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Summary and Purpose of Document
This document contains a proposal for the addition of new GRIB2 table entries.


_________________________________________________________________

ACTION PROPOSED
The meeting is requested to review the document and approve

the contents for pre-operational implementation.

References:

[1]  Manual on Codes, WMO - No 306, Volumes I.1 and I.2.

Discussion
1. Background 

The Deutscher Wetterdienst (DWD) operates global and regional numerical forecast models.  In order to encode the output into GRIB2, new GRIB2 table entries are required as shown below, and a request is made for pre-operational approval of these entries. 

Additionally we kindly ask to define a sign convention for meteorological fluxes; we propose that the flux sign convention is positive downwards.

Meteorological products, Moisture and Cloud category:
1. Precipitation parameters can still be found as „amounts“ or „rates“, although it was stated (ET-DRC meetings in 2006 and 2007), that precipitation (amount) is an accumulated (time-integrated) precipitation rate. Therefore the entries for precipitation should be in „rates“, and precipitation amounts should be coded with the statistical process accumulation (using the statistical product definition template 4.8 or 4.11). According to this statement, entries of precipitation amounts should be deprecated. Additionally needed precipitation rates are catalogued below.

2. As there is no clear distinction between moisture and cloud category, both categories contain mixing ratios and corresponding total column integrated parameters (e.g. for rain, snow, cloud water, cloud ice, hail and graupel). In our opinion, all of these parameters should be entries in the moisture category and should not be split between cloud and moisture category.

Meteorological products, Vegetation/Biomass and Soil category:
1. It is our opinion that soil temperature and moisture belong to the soil and not to the vegetation category. Therefore our new entries concerning soil moisture are proposed for the soil category.

The corresponding parameters in the Vegetation/Biomass category should be deprecated.

2. Additionally we propose new soil type entries in Table 4.213.

Oceanographic products, Wave category:
ET-WS members, mainly Thomas Bruns (DWD) and Jean Bidlot (ECMWF), have identified missing parameters needed by the wave modelling groups. The final proposal is listed below.

One main problem is the representation of wave spectra, being a function of frequency and direction. To encode these wave spectra a new product definition template is proposed, which is done separately in an additional document.
2. Proposals

New regulation: The flux sign convention is positive downwards.

New entries in Code Table 4.2:

	Meteorological products, temperature category

	DISCIPLINE
	CATEGORY
	Proposed PARAMETER

number
	PARAMETER  NAME
	Unit

	0
	0
	18
	Snow temperature
 (top of snow)
	K

	0
	0
	19
	Turbulent transfer coefficient
for heat 
	1

	0
	0
	20
	Turbulent diffusion coefficient for heat 
	m²  s-1


	Meteorological products, moisture category

	DISCIPLINE
	CATEGORY
	Proposed PARAMETER

number
	PARAMETER  NAME
	Unit

	0
	1
	69
	Total column integrated cloud water
	kg m-2

	0
	1
	70
	Total column integrated cloud ice
	kg m-2

	0
	1
	71
	Hail mixing ratio
	kg kg-1

	0
	1
	72
	Total column integrated hail
	kg m-2

	0
	1
	73
	Hail precipitation rate
	kg m-2 s-1

	0
	1
	74
	Total column integrated graupel
	kg m-2

	0
	1
	75
	Graupel (snow pellets) precipitation rate
	kg m-2 s-1

	0
	1
	76
	Convective rain rate
	kg m-2 s-1

	0
	1
	77
	Large scale rain rate
	kg m-2 s-1

	0
	1
	78
	Total column integrated water (all components incl. precipitation)
	kg m-2

	0
	1
	79
	Evaporation rate
	kg m-2 s-1

	Parameters which should be deprecated (should be coded as rates):

	0
	1
	47
	Large scale water precipitation (non-convective)
	kg m-2

	0
	1
	48
	Convective water precipitation 
	kg m-2

	0
	1
	49
	Total water precipitation
	kg m-2

	0
	1
	50
	Total snow precipitation 
	kg m-2


	Meteorological products, momentum category

	DISCIPLINE
	CATEGORY
	Proposed PARAMETER

number
	PARAMETER  NAME
	Unit

	0
	2
	31
	Turbulent diffusion coefficient for momentum
	m2 s-1


	Meteorological products, cloud category

	DISCIPLINE
	CATEGORY
	Proposed PARAMETER

number
	PARAMETER  NAME
	Unit

	0
	6
	25
	Height of convective cloud base
	m

	0
	6
	26
	Height of convective cloud top
	m

	0
	6
	27
	Number concentration of cloud droplets
	kg-1

	0
	6
	28
	Number concentration of cloud ice
	kg-1

	0
	6
	29
	Number density of cloud droplets
	m-3

	0
	6
	30
	Number density of cloud ice
	m-3

	Parameter to be deprecated (moved to moisture category): 

	0
	6
	17
	Total Condensate
	kg kg-1

	0
	6
	18
	Total Column-Integrated Cloud Water
	kg m-2

	0
	6
	19
	Total Column-Integrated Cloud Ice
	kg m-2

	0
	6
	20
	Total Column-Integrated Condensate
	kg m-2

	0
	6
	23
	Cloud ice mixing ratio
	kg kg-1


	Meteorological products, Thermodynamic Stability category

	DISCIPLINE
	CATEGORY
	Proposed PARAMETER

number
	PARAMETER  NAME
	Unit

	0
	7
	13
	Showalter index
	K


	Meteorological products, Aerosol category:

could be coded according to Proposal 2.1(5), if accepted

	DISCIPLINE
	CATEGORY
	Proposed PARAMETER

number
	PARAMETER  NAME
	Unit

	0
	13
	1
	Optical depth of total sulfate aerosol
	1

	0
	13
	2
	Optical depth of total soil dust aerosol
	1

	0
	13
	3
	Optical depth of organic aerosol
	1

	0
	13
	4
	Optical depth of black carbon aerosol
	1

	0
	13
	5
	Optical depth of sea salt aerosol
	1


	Meteorological products, Radar category

	DISCIPLINE
	CATEGORY
	Proposed PARAMETER

number
	PARAMETER  NAME
	Unit

	0
	15
	9
	Reflectivity of cloud droplets
	dB

	0
	15
	10
	Reflectivity of cloud ice
	dB

	0
	15
	11
	Reflectivity of snow
	dB

	0
	15
	12
	Reflectivity of rain
	dB

	0
	15
	13
	Reflectivity of graupel
	dB

	0
	15
	14
	Reflectivity of hail
	dB


	Meteorological products, Physical Atmospheric properties category

	DISCIPLINE
	CATEGORY
	Proposed PARAMETER

number
	PARAMETER  NAME
	Unit

	0
	19
	20
	Convective turbulent kinetic energy
	J kg-1

	0
	19
	21
	Weather
Interpretation ww (WMO)
	-


	Meteorological products, Miscellaneous category

	DISCIPLINE
	CATEGORY
	Proposed PARAMETER

number
	PARAMETER  NAME
	Unit

	0
	191
	1
	Geographical latitude
	deg N

	0
	191
	2
	Geographical longitude
	deg E


	Land Surface products, Vegetation/Biomass category

	DISCIPLINE
	CATEGORY
	Proposed PARAMETER

number
	PARAMETER  NAME
	Unit

	2
	0
	28
	Leaf area index
	1

	2
	0
	29
	Evergreen forest
	1

	2
	0
	30
	Deciduous forest
	1

	2
	0
	31
	Normalized differential vegetation index  (NDVI)
	1

	2
	0
	32
	Root depth of vegetation
	m

	Parameters which should be set obsolete (moved to soil category):

	2
	0
	2
	Soil Temperature
	K

	2
	0
	22
	Soil moisture
	kg m-3

	2
	0
	23
	Column-integrated soil water
	kg m-2


	Land Surface products, Soil category

	DISCIPLINE
	CATEGORY
	Proposed PARAMETER

number
	PARAMETER  NAME
	Unit

	2
	3
	18
	Soil Temperature
	K

	2
	3
	19
	Soil moisture
	kg m-3

	2
	3
	20
	Column-integrated soil moisture
	kg m-2

	2
	3
	21
	Soil ice 
	kg m-3

	2
	3
	22
	Column-integrated soil ice
	kg m-2


New entries in CODE TABLE 4.213: SOIL TYPE

Code figure            

Meaning
12 Loam

13 Peat

14 Rock

15 Ice

16 Water

New entries for Oceanographic products, wave category
New table entries for the wave modelling group are given in a structured way, distinguishing between total waves, wind and swell waves. For the sake of clarity the already defined parameter numbers are additionally given in bold numbers. 
Wave spectra, a function of frequency and/or direction, could be encoded with Data Representation Template 5.1 (Matrix values at grid point). This template has the disadvantage of creating very large arrays, e.g. a global grid of spectra with 36 directions and 30 frequencies would result in file sizes about 1000 times larger than usual. For large grids we therefore recommend to use Data Representation Template 5.0 (Grid point data), e.g. spectral energy is stored as a field of scalars for each frequency-direction bin, in combination with a new Product Definition Template. For a complete reconstruction of a global field of wave spectra, information on direction, frequency, total number of directions and frequencies must be available. So we suggest creating a new Product Definition Template 4.50: Analysis or forecast of a multi component parameter or matrix element at a point in time, in this special case: Analysis or forecast of Spectral Wave Energy at a given direction and frequency at a point in time. The proposal for this new Product Definition Template will be presented in a separate document Doc. 2.1(10).
	Oceanographic products, wave category

	DISCIPLINE
	CATEGORY
	Proposed PARAMETER

number
	PARAMETER  NAME
	Unit

	Wave Spectra

(Wave Energy normalized by (g, directional bins are *degree true*, i.e. oceanographic convention)

	10
	0
	0
	2-dim Spectral Energy Density E(f,() 
	m²s

	10
	0
	14
	Log-10-based 2-dim Spectral Energy Density E(f,() 
	non-dim

	10
	0
	1
	Frequency Spectral Energy Density E(f) = (E(f,()d(
	m²s

	10
	0
	2
	Directional Spectral Energy Density E(()= (E(f,()df /m0
	non-dim


	Spectral Source Terms Si(f,() of the Energy Balance Equation

	10
	0
	15
	Wind Input Source Term 
	m²s

	10
	0
	16
	Quadruplet Wave-Wave Interaction Source Term
	m²s

	10
	0
	17
	Triad Wave-Wave Interaction Source Term 
	m²s

	10
	0
	18
	White-Capping Dissipation Source Term 
	m²s

	10
	0
	19
	Swell Dissipation Source Term 
	m²s

	10
	0
	20
	Surf Breaking Dissipation Source Term 
	m²s

	10
	0
	21
	Bottom Friction Dissipation 
	m²s

	10
	0
	22
	Bottom Scattering Source Term 
	m²s


	Integral Parameters of Wave Spectra

	Spectral Moments of the Total Spectrum mn = ( fn E(f) df

	10
	0
	23
	0’th order Moment m0 
	m²

	10
	0
	24
	1st order Moment m1
	m²/s

	10
	0
	25
	2nd order Moment m2
	m²/s²

	10
	0
	26
	3rd order Moment m3
	m²/s³

	10
	0
	27
	4’th order Moment m4
	m²/s4

	10
	0
	28
	1st order negative Moment m-1
	m²s

	10
	0
	29
	2nd order negative Moment m-2
	m²s²

	Characteristics of the Total Spectrum

	10
	0
	3
	Significant Wave height
	m

	10
	0
	30
	Significant Height of Waves with Periods below 10s 
	m

	10
	0
	31
	Significant Height of Waves with Periods below 12s
	m

	10
	0
	32
	Mean Wave Direction *)
	Deg true

	10
	0
	33
	Wave u-component
	m

	10
	0
	34
	Wave v-component
	m

	10
	0
	35
	Wave Spectral Directional Width *)
	Deg true

	10
	0
	36
	Directional Spreading
	non-dim

	10
	0
	37
	Mean (Energy) Wave Period (Tm-10) *)
	s

	10
	0
	38
	Wave Period (Tm01) *)

(corresponding to the Mean Frequency)
	s

	10
	0
	39
	Mean Wave Period (Tm02) *)

(corresponding to the Mean Zero-Downcrossing Period Tz)
	s

	10
	0
	40
	Peak Wave Period
	s

	10
	0
	41
	Peak Period of 1D-Frequency Spectra
	s

	10
	0
	42
	Wave Steepness *)
	non-dim

	10
	0
	43
	Mean Square Slope
	non-dim

	10
	0
	44
	Kurtosis of Sea Surface Elevation *)
	non-dim

	10
	0
	45
	Peakedness (after Goda) *)
	non-dim

	10
	0
	46
	Benjamin-Feir-Index *)
	non-dim

	10
	0
	47
	Maximum Height of an Individual Wave
	m

	10
	0
	48
	Period of Maximum Individual Wave
	s

	*) see definitions in section 6.7 of http://www.ecmwf.int/research/ifsdocs/CY31r1/WAVES/IFSPart7.pdf


	Characteristics of Wind Waves

	10
	0
	5
	Significant Height of Wind Waves
	m

	10
	0
	4
	Mean Direction of Wind waves
	Deg true

	10
	0
	49
	u-component of Wind Waves 
	m

	10
	0
	50
	v-component of Wind Waves
	m

	10
	0
	51
	Wave Spectral Directional Width of Wind Waves
	non-dim

	10
	0
	52
	Directional Spreading of Wind Waves
	non-dim

	10
	0
	6
	Mean (Energy) Period (Tm-10 ) of Wind Waves
	s

	10
	0
	53
	Mean Period (Tm01) of Wind Waves 
	s

	10
	0
	54
	Mean Period (Tm02) of Wind Waves
	s

	10
	0
	55
	Peak Period of Wind Waves
	s

	10
	0
	56
	Peak Direction of Wind Waves
	Deg true

	10
	0
	57
	Peak Length of Wind Waves
	m

	10
	0
	58
	Peak Phase Velocity of Wind Waves
	m/s

	10
	0
	59
	Peak Group Velocity of Wind Waves
	m/s


	Characteristics of (Total) Swell Waves 

(Residual of Total Spectrum minus Wind Sea Spectrum)

	10
	0
	8
	Significant Height of Swell Waves
	m

	10
	0
	7
	Mean Direction of Swell waves
	Deg true

	10
	0
	60
	u-component of Swell Waves 
	m

	10
	0
	61
	v-component of Swell Waves
	m

	10
	0
	62
	Wave Spectral Directional Width of Swell Waves
	non-dim

	10
	0
	63
	Directional Spreading of Swell Waves
	non-dim

	10
	0
	9
	Mean (Energy) Period (Tm-10 ) of Swell Waves
	s

	10
	0
	64
	Mean Period (Tm01) of Swell Waves 
	s

	10
	0
	65
	Mean Period (Tm02) of Swell Waves
	s

	10
	0
	66
	Peak Period of Swell Waves
	s

	10
	0
	67
	Peak Direction of Swell Waves
	Deg true

	10
	0
	68
	Peak Length of Swell Waves
	m

	10
	0
	69
	Peak Phase Velocity of Swell Waves
	m/s

	10
	0
	70
	Peak Group Velocity of Swell Waves
	m/s


	Characteristics of Primary Swell Waves

	10
	0
	71
	Significant Height of Primary Swell Waves 
	m

	10
	0
	72
	Mean Direction of Primary Swell Waves
	Deg true

	10
	0
	73
	u-component of Primary Swell Waves 
	m

	10
	0
	74
	v-component of Primary Swell Waves
	m

	10
	0
	75
	Wave Spectral Directional Width of Primary Swell Waves
	non-dim

	10
	0
	76
	Directional Spreading of Primary Swell Waves
	non-dim

	10
	0
	77
	Mean (Energy) Period (Tm-10) of Primary Swell Waves
	s

	10
	0
	78
	Mean Period (Tm01) of Primary Swell Waves 
	s

	10
	0
	79
	Mean Period (Tm02) of Primary Swell Waves
	s

	10
	0
	80
	Peak Period of Primary Swell Waves
	s

	10
	0
	81
	Peak Direction of Primary Swell Waves
	Deg true

	10
	0
	82
	Peak Length of Primary Swell Waves
	m

	10
	0
	83
	Peak Phase Velocity of Primary Swell Waves
	m/s

	10
	0
	84
	Peak Group Velocity of Primary Swell Waves
	m/s


	Characteristics of Secondary Swell Waves (Residual)

	10
	0
	85
	Significant Height of Secondary Swell Waves 
	m

	10
	0
	86
	Mean Direction of Secondary Swell Waves
	Deg true

	10
	0
	87
	u-component of Secondary Swell Waves 
	m

	10
	0
	88
	v-component of Secondary Swell Waves
	m

	10
	0
	89
	Wave Spectral Directional Width of Secondary Swell Waves
	non-dim

	10
	0
	90
	Directional Spreading of Secondary Swell Waves
	non-dim

	10
	0
	91
	Mean (Energy) Period (Tm-10) of Secondary Swell Waves
	s

	10
	0
	92
	Mean Period (Tm01) of Secondary Swell Waves 
	s

	10
	0
	93
	Mean Period (Tm02) of Secondary Swell Waves
	s

	10
	0
	94
	Peak Period of Secondary Swell Waves
	s

	10
	0
	95
	Peak Direction of Secondary Swell Waves
	Deg true

	10
	0
	96
	Peak Length of Secondary Swell Waves
	m

	10
	0
	97
	Peak Phase Velocity of Secondary Swell Waves
	m/s

	10
	0
	98
	Peak Group Velocity of Secondary Swell Waves
	m/s


	Characteristics of Primary Waves (Spectral Partitioning without using Wind Information)

	10
	0
	99
	Significant Height of Primary Waves 
	m

	10
	0
	10
	Mean Direction of Primary Waves
	Deg true

	10
	0
	100
	u-component of Primary Waves 
	m

	10
	0
	101
	v-component of Primary Waves
	m

	10
	0
	102
	Wave Spectral Directional Width of Primary Waves
	non-dim

	10
	0
	103
	Directional Spreading of Primary Waves
	non-dim

	10
	0
	11
	Mean (Energy) Period (Tm-10) of Primary Waves
	s

	10
	0
	104
	Mean Period (Tm01) of Primary Waves 
	s

	10
	0
	105
	Mean Period (Tm02) of Primary Waves
	s

	10
	0
	106
	Peak Period of Primary Waves
	s

	10
	0
	107
	Peak Direction of Primary Waves
	Deg true

	10
	0
	108
	Peak Length of Primary Waves
	m

	10
	0
	109
	Peak Phase Velocity of Primary Waves
	m/s

	10
	0
	110
	Peak Group Velocity of Primary Waves
	m/s


	Characteristics of Secondary Waves (Residual)

	10
	0
	111
	Significant Height of Secondary  Waves 
	m

	10
	0
	12
	Mean Direction of Secondary  Waves
	Deg true

	10
	0
	112
	u-component of Secondary  Waves 
	m

	10
	0
	113
	v-component of Secondary  Waves
	m

	10
	0
	114
	Wave Spectral Directional Width of Secondary  Waves
	non-dim

	10
	0
	115
	Directional Spreading of Secondary  Waves
	non-dim

	10
	0
	116
	Mean (Energy) Period (Tm-10) of Secondary  Waves
	s

	10
	0
	13
	Mean Period (Tm01) of Secondary  Waves 
	s

	10
	0
	117
	Mean Period (Tm02) of Secondary  Waves
	s

	10
	0
	118
	Peak Period of Secondary  Waves
	s

	10
	0
	119
	Peak Direction of Secondary  Waves
	Deg true

	10
	0
	120
	Peak Length of Secondary  Waves
	m

	10
	0
	121
	Peak Phase Velocity of Secondary  Waves
	m/s

	10
	0
	122
	Peak Group Velocity of Secondary  Waves
	m/s


	Wave Measurements *)

	10
	0
	123
	(Gridded) Altimeter Wave Height 
	m

	10
	0
	124
	(Gridded) corrected Altimeter Wave Height
	m

	10
	0
	125
	(Gridded) Altimeter Range Relative Correction
	m

	*) see definitions in section 6.7 of http://www.ecmwf.int/research/ifsdocs/CY31r1/WAVES/IFSPart7.pdf


	Wave Model Forcing Parameters

	10
	0
	126
	Wave Model Wind Speed *) 
	m/s

	10
	0
	127
	Wave Model Wind Direction
	Deg true

	10
	0
	128
	Wave Model Wind Speed U-Comp.
	m/s

	10
	0
	129
	Wave Model Wind Speed V-Comp.
	m/s

	10
	0
	130
	Friction Velocity
	m/s

	10
	0
	131
	Drag Coefficient
	non-dim

	10
	0
	132
	Wave Stress
	N/m²

	*) see definitions in section 6.7 of http://www.ecmwf.int/research/ifsdocs/CY31r1/WAVES/IFSPart7.pdf
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