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________________________________________________________________

Summary and Purpose of Document

The document proposes a template for vertical profiles of common meteorological parameters generated by Numerical Weather Prediction process.


________________________________________________________________

ACTION PROPOSED

The meeting is requested to review the contents and approve the proposed descriptors for validation.

Background

NWP-generated vertical profiles (from numerical upper-air analyses or forecasts) offer a means of exploring and assessing, for one location,  the vertical structure of various meteorological parameters in the model forecasts.  They are often used by operational meteorologists to supplement and enhance the information available from observed upper-air soundings or from gridded model data.

CMC has been producing NWP vertical profiles in BUFR, for internal use, since about 1992. Those first-generation profiles make extensive use of local descriptors. This makes them unfit for public dissemination or international exchange. Furthermore, since they remained largely unchanged since their inception about seventeen years ago, they do not reflect advances in available model parameters and in the BUFR tables since that time.  

In undertaking to modernize the Canadian NWP-generated vertical profiles, we wished for the new descriptor sequence to be free of local descriptors. This would make the data intelligible to outside users and hopefully bring its usefulness to a wider audience and a greater number of visualization applications.  We also wanted to make the template generic enough that it could be adopted by any NWP producer, if it suited their purposes.  This in turn may eventually facilitate the exchange and comparison of NWP vertical profiles across models and visualization applications.  

While there is, of course, common data content in an observed vertical profile and the forecast of a vertical profile, there are also substantial differences.  It is not practical to simply take a slightly modified 3 09 052 TEMP template and fill it with forecast model data. Several elements in a conventional vertical sounding do not apply to its NWP equivalent, and vice-versa. Furthermore, there are useful parameters which are not measurable in conventional soundings but which may be available from model output. In fact, many possible non-traditional parameters could be included. We tried to keep to a small number of particularly useful extra parameters for the greater number of users.
 We aimed to maintain a certain focus on the relevance in daily use of such a profile by the forecasters on the operational desk.

Finally, we intentionally limited the selection of extra parameters to mostly direct model output.  We did not include calculated indices such as CAPE,  turbulence index, and so on.  Each calculated field would add a layer of post-processing, maintenance and responsibility
 that perhaps in this case properly belong with the calculation layer and specialized scientific packages of the forecaster's workstation.

Specifications of the template

The template formulates a vertical profile for a single location, at a single reference time and time increment.

The geographical location of the profile is specified by latitude, longitude and elevation. The template includes descriptors allowing to specify the location's name,  WMO synoptic number or ICAO identifier, as applicable.

The template enables the provision of data at the model's surface, at 2 metres AGL, 10 metres AGL, and at successive pressure levels at the discretion of the generating centre. In experimental production using a similar template at CMC, we converted each level of our production model to pressure coordinate and inserted interpolated standard pressure levels. The experimental profiles were topped at 100 hPa.

We use short delayed replications to specify which level type is being used.

The data available at each level type is as follows:

	Level type
	Data parameters

	Model surface
	Real-world elevation of location, model terrain elevation of location, Geopotential height, total column water vapour, cloud amount (total), pressure, MSL pressure.

	2 metres AGL
	Temperature, wet bulb temperature, dew point temperature

	10 metres AGL
	Wind speed and direction

	Isobaric surface
	Wind speed and direction, temperature, wet bulb temperature, dew point temperature, geopotential height

Optional: divergence, relative vorticity, vertical motion (w-component)


Proposal

It is proposed to create one new Table D sequence descriptor, requiring two new Table B element descriptors.

These descriptors are proposed for validation. If accepted as such, we expect  the template may continue to evolve to some extent before being proposed for pre-operational status.  We can provide daily experimental production (for a limited time and for specific locations as required for the validation) and we are eager to collaborate with validation partners.

Proposed sequence 3 09 070: 

Vertical Profile for Numerical Weather Prediction Data

	Descriptor
	Element or sequence name
	Comments

	Identification
	
	

	0 01 035
	Originating Centre
	Required

	0 01 032
	Originating Process
	Required

	0 01 015
	Station name
	

	0 01 062
	Short ICAO location indicator
	

	3 01 001
	block # stn #
	

	Location and reference time
	
	

	3 01 021 
	lat long
	Required

	2 07 001
	Increase scale factor by 1; reference value and data width are recalculated in accordance with the Table C specification of operator 2 07 YYY 
	This table C operator requires BUFR Edition 4

	0 10 001
	Station elevation (non coordinate)
	Required. This value is the official or best estimate of the actual elevation of the station.  It is provided for comparison with the model's virtual terrain elevation.  The two can be substantially different in rugged terrain. We increased the scale factor to make the value directly comparable with 0 07 030 below. 

	2 07 000
	Cancel increase scale factor operator
	

	3 01 011
	yy mm dd
	

	3 01 012
	hh mm
	Reference time of the forecast

	0 08 084
	Vertical significance for NWP
	Set bit 9 to 1 (= virtual station height)

	0 07 030
	Height of station above mean sea level
	Elevation of model terrain at the lat/lon of station.

As qualified by 0 08 084, this value is both station and model specific. Required.

	Vertical profile data
	
	

	0 25 031
	NWP-generated vertical profile thinning method
	In this instance, the term "thinning" refers to a method that may be applied to select a subset of levels from a model that may have many native vertical levels. Selecting only a subset reduces the size of the pseudo-sounding, at the possible cost of information loss and extra processing.

	0 08 021
	Time significance
	Set to 4 (= forecast) or 16 (= analysis) or 27 (=first guess)

	0 04 014
	Time increment in hours
	Validity time of the forecast expressed as a Delta T from reference time. In the case of an analysis or 00 hour forecast, the value is set to zero.

	Point data at station height (including column-integrated data)
	
	

	0 10 004
	Pressure
	

	0 10 051
	Pressure reduced to MSL
	

	0 10 009
	Geopotential Height 
	

	0 20 010
	Cloud cover (total)
	

	0 13 095
	Total column water vapour
	

	Replication loop for levels
	
	

	1 28 000 
	
	

	0 31 002
	
	The number of levels used in the vertical profile is determined by this replication.  The number of levels is discretionary and comprises all agl levels and pressure levels. 

	Data on pressure coordinates
	
	

	1 13 000
	
	Short delayed replication (set to 1 if vertical coordinate is pressure; 0 otherwise)

	0 31 000
	
	

	0 08 084
	Vertical significance for NWP
	Set bit 1 to value=0 and other bits as appropriate

	0 07 004
	Pressure
	Non-surface levels on the model's native vertical coordinate are transposed to pressure coordinate.  This makes the levels more readily intelligible for human interpretation and easier to use by generic display applications. The levels may correspond exactly to native model levels, or be interpolated between model levels to pressure levels chosen by the generating centre.

	0 11 001
	Wind direction (degrees true)
	

	0 11 002
	Wind speed (m/s)
	

	0 12 101
	Temperature
	

	0 12 102
	Wet Bulb Temperature
	

	0 12 103
	Dew Point
	

	0 10 009
	Geopotential Height 
	

	1 03 000
	
	Embedded short delayed replication.  Set to 1 if optional enhanced model data is to be included.

	0 31 000
	
	

	0 11 022
	Divergence
	

	0 11 021
	Relative vorticity
	

	0 11 005
	Vertical motion
	

	Data at 10 metres AGL
	
	

	1 04 000
	
	Short delayed replication (set to 1 if vertical coordinate is 10 metres agl; 0 otherwise)

	0 31 000
	
	

	0 08 084
	Vertical significance for NWP
	Set bit 1 to value = 1 and bit 8 to value =1

	0 07 006
	Height above station
	Set to 10 m

	0 11 001
	Wind direction (degrees true)
	

	0 11 002
	Wind speed (m/s)
	

	Data at 2 metres AGL
	
	

	1 05 000
	
	Short delayed replication (set to 1 if vertical coordinate is 2 metres agl; 0 otherwise)

	0 31 000
	
	

	0 08 084
	Vertical significance for NWP
	

	0 07 006
	Height above station
	Set to 2 m

	0 12 101
	Temperature
	

	0 12 102
	Wet Bulb Temperature
	

	0 12 103
	Dew Point Temperature
	


	PROPOSED DESCRIPTORS
	
	
	
	
	

	F X  Y
	Element name
	Unit
	Scale
	Reference Value
	Data Width

	0 08 084
	Vertical significance for NWP
	Flag Table
	0
	0
	12

	0 25 031
	NWP-generated vertical profile thinning method
	Code Table
	0
	0
	3


	Flag Table 0 08 084  

	Vertical significance for Numerical Weather Prediction

	Bit No.
	Meaning

	1
	Model "ground" surface

	2
	Standard level

	3
	Tropopause level

	4
	Maximum wind level

	5
	Significant temperature level

	6
	Significant humidity level

	7
	Significant wind level

	8
	Vertically interpolated level (This should be set to 1 for points on the vertical profile that fall between the model's native vertical levels).

	9
	Virtual station height

	10
	Reserved

	11
	Reserved

	12
	Reserved

	All 12
	Missing


	Code Table 0 08 031

	NWP-generated vertical profile thinning method

	Code Figure
	Meaninggu9ᴀ�9�Thinning may be applied to reduce the number of levels of a pseudo-sounding containing ma

	0
	reserved

	1
	No thinning applied (all native model levels are included from base to top of pseudo-sounding).

	2
	Native model levels are present only if they are significant levels as per regulations B/C 25 for conventional TEMP soundings

	3
	A predefined subset of native model levels is present

	4
	No native model levels are present.  All profile levels are interpolated to a predefined set of pressure coordinate levels

	5
	Reserved

	6
	Reserved

	7
	Missing


Note: None of the code figures exclude the addition of interpolated levels at the discretion of the generating centre.

�	Many existing visualization applications can probably deal readily with the display of a forecast of traditional sounding data and be adapted for the proposed template with relatively little effort; however non-traditional data may require some development work.  


� Who guarantees the validity of the scientific calculations?


� The question may be asked: if that is the case, shouldn't the profiles be generated by the forecaster's workstation? The answer mainly depends on whether the workstation has access to all the required fields for calculations and to a data-cube of sufficient vertical resolution to obtain the level of detail required. In many cases, we suspect that will not be the case.  Furthermore, for various categories of third parties who have sufficient knowledge and may wish to use such a profile, pre-packaged vertical profiles may be currently the only way for them to have real-time access to model data of high vertical resolution. 





