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ASSESS THE CURRENT AND POTENTIAL CAPABILITIES

OF WIND PROFILERS FOR THEIR USE IN WIGOS
Status of implementation for Wind Profilers by WMO Members
(Submitted by Mr S. Goldstraw, UK Met Office)

	Summary and Purpose of Document

This document provides an overview of observational requirements for wind profilers and implementation of Wind Profiler Networks.



ACTION PROPOSED

The meeting will be invited to develop guidance material for providing updates of the WMO CEOS of observations systems capabilities database.
_________________

REPORT ON THE OPERATIONAL REQUIREMENTS
FOR WIND PROFILES FROM WMO MEMBERS
1.
INTRODUCTION
A number of WMO Members manage operational wind profiler networks. These networks have been implemented in response to a range of drivers, some application area requirement led and some budget constraint led. Many Members exchange data from operational wind profiler networks with other members via the GTS. The meteorological application area requirements for wind profile data are varied but with a limited amount of standardisation can be consolidated into a reduced set of data requirements in a straightforward manner. This paper focuses on the observational requirements for wind profiles and if they can be met by Wind Profiler Networks. Further work is required to establish the full extent of operational Wind Profilers implemented by Members.

2.
REQUIREMENTS FOR WIND PROFILE OBSERVATIONS
2.1
Source of requirements

The requirements for wind profile data, as reported within this document have been extracted from the CEOS-WMO database on observational requirements. The information source is available via the following link: 

<http://www.wmo.int/pages/prog/sat/Databases.html#UserRequirements> 

With the actual link to the database being provided by selecting the text:
“Access to the database of observational requirements from WMO and other international organizations“
The requirements for vertical wind profiles are identified in 8 different application areas: Global NWP; Regional NWP; Nowcasting (including VSR Forecasting); Synoptic Meteorology; Aeronautical Meteorology; Climate Research (as defined by the WCRP), the AOPC (as defined by GCOS) and the GAIM (as defined by IGBP). Not all of these application areas are explicitly covered in the analysis activities undertaken by ET-EGOS.

2.2
Description of observational requirements

The structure of the CEOS-WMO database on observational requirements identifies two types of wind profile requirement: Wind Profile – horizontal component and Wind Profile – vertical component. For each observational data type requirement classes of: Horizontal Resolution; Vertical Resolution; Observing Cycle (also known as frequency of observation); Delay of Availability (also known as latency of observation) and Accuracy. In addition reference is made to the extent of the atmosphere over which the requirement is valid. The extent classes identified are: Lower Troposphere; Upper Troposphere; Lower Stratosphere and Upper Stratosphere & Mesosphere. 

For each requirement class the goal, breakthrough and threshold requirement level is defined. These levels follow the standard Rolling Requirements Review (RRR) definitions with goal being the most demanding requirement and threshold being the minimum requirement to make an impact on the performance of the application area system. Details of the RRR process is available via the following link:

<http://www.wmo.int/pages/prog/sat/Databases.html#UserRequirements> 

With the actual link to the database being provided by selecting the text:
“For a description of the Rolling Requirements Review process, click here.”

2.3
Inclusion of ‘Measurement Integration Period’

Within the CEOS-WMO database on observational requirements there is no provision for the inclusion of a ‘measurement integration period’ statement of requirement. Some consideration needs to be made for this requirement as many observing systems do not make instantaneous measurements of the atmospheric state and this is particularly true for Wind Profilers where integrate periods can be 5, 10, 15 or 30 minutes. Without a statement of requirement for ‘measurement integration period’ the Observing System Community may be researching, designing and operationally implementing systems that do not meet the application area requirements.

Recommendation: Requirements statements, where applicable, are expanded to include the acceptable ‘measurement integration period’ for the observation. For some measurements this integration period requirement may be ‘near instantaneous’ but for others an extended integration period may be acceptable. Only once this requirement, if it exists, is understood can Wind Profiler Network operators determine if their respective networks are truly meeting application area requirements.

2.4
Content review of observational requirements statements

Table 1 summarises the majority of the wind profile measurement requirements that are held within the WMO-CEOS database on observational requirements. 

Table 1: Summary table of observational requirements for wind profiles
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Goal B/T T/H Goal B/T T/H Goal B/T T/H Goal B/T T/H Goal B/T T/H

km km km km km km h h h h h h m/s m/s m/s

Wind Profile (horizontal component) Lower Troposphere Aero Met 50 63 100 0.15 0.238 0.6 0.0833 0.105 0.167 1 1.4 3 2 2.7 5

Wind Profile (horizontal component) Upper Troposphere Aero Met 50 63 100 0.15 0.238 0.6 0.0833 0.105 0.167 1 1.4 3 2 2.7 5

Wind Profile (horizontal component) Lower Stratosphere Aero Met 50 63 100 0.15 0.238 0.6 0.0833 0.105 0.167 1 1.4 3 2 2.7 5

Wind Profile (horizontal component) Lower Troposphere Global NWP 15 100 500 0.5 1 3 1 6 12 0.1 0.5 6 1 3 5

Wind Profile (horizontal component) Upper Troposphere Global NWP 15 100 500 0.5 1 3 1 6 12 0.1 0.5 6 1 3 8

Wind Profile (horizontal component) Lower Stratosphere Global NWP 15 100 500 0.5 1 3 1 6 12 0.1 0.5 6 1 3 5

Wind Profile (horizontal component) Upper Strato & Meso Global NWP 50 100 500 1 2 3 1 6 12 0.1 0.5 6 1 5 10

Wind Profile (vertical component) Lower Troposphere Global NWP 15 200 500 0.5 2 3 1 6 12 0.1 0.5 6 0.01 0.05 0.05

Wind Profile (vertical component) Upper Troposphere Global NWP 15 200 500 0.5 2 3 1 6 12 0.1 0.5 6 0.01 0.05 0.05

Wind Profile (vertical component) Lower Stratosphere Global NWP 15 200 500 0.5 2 3 1 6 12 0.1 0.5 6 0.01 0.05 0.05

Wind Profile (vertical component) Upper Strato & Meso Global NWP 15 200 500 0.5 2 3 1 6 12 0.1 0.5 6 0.01 0.05 0.05

Wind Profile (horizontal component) Lower Troposphere Nowcasting 5 17 200 0.5 0.63 1 0.25 0.721 6 0.25 0.5 2 1 1.7 5

Wind Profile (horizontal component) Upper Troposphere Nowcasting 5 17 200 0.5 0.63 1 0.25 0.63 4 0.08 0.147 0.5 1 2 8

Wind Profile (horizontal component) Lower Stratosphere Nowcasting 5 17 200 0.5 0.63 1 0.25 0.721 6 0.25 0.5 2 1 1.7 5

Wind Profile (vertical component) Lower Troposphere Nowcasting 5 17 200 0.5 0.794 2 0.25 0.397 1 0.08 0.147 0.5 0.01 0.017 0.05

Wind Profile (horizontal component) Lower Troposphere Regional NWP 10 36.8 500 0.4 0.928 5 0.5 1.442 12 0.25 0.5 2 1 1.7 5

Wind Profile (horizontal component) Upper Troposphere Regional NWP 10 36.8 500 1 2.2 10 0.5 1.442 12 0.25 0.5 2 1 2 8

Wind Profile (horizontal component) Lower Stratosphere Regional NWP 10 36.8 500 1 2.2 10 0.5 1.442 12 0.25 0.5 2 1 1.7 5

Wind Profile (vertical component) Lower Troposphere Regional NWP 10 36.8 500 0.5 1.077 5 0.5 1.442 12 0.25 0.5 2 0.01 0.017 0.05

Wind Profile (vertical component) Upper Troposphere Regional NWP 10 36.8 500 0.5 1.357 10 0.5 1.442 12 0.25 0.5 2 0.01 0.017 0.05

Wind Profile (vertical component) Lower Stratosphere Regional NWP 10 36.8 500 0.5 1.357 10 0.5 1.442 12 0.25 0.5 2 0.01 0.017 0.05

Wind Profile (horizontal component) Lower Troposphere Synoptic Met 20 43.1 200 0.1 0.271 2 3 4.8 12 1 1.4 3 2 2.7 5

Wind Profile (horizontal component) Upper Troposphere Synoptic Met 20 43.1 200 0.1 0.271 2 3 4.8 12 1 1.4 3 2 3.2 8

Wind Profile (horizontal component) Lower Stratosphere Synoptic Met 20 43.1 200 0.1 0.271 2 3 4.8 12 1 1.4 3 2 2.7 5

Wind Profile (horizontal component) Lower Troposphere GAIM (IGBP) 100 171 500 2 2.7 5 12 15.1 24 12 15.1 24 2 2.7 5

Wind Profile (horizontal component) Upper Troposphere GAIM (IGBP) 200 271.4 500 5 6.3 10 12 15.1 24 12 15.1 24 2 2.7 5

Wind Profile (horizontal component) Lower Stratosphere GAIM (IGBP) 200 271.4 500 5 6.3 10 12 15.1 24 12 15.1 24 2 2.7 5

Wind Profile (horizontal component) Lower Troposphere Climate Research (WCRP) 200 271.4 500 0.5 0.794 2 6 13.7 72 24 45.9 168 3 3.6 5

Wind Profile (horizontal component) Upper Troposphere Climate Research (WCRP) 200 271.4 500 0.5 0.794 2 6 13.7 72 24 45.9 168 3 3.6 5

Wind Profile (horizontal component) Lower Stratosphere Climate Research (WCRP) 200 271.4 500 0.5 0.794 2 6 13.7 72 24 45.9 168 3 3.6 5

Wind Profile (horizontal component) Upper Strato & Meso Climate Research (WCRP) 200 271.4 500 0.5 0.794 2 6 13.7 72 24 45.9 168 3 3.6 5

Wind Profile (horizontal component) Lower Troposphere Climate Research (WCRP) 50 107.7 500 0.3 0.766 5 3 4.8 12 720 907 1440 2 2.7 5

Wind Profile (horizontal component) Upper Troposphere Climate Research (WCRP) 50 107.7 500 1 1.7 5 3 4.8 12 720 907 1440 2 2.7 5

Wind Profile (horizontal component) Lower Stratosphere Climate Research (WCRP) 50 107.7 500 1 1.7 5 3 4.8 12 720 907 1440 2 2.7 5

Wind Profile (horizontal component) Upper Strato & Meso Climate Research (WCRP) 50 107.7 500 2 2.7 5 3 4.8 12 720 907 1440 3 3.6 5

Wind Profile (horizontal component) Lower Troposphere AOPC 100 200 500 0.5 1 2 3 4 6 3 6 12 2 3 5

Wind Profile (horizontal component) Upper Troposphere AOPC 100 200 500 0.5 0.65 1 3 4 6 3 6 12 2 3 5

Wind Profile (horizontal component) Lower Stratosphere AOPC 100 200 500 0.5 0.65 1 3 4 6 3 6 12 2 3 5

Wind Profile (horizontal component) Upper Strato & Meso AOPC 100 200 500 0.5 1 3 3 3.8 6 3 6 12 2 3 7


The initial analysis indicates a wide variety of requirements from each of the application areas. However by breaking down the requirement into its component parts and making some assumptions about some of the entries in the database a level of simplification can be achieved.
2.5
Analysis of requirements for wind profiles

Horizontal resolution: As the requirement statement makes reference to all systems that measure wind profiles I will not draw any conclusions about recommendations for the deployment spacing for wind profilers. However a measurement spacing of ~200 km will meet most application area needs, noting the more demanding needs of aeronautic meteorology. For the surface based component of the global observing system the inter-spacing of Wind Profilers, Radiosondes & AMDAR capability will make the most effective use of these systems.

Vertical resolution: Again the requirements statements vary widely but generally, again with the exception of the aeronautical meteorology application area, a vertical resolution of ~1 km would satisfy many application areas with an improved resolution of ~0.5 km would satisfy many of the application areas even at the goal level of requirement. Operational Wind Profilers can meet this requirement for at least the lower elements of the vertical extent classes.

Observing Cycle: Again with the exception of the aeronautical application area, most applications areas need can be delivered with an observing cycle of ~30 minutes. Nowcasting requirements are more demanding with a cyclical update of ~15 minutes. It should be noted that both these update rates are comparable to integration periods for Wind Profilers and so operational Wind Profilers can meet this requirement.

Delay in Availability: Most application areas can be satisfied by a delay in availability of better that 1 hours with 30 minutes being a more demanding goal. The exchange of data between some Members is currently meeting this latency requirement.

Accuracy: A threshold need for 5 m/s (5 cm/s for vertical velocities) appears to be the consistent need across the application areas with 2 m/s (2 cm/s for vertical velocities) being a more demanding requirement. The comparison of Observations – NWP Background Fields for Wind Profilers has shown that the threshold requirement of 5 m/s (in the horizontal) can be met by operational Wind Profilers.

Recommended actions: 1 - Liaison with the experts engaged in defining the aeronautical meteorology and synoptic meteorology applications areas is necessary to understand the need for their more demanding requirements. 2 - Confirm with all application areas the validity of their wind measurement requirements. For example some requirements for accuracy are stated with a threshold accuracy of 8 m/s but this may be a typo as 5 m/s appears to be a consist threshold for many application areas for horizontal wind velocity.

3.
CURRENT AVAILABILITY OF OPERATIONAL WIND PROFILER DATA ON THE GTS
The UK Met Office currently receives operational wind profiler data from three main sources: the USA, Japan and the EUMETNET community, predominately but not exclusively via the EUMETNET E-WinProf Programme and the CWINDE Data Hub.

The UK Met Office assimilates wind profile data from 31 Wind Profiling Systems from Japan and from 34 Wind Profiling Systems from the USA. However this is not necessarily the complete count of all observational data received.

With regards to Europe the UK Met Office assimilates wind profile data from both conventional wind profilers and VAD winds from Doppler capable Weather Radars. The number of wind profiles from Doppler capable Weather Radars accounts for a significant number of Wind Profiles assimilated by the Met Office.  Overall the Wind Profiles received, from both conventional Wind Profilers and VAD winds from Doppler capable Weather Radars are classed in three quality classes: Good Quality; Medium Quality and Somewhat Poorer Quality. To spare the UK Met Office from naming Wind Profilers in each class the total number of European wind profiles assimilated are 15 in the Good Quality class; 51 in the Medium Quality class and 21 in the Somewhat Poorer Quality class. The reasons for the marked split into these classes is well understood and in some cases relates to national practices for the exchange of VAD winds irrespective of the quality of the Doppler wind targets.

There are probably a significant number of other Wind Profilers in operation by the members that are not available on the GTS. It is proposed members are requested to provide information on operational wind profiler networks in their respective NMHSs via a questionnaire. This questionnaire can also be used to gather information on operational practices in each of the countries and highlight any national application area requirements that are more demanding than those captured in the WMO-CEOS database of observational requirements. This questionnaire will provide an important step in understanding the current practices undertaken by the Members and enable us to exchange information on best practice.

Figure 1 shows the spatial distribution of Wind Profiler data, both conventional Wind Profilers and VAD wind based Wind Profiles from Doppler capable Weather Radar, that currently assimilated by the UK Met Office Global Model. The three blue circles highlight the areas from which data is available from.

Fig 1:
Wind Profiler observations assimilated by the UK Met Office Global Model in October 2009

[image: image2.png]



4.
SUMMARY
A general analysis of the observational requirements for wind profiles as held in the WMO-CEOS database of observational requirements and a consideration of current observing performance of operational Wind Profiler networks shows that Wind Profilers are capable of meeting many of the application area needs for wind profiler data.
__________________

