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________________________________________________________________

Summary and Purpose of Document
This document is a proposal to resolve some ambiguities in GRIB 2 parameter definition, propose new entries in the Code table 4.2 and enhance clarity of naming.


________________________________________________________________

ACTION PROPOSED
The Meeting is kindly asked to consider proposal and take further actions.

1 Objectives

The aim of this document is to 

· ET/RDC to resolve ambiguities by:

· considering ECMWF’s proposal, or

· providing guidelines how to handle these ambiguities

· propose new entries to the Code Table 4.2

· enhance clarity of naming

2  General Situation

One of the objectives for introducing the new format GRIB2 was to overcome the limitations to identify a parameter in GRIB1.  WMO decided to introduce a branching structure to allow a unique identification of parameters.  According to the GRIB 2 manual the parameter is identified by three values:

· Discipline (specified in Section 0),

· Category (specified in section 4),

· Parameter number (specified in section 4).

This statement is only to some extent correct and might case trouble in certain circumstances.  The parameter temperature is uniquely defined by the three values above, namely Discipline is 0, Category is 0, Parameter number is 0.  However the Discipline, Category, Parameter number are most often not sufficient to identify the meteorological field uniquely, for example sea surface temperature, Maximum 2m temperature, temperature on isobaric levels are all expressed by the same three values, even so they represent three totally different parameters.  Hence we have no unique correspondence. 

Let us assume the following nomenclature:
· Parameter class: entries in Code Table 4.2

· Parameter, represents a meteorological field, based on a parameter class and other attributes like surface type and statistical process 

Examples:

	Parameter class (Code Table 4.2)
	Parameter (meteorological field)

	Temperature
	2m temperature

	
	Maximum 2m temperature since last 6 h

	
	Minimum 2m temperature since last post processing 

	
	Sea surface temperature

	
	Soil temperature level 1

	Pressure
	Mean sea level pressure

	
	Surface pressure

	u-component of wind
	10m u-component of wind

	
	Isobaric u-component of wind

	
	Hybrid level u-component of wind

	Long-wave radiation flux 
	Ground long-wave radiation flux

	
	Nominal top of the atmosphere long wave radiation flux

	Specific humidity
	Surface specific humidity

	
	Isobaric specific humidity

	
	Hybrid level specific humidity

	Total precipitation
	Total precipitation

	Snow melt
	Snow melt


As we can easily see, for some parameters (meteorological fields) the distinction between parameter class and parameter is artificial, because the surface type is fixed and there is usually no statistical process applied, e.g.  Total precipitation,  Snow melt.  In such cases one can just use the word parameter.

Instantaneous parameters (meteorological fields) are defined by nine values:

· Discipline (specified in GRIB Section 0),

· Category (specified in GRIB Section 4),

· Parameter number (specified in GRIB Section 4),

· Type of first fixed surface (e.g. mean sea level, isobaric surface),

· Scale factor of first fixed surface,

· Scaled value of first fixed surface,

· Type of second fixed surface (e.g. isobaric surface, specific height level above ground),

· Scale factor of second fixed surface,

· Scaled value of second fixed surface.

Parameters, which are defined over a continuous or non-continuous time-interval, need additional pieces of information:

· Applied statistical process (e.g. accumulation, maximum),

· Length over which the statistical process is applied,

e.g. 2m maximum temperature in the last 3 hours or 2m maximum temperature in the last 6 hours.

Please note that a few values might have missing values, e.g. Mean Sea Level Pressure has no second fixed surface and no statistical process is applied. 
It is obvious from the organisation of the branching structure, that the surface type or the type of statistical process must not be part of the name in Code Table 4.2.  Otherwise it would produce ambiguities.  Example: The parameter Maximum temperature can be coded in different ways: 

	1. Discipline: 0, Category: 0, Number: 0 (Temperature),  
statistical process: 2 (Maximum)

2. Discipline: 0, Category: 0, Number: 4 (Maximum temperature),
statistical process: 2 (Maximum)

3. Discipline: 0, Category: 0, Number: 4 (Maximum temperature),
statistical process: 255 (Missing, because it is already part of the parameter number 4)


Similar situations appear when the surface type becomes part of the Code table 4.2.  Example: Soil temperature (Product Discipline 2) exists in Category 0 (Vegetation/Biomass) and with a not well defined surface type in Category 3 (Soil Products). 

We think that:

1. It is against the philosophy behind GRIB 2 if the surface type and/or the statistical process become part of the names in code table 4.2. 

2. It creates ambiguities

3. It fills Code Table 4.2 unnecessarily fast up and hence makes GRIB 2 too complex.

3 ECMWF’s proposal to resolve ambiguities

In document section ‎3.1  we propose to rename parameter classes, in document section ‎3.2 we propose to add parameter classess and in document section ‎3.3 we suggest to remove or mark parameter classes as obsolete.  Please note that these 3 paragraphs go hand in hand. Furthermore we will address in the section ‎3.4 the special case of precipitation. 

Our belief is that following our suggestions would resolve a vast number of ambiguities while coding and reduce the number of entries in Code Table 4.2 without loosing any benefit.  As already expressed in section ‎2 of this document, information about the statistical process, surface types, layer-types must not be part of the names in Code Table 4.2.

3.1 Parameter classes to be renamed

We propose to rename the following parameter classes: 

	Name of the parameter class
	Discipline
	Category
	Parameter Number
	Proposed name of the parameter class 

	Short wave radiation flux
	0
	4
	2
	Net short wave radiation flux

	Long wave radiation flux 
	0
	5
	2
	Net long wave radiation flux


3.2 Parameter classes to be added

We propose to add the following parameter classes:

	Name
	Unit
	Discipline
	Category
	Proposed Parameter number

	Soil moisture
	 kg m-3
	2
	0
	22

	Cloud cover
	%
	0
	6
	22


3.3 Parameter classes to be modified

In the following two sub paragraphs we give a list of parameter names from Code Table 4.2 which should be removed or marked obsolete.

3.3.1 Parameters which contain the statistical process

We give a list of parameters which should not be part of Code Table 4.2, because they contain the statistical process.  We show how the associated meteorological field should be coded instead using the branching structure of GRIB 2.

	Parameter classes to delete 
	
	Discipline
	Category
	ParameterNumber
	

	
	Parameter class to use instead
	
	
	
	Type of statistical  processing

	Maximum temperature
	
	0
	0
	4
	

	
	Temperature
	0
	0
	0
	2 (Maximum)

	Minimum temperature 
	
	0
	0
	5
	

	
	Temperature
	0
	0
	0
	3 (Minimum)

	Minimum dew point depression
	
	0
	0
	14
	

	
	Dew point depression
	0
	0
	7
	3 (Minimum)

	Maximum relative humidity
	
	0
	1
	27
	

	
	Relative humidity
	0
	1
	1
	2 (Maximum)

	Maximum absolute humidity
	
	0
	1
	28
	

	
	Absolute humidity
	0
	1
	18
	2 (Maximum)

	Maximum wind speed
	
	0
	2
	21
	

	
	Wind speed 
	0
	2
	1
	2 (Maximum)

	Time-integrated air con- centration of caesium pollutant
	
	0
	18
	6
	

	
	Air concentration of Caesium 137
	0
	18
	0
	1 (Accumulation)

	Time-integrated air concentration of iodine pollutant
	
	0
	18
	7
	

	
	Air concentration of Iodine 131
	0
	18
	1
	1 (Accumulation)

	Time-integrated air concen-tration of radioactive pollutant
	
	0
	18
	8
	

	
	Air concentration of radioactive pollutant
	0
	18
	2
	1 (Accumulation)


3.3.2 Parameter classes which contain the surface type 

We give a list of parameter classes which should not be part of Code Table 4.2, because they contain surface types. We show how the associated meteorological field should be coded instead using the branching structure of GRIB 2. For simplicity we do not give explicit values for the scale factor and the scaled value of the first and second fixed surface as they might depend on the model.

	Parameter classes to delete
	
	Discipline
	Category
	Parameter Number
	
	

	
	Parameter classes to use instead
	
	
	
	Type of first fixed surface
	Type of second fixed surface

	Net short wave radiation flux (surface)
	
	0
	4
	0
	
	

	
	Net short wave radiation flux
	0
	4
	2
	1
	255

	Net short wave radiation flux (top of atmosphere)
	
	0
	4
	1
	
	

	
	Net short wave radiation flux
	0
	4
	2
	8
	255

	Net long wave radiation flux (surface)
	
	0
	5
	0
	
	

	
	Net long wave radiation flux
	0
	5
	3
	1
	255

	Net long wave radiation flux (top of atmosphere)
	
	0
	5
	1
	
	

	
	Net long wave radiation flux
	0
	5
	3
	8
	255

	Upper layer soil temperature
	
	2
	3
	1
	
	

	
	Soil temperature
	2
	0
	2
	106
	106

	Lower layer soil temperature
	
	2
	3
	4
	
	

	
	Soil temperature
	2
	0
	2
	106
	106

	Upper layer soil moisture
	
	2
	3
	2
	
	

	
	Soil moisture 
	2
	0
	22
	106
	106

	Lower layer soil moisture
	
	2
	3
	3
	
	

	
	Soil moisture
	2
	0
	22
	106
	106

	Low Cloud cover
	
	0
	6
	3
	
	

	
	Cloud cover
	0
	6
	22
	104
	104

	Medium Cloud cover
	
	0
	6
	4
	
	

	
	Cloud cover
	0
	6
	22
	104
	104

	High Cloud Cover
	
	0
	6
	5
	
	

	
	Cloud cover
	0
	6
	22
	104
	104


3.4 
Precipitation

Precipitation is by definition a time-integrated precipitation rate. Following our previous discussions the presence of a parameter like precipitation in Code Table 4.2, i.e. the implicit presence of a statistical process, causes ambiguities. Because it is an implicit appearance of the statistical process, we would like to discuss the parameters under Product Discipline 0, Category 1 (Moisture) separately in this sub paragraph. We think that time-integrated meteorological fields like total precipitation, total snowfall or equivalent should not be part of Code Table 4.2. For example: Convective precipitation can be coded in different ways:

	1. Discipline: 0, Category: 1, Number: 37 (Convective Precipitation Rate),  
statistical process: 1 (Accumulation)

2. Discipline: 0, Category: 1, Number: 10 (Convective Precipitation),
statistical process: 1 (Accumulation)

3. Discipline: 0, Category: 1, Number: 10 (Convective Precipitation),
statistical process: 255 (Missing, because it is already implicitly part of the parameter name)


We would like to propose firstly to rename a few parameters, secondly to add new parameters and thirdly to remove all accumulated fields or mark them as obsolete in order to resolve the ambiguities. Again we would like to stress that the following three tables form an organic structure and should not be seen as separate proposals. For precipitation, the distinction between the wording parameter and parameter class is artificial, we choose the word parameter.

3.4.1 Parameters  to be renamed

We propose to rename the following parameters:

	Parameter name
	Discipline
	Category
	Parameter number
	Proposed parameter Name

	Precipitation rate
	0
	1
	7
	Total* precipitation rate

	Snowfall rate water equivalent
	0
	1
	12
	Total* snowfall rate water equivalent


* … Total precipitation/snowfall rate stands for the sum of Convective and Large scale precipitation/snowfall rate

3.4.2 Parameter to be added

We propose to add the following parameter:

	Parameter name
	Unit
	Discipline
	Category
	Proposed parameter number

	Large scale precipitation rate
	kg m-2 s-1
	0
	1
	48

	Convective snowfall rate water equivalent
	kg m-2 s-1
	0
	1
	49

	Large scale snowfall rate water equivalent
	kg m-2 s-1
	0
	1
	50

	Total snowfall rate*
	m s-1
	0
	1
	51

	Convective snowfall rate*
	m s-1
	0
	1
	52

	Large scale snowfall rate*
	m s-1
	0
	1
	53


* … the unit m does not mean meter of water equivalent  

After these parameters are added (Total, Convective, Large scale) snowfall can be coded with the unit kg m-2  (corresponds to mm of water equivalent) and the height of the fallen snow in m.

3.4.3 Parameters to be modified

In this sub paragraphs we give a list of parameter names from Code Table 4.2 which should be removed or marked obsolete. We show how the associated meteorological field should be coded instead. 

	Parameter to delete
	
	Discipline
	Category
	ParameterNumber
	

	
	Use parameter instead
	
	
	
	Type of statistical  processing

	Total precipitation
	
	0
	1
	8
	

	
	Total precipitation rate
	0
	1
	7
	1 (Accumulation)

	Large scale precipitation
	
	0
	1
	9
	

	
	Large scale precipitation rate
	0
	1
	48
	1 (Accumulation)

	Convective precipitation
	
	0
	1
	11
	

	
	Convective precipitation rate
	0
	1
	37
	1 (Accumulation)

	Convective snow
	
	0
	1
	14
	

	
	Convective snowfall rate water equivalent
	0
	1
	49
	1 (Accumulation)

	Large scale snow
	
	0
	1
	15
	

	
	Large scale snowfall rate water equivalent
	0
	1
	50
	1 (Accumulation)

	Total snowfall
	
	0
	1
	29
	

	
	Total snowfall rate
	0
	1
	51
	1 (Accumulation)


4 Guidelines on how to resolve ambiguities

If the proposals outlined in document section 3 are accepted, this whole section can be ignored. Otherwise, we would like to ask ET/DRC for guidelines on how to solve the ambiguities found.

1. Proposals made in section ‎3 of the document with respect to the surface type. We would like to ask WMO for guidelines how to code:

· Maximum, minimum temperature

· Minimum dew point depression

· Maximum relative and absolute humidity

· Maximum wind speed

· Soil temperature, Soil moisture at different layers

· Net short and long wave radiation at different levels

· Cloud cover at different layers and levels

2. Proposals made in section ‎3 of the document with respect to the statistical process accumulation: We would like to ask WMO for guidelines how to code accumulated (time-integrated) fluxes or rates, for example:

	Rate/Flux
	Time-integrated Rate/Flux

	net short wave radiation flux
	time-integrated net short wave radiation flux

	sensible heat net flux
	time-integrated sensible heat net flux

	precipitation rate
	Precipitation

	snowfall rate
	Snowfall


According to our opinion there are two possibilities:

Option 1: 

In line with the proposals made in section ‎3 of the document, we use the already existing fluxes and express the fact that we code time-integrated values via the statistical process flag (Code Table 4.10, Type of statistical process). 

The obvious advantage is that only instantaneous values are part of Code Table 4.2 and hence the number of entries in Code Table 4.2 remains small and manageable. The unit of the coded field would then be the unit of the flux plus the possible unit resulting from the statistical process, i.e. if the unit of the flux is W/m^2 and the statistical process is time-integration, the resulting unit is W s/m^2. 

If WMO would like to follow this option we propose to change the entry in Code Table 4.10 (Type of statistical processing) Code Figure 1 Accumulation to Accumulation (time-integration).  The disadvantage would be that precipitation rate and precipitation must than be treated as exceptions (snow fall rate and snowfall as well), if our proposals in section ‎3.4 are not accepted.

Option 2:

WMO adds all accumulated (time-integrated) fields to the appropriate table, e.g. add time-integrated net long wave radiation flux to Code Table 4.2, Product Discipline 0, Category 5 with the proper unit [W/m^2 s]. 

The obvious disadvantage would be that Code Table 4.2 might fill up and reaches soon its limit (remember the Code Table can accommodate 255 values only). Furthermore following our previous discussion we believe that the statistical process (time-integration or accumulation or any other) should not be part of the name in Code Table 4.2, because it produces ambiguities. Statistical processes are given in Code Table 4.10. 

The advantage would be that all parameter classes are straight-forward assigned with the correct unit and energy fluxes would be treated in the same way as precipitation rate and precipitation (both are currently present in Table 4.2). 

The following parameter classes are just examples of the vast amount of new entries to Code Table 4.2. which needs to be added:

	Name
	Unit
	Discipline
	Category

	Time-integrated latent heat net flux
	W m-2 s 
	0
	0

	Time-integrated sensible heat net flux
	W m-2 s
	0
	0

	Convective snowfall
	m
	0
	1

	Large scale snowfall
	m
	0
	1

	Total snowfall water equivalent
	kg m-2
	0
	1

	Time-integrated surface stress, u-component
	N m-2 s
	0
	2

	Time-integrated surface stress, v-component
	N m-2 s
	0
	2

	Time-integrated boundary layer dissipation
	W m-2 s
	0
	2

	Time-integrated gravity wave dissipation
	W m-2 s
	0
	3

	Time-integrated gravity wave stress, u-component
	N m-2 s
	0
	3

	Time-integrated gravity wave stress, v-component
	N m-2 s
	0
	3

	(Time-integrated) net short-wave radiation (flux)
	W m-2 s
	0
	4

	(Time-integrated) downward short-wave radiation (flux)
	W m-2 s
	0
	4

	(Time-integrated) upward short-wave radiation (flux)
	W m-2 s
	0
	4

	(Time-integrated) net short-wave radiation (flux), clear sky
	W m-2 s
	0
	4

	(Time-integrated) downward short-wave radiation (flux), clear sky
	W m-2 s
	0
	4

	(Time-integrated) upward short-wave radiation (flux), clear sky
	W m-2 s
	0
	4

	(Time-integrated) downward UV radiation (flux)
	W m-2 s
	0
	4

	(Time-integrated) photosynthetically active radiation (flux)
	W m-2 s
	0
	4

	(Time-integrated) net long-wave radiation (flux)
	W m-2 s
	0
	5

	(Time-integrated) downward long-wave radiation (flux)
	W m-2 s
	0
	5

	(Time-integrated) upward long-wave radiation (flux)
	W m-2 s
	0
	5

	(Time-integrated) net long-wave radiation (flux), clear sky
	W m-2 s
	0
	5

	(Time-integrated) downward long-wave radiation (flux), clear sky
	W m-2 s
	0
	5

	(Time-integrated) upward long-wave radiation (flux), clear sky
	W m-2 s
	0
	5


3. Please make these guidelines available as part of the GRIB 2 documentation.

5 Proposals for new entries to Code Table 4.2

	Name
	Unit
	Discipline
	Category
	Proposed Parameter number

	Snow density
	kg m-3
	0
	1
	54

	Ice temperature
	K
	10
	2
	8

	Snow evaporation
	kg m-2
	0
	1
	55

	Large scale precipitation fraction
	s
	0
	1
	56

	Downward UV radiation
	W m-2
	0
	4
	9

	Photosynthetically active radiation 
	W m-2
	0
	4
	10

	Total column integrated water vapour
	kg m-2
	0
	1
	57

	Anisotropy of sub-gridscale orography
	Numeric
	0
	3
	20

	Angle of sub-gridscale orography
	Rad
	0
	3
	21

	Slope of sub-gridscale orography
	Numeric
	0
	3
	22

	Gravity wave dissipation
	W m-2
	0
	3
	23

	Net short-wave radiation flux clear sky
	W m-2
	0
	4
	11

	Net long-wave radiation flux, clear sky
	W m-2
	0
	5
	5


6 Questions

1. A parameter standard deviation of sub-grid scale orography exists at ECMWF, which describes the standard deviation of sub-grid scale orography compared to the model orography. A similar parameter exists in GRIB 2: parameter standard deviation of height (Discipline 0, Category 3, Parameter number 7), which we believe is identical to our parameter standard deviation of sub-grid scale orography. If yes, we propose to rename the GRIB 2 parameter into standard deviation of sub-grid scale orography. If not, we propose to add standard deviation of sub-grid scale orography. The unit of standard deviation of sub-grid scale orography is m.
2. We think that the unit of cloud ice and cloud water (Discipline 0, Category 6) should be the same as for specific humidity, namely kg kg -1. The present unit kg m^-2 implies that the parameters are vertical integrals, like total column-integrated cloud ice, column-integrated cloud water (Discipline 0, Category 6)?  We propose to correct the units of cloud ice and cloud water from kg m-2 to kg kg -1.
3. Does the parameter Total column-integrated cloud water (Discipline 0, Category 6, Parameter Number 18) contain all three phases of water? If not, we propose to rename it into Total column-integrated cloud liquid water. 
4. Does the parameter Cloud water (Discipline 0, Category 6, Parameter Number 6)  contain all three phases of water? If not, we propose to rename it into Cloud liquid water.

5. The GRIB 2 Code table 4.2 contains in Discipline 0, Category 2, relative and absolute divergence. According to our understanding there is only a parameter divergence. What are the definitions for relative and absolute divergence? Do we need to add a new parameter Divergence to Discipline 0, Category 2?

6. Is the parameter Total ozone a vertical integral? If yes, we propose to rename it into Total column integrated ozone, which would than be more in line with the naming convention used in GRIB 2. If no, please add the parameter Total column integrated ozone to Discipline 0, Category 4.
7 Further proposals

	Name of parameter class
	Proposed parameter name
	Discipline
	Category
	Parameter Number
	Comment

	Soil moisture content
	column-integrated soil water
	2
	0
	3
	The proposed name immediately implies that it is a vertical integral

	Maximum snow albedo
	Snow albedo
	0
	19
	17
	The statistical process must not be part of the name in Code Table 4.2 and the parameter snow albedo does not yet exists.

	Ground heat flux
	Heat Flux
	2
	0
	10
	The surface type must not be part of the name in Code Table 4.2

	Water equivalent of accumulated snow depth
	Snow depth water equivalent
	0
	1
	13
	The word accumulated is misleading and Snow depth is the keyword which should be first


In order to avoid future confusion about the possible meaning of parameters (see our questions above) that a catalogue is produced, which contains precise definitions of the parameters in Code Table 4.2.

8 Summary

We have shown that at present GRIB 2 contains ambiguities in coding meteorological fields, which have different surface types and different statistical processes, e.g. Maximum Temperature, Surface latent heat flux, Time-integrated surface latent heat flux. These ambiguities arise if the branching structure to identify parameters is broken, i.e. if surface types or statistical processes are attached to the names in Code Table 4.2. The identification of a parameter through a branching process is a new feature of GRIB 2 compared to GRIB 1 and was introduced to create flexibility, but still remain simplicity. We have offered a solution to WMO how to overcome the ambiguities. Otherwise we kindly ask WMO to provide guidelines how to solve the ambiguities. Especially the ambiguity arising from the statistical process accumulation (time-integration), cause a major problem as it affects the unit of the meteorological field, unlike the statistical process maximum.   
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