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STATUS OF STATEMENT OF GUIDANCE FOR SYNOPTIC METEOROLOGY
(Submitted by H. Puempel))
	SUMMARY AND PURPOSE OF DOCUMENT

To provide suggested updates to the December 2003 Statement of Guidance for Synoptic Meteorology.




ACTION PROPOSED


To consider these updates and to incorporate as appropriate into a revised Statement of Guidance.

Annex:
April 2001 Statement of Guidance for Synoptic Meteorology.

__________________

Status of Statement of Guidance for Synoptic Meteorology

(Revised June 2006)

3.3 Statement of Guidance for Synoptic Meteorology (updated Apr 2001) 

Synoptic Meteorology could be defined as the activity performed by a human forecaster when predicting the weather at time scales from one day (or even half a day) to several days, and at related space scales.  NWP models (global and regional) play a vital role in forecasting; and information benefiting these models benefits synoptic meteorology.  Many uses of the observations in synoptic meteorology are thus related to numerical models: 

· in order to evaluate the analysis and the very first hours of a model evolution, forecasters often base their model assessment (regarding timing, location and intensity of synoptic-scale features) on a comparison between model outputs and observations, 

· to verify forecasts a posteriori, and 

· to capture smaller-scale details that are unresolved by the models. 

This statement of guidance concentrates on uses other than data assimilation and model forecasting, which are already covered in the SOGs for global NWP and regional NWP. 

Contrary to a NWP data assimilation system, where the goal is to estimate each atmospheric variable on a more or less regular grid, synoptic meteorologists attempt to depict meteorological phenomena in an object-oriented way.  Forecasters tend to look at individual observing systems separately, so  the impact of the different observing systems is discussed in this SOG by data source rather than by meteorological parameter. 

3.3.1 Satellite observations and Synoptic Meteorology 

Geostationary Satellites 

Geostationary satellites imagery are the prime source for locating synoptic-scale features and objects in real time, allowing to detect any incipient  discrepancies between model forecasts and reality at an early stage. This is particularly true over oceanic areas, where conventional data are typically very sparse. Model fields and satellite imagery may be superposed on a workstation screen, an good example is given by the potential vorticity field of the upper-level flow correlated with water vapour satellite images.  The horizontal resolution and coverage are  good except over the polar regions (60-90N and 60-90S).  The vertical resolution is improving with the new generation of Geostationary satellites GOES and Meteosat 8.

The steadily improving horizontal and spectral resolution of geostationary satellite instruments leads to improved detection and classification of clouds.  Progress is being made on night-time detection of low clouds, which used to be marginal, and on distinction between high thin and high thick clouds (e.g. cirrus versus cumulonimbus). 

Quantitative precipitation estimates from geostationary satellites are improving, but still considered marginal.

Polar Orbiting Satellites 

Polar orbiting satellite infrared and visible imagescontinue to deliver excellent  horizontal and spectral resolution, their use being only limited by the infrequent availability of the data.  For the high latitudes, however, where geostationary satellite data are missing, the polar orbiting satellites provide valuable observations with acceptable frequency due to the convergence of tracks. 

Surface winds over oceans provided either by microwave imagers ( wind speed) scatterometers ( speed and direction) are considered accurate and widely used particularly for marine forecasts.  The horizontal resolution is good at synoptic scales, while the temporal resolution is marginal to acceptable depending on the swath width of the instrument. 

The detection of precipitation is poor for microwave imagers and depending on the wavelength of the instrument good to poor for scatterometers.  Precipitation estimates derived from satellite measurements are improving.  Microwave radiometers, and precipitation radars are capable of estimating precipitation with acceptable accuracy and horizontal resolution.  The nature of the phenomenon (short-lived convective cells and rain bands) limits the use of data for quantitative assessments of accumulated precipitation

3.3.2 In situ and surface-based remote sensing  observations for  Synoptic Meteorology 

- Weather Radar

Weather radars are essential for the detection of precipitation in real time at high spatial resolution.  In areas where radar networks are installed the horizontal and temporal resolution are excellent, the accuracy of the quantitative estimation of precipitation is acceptable to good except for complex topography, where obscuration of low-lying areas hidden by higher topography is a limiting factor. 

Doppler radars are now becoming the standard, so that VAD winds and the identification of line squalls and outflow boundaries are an essential element of the data.  Increasingly, polarimetric radars are being used to discern between liquid and solid precipitation, which is highly relevant for all types of traffic and infrastructure forecasts (aviation, road and rail weather, building industry etc.) 

- Radiosondes 

Radiosondes remain the reference observing system for determination of detailed vertical structure in the atmosphere.  This is due to their excellent vertical resolution (provided full resolution data are being transmitted instead of standard/significant eel data only) and second to the simultaneous presence of temperature, wind, moisture and pressure measurements (moisture with marginal accuracy, all other parameters with good accuracy).  Vertical stability analyses, seeking details which are not necessarily captured by NWP models, are based mostly on the radiosondes. Moreover, radiosondes remain one of the key observing systems in NWP analyses; the model assessment made by the forecasters relies to a large extent on them. Thus, despite the poor temporal resolution and uneven geographical coverage, radiosondes are of primary importance in synoptic meteorology. 

- Wind profilers 

(Boundary layer and tropospheric ) are still widely regarded as research tools despite the fact that operational networks have been established in the USA, and in Europe. The good temporal resolution of wind profilers and the generally adequate data quality is making them quite useful.  However, their geographical coverage is expected to remain marginal to poor except in a few regions of the world.  Moreover, the cost of technical maintenance and the difficulty to obtain the necessary frequency bands are limiting their operational implementation. 

- Aircraft data 

The increasing availability of display software for ADMAR data particularly for ascent/descent profiles are making these data a highly useful tool for forecasters particularly in data sparse regions of developing countries.  Data quality is generally good, and quality control measures are being put in place to ensure adequate data integrity.

- Surface data

Surface data are quite essential in synoptic meteorology.  Their horizontal coverage is generally good over populated land, and marginal to poor over oceanic or desert areas, although oceanic buoys are being deployed in large numbers and improving the situation there.  Measurement frequency and data accuracy are good.  In addition, forecasters are very familiar with these data and can make best use of them. 

Over land surface, data from an increasing number of automated stations contain as a minimum information on wind, temperature, moisture and mean sea level pressure, with weather elements such as cloud cover or visibility mostly available from manned and aeronautical stations.  Regional efforts are underway to collect, standardize and quality control also data from observing networks from non-NMHS sources such as hydrological services, road networks and private and industrial operators. 

Over the oceans fewer parameters are available.  Mean sea level pressure, measured on ships, buoys, islands, is a key tracer of synoptic activity.  Even very isolated stations may play an important role in synoptic forecasting, especially when they point out differences with NWP model output. 

3.3.3 Special case of tropical cyclones 

Geostationary satellites provide vital information on the location of a tropical cyclone with a good temporal resolution and a good horizontal coverage; the availability of such information all over the tropical belt is essential.  Polar orbiting satellites provide more detailed information on tropical cyclones, but at a coarser temporal resolution. For surface wind scatterometers are most useful.  They also provide some capability for detecting precipitation. 

Ground-based precipitation radars have a good horizontal and temporal coverage around land (including islands) areas but are absent over most oceanic regions.  They allow good monitoring of tropical cyclones and landfall and they contribute quite significantly to nowcasting and very short range forecast but not to their longer term forecast. 

Conventional in situ data provide marginal coverage over tropical cyclones but measure MSLP with a good accuracy (one of the essential parameters of a tropical cyclone); they also provide measurements of wind with good accuracy 

Targeted observations like dropsondes have been used for tropical cyclones and have proved to be very useful not only for NWP usage but also for direct use by forecasters. 

3.3.4 Summary of Statement of Guidance for Synoptic Meteorology 

NWP models are the most important tool for synoptic prediction,  leading to a strong dependence on the same data as identified as sources for NWP.  Thus, the SOG for global and regional NWP applies for Synoptic Meteorology as well.  Information that best complements these data  are found in satellite imagery and weather radar data; their usage is further supported by their good temporal and spatial resolution. Surface data, because of their good representation of the conditions where people are living, are also quite essential.  There still is concern for oceanic areas, where significant phenomena such as cyclogenesis occur but surface-based data are sparse Another concern is the quality of cloud cover and base height estimates in remote areas and especially during the night, some progress is expected in this area from new satellite sensors over the next decade. 

________________

ANNEX

3.3 Statement of Guidance for Synoptic Meteorology (updated Apr 2001) 


Synoptic Meteorology is understood as the activity performed by a human forecaster when predicting the weather at time scales from one day (or even half a day) to several days, and at related space scales.  The basic tool for synoptic meteorology resides in the NWP models (global and regional); any information benefiting these models benefits synoptic meteorology.  The main use of the observations in synoptic meteorology is related to numerical models: 

· to evaluate the analysis and the very first hours of a model evolution, the forecasters usually base their model assessment on a comparison between model outputs and observations, 

· to verify forecasts a posteriori, and 

· to capture details that can't be seen by a model, such as detailed vertical stability parameters that may remain for several hours. 

This statement of guidance concentrates on uses other than data assimilation and model forecasting, which are already covered in the SOGs for global NWP and regional NWP. 

 

Another neighbouring field of activity is nowcasting. A distinction can be made in terms of horizontal scales where nowcasting uses a few kilometres while synoptic meteorology remains at a resolution which is at least one order of magnitude coarser. 

 

Contrary to NWP data assimilation system, where the goal is to estimate each atmospheric variable on a more or less regular grid, synopticians attempt to depict meteorological phenomena on different scales using different parameters. Sometimes, accurate determination of a parameter is not most important: one can detect a cyclone on a satellite visible or infrared image without the benefit of radiative transfer or accurate calibration.  Furthermore the practice of going back to individual observing systems in order to assess a NWP output is very often part of a forecaster's job. Accordingly, the impact of the different observing systems is discussed in this SOG by data source rather than by meteorological parameter. 

3.3.1 Satellite observations and Synoptic Meteorology 

Geostationary Satellites 

Geostationary satellites provide valuable information for assessing the performance of an NWP model especially in areas where other data are sparse or absent. Over oceans, where mid-latitude cyclones grow, geostationary satellite images are most important, more so than even derived products such as cloud motion winds because the image with high spatial representation can be directly superimposed to a 2-D model field. An example of a common superposition is the potential vorticity model field correlated with water vapour satellite images. The horizontal resolution and coverage are very good except on the polar regions (60-90N and 60-90S). The vertical resolution is generally poor; this is improving with satellites such as GOES and MSG (with multiple water vapour channels and one ozone channel which are correlated with atmospheric dynamic motions at different levels). High spectral resolution imagers will help even more. 

The steadily improving horizontal and spectral resolution of geostationary satellite instruments leads to improved detection and classification of clouds. Progress is being made on night-time detection of low clouds, which used to be marginal, and on distinction between high thin and high thick clouds (e.g. cirrus versus cumulonimbus). 

 

On the periphery of synoptic meteorology, there are some activities related to monitoring and forecasting the transport of particles in the atmosphere. In the case of volcanic ashes, which represent considerable danger for aviation, the geostationary satellites are able to provide important information with their good combination of spatial, temporal and spectral resolution. 

 

The main weakness of geostationary satellites for synoptic meteorology remains their marginal capability for detecting precipitation. 

Polar Orbiting Satellites 

Polar orbiting satellite infrared and visible images, despite better horizontal and spectral resolution, are not used as intensively in synoptic meteorology as geostationary satellites. The main reason is their less frequent asynchronous temporal coverage: the typical size of the synoptic domain is several thousand kilometres, which is covered only by several consecutive orbits with different observation times. The exception occurs in Nordic countries (and the Antarctic) where the polar orbiting satellites provide good observations with acceptable frequency. 

 

Surface winds over oceans provided either by microwave imagers - wind speed only - or scatterometers - speed plus direction - are widely used because of their good accuracy (except for very strong winds) in light of the importance of the wind parameter for marine users. The horizontal resolution is good at synoptic scales, while the temporal resolution is marginal to acceptable depending on the swath width of the instrument. 

The detection of precipitation is poor for microwave imagers and depending on the wavelength of the instrument good to poor for scatterometers. Precipitation estimates derived from satellite measurements are progressing. Microwave radiometers, and recently precipitation radars such as the one onboard TRMM, are capable of estimating precipitation with acceptable accuracy and horizontal resolution, but with marginal temporal resolution (precipitation being more sensitive to temporal resolution than other parameters due to the importance of time-cumulated rainfall). 

3.3.2 In situ observations and Synoptic Meteorology 

- Weather Radar 

Weather radars are essential for the detection of precipitation in real time at fine resolution. They are traditionally used in a qualitative way (allowing the determination of the precipitating areas and a classification of the rain rate such as low-moderate-high), but quantitative applications are progressing. In areas where radars are installed the horizontal and temporal resolution are excellent, the accuracy of the quantitative estimation of precipitation is acceptable to good (it is difficult to estimate since reference values, especially rain gauge data, are not representative of the same horizontal scale). 

 

Some of the weather radars are used in vertical exploration mode; some have a Doppler capability that enables wind estimates. These two aspects, which are well known in nowcasting, are marginally used in synoptic meteorology. 

- Radiosondes 

Radiosondes remain the basic observing system for determination of vertical structure in the atmosphere. This is due first to their excellent vertical resolution and second to the simultaneous presence of temperature, wind, moisture and pressure measurements (moisture with marginal accuracy, all other parameters with good accuracy). Vertical stability analyses, seeking details which are not necessarily captured by NWP models, are based mostly on the radiosondes. Moreover, radiosondes remain one of the key observing systems in NWP analyses; the model assessment made by the forecasters relies to a large extent on them. Thus, despite the poor temporal resolution and uneven geographical coverage, radiosondes are of primary importance in synoptic meteorology. 

- Wind profilers 

Wind profilers are still emerging as a tool in synoptic meteorology. operational networks have been established in the USA, and are in preparation in some other parts of the world. The good temporal resolution of wind profilers and the data quality is making them quite useful. However, their geographical coverage is expected to remain marginal to poor except in a few regions of the world. 

- Aircraft data 

Due to their unpredictable location, aircraft data are not used extensively by synopticians, except at the vicinity of large airports where the ascending/descending phases are more or less interpreted as vertical profiles, complementing the vertical stability analysis based on radiosondes. The data quality is good, but the horizontal, vertical and temporal resolutions are quite variable (from very good to poor through all possible intermediate values). 

- Surface data

Surface data are quite essential in synoptic meteorology. Their horizontal coverage is generally good over populated land, and marginal to poor over oceanic or desert areas. Measurement frequency and data accuracy are good. In addition, forecasters are very familiar with these data and can make best use of them. 

 

Over land surface, data capture a unique combination of parameters; in addition to classical parameters such as wind, temperature, moisture and mean sea level pressure, sensible weather elements such as cloud cover or visibility are also available. These provide the basic information in climatological and real-time modes, for the synoptic forecast to be translated into commonly understood terminology. 

 

Over the oceans fewer parameters are available. Mean sea level pressure, measured on ships, buoys, islands, is a key tracer of synoptic activity. Even very isolated stations may play an important role in synoptic forecasting, especially when they point out differences with NWP model output. 

3.3.3 Special case of tropical cyclones 

Geostationary satellites provide vital information on the location of a tropical cyclone with a good temporal resolution and a good horizontal coverage; the availability of such information all over the tropical belt is essential. However, quantitative information on wind, mean sea level pressure, and precipitation - so important to TC detection and analysis - remains elusive. 

 

Polar orbiting satellites provide more detailed information on tropical cyclones, but at a coarser temporal resolution. For the surface wind, which is an obviously important parameter for tropical cyclones, scatterometers are most useful. They also provide some capability for detecting precipitation (those not using the Ku band). 

 

Ground based precipitation radars have a good horizontal and temporal coverage around land (including islands) areas but are absent over most oceanic regions. They allow good monitoring of tropical cyclones and landfall and they contribute quite significantly to nowcasting and very short range forecast but not to their longer term forecast. 

 

Conventional in situ data provide marginal coverage over tropical cyclones but measure MSLP with a good accuracy (one of the essential parameters of a tropical cyclone); they also provide measurements of wind with good accuracy 

 

Targeted observations like dropsondes have been used for tropical cyclones and have proved to be very useful not only for NWP usage but also for direct use by forecasters. 

3.3.4 Summary of Statement of Guidance for Synoptic Meteorology 

NWP models are the main tool for synoptic prediction so the most essential data in synoptic meteorology are the data which have the most important impact on NWP. Thus, the SOG for global and regional NWP applies for Synoptic Meteorology as well. Information that best complements the content of data assimilation models (data not entering or not well treated in NWP schemes) are found in satellite images and radar pictures; their usage is reinforced by their good temporal and spatial resolution. Surface data, because of their good representation of the conditions where people are living, are also quite essential. The most obvious concern is coverage of oceanic areas, where significant phenomena such as cyclogenesis occur but data are sparse; here sensible weather parameters are unavailable and satellite data do not offer enough information (precipitation is not measured well and visibility is not measured at all). Another concern is the quality of cloud cover estimates during the night, seen from ground as well as satellites; progress is expected in this area in the next decade. 
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