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Summary and Purpose of Document
This document contains a proposal for the addition of new GRIB2 templates to be used in the reporting of chemicals.


_________________________________________________________________

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

the contents for preoperational implementation. 

BACKGROUND AND DISCUSSION 

This document presents a proposal for describing atmospheric model outputs containing fields related to chemical constituents. The most immediate need arises from the GEMS project at ECMWF [1] where the outputs of chemical transport models and regional air quality models are to be encoded in GRIB. Other communities with similar needs for standardisation of chemistry model output are the CCMVal (Chemistry-Climate Model Validation Activity [2] for WCRP's (World Climate Research Programme) SPARC (Stratospheric Processes and their Role in Climate project)) and the model intercomparison project under the UNECE-EMEP task force on hemispheric transport of air pollution (TFHTAP, [3]). While there is a lot of overlap in the requirements from each of these projects, some demands may differ and there may be a need to augment the lists given below for project-specific parameters in the future. The definitions given below have been developed in synchronisation with the netcdf climate and forecast metadata definitions (CF, [4] , netCDF format, [5]), and it will be beneficial to all users if the CF and GRIB2 definitions of chemical and aerosol variables can be kept as similar as possible.

In order not to suffer from the loss of precision exhibited by fields of large dynamic range when encoded in GRIB Edition 1, it is desired to encode the model outputs in GRIB Edition 2 to take advantage of the simple packing with logarithmic pre-processing and the IEEE floating-point representation.

At the time of writing this proposal forecasts from the regional air quality models in the GEMS project are being encoded on a daily basis based on the solution presented below. Plots of these model outputs are available at http://gems.ecmwf.int/d/products/raq/.

The main contributors to this proposal are:

Martin Suttie, European Centre for Medium-Range Weather Forecasts (ECMWF), Martina Stockhause, Zentrum fur Marine und Atmospharische Wissenschaften (ZMAW) Martin Schultz, Forschungszentrum-Juelich (FZJ),Veronika Eyring, Deutsches Zentrum fur Luft- und Raumfahrt (DLR)

PROPOSAL
The proposed solution below introduces

· a new category to Product Discipline 0 in Code Table 4.1 
· a set of new parameters in Code Table 4.2
· a new Section 4 Code Table occupying 2 octets (Code Table 4.230)

· new Product Definition Templates which include the new Code Table 4.230 (Code Table 4.40 to 4.43)

Code Table 4.1 including proposed new entry 

	Product Discipline 0:
	Meteorological products

	Category Description
	

	0
	Temperature

	1
	Moisture

	2
	Momentum

	3
	Mass

	4
	Short-wave Radiation

	5
	Long-wave Radiation

	6
	Cloud

	7
	Thermodynamic Stability indices

	8
	Kinematic Stability indices

	9
	Temperature Probabilities

	10
	Moisture Probabilities

	11
	Momentum Probabilities

	12
	Mass Probabilities

	13
	Aerosols

	14
	Trace gases (e.g., ozone, CO2)

	15
	Radar

	16
	Forecast Radar Imagery

	17
	Electro-dynamics

	18
	Nuclear/radiology

	19
	Physical atmospheric properties

	20
	Atmospheric chemical  constituents

	21-189
	Reserved

	190
	CCITT IA5 string

	191
	Miscellaneous

	192-254
	Reserved for local use

	255
	Missing


Code Table 4.2 with proposed additions

Product Discipline 0: Meteorological products, Parameter Category 20: Atmospheric chemical constituents

	Number
	Parameter
	Units

	0
	Mass density (concentration)
	kg.m-3

	1
	Column-integrated mass density

	kg.m-2

	2
	Mass mixing ratio (mass fraction in air)
	kg.kg-1

	3
	Atmosphere emission mass flux
	kg.m-2.s-1

	4
	Atmosphere net production mass flux
	kg.m-2.s-1

	5
	Atmosphere net production and emission mass flux
	kg.m-2.s-1

	6
	Surface dry deposition mass flux
	kg.m-2.s-1

	7
	Surface wet deposition mass flux
	kg.m-2.s-1

	8
	Atmosphere re-emission mass flux
	kg.m-2.s-1

	9-49
	Reserved
	

	50
	Moles in atmosphere
	mol

	51
	Mole concentration in air
	mol.m-3

	52
	Volume mixing ratio (mole fraction in air)
	mol.mol-1

	53
	Chemical gross production rate of mole concentration
	mol.m-3.s-1

	54
	Chemical gross destruction rate of mole concentration
	mol.m-3.s-1

	55
	Surface mole flux
	mol.m-2.s-1

	56
	Changes of moles in atmosphere1
	mol.s-1

	57
	Total yearly average burden of the atmosphere
	mol

	58
	Total yearly averaged atmospheric loss1
	mol.s-1

	59-99
	Reserved
	

	100
	Surface area density (aerosol)
	m-1

	101
	Atmosphere optical thickness
	1

	102-191
	Reserved
	

	192-254
	Reserved for local use
	

	255
	Missing
	


Code Table 4.230: Proposed new Code Table in Section 4

It is proposed that this code table occupies 2 octets in order to contain the large array of chemicals and aerosols that may arise.

Constituents are arranged in the following code number sections for ordering and expansion reasons:

1-9999 : inorganic molecules

10000-19999: organic molecules with C, H, O, N, S

20000-29999: organic molecules with Cl, F, I

30000-59999: undefined (potentially of use for isotopes)

60000-65535: chemical families and group tracers, special diagnostic tracers

Code Table 4.230: Atmospheric chemical or physical constituent type

	Code figure
	Meaning
	Chemical formula

	0
	Air
	--

	1
	Water vapour
	H2O

	2
	Atomic oxygen
	O

	3
	Ozone
	O3

	4
	Molecular hydrogen
	H

	5
	Hydroxyl radical
	OH

	6
	Hydroperoxyl radical
	HO2

	7
	Hydrogen peroxide
	H2O2

	8
	Atomic nitrogen
	N

	9
	Ammonia
	NH3

	10
	Ammonium
	NH4+

	11
	Nitrogen monoxide
	NO

	12
	Nitrogen dioxide
	NO2

	13
	Nitrate radical
	NO3

	14
	Nitrous oxide
	N2O

	15
	Dinitrogen pentoxide
	N2O5

	16
	Nitrous acid
	HONO

	17
	Nitric acid
	HNO3

	18
	Peroxynitric acid
	HO2NO2

	19
	Carbon monoxide 
	CO

	20
	Carbon  dioxide
	CO2

	21
	Sulphur dioxide
	SO2

	22
	Sulphate
	SO42-

	23
	Radon
	Rn

	24
	Elemental mercury
	Hg(0)

	25
	Divalent mercury
	Hg2+

	26
	Atomic chlorine
	Cl

	27
	Chlorine monoxide
	ClO

	28
	Dichlorine peroxide
	Cl2O2

	29
	Hypochlorous acid
	HClO

	30
	Chlorine nitrate
	ClONO2

	31
	Chlorine dioxide
	ClO2

	32
	Atomic bromine
	Br

	33
	Bromine monoxide
	BrO

	34
	Bromine chloride
	BrCl

	35
	Hydrogen bromide
	HBr

	36
	Hypobromous acid
	HBrO

	37
	Bromine nitrate
	BrONO2

	38-9999
	Reserved
	

	10000
	Methane
	CH4

	10001
	Methyl peroxy radical
	CH3O2

	10002
	Methyl hydroperoxide
	CH3O2H

	10003
	Formaldehyde (= Methanal)
	CH2O

	10004
	Methanol
	CH3OH

	10005
	Formic acid
	CH3OOH

	10006
	Hydrogen Cyanide
	HCN

	10007
	Aceto nitrile
	CH3CN

	10008
	Ethane
	C2H6

	10009
	Ethene (= Ethylene)
	C2H4

	10010
	Ethyne (= Acetylene)
	C2H2

	10011
	Ethanol
	C2H5OH

	10012
	Acetic acid
	C2H5OOH

	10013
	Peroxyacetyl nitrate
	CH3C(O)OONO2

	10014
	Propane
	C3H8

	10015
	Propene
	C3H6

	10016
	Butanes
	C4H10

	10017
	Isoprene
	C5H10

	10018
	Alpha pinene
	C10H16

	10019
	Beta pinene
	C10H16

	10020
	Limonene
	C10H16

	10021
	Benzene
	C6H6

	10022
	Toluene
	C7H8

	10023
	Xylene
	C8H10

	10024-10499
	reserved for other simple organic molecules (e.g. higher aldehydes, alcohols, peroxides,…)
	

	10500
	Dimethyl sulphide
	CH3SCH3 (DMS)

	10501-19999
	Reserved
	

	20001
	Hydrogen chloride
	

	20002
	CFC-11
	

	20003
	CFC-12
	

	20004
	CFC-113
	

	20005
	CFC-113a
	

	20006
	CFC-114
	

	20007
	CFC-115
	

	20008
	HCFC-22
	

	20009
	HCFC-141b
	

	20010
	HCFC-142b
	

	20011
	Halon-1202
	

	20012
	Halon-1211
	

	20013
	Halon-1301
	

	20014
	Halon-2402
	

	20015
	Methyl chloride (HCC-40)
	

	20016
	Carbon tetrachloride (HCC-10)
	

	20017
	HCC-140a
	CH3CCl3

	20018
	Methyl bromide (HBC-40B1)
	

	20019
	Hexachlorocyclohexane (HCH)
	

	20020
	Alpha hexachlorocyclohexane
	

	20021
	Hexachlorobiphenyl (PCB-153)
	

	20022-29999
	Reserved
	

	30000-59999
	Reserved
	

	60000
	HOx radical (OH+HO2)
	

	60001
	Total inorganic and organic peroxy radicals (HO2 + RO2)
	RO2

	60002
	Passive Ozone
	

	60003
	NOx expressed as nitrogen
	NOx

	60004
	All nitrogen oxides (NOy) expressed as nitrogen
	NOy

	60005
	Total inorganic chlorine
	Clx

	60006
	Total inorganic bromine
	Brx

	60007
	Total inorganic chlorine except HCl, ClONO2: ClOx
	

	60008
	Total inorganic bromine except HBr, BrONO2: BrOx
	

	60009
	Lumped Alkanes
	

	60010
	Lumped Alkenes
	

	60011
	Lumped Aromatic Compounds
	

	60012
	Lumped Terpenes
	

	60013
	Non-methane volatile organic compounds expressed as carbon
	NMVOC

	60014
	Anthropogenic non-methane volatile organic compounds expressed as carbon
	aNMVOC

	60015
	Biogenic non-methane volatile organic compounds expressed as carbon
	bNMVOC

	60016
	Lumped oxygenated hydrocarbons
	OVOC

	60017-65534
	Reserved
	

	65535
	Missing
	


Code Table 4.40: Proposed new Product Definition Templates

The following proposed Product Definition Templates are based on existing templates with the inclusion of the new proposed Code Table 4.230. 

Product Definition Template 4.40: Analysis or forecast at a horizontal level or in a horizontal layer at a point in time for atmospheric chemical constituents 

	Octet Number(s)
	Contents

	10
	Parameter category (see Code Table 4.1)

	11
	Parameter number (see Code Table 4.2)

	12-13
	Atmospheric chemical constituent type (see Code Table 4.230)

	14
	Type of generating process (see Code Table 4.3)

	15
	Background generating process identifier (defined by originating centre)

	16
	Analysis or forecast generating process identifier (defined by originating centre)

	17-18
	Hours of observational data cutoff after reference time (see Note 1)

	19
	Minutes of observational data cutoff after reference time

	20
	Indicator of unit of time range (see Code Table 4.4)

	21-24
	Forecast time in units defined by octet 20

	25
	Type of first fixed surface (see Code Table 4.5)

	26
	Scale factor of first fixed surface

	27-30
	Scaled value of first fixed surface

	31
	Type of second fixed surface (see Code Table 4.5)

	32
	Scale factor of second fixed surface

	33-36
	Scaled value of second fixed surface


Note:

1. Hours greater than 65534 will be coded as 65534.

Product Definition Template 4.41: Individual ensemble forecast, control and perturbed, at a horizontal level or in a horizontal layer at a point in time for atmospheric chemical  constituents 

	Octet Number(s)
	Contents

	10
	Parameter category (see Code Table 4.1)

	11
	Parameter number (see Code Table 4.2)

	12-13
	Atmospheric chemical constituent type (see Code Table 4.230)

	14
	Type of generating process (see Code Table 4.3)

	15
	Background generating process identifier (defined by originating centre)

	16
	Forecast generating process identifier (defined by originating centre)

	17-18
	Hours after reference time of data cutoff (see Note 1)

	19
	Minutes after reference time of data cutoff

	20
	Indicator of unit of time range (see Code Table 4.4)

	21-24
	Forecast time in units defined by octet 20

	25
	Type of first fixed surface (see Code Table 4.5)

	26
	Scale factor of first fixed surface

	27-30
	Scaled value of first fixed surface

	31
	Type of second fixed surface (see Code Table 4.5)

	32
	Scale factor of second fixed surface

	33-36
	Scaled value of second fixed surface

	37
	Type of ensemble forecast (see Code Table 4.6)

	38
	Perturbation number

	39
	Number of forecasts in ensemble


Note:

1. Hours greater than 65534 will be coded as 65534.

Product Definition Template 4.42: Average, accumulation, and/or extreme values or other statistically processed values at a horizontal level or in a horizontal layer in a continuous or non-continuous time interval for atmospheric chemical constituents 

	Octet Number(s)
	Contents

	10
	Parameter category (see Code Table 4.1)

	11
	Parameter number (see Code Table 4.2)

	12-13
	Atmospheric chemical  constituent type (see Code Table 4.230)

	14
	Type of generating process (see Code Table 4.3)

	15
	Background generating process identifier (defined by originating centre)

	16
	Analysis or forecast generating process identifier (defined by originating centre)

	17-18
	Hours after reference time of data cutoff (see Note 1)

	19
	Minutes after reference time of data cutoff

	20
	Indicator of unit of time range (see Code Table 4.4)

	21-24
	Forecast time in units defined by octet 20 (see Note 2)

	25
	Type of first fixed surface (see Code Table 4.5)

	26
	Scale factor of first fixed surface

	27-30
	Scaled value of first fixed surface

	31
	Type of second fixed surface (see Code Table 4.5)

	32
	Scale factor of second fixed surface

	33-36
	Scaled value of second fixed surface

	37-38
	Year

	39
	Month

	40
	Day

	41
	Hour

	42
	Minute

	43
	Second

	44
	n - Number of time range specifications describing the time intervals used to calculate the statistically processed field

	45-48
	Total number of data values missing in statistical process

	
	

	
	49-60   Specification of the outermost (or only) time range over which statistical processing is done

	
	

	49
	Statistical process used to calculate the processed field from the field at each time increment during the time range (see Code Table 4.10)

	50
	Type of time increment between successive fields used in the statistical processing (see Code Table 4.11)

	51
	Indicator of unit of time for time range over which statistical processing is done (see Code Table 4.4)

	52-55
	Length of the time range over which statistical processing is done, in units defined by the previous octet

	56
	Indicator of unit of time for the increment between the successive fields used (see Code Table 4.4)

	57-60
	Time increment between successive fields, in units defined by the previous octet (see Notes 3 and 4)

	
	

	
	61-nn   These octets are included only if n>1, where nn = 48 + 12 * n

	
	

	61-72
	As octets 49 to 60, next innermost step of processing

	73-nn
	Additional time range specifications, included in accordance with the value of n. Contents as octets 49 to 60, repeated as necessary.


Note:

1. Hours greater than 65534 will be coded as 65534.

2. The reference time in section 1 and the forecast time together define the beginning of the overall time interval.

3. An increment of zero means that the statistical processing is the result of a continuous (or near continuous) process, not the processing of a number of discrete samples. Examples of such continuous processes are the temperatures measured by analogue maximum and minimum thermometers or thermographs, and the rainfall measured by a rain gauge.

4. The reference and forecast times are successively set to their initial values plus or minus the increment, as defined by the type of time increment (one of octets 50, 62, 74 …). For all but the innermost (last) time range, the next inner range is then processed using these reference and forecast times as the initial reference and forecast time.

Product Definition Template 4.43: Individual ensemble forecast, control and perturbed, at a horizontal level or in a horizontal layer in a continuous or non-continuous time interval for atmospheric chemical constituents 

	Octet Number(s)
	Contents

	10
	Parameter category (see Code Table 4.1)

	11
	Parameter number (see Code Table 4.2)

	12-13
	Atmospheric chemical constituent type (see Code Table 4.230)

	14
	Type of generating process (see Code Table 4.3)

	15
	Background generating process identifier (defined by originating centre)

	16
	Forecast generating process identifier (defined by originating centre)

	17-18
	Hours after reference time of data cutoff (see Note 1)

	19
	Minutes after reference time of data cutoff

	20
	Indicator of unit of time range (see Code Table 4.4)

	21-24
	Forecast time in units defined by octet 20 (see Note 2)

	25
	Type of first fixed surface (see Code Table 4.5)

	26
	Scale factor of first fixed surface

	27-30
	Scaled value of first fixed surface

	31
	Type of second fixed surface (see Code Table 4.5)

	32
	Scale factor of second fixed surface

	33-36
	Scaled value of second fixed surface

	37
	Type of ensemble forecast (see Code Table 4.6)

	38
	Perturbation number

	39
	Number of forecasts in ensemble

	40-41
	Year of end of overall time interval

	42
	Month of end of overall time interval

	43
	Day of end of overall time interval

	44
	Hour of end of overall time interval

	45
	Minute of end of overall time interval

	46
	Second of end of overall time interval

	47
	n - Number of time range specifications describing the time intervals used to calculate the statistically processed field

	48-51
	Total number of data values missing in statistical process

	
	

	
	52-63   Specification of the outermost (or only) time range over which statistical processing is done

	
	

	52
	Statistical process used to calculate the processed field from the field at each time increment during the time range (see Code Table 4.10)

	53
	Type of time increment between successive fields used in the statistical processing (see Code Table 4.11)

	54
	Indicator of unit of time for time range over which statistical processing is done (see Code Table 4.4)

	55-58
	Length of the time range over which statistical processing is done, in units defined by the previous octet

	59
	Indicator of unit of time for the increment between the successive fields used (see Code Table 4.4)

	60-63
	Time increment between successive fields, in units defined by the previous octet (see Notes 3 and 4)

	
	

	
	64-nn   These octets are included only if n>1, where nn = 51 + 12 * n

	
	

	64-75
	As octets 52 to 63, next innermost step of processing

	76-nn
	Additional time range specifications, included in accordance with the value of n. Contents as octets 52 to 63, repeated as necessary.


Note:

1. Hours greater than 65534 will be coded as 65534.

2. The reference time in section 1 and the forecast time together define the beginning of the overall time interval.

3. An increment of zero means that the statistical processing is the result of a continuous (or near continuous) process, not the processing of a number of discrete samples. Examples of such continuous processes are the temperatures measured by analogue maximum and minimum thermometers or thermographs, and the rainfall measured by a rain gauge.

4. The reference and forecast times are successively set to their initial values plus or minus the increment, as defined by the type of time increment (one of octets 53, 65, 77 …). For all but the innermost (last) time range, the next inner range is then processed using these reference and forecast times as the initial reference and forecast time.
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http://gems.ecmwf.int/
[2] CCMVal
 - Chemistry-Climate model validation project, a WMO-SPARC, WCRP initiative
http://www.pa.op.dlr.de/CCMVal/
[3] TFHTAP - Task Force on Hemispheric Transport of Air Pollution, a UNECE-EMEP activity
http://www.htap.org
[4] CF - NetCDF Climate and Forecasting Metadata Convention
http://cf-pcmdi.llnl.gov/
[5] NetCDF - network Common Data Form,
http://www.unidata.ucar.edu/software/netcdf/
� FirstFixedSurface and SecondFixedSurface of Code Table 4.5 (Fixed surface types and units) to define the vertical extent, i.e. FirstFixedSurface can be set to 1 (Ground or water surface)


and SecondFixedSurface set to 7 (Tropopause) for a restriction to the troposphere.
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