as areas of cloud, fog, dust, fires, and severe convective weather.

While few in number, scanning weather radars (especially Doppler) provide excellent information critical to improving nowcasting and VSRF of convective and stratiform precipitation with their potential for localised flash floods, tornadoes, hail, and high winds.

For frequently updated fields of 3-D wind and temperature important for nowcasting and VSRF, an increasing number of AMDAR observations are providing high resolution wind and temperature data. 

Doppler wind profilers have proven valuable for nowcasting and VSRF because they provide high vertical and temporal resolution as a complement to other upper-air observing systems.

Lightning detection systems, for cloud-to-cloud and / or cloud-to-ground lighting, are important for convective electrical activity monitoring and bring unique information about storms structure and evolution.

Rapid imaging (on the order of minutes) is critical for nowcasting, and is increasingly available from geostationary satellites.  With some systems, the rapid scan for small areas competes with broader coverage.

Reliable and accurate precipitation estimates still pose problems; however, they will benefit from continuing enhancements to satellite measurement capabilities over unpopulated regions.
____________
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