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STATUS OF STATEMENT OF GUIDANCE FOR REGIONAL NWP
(Submitted by Jean Pailleux and Florence Rabier)
	SUMMARY AND PURPOSE OF DOCUMENT

To provide an updated version of the Statement of Guidance for Regional NWP.




ACTION PROPOSED


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

_____________

Status of Statement of Guidance for Regional NWP

1. Substantial updates have been made to the document in the ET-EGOS meeting of
July 2006, and a new version was submitted to the Secretariat in August 2006.

2. This version has been checked again in June 2007, which leads to minor revisions which are incorporated in the document (see annex edited in correction mode).

________________
Annex:  Statement of Guidance for Regional NWP, version dated 29 June 2007.
ANNEX
3.2
Statement of Guidance for Regional Numerical Weather Prediction (updated June 2007 – correction mode)


Regional numerical prediction models are intended to produce more detailed forecasts than those available from global models. The added detail is made possible by a finer computational grid, more detailed specification of terrain, more sophisticated prescription of physical processes, and, ideally, dense and frequent observations to specify appropriately detailed initial conditions. Because most regional models depend upon global models for their lateral boundary conditions, the duration of regional forecasts is effectively limited by the size of the computational domain. (At least one model has global coverage but variable horizontal resolution, with the highest resolution concentrated in the region of interest.) Regional models are more likely to cover land areas than ocean, but oceanic buffer zones upstream from heavily populated areas are often included.

Like global models, regional models are initialized through the assimilation of observations. Observing systems that report hourly or more often and at high resolution are relatively more important for regional modeling than for global modeling because of the emphasis on correct prediction of mesoscale events such as thunderstorms, lake-effect snows, fog, orographically induced windstorms, or spiral rainbands in a tropical storm. Proper initialization of physical processes requires detailed observations of the standard variables of temperature, moisture, and wind but also of variables that have a direct bearing on physical processes at the surface and in the atmosphere. For initializing boundary fluxes, observations of vegetative cover, soil moisture, snow or ice cover, and surface albedo are important. For initializing diabatic processes, the presence or absence of clouds and precipitation, and information on hydrometeors are important.


Not all of the parameters listed above are observable with current systems, let alone with the required resolution. Nonetheless, a variety of observing systems can contribute to mesoscale numerical prediction, provided that progress continues in the assimilation of the more esoteric data sources.


The impetus for regional numerical prediction in a particular area is governed primarily by the need to provide enhanced weather services in densely populated areas. Dense and diverse observations are a great aid in mesoscale prediction, but some advantages accrue just from the inclusion of high-resolution topography in the model. Nonetheless, attempts at mesoscale numerical weather prediction in data-poor areas are severely handicapped.


Considering only the frequency of observations but not their spatial distribution, the following ground-based or in situ systems are apt for mesoscale prediction: wind profiling radars, dual-frequency GPS receivers for the inference of column water vapour, most automated surface observing systems, automated measurements of cloud base and cloud coverage, scanning Doppler radars, and fully automated aircraft reports. Future observing systems with special application to regional numerical prediction are water vapour sensors on aircraft (as an adjunct to the temperature and wind information already provided), Doppler radars with multiple polarizations, and hourly precipitation estimates from multiple sources.


The following space-based observations are apt for mesoscale prediction: cloud images (visible and infrared), winds determined from the drift of features in satellite images, and radiometric data - all from geosynchronous satellites (frequent views); scatterometer data for determination of sea-surface winds and microwave observations for detection of cloud water and cloud ice, so far, available only from polar orbiting satellites. In the future,


interferometric data and Doppler lidar data from satellites will contribute toward the prediction of mesoscale events.


Because mesoscale forecasts are perishable, it is important to collect the observations and process them very quickly, usually within one hour or less. The assimilation cycle is likely to become less than six hours, which is common practice.


Advances in regional modeling are transferable to global models, when faster computers permit finer resolution in global models.

3.2.1 Upper Air Observations and Regional NWP
(Variables observed are listed in the perceived order of their importance for regional NWP)
- 3-D wind field

Raobs, AMDAR, profilers and Doppler radars all provide useful wind information for regional NWP. In addition, satellite derived wind information is particularly useful where other sources of wind information are lacking.


The best short-term opportunity for increasing 3-D wind information is to capitalize on reports available from commercial aircrafts world-wide. Where scanning Doppler radars are available, data assimilation techniques are being perfected to extract information from the very high-resolution radial winds (~1-km resolution along each radial). Long-term needs for more comprehensive wind information might be met by aerosondes (unpiloted aircraft) able to fly for an extended period. They might be met also by the development of a TAMDAR (Tropospheric AMDAR) system producing wind observations from airplanes on a national or regional basis, and at lower levels compared to the AMDAR systems. For wider coverage, wind-finding Doppler lidars, like the one planned for the ESA mission called ADM-AEOLUS, will be experimented. If this demonstration mission is successful, it may open the way to a more systematic wind observation from space, although wind retrieval is not possible within and below thick clouds.”

-3-D humidity field

From the standpoint of mesoscale numerical weather prediction, the humidity field is marginally sampled practically everywhere in the world. Like clouds and precipitation, the humidity field has strong variability on scales of tens to hundreds of kilometres in the horizontal and, as Raman lidar observations show, on scales of hundreds of metres in the vertical. Any improvement in the density, coverage, or vertical resolution of humidity observations is likely to be helpful for mesoscale prediction.


Although raobs are launched only twice a day in most locations and spaced at least a few hundred kilometres apart, they are still the best source of detailed humidity information in the vertical. Different instrument packages have had problems measuring humidity accurately when the atmosphere is either very dry or close to saturation, but the situation is improving.

Polar and geostationary satellites provide estimates of total column water vapour probably accurate to within 10-20%. Enough information is collected to infer moisture concentration within several thick layers in the vertical, with good horizontal resolution. The vertical resolution is marginal, at best, for mesoscale prediction, and the infrared information is available only for cloud-free fields of view. The temporal frequency is good for the geosynchronous satellites, marginal for the polar orbiting satellites. The AMSU aboard polar orbiting satellites can extract moisture information in cloudy areas, but the vertical resolution is marginal.  Furthermore, no information is easily available in rainy areas and more work is needed to capture this information.  Over the oceans, satellites are virtually the only source of moisture information.


Humidity measurements have been tried on AMDAR systems since 2000. In 2007, humidity measurements are tried on several aircrafts, and one can expect these data to become operational soon in the context of the AMDAR observing system. Humidity soundings from aircraft will supplement raob soundings over land. En route humidity measurements in the high troposphere will perhaps be more valuable for climate purposes than for mesoscale numerical prediction. In general, concerning coverage and vertical resolution, one can expect something which would match the current availability of AMDAR temperature and wind measurements.


It is expected that measurements of total column water vapour from satellites and ground-based GPS receivers will lead to better mesoscale forecasts. Impact studies have shown some positive impact of the ground-based GPS humidity measurements. The possibility that 3-D moisture information might be extracted from dense GPS networks through analysis of signal delay along slant paths is under investigation. GPS technology is driven by applications in many geophysical sciences besides meteorology. It is, therefore, likely that the number of GPS receivers will steadily grow, thereby improving the chances for dense networks and enhanced opportunities to infer the moisture field.


Vertical resolution of moisture soundings in cloud-free areas will be improved with the deployment of advanced infrared sounders or interferometers aboard future satellites. Such instruments will provide the equivalent of thousands of channels as compared with only dozens on today’s satellites.


Measurements by research aircraft suggest that variations in temperature of 1-2oC and in water vapour mixing ratio of 1-2 g/kg over distances of tens of kilometres can mark the difference between the initiation of deep convection or lack of it. This emphasizes all the more the need for detailed thermodynamic measurements, particularly in the boundary layer, for successful mesoscale forecasts.

 3-D temperature field

With regard to raobs, the same comments made under "3-D wind fields" apply here. The raob supplies temperature soundings at good vertical resolution, but the density and frequency of observations is marginal, especially in sparsely populated areas, from the standpoint of mesoscale numerical prediction.


AMDAR systems provide good accuracy temperature measurements. Spatial and temporal coverage at altitude is good over the USA and Europe and along a few heavily travelled oceanic routes. Ascent/descent temperature soundings are becoming more numerous as airlines respond to a plea for altitude-dependent reporting during approaches and departures. Manual aircraft reports (AIREP) are still useful and sometimes they are available in some areas of the globe where no other data (like AMDAR) are available: they are then very valuable.


The efficacy of satellite temperature information in numerical prediction depends partly upon the physical nature of the measurements and partly upon the sophistication of the data assimilation procedures, which are constantly being improved. Polar orbiting satellites provide information on temperature with global coverage, acceptable accuracy, good horizontal resolution, but marginal temporal frequency and vertical resolution for the purpose of mesoscale prediction. The use of radiances (radiation measurements) over land is still experimental, though recent improvements in assimilating oceanic data have led to better global forecasts. Geosynchronous satellites provide frequent radiance data, but their use over land is still hindered because of the difficulty of estimating surface emissivity. Infrared soundings cannot be made below clouds because all but very thin clouds are opaque to infrared radiation. Polar orbiting satellites have microwave sounders that can penetrate clouds (the Advanced Microwave Sounding Unit-AMSU), but the field of view of this instrument is broader than that for infrared sounders. As with infrared soundings, progress is slow in utilizing them over land.


Future methods for measuring 3-D temperature will come from a variety of sources. Augmentation of the program for automated aircraft measurements is probably the best way to increase temperature soundings in the near term. A wind profiler operated in conjunction with a Radio Acoustic Sounding System (RASS) can measure the speed of sound in each range gate and thereby infer a profile of virtual temperature in the boundary layer every few minutes. This is valuable for mesoscale prediction, but such units are few in number and nowhere operational. Moreover, the sounds generated by RASS systems are potentially irritating to anyone nearby. There are at least two ideas for augmenting temperature and moisture soundings with balloons, either by making in situ measurements over a long trajectory (driftsondes) or by floating them in the stratosphere high above the weather (GAINS - Global Air-ocean In situ System). Both systems are being designed to drop compact, lightweight sondes at designated times and locations. Aerosondes have already been mentioned as one way to increase the number of soundings. With regard to satellites, instruments able to measure in large numbers of channels (either advanced radiometers or interferometers) are already available and are also being planned for future satellites. These instruments improve upon the vertical resolution and accuracy of current radiometers. Radio-occultation techniques, whereby signals from a GPS satellite are measured while passing through successively lower layers of the atmosphere, promise to provide temperature information at roughly 1-km vertical resolution from the mid troposphere to the stratosphere. While valuable in other areas of atmospheric science, such measurements have poor horizontal resolution and are not expected to benefit mesoscale prediction, except peripherally.

- Clouds and precipitation

It is more critical in mesoscale than in global numerical weather prediction to initialize moisture, cloud, and precipitation fields properly. Because mesoscale forecasts are shorter and more detailed, the early hours of the forecast are relatively more important. It is counterproductive to wait many hours until the model spins up. Diabatic processes must be properly initialized in order to minimize spin-up time.


Satellites offer detailed information on cloud coverage, type, growth, and motion. It is relatively easy to infer cloud-top height from measurements of cloud-top temperature. The coverage is global for polar orbiting satellites and nearly global for geosynchronous satellites (high latitudes are not viewed). The frequency of cloud images is hourly or better for geosynchronous satellites. Frequency of polar coverage is good for the polar orbiting satellites. Microwave sounders on the polar orbiting satellites give information on cloud liquid water, cloud ice, and precipitation. Because most mesoscale models have sophisticated parameterisations of cloud physics, the microwave information is valuable. Precipitation estimates have been derived from analysis of infrared images, but these have greater accuracy at longer time scales (weeks or months) and are not particularly useful for mesoscale forecasting. Ground based observations are necessary for estimating cloud base. The presence of cloud is a proxy observation for a relative humidity of 100%.


Numerical weather prediction has been slow to make quantitative use of satellite cloud information, but the situation is changing. Because satellite cloud images are one of the few sources of truly mesoscale weather information with good coverage, the effective incorporation of cloud information in mesoscale models is a high priority.


Precipitation rates inferred from accumulation maps and automated rain gauges are used for diabatic initialization of mesoscale models, but the techniques are neither very accurate nor highly advanced.  The problem of diabatic initialization is the subject of active research. Polarization diversity radars, now used exclusively for research, offer promise for identifying hydrometeor type and, in some cases, shape. Such measurements will undoubtedly improve estimates of accumulated precipitation at the ground. Operational benefits in mesoscale prediction are probably many years away.

3.2.2
Surface Observations and Regional NWP

- Surface pressure, temperature, humidity, wind, and precipitation

Over water, ships and buoys take standard surface observations of temperature, pressure, wind, and humidity. In relatively shallow water, oil rigs do the same, but the frequency and spatial coverage is marginal for mesoscale forecasting except perhaps close to some shorelines. Over many parts of the oceans the buoy data coverage has improved a lot from about 2000, especially for SST measurements. Polar orbiting satellites provide information on sea-surface wind information that have had a beneficial effect on global forecasts, but temporal frequency is marginal for regional mesoscale forecasts. The skin temperature of the sea surface is inferred from satellites with good horizontal resolution; temporal resolution is also good for geosynchronous satellites. Satellite estimates of short-term precipitation are marginal at best, but satellites are virtually the only source of precipitation information over the oceans.


Over land, surface observations have spacing that varies a lot from region to region. Accuracy is good where the station instruments are regularly serviced. Data from many local meso-networks are not part of national data collections, which is unfortunate. The interpretation of local wind data is complicated in mountainous terrain, where local diurnal circulations are common (e.g., mountain-valley winds or drainage winds). Mesoscale models with high-resolution terrain and good surface boundary physics should be able to explain many of these local wind systems and some are able to get some benefit from assimilating surface winds. Hourly precipitation estimates are valuable for estimating latent heat release at the beginning of a mesoscale forecast. Recording rain gauges are the most accurate source, but they seldom sample the true spatial variability of rainfall, especially convective rainfall. Radar estimates capture the spatial variability of precipitation, but they need to be calibrated with gauge data. Satellite measurements of surface skin temperature are subject to greater error over land than over water because of the complex underlying surface. Surface pressure is not measured by satellite.

- Other surface information required for mesoscale modelling

Surface boundary conditions strongly affect mesoscale forecasts. They are the reason why lateral boundary conditions do not totally determine conditions in the interior late in the forecast period. Thus, it is vital to know surface conditions: the fluxes of solar and infrared radiation (and their strong modulation by clouds), soil type, soil moisture, surface vegetation, albedo, and presence or absence of snow and ice cover.


Cloud observations from the ground are increasingly automated, with a resultant loss of some information formerly available from trained observers. For example, many automated reports do not report ceilings higher than several kilometres above ground, and cloud cover is inferred rather than directly observed. Satellites are ideal for observing cloud cover, but they cannot measure cloud thickness. Still, ceiling height observations, where available, are valuable for mesoscale forecasting.


Surface visibility observations are made primarily at airports because this information is critical for landing and departing aircraft. The density of such observations is good in heavily populated areas, but this parameter can vary substantially over short distances in complex terrain when the cloud ceiling is low. Visibility is deduced from the output of some regional models.


Databases of soil type are available for many regions of the world at high resolution. Soil type determines the water holding capacity and the retention of rainwater. Because microwave radiation emitted at the ground is influenced by surface moisture, satellite microwave observations are proving useful for monitoring soil moisture. Soil moisture can also be estimated by tracking precipitation over many days. Many countries have dense networks of rain gauges, reporting daily, for the climatological record. These 24-hour reports are probably sufficient for tracking soil moisture. In many cases, radar estimates of accumulated precipitation can effectively supplement the climatological network.


Databases of land surface (desert, grassland, forest, farmland, urban corridor, etc.) are available for calculating the surface energy budget. This must be supplemented by information on seasonal changes in vegetative cover. Satellites provide various indices on vegetative cover; perhaps the best known is the Normalized Difference Vegetation Index (NDVI).


The albedo over water is low and subject to small variability unless ice forms. Over land, surface albedo varies with the geography, but is well described by databases on land surface characteristics. Large and sudden changes in albedo are caused by snowfall and the formation of sea or lake ice. Visible satellite images show well the horizontal extent of snow and ice, and portray the surface albedo during daylight when clouds do not obstruct the view of the ground. Microwave images may hold information on the water content of snow, but this is still a research topic.

3.2.3
Summary of Statement of Guidance for Regional NWP


Regional (mesoscale) NWP is motivated mainly by a desire to provide enhanced weather services to large population centres and is aided by the availability of comprehensive observations. Oceanic areas are generally included in the geographical domain for regional weather prediction primarily as a buffer zone upstream from populated land areas, where accuracy is most important, except for models focusing on islands. Lateral boundary conditions supplied by global models eventually govern the forecast in the interior of the domain except for locally forced events.

Where observational and computational resources support regional prediction, the following is true:
•
Continental NWP centres rely rather more on surface-based and in situ observing systems than on space-based systems.
•
Weather radars supply the highest resolution information, but the coverage is spatially limited, vertically and horizontally.
•
Satellites supply information at high horizontal resolution; infrared sounding coverage is limited primarily by clouds.
•
Accurate moisture fluxes are critical for good mesoscale forecasts, especially of clouds and precipitation; the forecasts thus rely heavily upon wind and humidity observations.
•
Lower boundary conditions can quickly affect a mesoscale forecast; observations of screen-height (2-metre) air temperature, dew point, wind, and pressure are often good to adequate in coverage and frequency whereas observations of surface conditions, for example, soil moisture, are not.
•
In many cases, mesoscale observations are not fully exploited in mesoscale prediction, e.g., radar reflectivity, cloud images, and microwave sounders.  This is more a problem in data assimilation than in the character or distribution of the observations.
The greatest observational needs for regional prediction are:
•
More comprehensive wind and moisture observations, especially in the planetary boundary layer.  Enhancement of the AMDAR data collections and the addition of moisture sensors aboard aircraft are recommended.  Numerous ground-based GPS receivers need only the addition of simple surface observations to be able to deliver estimates of integrated water vapour.  Wind profiles are needed at closer spacing.
•
More accurate and frequent measures of surface and soil properties, in that these influence surface fluxes strongly.  More accurate estimates of precipitation are sorely needed.
•
More comprehensive observations of cloud base, cloud thickness, and other cloud properties.

__________________

