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Summary and Purpose of Document

This paper proposes perspectives for a universal encoding 

into BUFR of meteorological features.

___________________________
ACTION PROPOSED

The meeting is requested to consider the proposal 

to encode any meteorological feature with respect to a general frame,

in the context of the increase of exchange of meteorological expertise 

and consequently the need for optimisation 

of applications that use these meteorological features.

THE METEO-FRANCE PROPOSAL FOR A UNIVERSAL ENCODING INTO BUFR

OF METEOROLOGICAL FEATURES

Stéphanie Desbios  - Madeleine Céron

18 June 2004
1. Introduction

This document contains the METEO-FRANCE proposal for a general frame for encoding any kind of meteorological features, also called objects, into BUFR. It comes after numerous discussions held between World Area Forecast Centres and Météo-France. Several releases of this proposal have been edited and discussed during last years within the meteorological community.

Météo-France considers that the exchange of meteorological expertise through BUFR will be generalized in the nearest future. In the light of its experience with BUFR decoding/encoding Météo-France therefore proposes this convenient and general frame for encoding any kind of meteorological feature that could be automatically or manually generated by a weather centre.

The BUFR code is an auto-documented one so as its descriptors could be used without any ordering constraint - except those of the BUFR code itself. But decoded meteorological objects are usable only if a graphical process is performed to plot them. More and more applications in the world allow doing graphical interaction or building graphical products by using such objects and this is an increasing requirement. 

The main request in support of a general frame for encoding consists in the need of optimisation. Routines used for BUFR-decoding and creating drawable features can not be optimised and easily maintained if the BUFR sequences are not consistent with a common frame. This request becomes critical with the expected increase of exchange of meteorological expertise.

Hence the necessity of drawing up a frame suitable for any meteorological object.

This document presents briefly how  to organize items within the BUFR. It also shows how to encode classical aviation features extracted from high level significant weather charts (SWH). At last it contains proposals to meet other requirements. 


The points-of-contact for this proposal are : 



madeleine.ceron@meteo.fr and stephanie.desbios@meteo.fr 

2. General frame


Because we want to draw up a frame suitable to any meteorological object (including SWH ones), we think that the relevant BUFR elements should be arranged with respect to the general frame.

Meteorological features are or will be used for 2D-plotting. For that reason, location coordinates must be clearly distinguished from any other element describing the object. Therefore, we propose the following structure made of three parts and ending with a cancellation part :

(i) significance : significance feature, dimensional significance, statistics if necessary

(ii) location features (coordinates, including vertical coordinates)


  
(iii)
meteorological and any other data to describe the meteorological feature 

In the following structure, essential elements are written using bold type.

description :


descriptor :

unit :
   
comment :

(part i)
significance feature (*1)
0 08 011, or 0 08 005,
code table
meteorological feature, or meteor. feature significance,





or 0 08 001

flag table
or vertical significance

dimensional significance
0 08 007

code table
value for point, line, area, volume

first order statistics,

0 08 023

code table
value for min, max ... if necessary

if necessary

(part ii )

delayed replication

1 yy 000

none

delayed replication : number of descriptors (*2)

replication


0 31 001

numeric 
number of points to follow

---
latitude

0 05 002

deg N

---
negative for deg S

---
longitude

0 06 002

deg E

---
negative for deg W

---
first feature      

...


...

---
first feature of each point, if necessary (*3)




... etc ...

---
last feature

 ...


...

---
last feature of each point, if necessary

altitude



0 07 002

m

altitude, if necessary

altitude



0 07 002

m

altitude, if necessary

(part iii) (*4)
---
one feature      
...

...
one feature, if necessary

---

   ... etc ... 

---
last feature
     ...

...
last feature, if necessary 

(cancellation part) (*5)

first order statistics,

 0 08 023

code table
cancel, if necessary

if necessary 


dimensional significance
0 08 007

code table
cancel 

significance feature

0 08 011, or 0 08 005,
code table
cancel





or 0 08 001

flag table
cancel

3. Notes

(*1)
First descriptors  from class 08 are given to show the nature of new objects that are described. These features remain in force until the cancellation descriptors.

(*2)
This number of descriptors must be equal or greater than 2 because of latitude and longitude descriptors.

(*3)
Descriptors of data related to the geographical points of the object follow latitude and longitude descriptors within the replication loop. 

Part ii also contains a pair of descriptors for altitude, if necessary. Horizontal coordinates are essential for 2D-plotting. On the other hand, the encoding of any object does not systematically use vertical coordinates descriptors. For these two reasons and with the aim of encoding/decoding routine optimisation, horizontal coordinates remain in first position as they are essential.

(*4)
All descriptors of data related to features of the whole object are in part iii .

(*5)
Use of cancellation descriptors is a possibility given by the Guide to WMO Binary Code Forms.

4. Impact of the whole proposal


This proposal aims a general and consistent frame for the expertise exchange between meteorological centres. Nevertheless it intends to minimize changes to BUFR sequences already produced by World Area Forecast Centres and used by several applications. On the other end, the proposed solution should offer wider opportunities to encode additional meteorological objects in any field of meteorology (nowcasting, marine, medias, hydrology,...) and facilitate their exchange. 


This is typically a template-oriented approach, but this would not prevent to allocate sequence descriptors.

5.
Some examples of aviation features

The next section shows how the current proposal applies to features extracted from aeronautical significant weather charts, as those produced by both World Area Forecast Centres for high levels. At this occasion, it should be noted that those centres currently use descriptors as in sequences 3 16 0xx (with an exception for 3 16 006, and other to come for 3 16 003) but sequence descriptors are not used, and that 3 16 011 is wrong in the printed version of the Manual of Codes.


In practice, differences are related to inconsistency between existing sequence descriptors.


5.1 Features from high level significant weather charts

In each  case, differences between sequences issued by WAFCs and sequences proposed here with respect to the general frame are highlighted in bold type.

5.1.1
Header

descriptor :


comment :




No difference with 3 16 002.

0 01 031


originating/generating centre 

0 08 021


value for analysis

0 04 001 to 005

year to minute



0 08 021


value for forecast or analysis

0 04 001 to 005

year to minute



0 07 002


altitude(m) : base of chart layer

0 07 002


altitude(m) : top of chart layer

5.1.2 Jet stream 

descriptor :


comment :




No difference with 3 16 003.

1 10 000


10 descriptors

0 31 001


number of features 

---
0 08 011

value for jet stream 

---
0 08 007

value for line

---
1 04 000

4 descriptors

---
0 31 001

nb of points to follow

   
---
0 05 002
latitude(deg N)

   
---
0 06 002
longitude(deg E)

   
---
0 10 002
altitude(m)

   
---
0 11 002
wind speed(m/s)

---
0 08 007

cancel

---
0 08 011

cancel

5.1.3

Fronts

descriptor :


comment :




No difference with 3 16 007.

1 10 000


10 descriptors

0 31 001


number of features

---
0 08 011

value for type of front

---
0 08 007

value for line

---
1 04 000

4 descriptors

---
0 31 001

number of points 

---
0 05 002
latitude(deg N)

---
0 06 002
longitude(deg E)

---
0 19 005
direction of feature(deg.tr)

---
0 19 006
speed of feature(m/s)

---
0 08 007

cancel

---
0 08 011

cancel

5.1.4

Tropopause

descriptor :


comment :




No difference with 3 16 008.

1 11 000


5 descriptors



0 31 001


number of features

---
0 08 001

value for tropopause level=bit 3

---
0 08 007

value for point

---
0 08 023

type of trop value

---
1 03 000

3 descriptors

---
0 31 001

number of points

---
0 05 002
latitude(deg N)

---
0 06 002
longitude(deg E)

---
0 10 002
altitude(m)

---
0 08 023

cancel

---
0 08 007

cancel

---
0 08 001

cancel

5.1.5

Clear Air Turbulence

descriptor :


comment :




Difference with 3 16 004 lies











in the position of descriptors

1 11 000


11 descriptors




for vertical coordinates.

0 31 001


number of features



The general frame proposes

---
0 08 011

value for turbulence



that vertical coordinates

---
0 08 007

value for area




remain after essential hori- 

---
1 02 000

2 descriptors




zontal ones.

---
0 31 001

number of points to follow


See also note *3.

---
0 05 002
latitude(deg N)

---
0 06 002
longitude(deg E)

---
0 07 002

altitude (base of layer)

---
0 07 002

altitude (top of layer)

---
0 11 031

value for severity of turbulence

---
0 08 007

cancel

---
0 08 011

cancel

5.1.6

Cloud 

descriptor :


comment :




Differences with 3 16 006:











see above

1 12 000


12 descriptors

0 31 001


number of features 

---
0 08 011

value for cloud 


---
0 08 007

value for area

---
1 02 000

2 descriptors


---
0 31 001

number of points to follow

---
0 05 002
latitude(deg N)

---
0 06 002
longitude(deg E)

---
0 07 002

altitude (base of layer)

---
0 07 002

altitude (top of layer)

---
0 20 008

cloud distribution



Consistent with WAFCs
---
0 20 012

cloud type




practice

---
0 08 007

cancel

---
0 08 011

cancel

5.1.7

Storm

descriptor :


comment :




In this case (3 16 005) and 

 









the next two ones, there are 

1 10 000


10 descriptors




three differences :

0 31 001


number of features



- for consistency reasons,

---
0 08 005

value for storm centre



the number of points must

---
0 08 007

value for point




always be encoded.

---
1 02 000

2 descriptors




- the name of the feature
---
0 31 001

number of points = 1



is not an element of signi

---
0 05 002
latitude(deg N)




ficance that would help to

---
0 06 002
longitude(deg E)



identify the nature of the

---
0 01 026

storm name




object. It is placed in part iii.

---
0 19 001

type of storm




- cancellation of 0 08 021

---
0 08 007

cancel





happens after the last time

---
0 08 005

cancel





element. The 0 20 090











descriptor is not a time











element.

5.1.8

Volcano

descriptor :


comment :




Differences with 3 16 011: 











see above

1 17 000


17 descriptors



0 31 001


number of features

---
0 08 011

value for volcano

---
0 08 007

value for point (volcano position)

---
1 02 000

2 descriptors

---
0 31 001

number of points = 1

---
0 05 002
latitude (deg N)

---
0 06 002
longitude (deg E)

---
0 01 022

volcano name

---
0 08 021

time significance (=17)

---
0 04 001

year

---
0 04 002

month

---
0 04 003

day

---
0 04 004

hour

---
0 04 005

minute

---
0 08 021

cancel

---
0 20 090

special clouds (if existing)

---
0 08 007

cancel

---
0 08 011

cancel

5.1.9

Radiation

descriptor :


comment :




Differences : see above

1 13 000


13 descriptors



0 31 001


number of features

---
0 23 002

value for reactor on ground

---
0 08 007

value for point

---
1 02 000

2 descriptors

---
0 31 001

number of points = 1

---
0 05 002
latitude

---
0 06 002
longitude

---
0 01 022

reactor name

---
0 08 021

time significance (=17)

---
0 04 001

year

---
0 04 002

month

---
0 04 003

day

---
0 04 004

hour

---
0 04 005

minute

---
0 08 021

cancel

---
0 08 007

cancel

5.2 Features from medium level significant weather charts

This part shows how features extracted from medium level significant weather charts could be BUFR encoded  by using the general frame proposed in this document.

5.2.1
Airframe icing area

descriptor :

comment :




Differences with 3 16 009: see










above

1 11 000


11 descriptors

0 31 001


number of features

---
0 08 011

value for icing 

---
0 08 007

value for area

---
1 02 000

2 descriptors

---
0 31 001

number of points

---
0 05 002
latitude(deg N)

---
0 06 002
longitude(deg E)

---
0 07 002

altitude (base of layer)

---
0 07 002

altitude (top of layer)

---
0 20 041

value for type of airframe icing

---
0 08 007

cancel

---
0 08 011

cancel

5.2.2 Cloud area with phenomena (from low or medium level SIGWX charts or other forecasting charts)

The next example shows how to associate cloud and phenomena features, within an area. In this proposal, the main feature is the area. The main feature 0 08 011 with value for Cloud remains in force until the cancellation descriptor. 

descriptor :


comment :

1 21 000


21 descriptors

0 31 001


number of features

---
0 08 011

value for cloud

---
0 08 007

value for area

---
1 02 000

2 descriptors

---
0 31 001

number of points


---
0 05 002
latitude(deg N)


---
0 06 002
longitude(deg E)

---
1 04 000

4 descriptors

---
0 31 001

number of cloud types

---
0 07 002
altitude (base)

---
0 07 002
altitude (top)

---
0 20 012
cloud type

---
0 20 008
cloud distribution

---
1 03 000

3 descriptors

---
0 31 001

number of airframe icing layers

---
0 07 002
altitude (base)

---
0 07 002
altitude (top)

---
0 20 041
airframe icing

---
1 03 000

3 descriptors

---
0 31 001

number of turbulence layers

---
0 07 002
altitude (base)

---
0 07 002
altitude (top)

---
0 11 031
turbulence severity

---
1 01 000

1 descriptor

---
0 31 001

number of present weather features

---
0 20 003
present weather 

---
0 08 007

cancel

---
0 08 011

cancel

This example shows that this proposal tries to fulfil the request for encoding any kind of meteorological object.

6.
Other examples of features

6.1 

Significant weather 
descriptor :


comment :

1 09 000


9 descriptors

0 31 000


number of features 

---
0 08 011

value for phenomena

---
0 08 007

value for point

---
1 02 000

2 descriptors

---
0 31 001

number of points


---
0 05 002
latitude(deg N)


---
0 06 002
longitude(deg E)

---
0 20 003

present weather

---
0 08 007

cancel

---
0 08 011

cancel

This sequence could be used to encode features extracted from low level forecasting charts but also to encode widespread sand or dust storm features that could appear on high level significant weather charts.

6.2

Isotherms  (from low or medium level significant weather charts)

descriptor :


comment :

1 10 000


10 descriptors



0 31 001


number of features

---
0 08 001

value for significant level temperature=bit 5

---
0 08 007

value for point

---
1 03 000

3 descriptors

---
0 31 001

number of points


---
0 05 002
latitude(deg N)


---
0 06 002
longitude(deg E)


---
0 10 002
altitude(m)

---
0 12 001

temperature(K)

---
0 08 007

cancel

---
0 08 011

cancel

7.
Proposal for volcano description


Next additions to BUFR code give the opportunity to describe a volcano itself and its ash cloud. This cloud is the real meteorological phenomenon of significance, especially for aviation, and seems to be an informative complementary information for weather centres. Furthermore, some forecast offices also have the responsibility of Volcanic Ash Advisory Centres. 


 Using this way of describing "volcano objects", these centres might be able to exchange useful data about an eruption and the volcanic cloud.


The way of encoding the volcano itself has been shown above (see 5.1.8). The proposed way of encoding the ash cloud follows :

descriptor :

comment :

1 21 000

21 descriptors



0 31 001

number of features 

---
0 08 011

value for special clouds

---
0 08 007

value for area

---
1 02 000

2 descriptors

---
0 31 001

number of points


---
0 05 002
latitude(deg N)


---
0 06 002
longitude(deg E)

---
0 07 002

altitude (base of cloud)

---
0 07 002

altitude (base of cloud)

---
0 20 090

special clouds 

---
0 01 022

volcano name

---
0 08 021

eruption start time(=17)

---
0 04 001

year

---
0 04 002

month

---
0 04 003

day

---
0 04 004

hour

---
0 04 005

minute

---
0 08 021

cancel

---
0 05 002

latitude(deg N) of the volcano

---
0 06 002

longitude(deg E) of the volcano

---
0 08 007

cancel

---
0 08 011

cancel

8.
About the header


In order to respond to a requirement concerning details about the numerical model on which the analysis/forecast is based, it is proposed that the header be completed with a proposed descriptor for model identifier. The proposal is :

Add the following Table B entry for numerical model identifier :


0 01 030
Numerical model identifier, CCITTIA5, Scale=0, Reference=0,Data bit width=128

The value of this feature could be a string of characters which contains the name of the model and other useful elements such as the model mesh ...

