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	Summary and the Purpose of the Document

Despite past efforts since 2006, there has been confusion in how to express time-integrated quantities in the GRIB Edition 2.  This document proposes a clarification with minimal invalidation of existing practices, together with correction for cloud cover with types.


Action proposed:  The team is invited to consider the amendment of FM 92 GRIB to be on the next track of intersessional amendment procedure.
1. Introduction

1.1 Integral-type Parameters
There is a group of physical quantities defined as accumulation (or integration) over a time interval.  Let us call it integral-type quantity.  We must give both beginning and ending times of the time interval to deliver meaning of a measurement or forecast of such quantity.

In GRIB Edition 2, a physical quantity is represented by a parameter.  A time interval can be encoded into a message using PDTs (product definition templates) whose name includes “interval” (namely 4.8—4.14, 4.42, 4.43, 4.1001, 4.1002, and 4.1101).

Unfortunately this provision was not utilised well enough in the first few years of GRIB 2 code form management.  Both integral and instantaneous (non-interval types of) parameters were registered in the Code Table 4.2.  As a result, an integral-type of physical quantities may be encoded in different combinations of integral or instantaneous PDT or parameter (Table 1).
Table 1: Possible encoding styles of precipitation [kg.m-2] in 12-hour interval until ft = 48 h, when data is available in 12 hour interval.  Note that the parameter 0-1-10 was deprecated after 2006 meeting.
	Style
	PDT example
	Forecast time
	Other times
	Discipline-category-​parameter
	Data contents

	(a)
	Integral: PDT 4.8
	48 h
	Statistical process = 1 (accumulation)

Interval length = 12 h
	Instantaneous: 0-1-37 convective precipitation rate [kg.m-2.s-1]
	12 h accumulated precipitation [kg.m-2]
(ft = 36-48 h)

	(b)
	Integral: PDT 4.8
	48 h
	Statistical process = 1 (accumulation)
Interval length = 12 h
	Integral: 0-1-10 Convective precipitation [kg.m-2]
	12 h accumulated precipitation [kg.m-2]
(ft = 36-48 h)

	(c)
	Instant​aneous: PDT 4.0
	48 h
	
	Integral: 0-1-10 Convective precipitation [kg.m-2]
	48 h accumulated precipitation [kg.m-2]
(ft = 0-48 h);
users must subtract another data (ft = 36 h) to obtain 12 hour value


1.2 Orthogonalism Reformation
An effort to rectify the situation was initiated at the 2006 meeting of ET-DRC in Montreal [1].  The meeting declared that the GRIB2 philosophy requires parameter names to be orthogonal to any other information in PDT, i.e. vertical location or temporal statistics.  That means style (a) of Table 1 should be enforced for integral-type quantity.

Hence a number of parameters are deprecated.  Integral parameters are supposed to be replaced by instantaneous ones, for example 0-1-37 (Convective precipitation rate [kg.m-2.s-1]) is supposed to replace 0-1-10 (Convective precipitation [kg.m-2]).
1.3 Aftermath

Unfortunately again, the recommended style was not adopted widely.  It might be due to a bit simple footnote “Parameter deprecated. See Regulation 92.6.2 and use another parameter instead.” without specific encoding guideline.  But more important issue came arise: a question on the units of measurement.
It was clear for the participants of Montreal meeting that the units of parameter changes (multiplied by second) in combination with statistical process types such as 1 (accumulation).  But the note on the GRIB regulation 92.9.4 was unchanged:

(4) The original data value Y (in the units of Code table 4.2) can be recovered with the formula:

Y × 10D = R + (X1 + X2) × 2E
As a result, encoding styles (b) and (c) in the Table 1 are still used in considerable extent.
Last year DWD made a proposal to enforce style (b) in the second meeting of IPET-DRC [2].  After intense debate, it is now common understanding that every style has historical archive that can’t be ignored.  The solution should avoid invalidating past encoding practices.
Please note that this doesn’t mean we don’t have to do anything.  Unclear interpretation has been source of trouble for software developer, as units of measurement are most basic information to be shared in data exchange.  Thus now I propose following clarification without invalidating any of the styles (a), (b) and (c).
2. Proposal
2.1 Proposed Changes

On regulation 92.9.4, note (4) should be revised to read:
(4) The original data value Y (in the units of Code table 4.2, unless Notes on Code table 4.10 applies) can be recovered with the formula:

Y × 10D = R + (X1 + X2) × 2E
On Code table 4.10, notes and a code figure should be added to read:
Code table 4.10 – Type of statistical processing

Code figure
Meaning

0

Average

1

Accumulation (see Note 1)
2

Maximum

3

Minimum

4

Difference (value at the end of time range minus value at the beginning)

5

Root mean square

6

Standard deviation

7

Covariance (temporal variance) (see Note 2)
8

Difference (value at the start of time range minus value at the end

9

Ratio (see Note 3)
10

Summation
10–191

Reserved

192–254
Reserved for local use

255

Missing
Notes:

(1)  the original data value (Y in the note (4) of regulation 92.9.4) has units of Code table 4.2 multiplied by second, unless otherwise noted on Code table 4.2.
(2)  the original data value has squared units of Code table 4.2.
(3)  the original data value is nondimensional number without units.

On Code table 4.2, parameters with footnote “Parameter deprecated.” should be changed as following Table 2. 

Table 2: proposed change of footnotes on Code Table 4.2.

	Discipline-category-parameter (Name)
	Units
	Footnote

	0-0-4 Maximum temperature
	K
	(unchanged)

	0-0-5 Minimum temperature
	K
	(unchanged)

	0-0-14 Minimum dew-point depression
	K
	(unchanged)

	0-1-7 Precipitation rate
	kg.m–2.s–1
	(unchanged)

	0-1-8 Total precipitation
	kg.m–2
	Statistical process 1 (Accumulation) doesn’t change units.  It is recommended to use another parameter with “rate” in its name and accumulation in PDT.

	0-1-9 Large-scale precipitation (non-convective)
	kg.m–2
	Statistical process 1 (Accumulation) doesn’t change units.  It is recommended to use another parameter with “rate” in its name and accumulation in PDT.

	0-1-10 Convective precipitation
	kg.m–2
	Statistical process 1 (Accumulation) doesn’t change units.  It is recommended to use another parameter with “rate” in its name and accumulation in PDT.

	0-1-12 Snowfall water equivalent
	kg.m-2.s-1
	(unchanged)

	0-1-13 Water equivalent of accumulated snow depth
	kg.m–2
	Statistical process 1 (Accumulation) doesn’t change units.  It is recommended to use another parameter with “rate” in its name and accumulation in PDT.

	0-1-14 Convective snow
	kg.m–2
	Statistical process 1 (Accumulation) doesn’t change units.  It is recommended to use another parameter with “rate” in its name and accumulation in PDT.

	0-1-15 Large-scale snow
	kg.m–2
	Statistical process 1 (Accumulation) doesn’t change units.  It is recommended to use another parameter with “rate” in its name and accumulation in PDT.

	0-1-27 Maximum relative humidity
	%
	(unchanged)

	0-1-28 Maximum absolute humidity
	kg.m–3
	(unchanged)

	0-1-29 Total snowfall
	m
	Statistical process 1 (Accumulation) doesn’t change units.  It is recommended to use another parameter with “rate” in its name and accumulation in PDT.

	0-2-21 Maximum wind speed
	m.s-1
	(unchanged)

	0-4-0 Net short-wave radiation flux (surface)
	W.m–2
	(unchanged)

	0-4-1 Net short-wave radiation flux (top of atmosphere)
	W.m–2
	(unchanged)

	0-4-2 Short-wave radiation flux 
	W.m–2
	(unchanged)

	0-6-3 Low cloud cover 
	%
	(remove footnote)

	0-6-4 Medium cloud cover 
	%
	(remove footnote)

	0-6-5 High cloud cover 
	%
	(remove footnote)

	0-18-6 Time-integrated air concentration of caesium pollutant
	Bq.s.m–3
	Statistical process 1 (Accumulation) doesn’t change units.  It is recommended to use another parameter without the word “time-integrated” in its name and accumulation in PDT.

	0-18-7 Time-integrated air concentration of iodine pollutant
	Bq.s.m–3
	Statistical process 1 (Accumulation) doesn’t change units.  It is recommended to use another parameter without the word “time-integrated” in its name and accumulation in PDT.

	0-18-8 Time-integrated air concentration of radioactive pollutant
	Bq.s.m–3
	Statistical process 1 (Accumulation) doesn’t change units.  It is recommended to use another parameter without the word “time-integrated” in its name and accumulation in PDT.

	0-19-17 Maximum snow albedo 
	%
	(unchanged)

	2-0-10 Ground heat flux 
	W.m–2
	(unchanged)

	2-0-17 Wilting point
	Proportion
	(unchanged)

	2-3-1 Upper layer soil temperature 
	K
	(unchanged)

	2-3-2 Upper layer soil moisture 
	kg.m–3
	(unchanged)

	2-3-3 Lower layer soil moisture 
	kg.m–3
	(unchanged)


2.2 Rationale
Note (4) on Regulation 92.9.4 must be amended to clarify the change of units takes place with some statistical processes including 1 (accumulation).  That is clarification for style (a) of Table 1.  Detail of the change is too long to be described here, thus moved under Code Table 4.10.
Notes under the Code Table 4.10 specify changes of units.  For code 1 (accumulation), second (s) is multiplied for style (a).  Change of units are proposed not only for accumulation, but also 7 (Covariance, temporal variance) and 9 (Ratio).  Regarding squared units for variance, there has been existing practice in CF-NetCDF conventions [3], and interoperability is desirable.
The new code figure 10 (Summation) represents summation over time without changing units.  It is useful in post-processed accumulation made from a series of time-integrated data: in that case the PDT may have two statistical processes to express short-term accumulation and summation as post-processing.  Using two accumulations may be misunderstood as multiplying second twice to the units.
Footnotes “deprecated” in the Code Table 4.2 are entirely reviewed.
Integral parameters (such as 0-1-8 Total precipitation) will have footnote “Statistical process 1 (Accumulation) doesn’t change units.”  This is to make style (b) safely understood.  This special case is only for integral parameters, because change of units is necessary for instantaneous parameters to secure style (a).
Recommendation of another parameter is intended to be user-friendly rewording of current note “parameter deprecated. See Regulation 92.6.2 and use another parameter instead.”.  If the expert team choose to completely withdraw the deprecation and make style (b) equally recommendable as style (a), that sentence is unnecessary.  The text is slightly different in Category 18 (nuclear/radiology), due to difference of parameter names (Table 3. below).
It is also proposed to withdraw deprecation of cloud cover parameters (such as 0-6-3 Low cloud cover).  In short, the low cloud cover is “cover of low cloud”, not “cloud cover in lower atmosphere”.  They are actually computed using cloud modelling (at least in JMA), and it is inappropriate to define a flat layer using pressure levels as expected in 2006 proposal by ECMWF. Without these parameters, we would need many ugly entries in Code Table 4.5, such as “Nominal top of low cloud”, “Nominal base of medium cloud”, ….  Please note that the table is almost full, thus I believe it is no good idea to play with physically meaningless concepts.
Table 3: comparison of deprecated and alternative parameters in Code Table 4.2.  Boldface letter indicate keywords to mark integral or instantaneous parameters.  Note: this is not a part of proposed amendment of codes.
	Now-deprecated parameter (integral)
	Units
	Alternative parameter (instantaneous)
	Units

	0-1-8 Total precipitation
	kg.m–2
	0-1-52 Total precipitation rate
	kg.m–2.s–1

	0-1-9 Large-scale precipitation (non-convective)
	kg.m–2
	0-1-54 Large scale precipitation rate
	kg.m–2.s–1

	0-1-10 Convective precipitation
	kg.m–2
	0-1-37 Convective precipitation rate
	kg.m–2.s–1

	0-1-13 Water equivalent of accumulated snow depth
	kg.m–2
	0-1-53 Total snowfall rate water equivalent
	kg.m–2.s–1

	0-1-14 Convective snow
	kg.m–2
	0-1-55 Convective snowfall rate water equivalent
	kg.m–2.s–1

	0-1-15 Large-scale snow
	kg.m–2
	0-1-56 Large scale snowfall rate water equivalent
	kg.m–2.s–1

	0-1-29 Total snowfall
	m
	0-1-57 Total snowfall rate
	m. s–1

	0-18-6 Time-integrated air concentration of caesium pollutant
	Bq.s.m–3
	0-18-0 Air concentration of Caesium 137
	Bq.m–3

	0-18-7 Time-integrated air concentration of iodine pollutant
	Bq.s.m–3
	0-18-1 Air concentration of Iodine 131
	Bq.m–3

	0-18-8 Time-integrated air concentration of radioactive pollutant
	Bq.s.m–3
	0-18-2 Air concentration of radioactive pollutant
	Bq.m–3
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