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(version updated August 2009 by Chi Ming Shun, Hong Kong, China, and approved by ET-EGOS-5, December 2009)

Aeronautical Meteorology has a global role, its users range from pilots, air traffic control and management to airline dispatch offices as well as airport authorities.  En route forecasts for Instrument Flight Rules (IFR) flight planning purposes are mostly based on the International Civil Aviation Organization (ICAO) World Area Forecast System (WAFS), whereby fixed-time forecasts of wind, temperature and significant weather information are provided.  The accuracy of upper wind and temperature forecasts is crucial for optimal flight planning, which apart from direct economical consequences also has an impact on the climate impact of aviation, i.e., its fuel consumption and resulting GHG emission.  This forecast accuracy critically depends in turn on highly accurate observations of these parameters, in particular near jet streams where sharp gradients of wind speed and temperature lead to large absolute errors where such systems are incorrectly positioned.

The forecasts of SIGWX-information are issued by the two World Area Forecast Centers London and Washington at a high degree of automation, containing information on phenomena such as: 

· convective activity including squall line; 

· icing in clouds and freezing precipitation
· clear air turbulence, both in the vicinity of jet streams and near convection; 

· mountain wave activity;
· tropical cyclone;
· volcanic eruption; and
· sand- and dust storms.

Many of these phenomena occur on a scale of a few km in the horizontal and less than 1 km in the vertical, and persist in time from minutes to a few hours.  They need to be derived from ground- and satellite-based observations as well as larger-scale information in the NWP models by algorithmic methods, depending heavily on correct information of horizontal and vertical shear, moisture (including super-saturation) and Super Cooled Liquid Water Content (SLWC), and sometimes boundary layer information, such as low-level moisture content or depth of a stagnant layer upstream of mountains or hills generating gravity waves.

Individual Flight Information Regions (FIR) are served by Meteorological Watch Offices (MWO) with a responsibility to issue SIGMET information giving precise location, intensity and movement of these phenomena when they occur.  For route forecasts in Visual Meteorological Conditions (VMC), highly detailed information on visibility, cloud ceiling height and topographically induced features (coastal stratus, upslope fog, orographic cloud), needs to be provided to clients.  For Terminal Aerodrome Forecasts (TAF), landing forecasts (TREND) and warnings as well as emerging new forecasts for the terminal area, nowcasting and very-short-range forecasting of local conditions such as visibility, cloud base height, convection, 3-D wind and vertical temperature profile is required.

In addition to the phenomena indicated above (convective systems, heavy precipitation, icing, and high winds), particular emphasis is placed on:

· low-level wind shear and turbulence;
· freezing precipitation;

· super cooled large cloud droplets ("freezing drizzle droplets");

· low visibility and ceiling situations; and,

· snow fall and black ice formation.

For the benefit of air traffic management, airline dispatch offices and airport authorities, short-range forecasts of weather phenomena affecting airways or the acceptance rate of hub airports are required.  These include deep convection, lightning, strong winds including crosswinds and gusts, low-level wind shear and turbulence, snow and sand storms, and very low ceiling and visibility values.

The key variables to be observed and forecast in aeronautical meteorology (beyond those already addressed in the NWP and Nowcasting and Very Short Range Forecasting SOGs and not repeated where requirements are considered identical) are briefly discussed below.  Aeronautical Meteorology forecast requirements for these variables are included in Annex B to this SOG for reference.  This section provides estimates of how well existing and planned instruments and observing systems meet the requirements for Aeronautical Meteorology, concentrating on those parameters not already covered by previous sections of this document:

- 3-D Wind and Temperature Fields

For upper level wind forecasts supporting flight planning, the requirements stated in the NWP section apply.  At busy airports introducing continuous descent approaches, arrival metering and sequencing operations for fuel saving and more efficient ATM, higher accuracy in the wind forecasts may be achieved by enhanced collection of ACARS / AMDAR / ADS (Automatic Dependent Surveillance) data in the terminal areas.  For SIGWX information on turbulence, which is based on algorithmic methods, very high spatial resolution in temperature, moisture, and wind fields are required for calculation of non-dimensional parameters such as Richardson number, Froude number, Ellrod indices, divergence and deformation.  The required vertical resolution is increasingly available both from ACARS / AMDAR / ADS data, particularly ascent / descent profiles, but also from en-route aircraft, as the recent introduction of RVSM (Reduced Vertical Separation Minima) have resulted in a closer spacing of flight paths in the vertical (1000ft instead of 2000ft).  The radiosonde network would still be able to provide significant input to turbulence forecasting if the full vertical resolution of the sounding (about 50 m in the vertical) is transmitted instead of significant and standard levels only.

- Surface and near-surface wind and surface pressure

In the vicinity of airports, wind shear, turbulence and sudden changes in wind speed or direction (e.g. increase in crosswind including gusts) are very important for landing/departing aircraft and air traffic management (such as change of runways).  Local observing meso-scale networks, Doppler lidars, and terminal Doppler weather radars are providing good wind information at selected locations in the developed world.  Boundary-layer wind profilers provide useful information on vertical shear but are limited in sampling the horizontal wind changes over the flight paths for alerting wind shear.  There are also recent concerns on the representativeness of the surface wind measurements at airports due to the wake effects of local building developments within / near airports.

Scatterometer data from satellites are beginning to provide highly valuable data for island and coastal areas.  Cloud-motion winds are rarely capable of providing data continuously in the planetary boundary layer over land.
Surface pressure at airport for reporting QNH/QFE is increasingly measured by digital barometers as the calibration of conventional mercury-in-glass barometers is becoming increasingly difficult due to occupational health concerns transporting them.

- Humidity fields

Humidity fields play a critical role in forecasting icing and convection and, as in NWP; they are currently under-sampled by existing in situ-systems except in densely populated areas.  Where ground-based systems provide temperature and dew point, the reported values are of inadequate resolution for accurate determination of the RH based on METAR code.  Satellite sounding systems (microwave sounders) are beginning to have positive impact over oceanic areas, but vertical resolution and regular availability are still considered insufficient for the purposes of aeronautical meteorology.  The planned introduction of humidity sensors on commercial aircraft is expected to have a positive impact on humidity analyses.

Moisture information at higher flight levels may become very important if current research pointing to a significant impact of aviation generated cirrus cloud on radiative forcing, and thus contributing to global warming, is confirmed.  For that reason, moisture sensors on AMDAR / ACARS aircraft could become very important if the problem of sensitivity and accuracy at very low humidities at Upper Tropospheric and Stratospheric levels can be resolved.  These applications would also necessitate better calibration of radiosonde moisture sensors at higher levels in the atmosphere.  Recent reports of flame-outs on jet engines in very cold situations above deep convection, where melting and re-freezing of icicles is suspected, re-emphasizes the need for enhanced moisture data at high altitudes.  The AMSU, multi-spectral sensors on research satellites, and sensors on the next generation of geostationary satellites that include more spectral bands in the water vapour band, are expected to have a clear positive impact. 

- Cloud and liquid / ice water content

Detection of large convective systems from cloud top height information is accomplished from multi-spectral infrared satellite sounding systems with acceptable horizontal and vertical resolution.  Cycle times in the order of 10 to 15 min for the geostationary satellites are helping to satisfy the requirements for higher temporal resolution.  Ground-based scanning Doppler radar and lightning detection networks provide acceptable detection and have good temporal and spatial resolution and accuracy over densely populated land areas in the developed world.  Data exchange across national boundaries is beginning to provide information for larger areas, but it is far from covering entire continents, particularly in the developing world.  The emerging deployment of ground-based polarimetric weather radars (also referred to as dual-polarization weather radars) contributes to  improved estimates of rain and snow rates, better detection of large hail location in summer storms, and improved identification of rain/snow transition regions in winter storms – all of them highly relevant to accurate forecast and warning of severe weather impacting on air traffic near busy airports.
Cloud drop size information for icing forecasts is currently not directly observed; satellite remote-sensing methods are under development and should be closely followed.  Indirect methods for deriving this information are based on moisture supply, temperature inversions, and wind shear near cloud tops.  Only radiosonde and AMDAR data could provide acceptable vertical resolution of these parameters, but cycle times and horizontal resolution are marginal to poor.  Dual-polarization weather radars, particularly if operated in the X-Band, again holds promise for acceptable accuracy in determining the amount and distribution of SLW droplets, but are still far too rare to have a significant global impact.

- Visibility and cloud amount / ceiling height

These parameters are well observed at most aerodromes both by human observers and automated systems.  However, automatic determination of cloud amount / ceiling height from single ceilometer measurements could be challenging at locations with complex topography (e.g. valleys, coastal stations and large cities with high aerosol loading).  Apart from instrumented measurements of runway visual range (RVR) and visibility along runways, automatic determination of the prevailing visibility would typically require a suite of visibility meters installed at suitable locations within / near the airport.  For route forecasts of VFR flights, both the horizontal resolution and cycle time of existing observing stations reporting aeronautical weather information in METAR code are acceptable only in densely populated areas, and poor over most of the globe.

- Gravity waves

Gravity waves and their potential for breaking appear to depend very much on upstream wind and temperature profiles at high vertical resolution.  Again, observation targeting by requesting ascent/descent data from AMDAR / ACARS / ADS aircraft as well as full resolution in rawindsonde profiles would be beneficial.  The cycle times and availability of rawindsondes immediately upstream of mountain ranges have to be considered acceptable only in a few densely populated areas and poor elsewhere.  Ground-based microwave radiometers are beginning to provide high spatial and temporal resolution temperature profiles for the lowest few km in the developed world.  Stratospheric intrusions associated with steepening and breaking gravity waves are beginning to be detected in water vapor satellite imagery of recent geostationary satellites, where shorter wavelengths are beginning to resolve the required scale of motion (10-15km) of gravity waves.

- Volcanic Ash

Reliable detection and tracking of Volcanic Ash clouds are essential to the functioning of the International Airways Volcano Watch operated under ICAO regulations in close cooperation with WMO.  Many volcanoes are found in remote and scarcely populated areas, where reliable eruption detection and determination of the nature of the eruption (Plinian, Strombolian, ash rich, etc.) is often only based on remote-sensing methods.  On the ground, weather radar, seismic and infra-sound networks have been demonstrated to increase the detection probability with all systems suffering from inherent limitations, such as:

- Seismic:
Although many eruptions are preceded by typical “swarms” of seismic activities (small-amplitude quakes), but a reliable determination if a tremor is linked to an eruption is very difficult, even more so the determination on ash content and peak height of a volcanic eruption only traced by seismic network.

- Infrasound:
 Contrary to seismic measurement, the “unmistakable” infrasound signal of a volcanic eruption avoids confusion between eruptions and earthquakes.  Eruption height and ash content may not easily be determined quantitatively, but the type and intensity of eruption may be deduced from the acoustic characteristics.  Where infrasound networks are established regionally with a maximum distance of a few 100 km around active volcanoes, the time delay between eruption and detection will be in the order of 10 minutes or less, if only existing networks such as the CTBTO network of infrasound detectors are to be used, delays of some hours may have to be accepted.

- Space-based detection:
A split-window technique based on difference in radiation temperature between nearby IR channels has been use successfully for some time to detect ash clouds from space based observing platforms.  The change to the latest generation of geostationary satellites in the United States and Europe required some adjustment to new channels flown on new satellites, but this problem has been overcome successfully.  Very sensitive detection methods for SO2 in the UV by research polar orbiting satellites (AIRS) showed promise, but entrain the risk of false alerts particularly in cases where areas of higher SO2 concentration are separated from ash clouds by vertical separation of trajectories.  The need for daylight for detection of high-SO2 regions, and the problem of obscuring of ash clouds by convective cloud and cirrus layer are posing considerable problems in achieving high POD rates.  This problem, according to some recent research, could be compounded by “coating” of ash particles with cloud ice where water (either of eruptive origin or from entrainment of moist air) freezes around ash particles acting as condensation nuclei, which would “mask” the ash sufficiently to become indetectable by IR methods.

- Sand- and Dust Storms:
Recently, sand- and dust storms have been recognized as significant hazards to aviation. While detection of such phenomena in a qualitative sense appears mature in Visible Satellite imagery, automated detection outside daylight hours remains an issue, and surface observations in areas prone to suffer these phenomena are scarce. In addition, aviation meteorology is currently tackling the question of defining objectively the intensity of such phenomena as the presence of a severe sand- or dust storm would preclude planning of flights to an affected destination. Visibility and wind speed/gustiness are being explored as indicative parameters in the absence of any measurements of aerosol loading. 

- Space Weather 
Solar and extra-terrestrial radiation events (solar storms) have been recognized to cause disruption to HF radio communications and thus navigation. They may also pose health hazards to air crew and passengers in extreme cases especially for cross-polar flights.  A new initiative is underway in collaboration with ICAO to incorporate these “Space Weather Events” into regular warnings to aviation. New data sets for radiation levels and particle flow are being investigated as sources of information.

3.6.1
Summary of Statement of Guidance regarding Aeronautical Meteorology

The following key points summarize the SOG for Aeronautical Meteorology:

· For upper-level temperature and wind forecasts the SOG for global NWP apply for operational forecast production, locally higher vertical resolution is required for development and verification of turbulence forecast algorithms.  Enhanced collection of aircraft data (ACARS / AMDAR / ADS) may improve accuracy in support of more efficient ATM in the terminal areas of busy airports.
· For Meteorological Watch purposes (issuance of warnings), satellite imagery, and higher-level products such as multi-spectral images, provide good guidance for location and intensity of convection, but only scanning radars in networks combined with lightning detection systems currently have the cycle times of less than 10 min required for air traffic control and supporting air traffic management; the next generation of geostationary satellites with new scanning strategies is getting closer to these requirements.

· For turbulence and gravity wave detection and prediction, current in-situ instruments have acceptable vertical resolution, but are not available in sufficient density for all areas of the globe.  The AMDAR / ACARS / ADS is a data source with a high potential to fill existing data gaps in the medium term, water vapour imagery is beginning to show potential for subjective detection of steepening waves and vorticity advection, leading to Clear Air Turbulence.

· For forecasts and warnings in the wider terminal area, in-situ and ground-based remote-sensor technology has the potential to meet requirements, but its high cost inhibits general, global availability.  In particular, the possible extension of data requirements for new terminal forecasts and warnings for the larger approach-and departure areas, to be developed in close collaboration with ICAO, meso-networks, including lightning detection, LIDAR and Doppler WXR (increasingly with dual-polarization functionality) coupled with Nowcasting algorithms, may become necessary for larger airports.  The deployment of automatic instruments for measuring conventional parameters at airport such as surface wind, pressure, visibility and cloud will also need continuous improvements considering the evolving user needs and changing operational environment. 
· For en route forecasts for VFR flights, ground based observations are not meeting the required data density except for some densely populated areas.  Satellite imagery and specialized products have acceptable horizontal resolution, but lack the information on visibility and ceiling height for low cloud. Promising new research satellites with a capacity to detect cloud base height will be monitored for operational usability over the next years.

· For the detection of volcanic ash clouds and eruptions, satellite remote-sensing has significantly detection capability.  Close cooperation with the CTBTO in using seismic and sonic data is improving the detection of volcanic outbreaks in remote areas.
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