	WORLD METEOROLOGICAL ORGANIZATION

COMMISSION FOR BASIC SYSTEMS

-----------------------------
FIRST MEETING OF
 INTER-PROGRAMME EXPERT TEAM ON
DATA REPRESENTATION MAINTENANCE AND MONITORING
TOKYO, JAPAN, 1 - 5 JULY 2013
	
	IPET-DRMM-I / Doc. 2.2 (3)
(29. 5. 2013)
-------------------------
ITEM 2.2
ENGLISH ONLY


Distribution functions in Grib Edition 2
Submitted by

Bernhard Vogel (Karlsruhe Institute of Technology, KIT),

Michael Baldauf, Dörte Liermann, Sibylle Krebber (DWD)
_______________________________________________________________________

Summary and Purpose of Document
This document contains a proposal of a new GRIB product definition template and code table to be used for all types of distribution functions.
_______________________________________________________________________

ACTION PROPOSED
The meeting is requested to review the document and approve the contents for validation.
DISCUSSIONS
Atmospheric aerosol particles are important for three reasons. Firstly they became the major threat for human health. The World Health Organization (WHO) has estimated that high concentrations of aerosol particles are leading to an excess death rate of 700000 human beings per year in China. Secondly, aerosol particles have an impact on radiative transfer in the atmosphere. Therefore, they determine the atmospheric energy balance but also the visibility. The latter is an important factor for aviation safety. Thirdly, aerosol particles are a prerequisite to form clouds. The physical properties of clouds and the formation of precipitation depend on aerosol particles. Worldwide research is currently going on to quantify how the predictability of the atmosphere on different spatial and temporal scales could be improved by introducing a dynamic description into currently available forecast models.

More and more atmospheric models take into account gas phase and aerosol compounds. This is true for research models as COSMO-ART (Vogel et al., 2009; Bangert et al., 2012) but also for operational forecast systems as IFS (http://www.gmes-atmosphere.eu/) within the MACC project.  In case of aerosols those models take into account mineral dust, sea salt, soot and secondary aerosols like sulphate, nitrate, ammonia, and organic compounds. Operational forecast centres as DWD or Meteoswiss recently have or are transferring research models as COSMO-ART into an operational mode for specific applications as volcanic ash, mineral dust, and pollen grains.  

While gaseous compounds can be quantified by a single quantity namely their concentration, in case of aerosols much more parameters are necessary to characterize them. Those parameters are size distributions of number- and mass concentration and the standard deviation of those distributions. In addition the size dependent chemical composition of the aerosol particles is required when addressing air quality problems or the interactions of aerosol particles with radiation and cloud formation.

Bulk microphysical cloud schemes that describe the hydrometeors by mass concentration only are currently replaced by two moment schemes which describe the size distributions of number- and mass concentration of the hydrometeors. Again the output of those advanced schemes requires more than a single quantity for each compound.

So far no Grib2 templates are available to describe those size distributions although urgently needed to guarantee the international exchange of such data between weather services and research institutions in the near future. 

PROPOSALS
The functional form of possible distribution functions is immense. In practise only a little amount is used. But even if the same distribution function is used there could be differences in definitions e.g. which fields and parameters are fixed or calculable from other fields or which is the independent entity in the distribution function.
The list of types of distribution functions could be increase rapidly during the “lifetime” of GRIB Edition 2. 
In this regard the proposed new GRIB Edition 2 Product definition template provides a minimum of order and simultaneously full information for the users of the GRIB messages:
Template:

	Product definition template 4.57 -   analysis or forecast at a horizontal level or in a horizontal layer at a point in time for atmospheric chemical constituents based on a distribution function

	Octet No.
	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 – 15
	Number of mode (N) of distribution (see Note 2)

	16 – 17
	Mode number (l)

	18 – 19
	Type of distribution function (see Code table 4.240)

	20
	Number of following function parameters (Np), defined by type given in octet 18-19 (Type of distribution function)

	
	Repeat the following 5 octets for the number of function parameters (n=1,Np), if Np > 0

	(21 + 5(n-1)
	List of scale factor of fixed distribution function parameter (p1 – pNp)),  defined by type of distribution in octet 18-19 

	(22 + 5(n-1)) – (25 + 5(n-1))
	List of scaled value of fixed distribution function parameter (p1 – pNp)),  defined by type of distribution in octet 18-19 

	21+5Np
	Type of generating process (see Code table 4.3)

	22+5Np
	Background generating process identifier (defined by originating centre)

	23+5Np
	Analysis or forecast generating process identifier (defined by originating centre)

	24+5Np – 25+5Np
	Hours of observational data cut-off after reference time (see Note)

	26+5Np
	Minutes of observational data cut-off after reference time

	27+5Np
	Indicator of unit of time range (see Code table 4.4)

	28+5Np – 31+5Np
	Forecast time in units defined by octet 20

	32+5Np
	Type of first fixed surface (see Code table 4.5)

	33+5Np
	Scale factor of first fixed surface

	34+5Np – 37+5Np
	Scaled value of first fixed surface

	38+5Np
	Type of second fixed surface (see Code table 4.5)

	39+5Np
	Scale factor of second fixed surface

	40+5Np – 43+5Np
	Scaled value of second fixed surface


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

(2) If Number of mode (N) > 1, then between x*N fields with mode number l=1,…,N define the distribution function. x is the number of variable parameters in the distribution function.  
Add new entry in Code table 4.0
	Code table 4.0 – Product definition template number

	Code figure
	Meaning

	57
	Analysis or forecast at a horizontal level or in a horizontal layer at a point in time for atmospheric chemical constituents based on a distribution function


New  Code table 4.240
	Code table 4.240 – Type of distribution function

	Code figure
	Meaning

	0
	No specific distribution function given

	1
	Delta functions with spatially variable concentration and fixed diameters Dl (p1) in meter (see Note 1)

	2
	Delta functions with spatially variable concentration and fixed masses 
Ml (p1) in kg (see Note 2)

	3
	Gaussian (Normal)  distribution with spatially variable concentration and fixed mean diameter Dl (p1) and variance σ (p2) (see Note 3)

	4
	Gaussian (Normal)  distribution with spatially variable concentration, mean diameter and variance (see Note 4)

	5
	Log-normal distribution with spatially variable number density, mean diameter and variance (see Note 5)

	6
	Log-normal distribution with spatially variable number density, mean diameter and fixed variance σ (p1) (see Note 6)

	7
	Log-normal distribution with spatially variable number density and mass density and fixed variance σ (p1) and fixed particle density ρ (p2) (see Note 7)

	8 - 49151
	Reserved

	49152 – 65534
	Reserved for local use

	65535
	Missing


Notes: 

(1) Bin-Model or delta function with N concentrations cl(r) in class (or mode) l. 
Concentration-density function:


 [image: image2.png]




where 

N – number of modes in the distribution
δ  - delta-function
d  - diameter
Dl –diameter of mode l (p1)
(2) Bin-Model or delta function with N concentrations cl(r) in class (or mode) l. 
Concentration-density function:
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where 
N – number of modes in the distribution
δ  - delta-function
m  - mass
Ml –mass of mode l (p1)


(3) N-modal concentration-density function consisting of Gaussian-functions:
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where
N – number of modes in the distribution
d  - diameter
Dl –mean diameter of mode l (p1)
σl  - variance of mode l (p2)

with N fields of concentration cl(r).

(4) N-modal concentration-density function consisting of Gaussian-functions:
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with 3N fields of concentration cl(r), variance σl(r) and mean diameter Dl(r).

(5) N-modal log-normal-distribution for the number density:
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where 
d  - diameter

with 3N fields of number density nl(r), variance σl(r) and mean diameter Dl(r).

(6) N-modal log-normal-distribution for the number density:
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where
σl  - variance of mode l (p1)

with 2N fields of number density nl(r) and mean diameter Dl(r). 

(7) N-modal log-normal-distribution for the number density as in Note (6), but with a prescribed mass density ml(r), from which the diameter Dl(r) is calculated by:
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where
σl  
- variance of mode l (p1)
ρp,l 
- particle density (p2)

with 2N fields of number density nl(r)  and mass density ml(r).


