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Summary and Purpose of Document
The document contains a proposed addition of a new vertical coordinate type to define a general vertical height coordinate without knowing the defining algorithms.


________________________________________________________________

ACTION PROPOSED
The meeting is requested to approve the contents for validation.

References:

[1]  Manual on Codes, WMO - No 306, Volumes I.1 and I.2.
[2] Schättler, U., DWD, 2010 (internal paper): Vertical Coordinate Parameters in the COSMO-Model and GRIB. Available from 

http://www.cosmo-model.org/content/model/modules/default.htm
[3] Schär, C., D. Leuenberger, O. Fuhrer, D. Lüthi and C. Girard, 2002: A new terrain-following vertical coordinate formulation for atmospheric prediction models. Mon. Wea. Rev., 130, pp. 2459-2480.

1. Background

Many NWP models use “hybrid vertical coordinates” to describe the vertical model grid. In GRIB2 the vertical coordinate type is defined in TABLE 4.5, the “vertical coordinate values” are provided in section 4.

The “problem” of a clear definition of hybrid coordinates was already discussed at the first IPETDRC Meeting in August 2009, coming up with new entries in TABLE 4.5 distinguishing between pressure and height based hybrid vertical coordinates. To describe these coordinate systems two parameters (A(k) and B(k)), the so called vertical coordinate pairs, are needed. But there are more complicated hybrid coordinates, like the height based SLEVE (Smooth LEvel VErtical) coordinate, suggested by Schär et al., that do not fit into the existing GRIB2 definitions. For the basic “SLEVE” coordinate three vertical coordinate values and two different topology height fields are needed to define the height of the model levels. Other SLEVE variants even use more complicated construction algorithms.

The COSMO model used by the Consortium for Small Scale Modelling (COSMO: consisting of the national weather services of Germany, Switzerland, Italy, Greece, Poland, Romania and Russia) has the option to use this SLEVE coordinate. The ICON model, an ongoing development of DWD and MPI Hamburg, will use it as well.

It can be foreseen, that there will be more “sophisticated” vertical coordinate systems in the future with even more complicated defining algorithms. To overcome this problem, we consider it practical to specify the vertical grid as a 3D field in GRIB2. 

Therefore a new entry in CODE TABLE 4.5 has to be specified for this “generalized vertical height coordinate” in addition with a “grid number” (section 4), defining the corresponding file with the 3D GRIB2 fields of the vertical system.
2. Proposal

Our proposal summarizes as follows:

1. New entry for the generalized vertical height coordinate, for validation, in Code Tables 4.5 (Fixed surface types and units) with explaining comments.

2. Additions to Section 4 of the GRIB Edition 2 Regulations including an additional note to specify the interpretation of the numbers in the “Optional list of coordinate values” for new vertical coordinate type.

3. The addition of a brief exposition in the Guide to GRIB Edition 2.

All changes listed below are highlighted in dark red

Changes for validation or having pre-operational status are highlighted in yellow.
Proposed changes to the Manual on Codes (GRIB Edition 2 Code Tables)

	Code table 4.5 – Fixed surface types and units
	

	Code figure
	Meaning
	Unit

	0
	Reserved
	–

	1
	Ground or water surface
	–

	2
	Cloud base level
	–

	3
	Level of cloud tops
	–

	4
	Level of 0°C isotherm
	–

	5
	Level of adiabatic condensation lifted from the surface
	–

	6
	Maximum wind level
	–

	7
	Tropopause
	–

	8
	Nominal top of atmosphere
	–

	9
	Sea bottom
	–

	10
	Entire atmosphere
	–

	11
	Cumulonimbus (CB) base
	m

	12
	Cumulonimbus (CB) top
	m

	13–19
	Reserved
	

	20
	Isothermal level
	K

	21–99
	Reserved
	

	100
	Isobaric surface
	Pa

	101
	Mean sea level
	

	102
	Specific altitude above mean sea level
	m

	103
	Specified height level above ground
	m

	104
	Sigma level
	“sigma” value

	105
	Hybrid level
	–

	106
	Depth below land surface
	m

	107
	Isentropic (theta) level
	K

	108
	Level at specified pressure difference from ground to level
	Pa

	109
	Potential vorticity surface
	K m2 kg–1 s–1

	110
	Reserved
	

	111
	Eta level *
	–

	112–116
	Reserved
	

	117
	Mixed layer depth
	m

	  118
	Hybrid height level
	-

	  119
	Hybrid pressure level
	-

	  120
	Pressure Thickness
	Pa

	121–149
	Reserved
	

	150
	Generalized vertical height coordinate (4)
	

	151-159
	Reserved
	

	160
	Depth below sea level
	m

	161–191
	Reserved
	

	192–254
	Reserved for local use
	

	255
	Missing
	


Note:

(1)
*  The Eta vertical coordinate system involves normalizing the pressure at some point on a specific level by the mean sea level pressure at that point

(2)
Hybrid height level (Code figure 118) can be defined as:


       z(k) = A(k) + B(k) * orog


       (k=1,...,NLevels; orog=orography; z(k)=height in metres at level k)                                         -preoperational

(3)
Hybrid pressure level, for which code figure 119 shall be used instead of 105, can be defined as:


      p(k) = A(k) + B(k) * sp


      (k=1,...,NLevels; sp=surface pressure; p(k)=pressure at level k)                                                 -preoperational
(4)        The definition of a generalized vertical height coordinate implies the absence of coordinate values in Section 4 but the presence of an external 3D-GRIB file that specifies the height of every model grid point in meters (see Notes for Section 4), i.e. this GRIB file will contain the field with discipline=0, category=3, parameter=6 (Geometric height).

Proposed changes to the Manual on Codes (GRIB Edition 2 regulations)

Section 4 – Product definition section
Octet No.
Contents
1–4
Length of section in octets (nn)
5
Number of section (4)
6–7
Number of coordinate values after template or number of information according to  
                           3D vertical coordinate GRIB2 file (see Note 1 and 4)
8–9
Product definition template number (see Code table 4.0)
10–xx
Product definition template (see Template 4.X,  where X is the product definition 
template  number given in octets 8–9)

[xx+1]–nn
Optional list of coordinate values or vertical grid information (see Notes 2 ,3 and 4)

Notes:

(1) Coordinate values are intended to document the vertical discretization associated with model data on hybrid coordinate vertical levels. A number of zero in octets 6–7 indicates that no such values are present. Otherwise the number corresponds to the whole set of values.
(2) Hybrid systems, in this context, employ a means of representing vertical coordinates in terms of a mathematical combination of pressure and sigma coordinates. When used in conjunction with a surface pressure field and an appropriate mathematical expression, the vertical coordinate parameters may be used to interpret the hybrid vertical coordinate.
(3) Hybrid coordinate values, if present, should be encoded in IEEE 32-bit floating point format. They are intended to be encoded as pairs.
(4) In case of generalized vertical height coordinate (fixed surface type 150), no pairs of coordinate values follow after template, but N additional information (each 4 octets long), starting with the number of vertical levels and the identification number of the used vertical system in the additional GRIB2 file with the 3D vertical system. This identification number together with additional optional information are local use vertical grid definitions:

[xx+1] – [xx+4]
number of vertical levels NLEV

[xx+5] – [xx+8]
number of 3D vertical grid GRIB2 file NGRID 

                               (defined by originating center)

[xx+9] – [xx+4*N]  local use definitions (optional)   
Proposed Changes and Additions to the “Guide to GRIB2” 

If this proposal is accepted, the Guide to GRIB2 has to be updated (Chapter 3.2, page 73ff):
(1) complete all definitions concerning TABLE 4.5 and Section 4

(2) distinguish between pressure and height based vertical coordinate

(3) add example for use of “generalized height coordinate”

Description of pressure based coordinate system

(…)

The hybrid pressure based coordinate system has been introduced in numerical models to have both sigma-type levels near the earth and pressure levels at the top of the atmosphere. The above formula is generalized as follows:


Ph = ah ( Psfc  +  bh

Hybrid vertical coordinate values, when present, are encoded as the pair of numbers ah and bh in IEEE 32-bit floating point format.  Each pair represents a hybrid vertical coordinate level. With the surface pressure field Psfc, the values of Ph can be calculated from the above formula.  Note that this implies the surface pressure field accompanies data on hybrid vertical coordinates.  The capability of GRIB2 to encode multiple data sets in a single message makes this straightforward to accomplish.

(……)

Add description of height based coordinate system

(……)

Add description of generalized height coordinate system

If the defining algorithms for the vertical grid are too complicated, the 3D vertical grid will be provided as a GRIB2 file by using the “generalized vertical height coordinate” (TABLE 4.5: 150). To illustrate the usage, see the following example (only section 4) for a temperature field including the 3D vertical grid GRIB2 file.

Example for usage of the “generalized vertical coordinate” system: 

Temperature field  of layer 13/14 has following section 4

1-4


104-107

38
This Section is 38 octets long

5


108

4
This is Section 4

6-7


109-110

2
No vertical coordinate pairs follow after the template 


  
but 2 numbers with vertical grid information
8-9


111-112

0
The Product Definition Template Number is 4.0 – an 




analysis or forecast at a horizontal level or in a horizontal 



layer at a point in time

10


113

0
The parameter category is 0 – temperature  products

11


114

0
The parameter number is 0  - temperature (in K)

12


115

2
A forecast generated this product (the generating process)

13


116

All 1’s
No information 

14


117

All 1’s
No information on the forecast generating process 

15-16


118-119

3
The observational data cut-off was 3 hours after the 







reference time

17


120

30
The observational data cut-off was 30 minutes after the 







observational cut-off hour

18


121

1
The time is given in hours

19-22


122-125

12
The forecast time is 12 hours after the reference time

23


126

150
The first fixed surface is a general height coordinate surface

24


127

0
The scale factor of first fixed surface is 0

25-28


128-131

13
The scaled value of first fixed surface is 13

29


132

150
The  second fixed surface is a general height 







coordinate surface 
30


133

0
The scale factor of the second fixed surface is 0

31-34


134-137

14
The scaled value of the second fixed surface is 14

35-36


138-139

61
The vertical grid GRIB2 file contains 61 levels (NL)

37-38


140-141

13
Grid number of 3D vertical GRIB2 file (NGRID); 







defined by originating centre

The corresponding 3D vertical grid GRIB2 file provided by grid number NGRID=13 consists of NLEV=61 model height levels, the height fields  for level 13 and 14 have the following section 4:

1-4


104-107

38
This Section is 38 octets long

5


108

4
This is Section 4

6-7


109-110

2
No vertical coordinate pairs follow after the template 



but 2 numbers with vertical grid information
8-9


111-112

0
The Product Definition Template Number is 4.0 – an 




analysis or forecast at a horizontal level or in a horizontal 



layer at a point in time

10


113

3
The parameter category is 3 – mass  products

11


114

6
The parameter number is 6  - geometric height ( in m )

12


115

2
A forecast generated this product (the generating process)

13


116

All 1’s
No information 

14


117

All 1’s
No information on the forecast generating process 

15-16


118-119

3
The observational data cut-off was 3 hours after the 







reference time

17


120

30
The observational data cut-off was 30 minutes after the 







observational cut-off hour

18


121

1
The time is given in hours

19-22


122-125

12
The forecast time is 12 hours after the reference time

23


126

150
The first fixed surface is a general coordinate surface

24


127

0
The scale factor of first fixed surface is 0

25-28


128-131

13 (14)
The scaled value of first fixed surface is 13 for level 13 



(2nd  field : 14)

29


132

1
not defined 

30


133

1
not defined

31-34


134-137

1
not defined

35-36


138-139

61
The vertical grid GRIB2 file contains 61 levels (NL)

37-38


140-141

13
Grid number of 3D vertical GRIB2 file (NGRID)
