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________________________________________________________________

Summary and Purpose of Document
This document contains a proposal for the addition of a new GRIB2 template for "Analysis or Forecast of Wave Parameters at the Sea Surface at a point in time", the substitution of Product Definition Template 4.50 with "Analysis or Forecast of Wave Parameters at the Sea Surface", a new code table and new code table entries.


_________________________________________________________________

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

the contents for validation.

References:

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

1. Background and discussion
The issue of how to encode wave spectra in GRIB Edition 2 was discussed in 2008 between ECMWF and DWD wave experts and a template was proposed for the "Analysis or forecast of a multi component parameter or matrix element at a point in time". However, the proposal of the list of parameter was withdrawn because it seemed to be not very seminal and it was decided to discuss and consider this issue again.

The following proposals are an outcome of further discussion and careful consideration of the wave experts within DWD.
These proposals are put up for discussion to get a general accepted regulation how to encode wave data in GRIB2.
2. Proposals
a. Product Definition Template 4.50
Change  
Product Definition Template 4.50:    Analysis or forecast of a multi component parameter or matrix element at a point in time  - for validation

in

Product Definition Template 4.50:    Analysis or forecast of spectral ocean wave energy at a given direction and frequency at a point in time.

	Octet
	Contents

	10
	Parameter category (see Code Table 4.1).                                                

	11
	Parameter number (see Code Table 4.2).                                                  

	12
	Type of Ocean Wave Spectral Partitioning (see Code Table 4.225).

	13
	Type of generating process (see Code Table 4.3)                                         

	14
	Background generating process identifier (defined by originating centre)                

	15
	Analysis or forecast generating processes identifier (defined by originating centre)    

	16-17
	Hours of observational data cutoff after reference time (see Note 1)                    

	18
	Minutes of observational data cutoff after reference time                               

	19
	Indicator of unit of time range (see Code Table 4.4)                                    

	20-23
	Forecast time in units defined by octet 18                                              

	24
	First dimension physical significance (Code Table 5.3)  (see Note 2)                    

	25
	Second dimension physical significance (Code Table 5.3)  (see Note 2)                   

	26-29
	First dimension coordinate value (IEEE 32-bit floating-point value)                     

	30-33
	Second dimension coordinate value (IEEE 32-bit floating-point value)                    

	34-35
	First dimension (rows) of the complete matrix (see Note 3)                                                      

	36-37
	Second dimension (columns) of the complete matrix  (see Note 3)                                  


Note: 
(1)   Hours greater than 65534 will be coded as 65534.  

(2)  According to Code Table 5.3, the physical significance values are 1 (Direction Degrees true) and 2 (Frequency (s-1).

(3) The dimensions define the number of GRIBs needed for reconstruction of a complete matrix (e.g. wave spectrum) at one or more grid points. In case of 1-dim-spectra, the second dimension must be set to 1 and the second dimension physical significance must be set to 255 (missing).

b. New Product Definition Template for Wave Parameters

Product Definition Template 4.52:  Analysis or Forecast of Wave Parameters at the Sea Surface at a point in time

	Octet
	Contents

	10
	Parameter category (see Code Table 4.1).

	11
	Parameter number (see Code Table 4.2).

	12
	Type of Ocean Wave Spectral Partitioning (see Code Table 4.225).

	13
	Type of generating process (see Code Table 4.3)  

	14
	Background generating process identifier (defined by originating centre)

	15
	Analysis or forecast generating processes identifier (defined by originating centre)

	16-17
	Hours of observational data cutoff after reference time (see Note 1)  

	18
	Minutes of observational data cutoff after reference time

	19
	Indicator of unit of time range (see Code Table 4.4) 

	20-23
	Forecast time in units defined by octet 18 


Note: 

Hours greater than 65534 will be coded as 65534.  
c. Entries in Code Table 4.0:  Product Definition Template Number

50 
Analysis or forecast of spectral ocean wave energy at a given direction 
and frequency at a point in time
52
Analysis or Forecast of Wave Parameters at the Sea Surface at a point in time
d. New Code table for the Type of Ocean Wave Spectral Partitioning 

Code Table 4.225: Type of Ocean Wave Spectral Partitioning 

	Code figure
	Meaning                      

	0
	Total Spectrum                                

	1
	Wind Sea                                      

	2
	Total Swell                                   

	3
	Primary Swell                                 

	4
	Secondary Swell                               

	5
	Primary Waves (without consideration of wind) 

	6
	Secondary Waves (without consideration of wind)

	7-191      
	Reserved                                      

	102-254    
	Reserved for local use                        

	255
	Missing                                        


e. New entries in Code Table 4.2
Product discipline 10:
Oceanographic products, Parameter category 0:
Waves

	Number
	Parameter
	Units

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

	1
	Frequency Spectral Energy Density E(f) = ∫E(f,θ)dθ
	m²s

	2
	Directional Spectral Energy Density E(θ)= ∫E(f,θ)df / m0
	-

	
	
	

	3
	Significant Height of Combined Wind Waves and Swell [DEPRECATED]
	m

	4
	Direction of Wind Waves [DEPRECATED]
	Degree true

	5
	Significant Height of Wind Waves [DEPRECATED]
	m

	6
	Mean Period of Wind Waves [DEPRECATED]
	s

	7
	Direction of Swell Waves [DEPRECATED]
	Degree true

	8
	Significant Height of Swell Waves [DEPRECATED]
	m

	9
	Mean Period of Swell Waves [DEPRECATED]
	s

	10
	Primary Wave Direction [DEPRECATED]
	Degree true

	11
	Primary Wave Mean Period [DEPRECATED]
	s

	12
	Secondary Wave Direction [DEPRECATED]
	Degree true

	13
	Secondary Wave Mean Period [DEPRECATED]
	s

	14
	Direction of Combined Wind Waves and Swell [DEPRECATED]
	Degree true

	15
	Mean Period of Combined Wind Waves and Swell [DEPRECATED]
	s

	16-19
	Reserved
	

	
	Wave Heights
	

	20
	Significant Wave Height   HS = 4 √ m0
	m

	21
	Significant wave u-component
	m

	22
	Significant wave v-component
	m

	23
	Significant Height of Waves with Periods below 10s
	m

	24
	Significant Height of Waves with Periods below 12s
	m

	25-29
	Reserved
	 

	
	Directions
	

	30
	Wave Direction (of the Spectral Peak)
	Degree true

	31
	Wave Spectral Directional Width
	-

	32
	Directional Spreading    σ² =  ∫ [2sin(θ/2) ]² E(θ) dθ
	-

	33-39
	Reserved
	 

	
	Periods
	

	40
	Mean (Energy) Wave Period (Tm-10)
	s

	41
	Wave Period  (Tm01) (corresponding to the Mean Frequency)
	s

	42
	Mean Wave Period  (Tm02) (corresponding to the Mean Zero-Downcrossing Period Tz)  
	s

	43
	Peak Wave Period 
	s

	44
	Peak Period of 1D-Frequency Spectra
	s

	45-49
	Reserved
	 

	
	Other Characteristics
	

	50
	Wave Steepness
	-

	51
	Mean Square Slope
	-

	52
	Kurtosis of Sea Surface Elevation
	-

	53
	Peakedness (after Goda)
	-

	54
	Benjamin-Feir-Index
	-

	55
	Maximum Height of an Individual Wave
	m

	56
	Period of Maximum Individual Wave
	s

	57-59
	Reserved
	 

	
	Wind Forcing Parameters on the Wave Model Grid
	

	60
	Wind Velocity
	m/s

	61
	Wind Direction
	°

	62
	U-Component
	m/s

	63
	V-Component
	m/s

	64
	Friction Velocity u*
	m/s

	65
	Drag Coefficient CD
	-

	66
	Wave Stress Τ
	N/m²

	67-69
	Reserved
	 

	
	Wave Induced Currents
	

	70
	Stokes Drift
	m/s

	71
	Stokes Drift u-component
	m/s

	72
	Stokes Drift v-component
	m/s

	73-79
	Reserved
	 

	
	Wave Measurements
	

	80
	Gridded Altimeter Wave Height
	m

	81
	Gridded corrected Altimeter Wave Height
	m

	82
	Gridded  Altimeter Range Relative Correction
	-

	82-99
	Reserved
	 

	100
	Log-10-based 2-dim Spectral Energy Density E(f,θ)
	-

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

	101
	Wind Input Source Term
	m²s

	102
	Quadruplet Wave-Wave Interaction Source Term
	m²s

	103
	Triad Wave-Wave Interaction Source Term
	m²s

	104
	White-Capping Dissipation Source Term
	m²s

	105
	Swell Dissipation Source Term
	m²s

	106
	Surf Breaking Dissipation Source Term
	m²s

	107
	Bottom Friction Dissipation
	m²s

	108
	Bottom Scattering Source Term
	m²s

	109
	Reserved
	 

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

	110
	0’th order Moment m0
	m²

	111
	1’th order Moment m1
	m²/s

	112
	2’th order Moment m2
	m²/s²

	113
	3’th order Moment m3
	m²/s³

	114
	4’th order Moment m4
	m²/s4

	115
	1’th order negative Moment m-1
	m²s

	116
	2’th order negative Moment m-2
	m²s²


	117-254
	Reserved
	 

	255
	Missing
	


Note:

1. The Spectrum may be a partition of a total Spectrum, see Code Table 4.2xx.

2. Wave Energy normalized by ρg, directional bins are *degree true*, i.e. oceanographic convention
