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________________________________________________________________

Summary and Purpose of Document
The document contains a proposed addition of a new vertical coordinate type within GRIB2 Code Tables 3.15 and 4.5

________________________________________________________________

ACTION PROPOSED
The meeting is requested to approve the contents for validation.
Background
The hybrid vertical coordinate is generally implemented in the following form:

pi =  Ai * Psfc + Bi 

(1)

(see Guide to GRIB Edition 2, or, for more details on the hybrid coordinate concept Bubnova et al, 1995)
However it is also possible to implement the hybrid coordinate using the natural logarithm of pressure:
log (pi) = ai * log (Psfc)  + bi 
(2)

(Claude Girard and André Plante, CMC internal note, 2010)

Logarithmic hybrid levels are in current use in the newer releases of the Canadian GEM NWP model. In 2010 the need arose to exchange data on our GEM LAM model's native vertical coordinates with the NOAA Earth System Research Laboratory / Chemical Sciences Division. In this case, encoding in GRIB2 was performed by defining a local entry in Code Table 4.5 for the logarithmic hybrid vertical level (Eq. 2). With this slight modification, the existing GRIB2 hybrid level procedure was successfully used to exchange data on the model’s native logarithmic hybrid levels.
As can be seen readily from the equations above, a logarithmic hybrid level, like its non-logarithmic counterpart, is defined by a pair of numbers ah and bh. Logarithmic hybrid levels can simply use the representation mechanism described in the GRIB Edition 2 regulations for hybrid vertical levels.  However since the conversion formula is different and cannot be mapped linearly to the non-logarithmic form, this level type must have its own entry numbers in Code Tables 3.15 and 4.5.  In every other respect the overall data representation approach is unchanged.

Proposal

Foreseeing continuing and future exchange of data on native model levels, we now propose:

1. new entries for the logarithmic hybrid coordinate, for validation, in Code Tables 3.15 (Physical meaning of vertical coordinate) and 4.5 (Fixed surface types and units); 

and upon successful validation:
2. the addition of a note to the GRIB Edition 2 Regulations to point out the existence of two formulations of the hybrid coordinate and emphasize that each has a separate entry in Code Table 4.5;
3. the addition of a brief exposition in the Guide to GRIB Edition 2.
All changes listed below are highlighted in dark red

Proposed changes to the Manual on Codes (GRIB Edition 2 Code Tables)
Code table 3.15 – Physical meaning of vertical coordinate
	Code figure
	Meaning
	Unit

	0–19
	Reserved
	

	20
	Temperature
	K

	21–99
	Reserved
	

	100
	Pressure
	Pa

	101
	Pressure deviation from mean sea level
	Pa

	102
	Altitude above mean sea level
	m

	103
	Height above ground (see Note 1)
	m

	104
	Sigma coordinate
	

	105
	Hybrid coordinate
	

	106
	Depth below land surface
	m

	107
	Potential temperature (theta)
	K

	108
	Pressure deviation from ground to level
	Pa

	109
	Potential vorticity
	K m–2 kg–1 s–1

	110
	Geometrical height
	m

	111
	Eta coordinate (see Note 2)
	

	112
	Geopotential height
	gpm

	113
	Logarithmic hybrid coordinate
	

	114–159
	Reserved
	

	160
	Depth below sea level
	m

	161–191
	Reserved
	

	192–254
	Reserved for local use
	

	255
	Missing
	


	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 the atmosphere
	–
(continued)

	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
	Reserved
	

	113
	Logarithmic hybrid level
	

	114–116
	Reserved
	

	117
	Mixed layer depth
	m

	118–159
	Reserved
	

	160
	Depth below sea level
	m

	161–191
	Reserved
	

	192–254
	Reserved for local use
	

	255
	Missing
	


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 (see Note 1)
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 (see Notes 2 and 3)
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) Two distinct hybrid coordinate formulations can be expressed in GRIB Edition 2. One is based on pressure, the other on the logarithm of pressure.  If the hybrid coordinate being used is based on pressure, then level type 105 (Code Table 4.5) shall be used to specify the vertical level type.  If the formulation is based on the natural logarithm of pressure then level type 112 (Code Table 4.5) shall be used. In both cases notes 1-3 (above) apply fully.
Proposed Changes to the Guide to GRIB2
(…)

The hybrid 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.

It is also possible to use logarithmic hybrid levels.  In that case the formula to obtain Ph is a simple analogue to the non-logarithmic case:
log(Ph) = ah (  log (Psfc) + bh
where natural logarithm (base e) is used.

A logarithmic hybrid level, like its non-logarithmic counterpart, is defined by a pair of numbers ah and bh. Logarithmic hybrid levels use the representation mechanism described in the GRIB Edition 2 regulations for hybrid vertical levels. However since the conversion formula is different and cannot be mapped linearly to the non-logarithmic form, this level type must have its own entry number in Code Tables 3.15 and 4.5.  In every other respect, the overall data representation approach is unchanged.
Since each value in the pair of numbers is in IEEE 32-bit floating point format, each such hybrid level encoded would require 8 octets.  If a hybrid vertical coordinate system with 10 individual levels were used instead of pressure, the  Product Definition  Section from the example in Section 2.4.1 of Layer 2 would become (modified lines are typed in bold):
(…)
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