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ANNEX TO RECOMMENDATION 3 (CBS-Ext.(02))

AMENDMENTS TO THE MANUAL ON THE GLOBAL TELECOMMUNICATION
SYSTEM(WMO-No. 386), VOLUME I

PART I

Replace in section 2, paragraph 2.1(e) to read:

(e) Before relaying a message issued from their zones of
responsibility (as an RTH in a Region and/or as an
RTH located on the MTN) on the GTS, checking the
parts related to the telecommunications of the message
in order to maintain standard telecommunication
procedures. The RTH informs the associated centre
originating or compiling the message of any correction
to be made to the message. The RTH and its associated
centres make arrangements for the insertion of the
message without telecommunication errors on the GTS.
Messages issued from outside the zone of
responsibility of an RTH shall not be corrected by the
RTH except in case of special arrangements for
inserting data into the GTS.

Amend Attachment [-2 — Configuration of the MTN, to

include the circuit Bracknell-Melbourne.

PART II

Replace in paragraph 2.3.2.2 the part related to ii to read:

i It shall be a number with two digits. When an
originator or compiler of bulletins issues two or more
bulletins with the same T1T2A1A2 and CCCC the ii
shall be used to differentiate the bulletins and will be
unique to each bulletin.

Bulletins containing reports prepared at the main
synoptic hours for the stations included in the Regional
Basic Synoptic Networks or stations included in the
Regional Basic Climatological Networks shall be
compiled into bulletins with ii in the series 01 to 19.
This does not apply to bulletins compiled in BUFR or

CREX code.
Bulletins containing “additional” data as defined in
Resolution 40 (Cg-XII) shall be compiled into bulletins
with ii above 19. This does not apply to bulletins
compiled in BUFR or CREX code.
For some bulletins, such as those compiled in GRIB
code or containing pictorial information, the use of ii is
defined in the tables contained in Attachment II-5.
Originators or compilers of bulletins shall use the i
values from these tables when they are defined for the
purpose for which a bulletin is being intended.

Replace in paragraph 2.3.2.2 the part related to CCCC to

read:
CCccC International four-letter location indicator
of the station or centre originating or compiling the
bulletin, as agreed internationally, and published in
WMO-No. 9, Volume Cl, Catalogue of Meteorologi-
cal Bulletins.
In order to differentiate sets of bulletins that cannot be
distinguished using the T1T2A1A2zii allocations, a
centre may establish additional CCCCs where the final
two characters differ from its original CCCC.
The two first letters of any additional CCCCs
established by a centre shall remain the same as the
original CCCC. For instance, the additional CCCCs
could be used to indicate different satellites, different
models or to differentiate between bulletins containing
“additional” or “essential” data as defined in
Resolution 40 (Cg-XII)). All CCCCs established by
any centre shall be published and defined in the
(Publication No. 9, Volume Cl, Catalogue of
Meteorological Bulletins.
Once a bulletin has been originated or compiled, the
CCCC must not be changed. If the contents of
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a bulletin is changed or recompiled for any reason,
the CCCC should be changed to indicate the cen-
tre or station making the change.
Replace in paragraph 2.3.2.2 the last sub-paragraph to
read:

Bulletins containing observational or climatic data

(surface or upper-air) from land stations will be

compiled from a defined list of stations. This does

not apply to bulletins compiled in BUFR or CREX
code.

The abbreviated headings and the contents of bul-

letins shall be published in Publication No. 9,

Volume C1, Catalogue of Meteorological Bulletins.

Replace paragraph 2.7.1 to read:

The length of messages should be determined

according to the following guidelines:

(@) Alphanumerical messages for transmission on
the GTS shall not exceed 15 000 octets;

(b) Sets of information, transmitted using seg-
mentation into a series of bulletins, shall not
exceed 250 000 octets;

(c) The existing limit of 15 000 octets on mes-
sages presented in binary code forms shall be
increased to 500 000 octets as from
9 November 2007;

(d) Sets of information may be exchanged using
the file transfer technique described in
Attachment 11-15, particularly where sets
larger than 250 000 octets are concerned.

Amend in Attachment II-5, Table B1, for T = S
Surface data, the following rows to read:

Ty Data type Code form
Designator (name)
L - -
0] Oceanographic data FM 63 (BATHY)/
FM 64 (TESAC)/
FM 62 (TRACKOB)
W Wave information FM 65 (WAVEOB)

Replace in Attachment I1-5, Table B2 to read:

Table B2

Data type designator T, (when T; =D, G, H, X or Y)

Instructions for the proper application of the data type

designator

1. The designator specified in this table should
be used to the greatest extent possible to indi-
cate the type of data contained within the text
of the bulletin.

2. Where more than one type is contained in the
text, the designator for one of the data types
should be used.

3. When the table does not contain a suitable
designator for the data type, an alphabetic des-
ignator which is not assigned in the table
should be introduced and the WMO
Secretariat notified.

Designator Data type

Radar data

Cloud

Vorticity

Thickness (relative topography)
Precipitation

Divergence

Height

Wave height + combinations
Swell height + combinations
For national use

Radiation

Vertical velocity

Pressure

Wet bulb potential temperature
Relative humidity

Temperature

Eastward wind component
Northward wind component
Wind

Not assigned
Add in Attachment I1-5, new Table B6:

N<Xs<CA0wXOTVTOZZIN XS "TIOOMmMmMmOoOO®>

Table B6
Data type designator T, (when T; =P, Q)

Instructions for the proper application of the data type

designator

1. The designator specified in this table should
be used to the greatest extent possible to indi-
cate the type of data contained within the text
of the bulletin.

2. Where more than one type is contained in the
text, the designator for one of the data types
should be used.

3. When the table does not contain a suitable
designator for the data type, an alphabetic des-
ignator which is not assigned in the table
should be introduced and the WMO
Secretariat notified.

Designator Data type

Radar data

Cloud

Clear air turbulence

Thickness (relative topography)

Precipitation

Aerological diagrams (ash

cloud)

Significant weather

Height

Ice flow

Wave height + combinations

Swell height + combinations

mMmMmoOw >

ACTITO
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Plain language

For national use

Radiation

Vertical velocity

Pressure

Wet bulb potential temperature
Relative humidity

Snow cover

Temperature

Eastward wind component
Northward wind component
Wind

Lifted index

Observational plotted chart
Not assigned

N<Xs<CcdunxomovovozZr

Insert in Attachment I1-5, Table C2, paragraph 1:

For floats (T;T, = S0): F

Replace in Attachment I1-15, section 4, the part “FTP
procedures” to read:

FTP Procedures

INTRODUCTION

File Transfer Protocol (FTP) is a convenient and

reliable method for exchanging files, especially

large files. The protocol is defined in RFC 959.

The main issues to be considered are:

1. Procedures for accumulating messages into
files so as to minimize FTP overheads with
short messages (applies only to existing mes-
sage types);

2. File naming conventions for existing mes-

sage types (existing AHL);

General file naming conventions;

File renaming;

Use of directories;

Account names and passwords;

FTP sessions;

Local FTP requirements;

File compression.

©oN O~

ACCUMULATING MESSAGES INTO FILES

One of the problems with using FTP to send tradi-

tional GTS messages is the overhead if each

message is sent in a separate file. To overcome this
problem, multiple messages in the standard GTS
message envelope should be placed in the same
file according to the rules set out below. This
method of accumulating multiple messages
applies only to messages for which AHLs have
been assigned. Centres have the option of includ-
ing or deleting the starting line and end of
message strings and indicating which option they
are using via the format identifier (refer to points

2 and 4 below).

1. Each message should be preceded by an 8-
octet message length field (8 ASCII
characters). The length includes the starting
line (if present), AHL, text and end of mes-
sage (if present).

2. Each message should start with the currently
defined starting line and AHL as shown in
Figure 4.2.

3. Messages should be accumulated in files
thus:

(@) Length indicator, message 1 (8 charac-
ters);

(b)  Format identifier (2 characters);

(c) Message 1;

(d) Length indicator, message 2 (8 charac-
ters);

(e)  Format identifier (2 characters);

()] Message 2;

(@ And so on, until the last message;

(h)  If necessary, and subject to bilateral
agreement, a ‘dummy’ message of zero
length may be inserted after the last
real message, to assist with end of file
detection in certain MSS systems. This
requirement does not exist in most
cases and needs only to be imple-
mented where necessary, and agreed
between centres.

4. Format identifier (2 ASCII characters) has the
following values:

(@) 00 if starting line and end of message
strings present;

(b) 01 if starting line and end of message
strings absent (not preferred, to be dis-
continued).

5. The sending centre should combine mes-
sages in the file for no more than 60 seconds
to minimize transmission delays; this limit
should be set to a value depending upon the
characteristics of the link.

6. The sending centre should limit the number
of messages in a file to a maximum of 100;
this limit should be set to a value depending
upon the characteristics of the link.

7. The format applies regardless of the number
of messages, i.e. it applies even if there is
only one message in the file.

FILE NAMING CONVENTIONS FOR EXISTING MESSAGE TYPES

(ExisTING AHL)

The file naming convention is:
CCCCNNNNNNNN.ext
where:
CCCC is the international four-letter loca-
tion identifier of the sending centre, as
defined in WMO-No. 9, Volume C;
NNNNNNNN is a sequential number from
1 to 99999999 generated by the sending
Centre for each data type determined by ext;
0 is used for (re-) initialization; through bilat-
eral agreement, Centres may use NNNN
instead of NNNNNNNN in case of limitation
on filename length.
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Message 1 Format nnn
length identifier |SOH|CR|CR [LF or [ CR|CR
(8 characters) 00 nnnnn

LF

Heading | Text CR [CR|LF|ETX length

Message 2

(8 characters)

A

Starting line and end of message present.
Message length: Length from SOH to ETX (e.g. 00001826 = 1826 bytes)

Message length

Y

Message 1 Format
length identifier | CR|CR| LF| Heading
(8 characters) 01

Text

Message 2 Format
length identifier
(8 characters) 01

<—— Message length ——M>»

Option (not prefered, to be discontinued): Starting line and end of message absent.
Message length: Length from first CR to end of text (e.g. 00001826 = 1826 bytes)

Figure 4.2 Structure of a typical message in a file.

ext is:
‘ua’ for urgent alphanumeric information
‘ub’ for urgent binary information
‘a’ for normal alphanumeric information
‘b’ for normal binary information
‘f’ for facsimile information
NOTE: Where, through bilateral agreement, Centres allow
alphanumeric and binary data in the one file, the b or ub
extent shall be used.

GENERAL FILE NAMING CONVENTIONS

The following file naming convention should be
implemented with a transition period not exceed-
ing 2007. The implementation date is subject to
review by CBS. The procedure is based on trans-
mission of file pairs, one file being the
information file and the other being the associat-
ed metadata file. The concept of file pairs allows
the communications function to be implemented
independently of data management requirements
for structure of metadata, yet provides for the car-
riage of whatever metadata is required. It is not
compulsory to always have a ‘.met’ file, such as
when the information file itself is self-specifying
or when a single ‘.met’ file can describe several
information files (for example as in the case of
same data type for different times). There is
always however a clear relation between the infor-
mation file name and the metadata file name,
which should only differ from their extension
field and possible wildcards.

File names for new message types (no existing
AHL) shall follow the following format. It should
be noted that file names for existing message
types (existing AHL) can also follow the following
format.

The file name format is a predetermined com-
bination of fields, delimited by the _ (underscore)
character except for the last 2 fields, which are
delimited by the . (period) character.

Each field can be of variable length, except
for the date/time stamp field which is pre-
determined.

The order of the fields is mandatory.

The file name fields are as follows:
pflag_productidentifier_oflag_originator_yyyyM
Mddhhmmss[_freeformat].type[.compression]

where the mandatory fields are:

pflag is a character or combination of characters
indicating how to decode the productidentifier
field. At this time, the pflag field has only the fol-
lowing acceptable value:

Table 4.1 — Accepted pflag values

pflag Meaning
T The productidentifier field will be
decoded as a standard T, T,A;A,ii data
designator (the WMO standard data
designators are given in Attachment 11-5)
A The productidentifier field will be
decoded as a standard abbreviated
heading, including BBB as appropriate,
space characters being discarded, e.g.
T1T,A;A,iiCCCCYYGGgg[BBB]
W  Planned WMO product identifier
z Originating centre’s local product
identifier
productidentifier is a variable length field con-
taining information that describes the nature of
the data in the file. The productidentifier field
should be decoded according to the pflag.
oflag is a character or combination of charac-
ters indicating how to decode the originator field.
At this time, the oflag field has only the following
acceptable value:

Table 4.2 — Accepted oflag values

oflag Meaning
C The originator field will be decoded as a
standard CCCC country code
Originator is a variable length field containing
information that states where the file originated
from. The originator field should be decoded
according to the oflag.
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Compression

yyyyMMddhhmmss is a fixed length date and
time stamp field. The interpretation of this field
should be in accordance with the standard rules
set for specific data description and types.
Therefore it may have various significance such as
date of creation or the file, or date of collection of
data. If a particular date and time stamp field is
not specified, it should be replaced by a ‘-’ (minus)
character. For example: ------ 311500-- represents a
stamp that specifies only the day (31st), hours
(15) and minutes (00). If there are no rules for a
specific data type, this field should represent the
date and time of creation of the file by the origi-
nator.

Type is a variable length field that describes
the general format type of the file. Although this
information could be considered somewhat
redundant to the productidentifier field, it is kept
as such for industry accepted standard compati-
bility. It should be noted that the delimiter before
the type field is a ‘. (period). This is to help parse
the file name for fields, since the freeformat field
could make use of further ‘_’ (underscore) to
delimit subfields.

Table 4.3 — Accepted type values

Type Meaning

met  The file is a metadata file pair which
describes the content and format of the
corresponding information file with the

same name
tif TIFF file

gif GIF file

png PNG file

ps Postscript file
mpg MPEG file
jpg  JPEG file

txt text file

htm HTML file
bin  afile containing data encoded in a WMO
binary code form such as GRIB or BUFR

doc  a Microsoft Word file

wpd a Corel WordPerfect file

The non-mandatory fields are:

freeformat is a variable length field containing
further descriptors as required by a given origina-
tor. This field can be further divided in sub-fields.
Originating countries should strive to make their
freeformat descriptions available to others.
compression is a field that specifies if the file uses
industry standard compression techniques.

Table 4.4 — Accepted compression values
Meaning

z The file has been compressed using
the Unix COMPRESS technique

Symbol

Space no

zip The file has been compressed using
the PKWare zip technique

gz The file has been compressed using
the Unix gzip technique

bz2 The file has been compressed using

the Unix bzip2 technique

Maximum file name length: Although no
maximum length is specified for the entire file
name, the mandatory fields shall not exceed 63
characters (including all delimiters) to allow pro-
cessing by all international systems.

Character set: The file names shall be com-
posed of any combination of the standard
character set (ITU-T Rec. X.4) with the exceptions
noted in Table 4.5.

Table 4.5 — Symbols for file names

Allowed Meaning
yes The underscore symbol is used
has a delimiter symbol. To be
used only as a delimiter of fields.
The underscore is also accepted
in the freeformat field, but not in
other fields.
yes The period symbol is used has a
delimiter symbol. To be used
only before the type and com-
pression fields.
no Forward stroke often has special
meaning for the full path specifi-
cation of a file name in some
operating systems
no Backward stroke often has special
meaning for the full path specifi-
cation of a file name in some
operating systems
no Greater than symbol shall not be
used since it often represents spe-
cial file manipulation in some
operating systems
no Less than symbol shall not be
used since it often represents spe-
cial file manipulation in some
operating systems
no Vertical bar (pipe) symbol shall
not be used since it often repre-
sents special file manipulation in
some operating systems
no Question mark symbol shall not
be used
no Single quote shall not be used
no Double quotes shall not be used
no The star symbol is often used for
wildcard specification in proce-
dures that process file names
The space symbol shall not be
used
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yes The comma symbol can be used
in the freeformat field

A-Z a-z yes

The structure of the ‘.met’ file, related to the
WMO Metadata standard, is not defined in this
Guide.

Examples

A possible imagery file (significant weather chart)
that would have originated from the United
States:
T_PGBE07_C_KWBC_20020610180000_D241 SIG_
WEATHER_250-600_VT_06Z.tif

A possible model output file from France:
A_HPWZ89LFPW131200RRA_C_LFPW_20020913
160300.bin

A possible image from Australia:
Z_IDN60000_C_AMMC_20020617000000.gif
Note that this shows that the date and time stamp
is to be interpreted to be 00 hours, 00 minutes and
00 seconds.

A possible compressed TOVS satellite data file
from the United Kingdom:

Z LWDA_C_EGRR_20020617000000_LWDA16_
0000.bin.Z

A possible image (radar) from Canada:
T_SDCN50_C_CWAO_200204201530--
_WKR_ECHOTOP,2-0,100M,AGL,78,N.gif

A possible single-record GRIB file from Canada:
Z_ _C_CWAO_2002032812----
_CMC_reg_TMP_ISBL_500_ps60km_2002032812_
P036.bin

A possible multiple record batch file from China:
Z_SM_C_BABJ_20020520101502.txt

FILE RENAMING

The method used by receiving centres to detect
the presence of a new file may depend on the type
of machine used. However most centres will do
this by scanning a directory for new files.

To avoid problems with the receiving centre
processing a file before it has completely arrived,
all sending centres must remotely rename the files
they send.

The file shall be sent with the added extent
“tmp’ and then renamed to the appropriate
extent defined above when the transfer is com-
pleted, e.g.

() Put xxxxx RJTD00220401.a.tmp (XXXXX =
local file name)
rename RJTD00220401.a.tmp
RJTD00220401.a
(b) Put xxxxx AMMC09871234.ub.tmp
rename AMMCQ09871234.ub.tmp
AMMC09871234.ub

USE OF DIRECTORIES

Some receiving centres may wish the files to be
placed in specific sub-directories. This should be
limited to require only that all files of the same
type be delivered to the same directory. It is rec-
ommended that a separate directory be used for
each host system which is initiating FTP sessions
to avoid the possibility of file name duplication.

ACCOUNT NAMES AND PASSWORDS

Using FTP the sender “logs in” to a remote

machine using a specific account name and pass-

word. The receiving centre defines the account
name and the password. There are potential secu-
rity implications for centres so care needs to be
taken.

The following general rules should however
apply.

1. The receiving centre defines the user account
and password for the sending centre.

2. Anonymous FTP may be used or a specific
account may be created. (If anonymous FTP
is used, each sending centre must have its
own sub-directory on the FTP server).

FTP sessioNs

To limit the load on both the sending and receiv-
ing systems, no more than one FTP session per file
type should exist at the same time. If for example,
Centre A wishes to send two files to Centre B of
the same type (say .ua), the second file must not
be sent until the first is finished. Centres should
limit the number of concurrent sessions with a
particular centre to five maximum.

The idle timer for closing the FTP session
should be set to a value between the cut-off time
for accumulating messages (max. 60 seconds) and
a maximum of 3 minutes.

LocAL FTP REQUIREMENTS
All sending centres will need to allow for addi-
tional “static” FTP commands to be included in
the FTP commands that they issue. For example,
some MVS centres may require the inclusion of
“SITE” commands to define record and block
lengths. Centres should support FTP commands as
specified in RFC 959 unless some are excluded by
bilateral agreement. There may also need to be
bilaterally-agreed procedures and commands.

It is the responsibility of receiving centres to
delete files after they have been processed.

USE OF FILE COMPRESSION
If large files are to be sent then it is often desirable
to compress them first.

Centres should only use compression by bilat-
eral agreement.
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ANNEX 1 TO RECOMMENDATION 4 (CBS-Ext.(02))

ADDITIONS TO FM 92-XIl GRIB

Product definition template 4.11: Individual ensemble forecast, control and perturbed, at a horizontal level or
in a horizontal layer in a continuous or non-continuous time interval

Octet No. Contents

10 Parameter category (see Code table 4.1)

11 Parameter number (see Code table 4.2)

12 Type of generating process (see Code table 4.3)

13 Background generating process identifier (defined by originating centre)
14 Forecast generating process identifier (defined by originating centre)
15-16 Hours after reference time of data cut-off (see Note 1)
17 Minutes after reference time of data cut-off

18 Indicator of unit of time range (see Code table 4.4)
19-22 Forecast time in units defined by octet 18 (see Note 2)
23 Type of first fixed surface (see Code table 4.5)

24 Scale factor of first fixed surface

25-28 Scaled value of first fixed surface

29 Type of second fixed surface (see Code table 4.5)

30 Scale factor of second fixed surface

31-34 Scaled value of second fixed surface

35 Type of ensemble forecast (see Code table 4.6)

36 Perturbation number

37 Number of forecasts in ensemble

38-39 Year of end of overall time interval

40 Month of end of overall time interval

41 Day of end of overall time interval
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42
43
44
45

46-49

50

51

52

53-56

57

58-61

62-73

74-nn

NOTES:

Hour of end of overall time interval

Minute of end of overall time interval

Second of end of overall time interval

n — number of time range specifications describing the time intervals used to cal-

culate the statistically-processed field

Total number of data values missing in statistical process

50-61 Specification of the outermost (or only) time range over which statistical pro-
cessing is done

Statistical process used to calculate the processed field from the field at each time

increment during the time range (see Code table 4.10)

Type of time increment between successive fields used in the statistical processing

(see Code table 4.11)

Indicator of unit of time for time range over which statistical processing is done

(see Code table 4.4)

Length of the time range over which statistical processing is done, in units defined

by the previous octet

Indicator of unit of time for the increment between the successive fields used (see

Code table 4.4)

Time increment between successive fields, in units defined by the previous octet

(see Note 3)

62-nn  These octets are included only if n>1, where nn =49 + 12 x n

As octets 50 to 61, next innermost step of processing

Additional time range specifications, included in accordance with the value of n.

Contents as octets 50 to 61, repeated as necessary

(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 raingauge. The refer-
ence 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 51, 63, 75 ...). 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 4.12: derived forecasts based on all ensemble members at a horizontal level or in a hori-
zontal layer in a continuous or non-continuous time interval

Octet No.
10
11
12
13
14
15-16
17
18
19-22
23
24
25-28
29
30
31-34
35
36
37-38
39
40

Contents
Parameter category (see Code table 4.1)
Parameter number (see Code table 4.2)
Type of generating process (see Code table 4.3)
Background generating process identifier (defined by originating Centre)
Forecast generating process identifier (defined by originating Centre)
Hours after reference time of data cut-off (see Note 1)
Minutes after reference time of data cut-off
Indicator of unit of time range (see Code table 4.4)
Forecast time in units defined by octet 18 (see Note 2)
Type of first fixed surface (see Code table 4.5)
Scale factor of first fixed surface
Scaled value of first fixed surface
Type of second fixed surface (see Code table 4.5)
Scale factor of second fixed surface
Scaled value of second fixed surface
Derived forecast (see Code table 4.7)
Number of forecasts in the ensemble (N)
Year of end of overall time interval
Month of end of overall time interval
Day of end of overall time interval
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41
42
43
44

45-48

49

50

51

52-55

56

57-60

61-72
73-nn

NOTES:

Hour of end of overall time interval

Minute of end of overall time interval

Second of end of overall time interval

n — number of time range specifications describing the time intervals used to cal-

culate the statistically-processed field

Total number of data values missing in statistical process

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

Statistical process used to calculate the processed field from the field at each time

increment during the time range (see Code table 4.10)

Type of time increment between successive fields used in the statistical processing

(see Code table 4.11)

Indicator of unit of time for time range over which statistical processing is done

(see Code table 4.4)

Length of the time range over which statistical processing is done, in units defined

by the previous octet

Indicator of unit of time for the increment between the successive fields used (see

Code table 4.4)

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 x n

As octets 49 to 60, next innermost step of processing

Additional time range specifications, included in accordance with the value of n.

Contents as octets 49 to 60, repeated as necessary

(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 raingauge.

(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 4.13: derived forecasts based on a cluster of ensemble members over arectangular area
at a horizontal level or in a horizontal layer in a continuous or non-continuous time interval

Octet No.
10
11
12
13
14
15-16
17
18
19-22
23
24
25-28
29
30
31-34
35
36
37
38

Contents
Parameter category (see Code table 4.1)
Parameter number (see Code table 4.2)
Type of generating process (see Code table 4.3)
Background generating process identifier (defined by originating centre)
Forecast generating process identifier (defined by originating centre)
Hours after reference time of data cut-off (see Note 1)
Minutes after reference time of data cut-off
Indicator of unit of time range (see Code table 4.4)
Forecast time in units defined by octet 18 (see Note 2)
Type of first fixed surface (see Code table 4.5)
Scale factor of first fixed surface
Scaled value of first fixed surface
Type of second fixed surface (see Code table 4.5)
Scale factor of second fixed surface
Scaled value of second fixed surface
Derived forecast (see Code table 4.7)
Number of forecasts in the ensemble (N)
Cluster identifier
Number of cluster to which the high resolution control belongs
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39
40
41
42-45
46-49
50-53
54-57
58
59
60-63
64
65-68
69-70
71
72
73
74
75
76

77-80

81

82

83

84-87

88

89-92

93-104

105-nn
(nn+1)-(nn+ N¢)

NOTES:

(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 raingauge.

(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 82, 94, 106,....). 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.

In existing Product definition template 4.3: Insert and change after octet 57:

58
59

60-63

64

65-68
69-(68+N)

Number of cluster to which the low resolution control belongs

Total number of clusters

Clustering method (see Code table 4.8)

Northern latitude of cluster domain

Southern latitude of cluster domain

Eastern longitude of cluster domain

Western longitude of cluster domain

NC - Number of forecasts in the cluster

Scale factor of standard deviation in the cluster

Scaled value of standard deviation in the cluster

Scale factor of distance of the cluster from ensemble mean

Scaled value of distance of the cluster from ensemble mean

Year of end of overall time interval

Month of end of overall time interval

Day of end of overall time interval

Hour of end of overall time interval

Minute of end of overall time interval

Second of end of overall time interval

n — number of time range specifications describing the time intervals used to cal-

culate the statistically-processed field

Total number of data values missing in statistical process

81-92 Specification of the outermost (or only) time range over which statistical pro-
cessing is done

Statistical process used to calculate the processed field from the field at each time

increment during the time range (see Code table 4.10)

Type of time increment between successive fields used in the statistical processing

(see Code table 4.11)

Indicator of unit of time for time range over which statistical processing is done

(see Code table 4.4)

Length of the time range over which statistical processing is done, in units defined

by the previous octet

Indicator of unit of time for the increment between the successive fields used (see

Code table 4.4)

Time increment between successive fields, in units defined by the previous octet

(see Notes 3 and 4)

93-nn  These octets are included only if n>1, where nn =80 + 12 x n

As octets 81 to 92, next innermost step of processing

Additional time range specifications, included in accordance with the value of n.

Contents as octets 81 to 92, repeated as necessary

List of N¢ ensemble forecast numbers (N¢ is given in octet 58)

N¢ - number of forecasts in the cluster

Scale factor of standard deviation in the cluster

Scaled value of standard deviation in the cluster

Scale factor of distance of the cluster from ensemble mean
Scaled value of distance of the cluster from ensemble mean
List of N¢ ensemble forecast numbers (N¢ is given in octet 58)
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Product definition template 4.14: derived forecasts based on a cluster of ensemble members over a circular area at a
horizontal level or in a horizontal layer in a continuous or non-continuous time interval

Octet No.
10
11
12
13
14
15-16
17
18
19-22
23
24
25-28
29
30
31-34
35
36
37
38
39
40
41
42-45
46-49
50-53
54
55
56-59
60
61-64
65-66
67
68
69
70
71
72

73-76

77

78

79

80-83

84

85-88

Contents
Parameter category (see Code table 4.1)
Parameter number (see Code table 4.2)
Type of generating process (see Code table 4.3)
Background generating process identifier (defined by originating centre)
Forecast generating process identifier (defined by originating centre)
Hours after reference time of data cut-off (see Note 1)
Minutes after reference time of data cut-off
Indicator of unit of time range (see Code table 4.4)
Forecast time in units defined by octet 18 (see Note 2)
Type of first fixed surface (see Code table 4.5)
Scale factor of first fixed surface
Scaled value of first fixed surface
Type of second fixed surface (see Code table 4.5)
Scale factor of second fixed surface
Scaled value of second fixed surface
Derived forecast (see Code table 4.7)
Number of forecasts in the ensemble (N)
Cluster identifier
Number of cluster to which the high resolution control belongs
Number of cluster to which the low resolution control belongs
Total number of clusters
Clustering method (see Code table 4.8)
Latitude of central point in cluster domain
Longitude of central point in cluster domain
Radius of cluster domain
N¢c - Number of forecasts in the cluster
Scale factor of standard deviation in the cluster
Scaled value of standard deviation in the cluster
Scale factor of distance of the cluster from ensemble mean
Scaled value of distance of the cluster from ensemble mean
Year of end of overall time interval
Month of end of overall time interval
Day of end of overall time interval
Hour of end of overall time interval
Minute of end of overall time interval
Second of end of overall time interval
n — number of time range specifications describing the time intervals used to cal-
culate the statistically-processed field
Total number of data values missing in statistical process
77-88 Specification of the outermost (or only) time range over which statistical pro-
cessing is done
Statistical process used to calculate the processed field from the field at each time
increment during the time range (see Code table 4.10)
Type of time increment between successive fields used in the statistical processing
(see Code table 4.11)
Indicator of unit of time for time range over which statistical processing is done
(see Code table 4.4)
Length of the time range over which statistical processing is done, in units defined
by the previous octet
Indicator of unit of time for the increment between the successive fields used (see
Code table 4.4)
Time increment between successive fields, in units defined by the previous octet
(see Notes 3 and 4)
89-nn  These octets are included only if n>1, where nn =76 + 12 x n
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89-110 As octets 77 to 88, next innermost step of processing
111-nn Additional time range specifications, included in accordance with the value of n.
Contents as octets 77 to 88, repeated as necessary
(Nnn+1)—(nn+N¢) List of N¢ ensemble forecast numbers (N¢ is given in octet 54)
NOTES:
(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.

®

(©)

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 raingauge.

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 78, 90, 112...). 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.

In existing Product definition template 4.4: Insert and change after octet 53:

54 N¢c - Number of forecasts in the cluster

55 Scale factor of standard deviation in the cluster

56-59 Scaled value of standard deviation in the cluster

60 Scale factor of distance of the cluster from ensemble mean
61-64 Scaled value of distance of the cluster from ensemble mean
65—(64+Nc) List of N ensemble forecast numbers (N¢ is given in octet 54)

Add note to Product definition template 4.30:
NOTE:

For “satellite series of band number”, “satellite humbers of band number” and “instrument types of band number”, it is recom-
mended to encode the values as per BUFR code tables 0 02 020, 0 01 007 (common Code table C-5) and 0 02 019 (common Code

table C-8), respectively.

Add in Code table 4.0 — Product definition template number:

Code figure Meaning

11 Individual ensemble forecast, control and perturbed, at a horizontal level or in a hor-
izontal layer, in a continuous or non-continuous interval

12 Derived forecasts based in all ensemble members at a horizontal level or in a horizon-
tal layer, in a continuous or non-continuous interval

13 Derived forecasts based on a cluster of ensemble members over a rectangular area, at
a horizontal level or in a horizontal layer, in a continuous or non-continuous interval

14 Derived forecasts based on a cluster of ensemble members over a circular area, at a hor-

izontal level or in a horizontal layer, in a continuous or non-continuous interval

15-19 Reserved

Add in Code table 4.2:

Product discipline 0 — Meteorological products, parameter category 18: Nuclear/radiology

Number Parameter Units
6 Time-integrated air concentration of caesium pollutant Bg s m*®
7 Time-integrated air concentration of iodine pollutant Bg s m?®
8 Time-integrated air concentration of radioactive pollutant Bgsm*®
9-191 Reserved

Product discipline 3 — Space products, parameter category 0: Image format products

Number Parameter Units

7 Cloud mask Code table (4.217)

8-191 Reserved
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Add in Code table 4.217 — Cloud mask type

Code figure Meaning
0 Clear over water
1 Clear over land
2 Cloud
3 No data
4-191 Reserved
192-254 Reserved for local use
255 Missing

Add in Code table 4.7 — Derived forecast

Code figure Meaning
4 Spread of all members
5 Large anomaly index of all members (see Note)
6 Unweighted mean of the cluster members
7-191 Reserved
192-254 Reserved for local use
255 Missing

NOTE: Large anomaly index is defined as {number of members whose anomaly is higher than 0.5xSD) - (number of members whose
anomaly is lower than -0.5xSD)} / {number of members} at each grid point, where SD is defined as observed climatological stan-
dard deviation.

ANNEX 2 TO RECOMMENDATION 4 (CBS-Ext.(02))

ADDITIONSTO 94-XIl BUFR AND FM 95-XII CREX Tables

Introduce the following new descriptors:

007 030 Height of station ground above mean sea level m 1 -4000 17
007 031 Height of barometer above mean sea level m 1 -4000 17
007 032 Height of sensor above local ground (or deck of marine platform) m 2 0 16
0 07 033 Height of sensor above water surface m 1 0 12

with notes added under Table B, Class 7, referring to 0 07 030, 0 07 031, 0 07 032 and 0 07 033:

Height of station ground above mean sea level is defined as the height above mean sea-level of the ground
on which the raingauge stands or, if there is no raingauge, the ground beneath the thermometer screen. If
there is neither raingauge nor screen, it is the average level of terrain in the vicinity of the station
(Reference: Guide to Meteorological Instruments and Methods of Observation, WMO-No. 8).

Height of barometer above mean sea level, referring to the location of the barometer of a station, does not
redefine the descriptor 0 07 030.

Height of sensor above local ground (or deck of marine platform) is the actual height above ground (or
deck or marine platform) at the point where the sensor is located. This descriptor does not redefine the
descriptor 0 07 030 or 0 07 033.

Height of sensor above water surface is the height of sensor above water surface of sea or lake. This descrip-
tor does not redefine the descriptor 0 07 030 or 0 07 032.

Add a note to the existing descriptor 0 07 001:

This descriptor should be used for archived data only. Descriptors 0 07 030 and 0 07 031 should be used
and preferred to represent ground elevation and elevation of barometer, respectively, as defined in Weather
Reporting (WMO-No. 9), Volume A - Observing stations.

Add descriptors (needed particularly for automatic weather stations)

002 175 Method of precipitation measurement Code table 0 0 4
002176 Method of state of ground measurement Code table 0 0 4
002 177 Method of snow depth measurement Code table 0 0 4
002 178 Method of liquid content measurement of precipitation Code table 0 0 4
002 179 Type of sky condition algorithm Code table 0 0 4
002 180 Main present weather detecting system Code table 0 0 4
002 181 Supplementary present weather sensor Flag table 0 0 21
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002 182 Visibility measurement system Code table 0 0 4
002 183 Cloud detection system Code table 0 0 4
002 184 Type of lightning detection sensor Code table 0 0 4
002 185 Method of evaporation measurement Code table 0 0 4
002 186 Capability to detect precipitation phenomena Flag table 0 0 30
0 02 187 Capability to detect other weather phenomena Flag table 0 0 18
002 188 Capability to detect obscuration Flag table 0 0 21
002 189 Capability to discriminate lightning strikes Flag table 0 0 12
008 010 Surface qualifier (temperature data) Code table 0 0 5
0 26 020 Duration of precipitation Minute 0 0 11
033005 Quality information (AWS data) Flag table 0 0 30
033006 Internal measurement status information (AWS) Code table 0 0 3
Add and amend in the Flag Table 0 20 021:
Bit No.
23 White dew
24-29 Reserved
Add new sequence descriptors in Table D:
301004 Surface station identification
001 001 WMO block humber
0 01 002 WMO station number
0 01 015 Station or site name
0 02 001 Type of station
301090 Surface station identification: time, horizontal and vertical coordinates

301004 Surface station identification
301011 Year, month, day

301012 Hour, minute

301021 Latitude, longitude (high accuracy)

007 030 Height of station ground above mean sea level

007 031 Height of barometer above mean sea level
301091 Surface station instrumentation

002 180 Main present weather detecting system

002181 Supplementary present weather sensor

002 182 Visibility measurement system

002 183 Cloud detection system

002 184 Type of lightning detection sensor

002179 Type of sky condition algorithm

002 186 Capability to detect precipitation phenomena
0 02 187 Capability to detect other weather phenomena
002 188 Capability to detect obscuration

002 189 Capability to discriminate lightning strikes

302 069 Visibility data
0 07 032 Height of sensor above local ground
033 041 Attribute of following value
0 20 001 Horizontal visibility

302070 Wind data
0 07 032 Height of sensor above local ground
011001 Wind direction
011 002 Wind speed
011 043 Maximum wind gust direction
011041 Maximum wind gust speed
011016 Extreme counterclockwise wind direction of a variable wind
011017 Extreme clockwise wind direction of a variable wind
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302071

302072

302073

302074

302075

302076

302077

007 032
008 021
0 04 025

011 001
0 11 002
008 021
103 002
0 04 025

0 11 043
011 041
0 04 025
011 016
011 017

007 032
012101
012103
0 13 003

020 010
105004
0 08 002
020011
020012
033041
020013

020 003
0 04 025
0 20 004
020 005

008 021
0 04 025
0 13 055
013 058
008 021

020021
020 022
0 26 020
020023
0 20 024
020 025
020 026

007 032
0 04 025

Wind data from one-hour period

Height of sensor above local ground

Time significance (= 2 (time averaged))

Time period (= =10 minutes, or number of minutes after a significant change of
wind, if any)

Wind direction

Wind speed

Time significance (= missing value)

Replicate next 3 descriptors 2 times

Time period

(= =10 minutes in the first replication,

= -60 minutes in the second replication)

Maximum wind gust direction

Maximum wind gust speed

Time period (= -10 minutes)

Extreme counterclockwise wind direction of a variable wind
Extreme clockwise wind direction of a variable wind

Temperature and humidity data

Height of sensor above local ground
Temperature/dry-bulb temperature (scale 2)
Dew-point temperature (scale 2)

Relative humidity

Cloud data

Cloud cover (total)

Replicate 5 descriptors 4 times
Vertical significance

Cloud amount

Cloud type

Attribute of following value
Height of base of cloud

Present and past weather
Present weather

Time period

Past weather (1)

Past weather (2)

Intensity of precipitation, size of precipitation element
Time significance (= 2 (time averaged))

Time period (= -10 minutes)

Intensity of precipitation

Size of precipitation element

Time significance (= missing value)

Precipitation, obscuration and other phenomena
Type of precipitation

Character of precipitation

Duration of precipitation

Other weather phenomena

Intensity of phenomena

Obscuration

Character of obscuration

Extreme temperature data
Height of sensor above local ground
Time period
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302078

302079

302080

302081

302082

302083

New Code tables or Flag tables

Code figure

OOk WN PO

012111 Maximum temperature (scale 2) at height and over period specified
012112 Minimum temperature (scale 2) at height and over period specified
0 07 032 Height of sensor above local ground (for ground temperature)
0 04 025 Time period
012112 Minimum temperature (scale 2) at height and over period specified (for ground
temperature)
State of ground and snow depth measurement
002176 Method of state of ground measurement
0 20 062 State of ground (with or without snow)
002177 Method of snow depth measurement
0 13 013 Total snow depth
Precipitation measurement
0 07 032 Height of sensor above local ground
002175 Method of precipitation measurement
002178 Method of liquid water content measurement of precipitation
0 04 025 Time period
013011 Total precipitation/total water equivalent of snow
Evapor ation measurement
002 185 Method of evaporation measurement
0 04 025 Time period
0 13 033 Evaporation/evapotranspiration
Total sunshine data
0 04 025 Time period
0 14 031 Total sunshine
Radiation data
0 04 025 Time period
0 14 002 Long-wave radiation, integrated over period specified
0 14 004 Short-wave radiation, integrated over period specified
014 016 Net radiation, integrated over period specified
0 14 028 Global solar radiation (high accuracy), integrated over period specified
0 14 029 Diffuse solar radiation (high accuracy), integrated over period specified
014 030 Direct solar radiation (high accuracy), integrated over period specified
First order statisticsof P, W, T, U data
0 04 025 Time period
0 08 023 First-order statistics
0 10 004 Pressure
0 11 001 Wind direction
0 11 002 Wind speed
012101 Temperature/dry-bulb temperature (scale 2)
0 13 003 Relative humidity
0 08 023 First-order statistics (= missing value)
002175 7-13 Reserved
Method of precipitation measurement 14 Others
Manual measurement 15 Missing value
Tipping bucket method
Weighing method Code figure 002176
Optical method Method of state of ground measurement
Pressure method 0 Manual observation
Float method 1 Video camera method
Drop counter method 2 Infra-red method
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3 Laser method Code figure 002 182
4-13 Reserved Visibility measurement system
14 Others 0 Manual measurement
15 Missing value 1 Transmissometer system (base = 25 m)
2 Transmissometer system (base < 25 m)
Code figure 002 177 3 Forward scatter system
Method of snow depth measurement 4 Back scatter system
0 Manual observation 5-13 Reserved
1 Ultrasonic method 14 Others
2 Video camera method 15 Missing value
3-13 Reserved
14 Others Code figure 002 183
15 Missing value Cloud detection system
0 Manual observation
Code figure 002178 1 Ceilometer system
Method of liquid content measurement 2 Infrared camera system
of precipitation 3 Microwave visual camera system
0 Manual observation 4 Sky imager system
1 Optical method 5 Video time-lapsed camera system
2 Capacitive method 6 Micro pulse lidar (MPL) system
3-13 Reserved 7-13 Reserved
14 Others 14 Others
15 Missing value 15 Missing value
Code figure 002179 Code figure 002 184
Type of sky condition algorithm Type of lightning detection sensor
0 Manual observation 0 Manual observation
1 VAISALA algorithm 1 Lightning imaging sensor
2 ASOS (FAA) algorithm 2 Electrical storm identification sensor
3 AWOS (Canada) algorithm 3 Magnetic finder sensor
4-13 Reserved 4 Lightning strike sensor
14 Others 5 Flash counter
15 Missing value 6-13 Reserved
14 Others
Code figure 002 180 15 Missing value
Main present weather detecting system
0 Manual observation Code figure 002 185
1 Optical scatter system combined with Method of evaporation measurement
precipitation occurrence sensing system 0 Manual measurement
2 Forward and/or backscatter system of 1 Balanced floating method
visible light 2 Pressure method
3 Forward and/or backscatter system of 3 Ultrasonic method
infrared light 4 Hydraulic method
4 Infrared light emitting diode (IRED) system 5-13 Reserved
5 Doppler radar system 14 Others
6-13 Reserved 15 Missing value
14 Others
15 Missing value Bit No. 002 186
Capability to detect precipitation
Bit No. 002 181 phenomena
Supplementary present weather sensor 1 Precipitation-unknown type
1 Rain detector 2 Liquid precipitation not freezing
2 Freezing rain sensor 3 Liquid freezing precipitation
3 Ice detection sensor 4 Drizzle
4 Hail and ice pellet sensor 5 Rain
5-19 Reserved 6 Solid precipitation
20 Others 7 Snow
All 21 Missing value 8 Snow grains
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10
11
12
13
14
15
16
17
18
19
20
21
22
23
24-29
All 30

Bit No.

© 00N Ul WN B

Bit No.

14-20
All 21

Bit No.

A WDNBE

Snow pellets
Ice pellets
Ice crystals
Diamond dust
Small hail
Hail

Glaze

Rime

Soft rime
Hard rime
Clear ice

Wet snow
Hoar frost
Dew

White dew
Reserved
Missing value

0 02 187

Capability to detect other weather phe-
nomena

Dust/sand whirl

Squalls

Sand storm

Dust storm

Lightning - cloud to surface
Lightning - cloud to cloud
Lightning - distant

Thunderstorm

Funnel cloud not touching surface
Funnel cloud touching surface
Spray

Reserved

Missing value

002 188
Capability to detect obscuration
Fog

Ice fog
Steam fog
Reserved
Mist

Haze

Smoke
Volcanic ash
Dust

Sand

Show
Reserved
Missing value

002 189

Capability to discriminate lightning
strikes

Manual observation

All lightning strikes without discrimination
Lightning strikes cloud to ground only
All lightning strikes with discrimination
between cloud to ground and cloud

to cloud

5-11
All 12

Code figure

© oo NOO Ul WNPEF O

e
[EN)

12-30
31

Bit No.

© 0O NO UL WN

NNNNRPRPRPRPREPRPREPRRERER
NP, O©OWOWNOOUN~WNERO

23
24-29
All 30

Code figure

N> wbhNh O

Reserved
Missing value

008 010

Surface qualifier (temperature data)
Reserved

Bare soll

Bare rock

Land grass cover

Water (lake, sea)

Flood water underneath

Snow

Ice

Runway or road

Ship or platform deck in steel

Ship or platform deck in wood
Ship or platform deck partly covered
with rubber mat

Reserved

Missing value

033 005

Quality information (AWS data)

No automated meteorological data
checks performed

Pressure data suspect

Wind data suspect

Dry-bulb temperature data suspect
Wet-bulb temperature data suspect
Humidity data suspect

Ground temperature data suspect
Soil temperature (depth 1) data suspect
Soil temperature (depth 2) data suspect
Soil temperature (depth 3) data suspect
Soil temperature (depth 4) data suspect
Soil temperature (depth 5) data suspect
Cloud data suspect

Visibility data suspect

Present weather data suspect
Lightning data suspect

Ice deposit data suspect
Precipitation data suspect

State of ground data suspect

Snow data suspect

Water content data suspect
Evaporation/evapotranspiration data
suspect

Sunshine data suspect

Reserved

Missing value

0 33 006

Internal measurement status informa-
tion (AWS)

Self-check OK

At least one warning active, no alarms

—_ = = =

At least one alarm active
Sensor failure

Reserved

Missing value
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Add new entries for coding of XBT/XCTD and subsurface floats

0 08 080 Qualifier for GTSPP quality flag Code Table 0 0 6
B 08 080 0 2
0 33 050 Global GTSPP quality flag Code Table 0 0 4
B 33 050 0 2
Code figure 008 080 2 Probably good but value inconsis-
Qualifier for GTSPP quality flag tent with statistics (differ from
0 Total water pressure profile climatology)
1 Total water temperature profile 3 Probably bad (spike, gradient, if
2 Total water salinity profile other tests passed)
3 Total water conductivity profile 4 Bad value, impossible value (out of
4-62 Reserved scale, vertical instability, constant
63 Missing profile)
5 Value modified during quality control
Code figure 033 050 6-7 Reserved
Global GTSPP quality flag 8 Interpolated value
0 Unqualified 9-14 Reserved
1 Correct value (all checks passed) 15 Missing
Add new descriptors for coding CLIMAT data:
012 151 Standard deviation of daily mean temperature K 2 0 12
012118 Maximum temperature at height specified, past 24 hours K 2 0 16
012119 Minimum temperature at height specified, past 24 hours K 2 0 16
004 051  Principal time of daily reading of maximum temperature Hour 0 0 5
004 052  Principal time of daily reading of minimum temperature Hour 0 0 5
008 050 Qualifier for number of missing values in calculation of statistic Codetable 0 0 4
004 059 Times of observation used to compute the reported mean values Flag table 0 0 6
Code figure 0 08 050 10-14 Reserved
Qualifier for number of missing values 15 Missing value
in the calculation of statistic
0 Reserved Bit No. 0 04 059
1 Pressure Times of observation used to compute
2 Temperature the reported mean values
3 Extreme temperature 1 0000 UTC
4 Vapour pressure 2 0600 UTC
5 Precipitation 3 1200 UTC
6 Sunshine duration 4 1800 UTC
7 Maximum temperature 5 Other hours
8 Minimum temperature All 6 Missing value
9 Wind

ANNEX 3 TO RECOMMENDATION 4 (CBS-Ext.(02))

FURTHER ADDITIONSTO 94-XIl BUFR AND FM 95-XIl CREX TABLES

New common sequences descriptors:

310023 Geostationary multi-channel satellite radiance data
301072 Satellite identification
030021 Number of pixels per row
0 30 022 Number of pixels per column
008 012 Land/sea qualifier
007 024 Satellite zenith angle
0 07 025 Solar zenith angle
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0 10 002 Height
101012 Replicate next descriptor 12 times
304 032 Cloud fraction
105 002 Replicate next 5 descriptors 2 times
002 152 Satellite instrument used in data processing
0 02 024 Integrated mean humidity computational method
0 07 004 Pressure
0 07 004 Pressure
0 13 003 Relative humidity
101012 Replicate next descriptor 12 times
304 033 Radiance
310024 Geostationary three-channel satellite radiance data
301072 Satellite identification
0 30 021 Number of pixels per row
0 30 022 Number of pixels per column
008 012 Land/sea qualifier
0 07 024 Satellite zenith angle
0 07 025 Solar zenith angle
0 10 002 Height
101 003 Replicate next descriptor 3 times
304 032 Cloud fraction
105 002 Replicate next 5 descriptors 2 times
002 152 Satellite instrument used in data processing
0 02 024 Integrated mean humidity computational method
0 07 004 Pressure
0 07 004 Pressure
0 13 003 Relative humidity
101 003 Replicate next descriptor 3 times
304 033 Radiance

Add new descriptors for tropical cyclone tracks derived from EPS:

001 090 Technique for making up initial perturbations Code table 0 0 8
001 091 Ensemble member number Numeric 0 0 10
001 092 Type of ensemble forecast Code table 0 0 8
B 01 090 Code table 0 3
B 01 091 Numeric 0 4
B 01 092 Code table 0 3
Add new Code tables:
Code figure 001090 Code figure 001 092
Technique for making up initial pertur- Type of ensemble forecast
bations 0 Unperturbed high-resolution control
0 Lagged-average forecasting (LAF) forecast
1 Breeding 1 Unperturbed low-resolution control
2 Singular vectors forecast
3 Multiple analysis cycles 2 Negatively perturbed forecast
4-191 Reserved 3 Positively perturbed forecast
192-254 Reserved for local use 4-191 Reserved
255 Missing value 192-254 Reserved for local use
255 Missing value
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PROPOSED ADDITIONS TO BUFR TABLE B FOR AMDAR:

Table reference | Table element BUFR CREX
F XY Name Unit Scale Reference Data Unit Scale Data
value width width
(Bits) (characters)

001 023 Observation Numeric 0 0 9 Numeric 0 3
sequence number

0 08 009 Detailed phase Code table 0 0 4 Code table 0 2
of flight

0 07 010 Flight level m 0 -1024 16 ft 1 5

011 039 Extended time Code table 0 0 6 Code table 0 2
of occurrence of
peak eddy
dissipation rate

011 077 Reporting interval S 0 0 12 S 0 4
or averaging time
for eddy
dissipation rate

0 20 042 Airframe icing Code table 0 0 2 Code table 0 1
present

020 043 Peak liquid Kg m 4 0 7 Kg m 4 2
water content

020 044 Average liquid Kg m 4 0 7 Kg m 4 2
water content

0 20 045 Supercooled large Code table 0 0 2 Code table 0 2
droplet (SLD)
conditions

Code figure

© o0 ~NO UL WNPEO
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Code figure
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Add new Code tables:

0 08 009
Detailed phase of aircraft flight
Level flight, routine observation, unsteady

Level flight, highest wind encountered, unsteady

Unsteady (UNS)

Level flight, routine observation (LVR)

Level flight, highest wind encountered (LVW)
Ascending (ASC)

Descending (DES)

Ascending, observation intervals selected by time increments
Ascending, observation intervals selected by time increments, unsteady
Ascending, observation intervals selected by pressure increments
Ascending, observation intervals selected by pressure increments, unsteady
Descending, observation intervals selected by time increments
Descending, observation intervals selected by time increments, unsteady
Descending, observation intervals selected by pressure increments
Descending, observation intervals selected by pressure increments, unsteady

Missing value

011039

Extended time of occurrence of peak
eddy dissipation rate

Minutes prior to

observation time (min)

min<1

o gk WN R

1<=
2 <=
3 <=
4 <=
5<=
6 <=

min < 2
min < 3
min <4
min<5
min < 6
min<7
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7 7<=min<38 Code figure 0 20 042
8 8<=min<9 Airframe icing present
9 9<=min<10 0 No icing
10 10<=min< 11 1 Icing present
11 11 <=min< 12 2 Reserved
12 12 <=min < 13 3 Missing value
13 13<=min< 14
14 14 <=min< 15 Code figure 0 20 045
15-59 As above to 59 <=min < 60 Supercooled large droplet (SLD)
60 No timing information available conditions
61-62 Reserved 0 No SLD conditions present
63 Missing value 1 SLD conditions present
2 Reserved
3 Missing value
PROPOSED ADDITIONS TO BUFR TABLE D
Table references Table reference Element name
F X Y
(Standard AMDAR reports)
3 11 005 0 01 008 Aircraft identification
0 01 023 Sequence number
3 01 021 Latitude and longitude
3 01 011 Year, month and day
3 01 013 Hour, minute and second
0 07 010 Flight level
0 08 009 Detailed phase of flight
0 11 001 Wind direction
0 11 002 Wind speed
0 11 031 Degree of turbulence
0 11 036 Derived equivalent vertical gust speed
0 12 101 Temperature/dry-bulb temperature
0 33 025 ACARS interpolated values
(AMDAR sounding data)
3 11 006 0 07 010 Flight level
0 11 001 Wind direction
0 11 002 Wind speed
0 02 064 Roll angle quality
0 12 101 Temperature/dry-bulb temperature
0 12 103 Dew-point temperature

Add new Class 35 BUFR/CREX descriptors:
Bulletin being monitored (CCCC)

035023 CCITT 1A5 0 0 32

B 35 023 Character 0 4

Bulletin being monitored (BBB)

035 024 CCITT 1A5 0 0 24

B 35 024 Character 0 3
Change units of the following descriptors currently existing in BUFR/CREX Class 35:

Bulletin being monitored (TTAAIi)

035021 CCITT 1A5 0 0 48

B 35 021 Character 0 6

Bulletin being monitored (YYGGgg)

035022 CCITT 1A5 0 0 48

B 35 022 Character 0 6
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New common Code table C-11 — Originating centres

CREX Sect.1/ Octets 6-7 in

B 01 035 GRIB edition 2

(5 characters)  BUFR 0 01 035 (16 bits)

0 to 254 0 to 254 See Common table C-1

255 to 10000

10001 to 20000
20001 to 30000
30001 to 40000
40001 to 50000
50001 to 65534

255 to 10000

10001 to 20000
20001 to 30000
30001 to 40000
40001 to 50000
50001 to 65534

Reserved for centres in Region | which are not in the list above

Reserved for centres in Region Il which are not in the list above
Reserved for centres in Region Il which are not in the list above
Reserved for centres in Region 1V which are not in the list above
Reserved for centres in Region V which are not in the list above

4

65535
65536 to 99999

Reserved for centres in Region VI which are not in the list above
Missing value
Not used

65535
n.a.

PROPOSED NEW ENTRY FOR COMMON TABLE TABLE C-1 AND (C-11)

161 US NOAA Office of Oceanic and Atmospheric Research

Subcentres:
1. Great Lakes Environmental Research Laboratories
2.  Forecast Systems Laboratory

Add list of subcentres for originating centre 7 (NCEP) within Common Code Table C-1 (and C-11):

NCEP Reanalysis Project

NCEP Ensemble Products

NCEP Central Operations

Environmental Modeling Center
Hydrometeorological Prediction Center
Marine Prediction Center

Climate Prediction Center

Aviation Weather Center

Storm Prediction Center

Tropical Prediction Center

NWS Techniques Development Laboratory
12. NESDIS Office Research and Applications
13. Federal Aviation Administration

14. NWS Meteorological Development Laboratory

©COoNGORr~WDNRE
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Add descriptor in Class 1:

001 035 Originating centre Common Code table C-11 0 0 16
B 01 035 0 5

Add note under Common table C-1:

In case all entries of a band reserved to a specific Region have been allocated, it will be allowed to attribute an entry in another
Region band, if necessary.

Add new BUFR/CREX descriptors:

Emissivity

0 14 050 % 1 0 10
B 14 050 % 1 4
Snow cover

0 20 065 % 0 0 7
B 20 065 % 0 3

NOTES:

(2) Emissivity is the ratio of the amount of energy emitted from a particular object compared to the amount that would be emit-
ted by a blackbody at the same temperature (i.e. the Planck function). Multiplying by 100 gives a per cent (and provides 2 digits
of precision at the same time).

2) Snow cover will be reported for each satellite pixel as a percentage of coverage of the pixel. It does not seem feasible to try to

use existing descriptor 0 20 062 for such a purpose because the use of that descriptor additionally implies details on, e.g. snow
drifts, wet compared to dry snow, etc. that a satellite obviously cannot accurately detect.
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Add a note to regulation 94.5.4.1 in BUFR:
NOTE: Where a replication operation includes delayed replication(s) within the scope of its replication, the replication (or repetition)
factor descriptor(s) from class 31 shall be counted for X, except the one (if any) located immediately after the replication descrip-

(i)

tor for which X is being calculated, as in the following example:
106000 031001 008002 103000 031001 005002 006002 010002
Add a sub-note (ix) to note 2 of regulation 94.6.3:

When delayed replication is present, it is required that the number of replications shall be identical for each data subset if data
compression is to be used. In such cases, sub-note (vii) shall apply when coding the number of replications.

Add new BUFR/CREX descriptors for new rawinsonde data:

Radiosonde serial number
Radiosonde ascension number
Radiosonde release number
Balloon lot number

WBAN number

Observer identification
Radiosonde configuration
Radiosonde ground receiving system
Radiosonde operating frequency
Balloon manufacturer

Type of balloon

Weight of balloon

Type of balloon shelter

Type of gas used in balloon
Amount of gas used in balloon
Balloon flight train length

Type of pressure sensor

Type of temperature sensor
Type of humidity sensor

Type of surface observing equipment
Flight level significance

Data significance

Relative humidity

Software identification

001081
B 01 081
0 01 082
B 01 082
0 01 083
B 01 083
001 093
B 01 093
0 01 094
B 01 094
0 01 095
B 01 095
002 016
B 02 016
0 02 066
B 02 066
0 02 067
B 02 067
002 080
B 02 080
002 081
B 02 081
0 02 082
B 02 082
0 02 083
B 02 083
0 02 084
B 02 084
0 02 085
B 02 085
0 02 086
B 02 086
0 02 095
B 02 095
0 02 096
B 02 096
0 02 097
B 02 097
002 115
B 02 115
0 08 040
B 08 040
0 08 041
B 08 041
013 009
B 13 009
025061
B 25 061

CCITT IA5
Character
Numeric
Numeric
Numeric
Numeric
CCITT IA5
Character
Numeric
Numeric
CCITT IA5
Character
Flag table
Flag table
Code table
Code table
Hz

Hz

Code table
Code table
Code table
Code table
Kg

Kg

Code table
Code table
Code table
Code table
Kg

Kg

m

m

Code table
Code table
Code table
Code table
Code table
Code table
Code table
Code table
Code table
Code table
Code table
Code table
%

%

CCITT IA5
Character
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Orientation correction (azimuth) 0 25 065 Degree 2 -1000 11
B 25 065 Degree 2 4
Orientation correction (elevation) 0 25 066 Degree 2 -1000 11
B 25 066 Degree 2 4
Radiosonde release point pressure correction 0 25 067 Pa 0 -8000 14
B 25 067 Pa 0 4
Number of archive recomputes 0 25 068 Numeric 0 0 7
B 25 068 Numeric 0 3
Flight level pressure corrections 0 25 069 Flag table 0 0 8
B 25 069 Flag table 0 3
Data quality check indicator 033015 Code table 0 0 6
B 33 015 Code table 0 2
Reason for termination 035035 Code table 0 0 5
B 35 035 Code table 0 2

Add note under BUFR/CREX Class 1:

(12)  Descriptor 0 01 082 is to be used for reporting the sequential number of the current radiosonde reporting period (e.g. synoptic
cycle) within a given year or other similar locally-defined length of time. Descriptor 0 01 083 is to be used in the case of multi-
ple sequential radiosonde releases during a single reporting period (e.g. synoptic cycle), in order to indicate which particular
release generated the corresponding data values.

Add new code and flag tables: 5 HM30

Bit No. 002 016 6 SV16

. ' . 7-29 Reserved
Radiosonde configuration
. 30 Other
1 Train regulator 31 Missing value
2 Light unit
3 Parachute Code figure 002 083
4 Rooftop release Type of balloon shelter
All 5 Missing value 0 High bay
Code figure 002 066 ; ;‘I’C’YS bay
Radiosonde ground receiving system 3 Roof-top BILS
0 ART-1
4-13 Reserved
L ART-2 14 Other
2 VIZ GPS 15 Missing value
3 Vaisala GPS
4 ATIR Code figure 002 084
5 Sippican GPS Type of gas used in balloon
6 IMS GPS 0 Hydrogen
7-61 Reserved 1 Helium
62 Other 2 Natural gas
63 Missing value 3-13 Reserved
Code figure 002080 14 Other
15 Missing value
Balloon manufacturer
0 Kaysam Code figure 002 095
1 Totex Type of pressure sensor
2 KKS 0 Capacitance aneroid
3-61 Reserved 1 Derived from GPS
62 Other 2 Resistive strain gauge
63 Missing value 3-29 Reserved
Code figure 002 081 30 Ot.he.r
31 Missing value
Type of balloon
0 GP26 Code figure 002 096
1 GP28 Type of temperature sensor
2 GP30 0 Rod thermistor
3 HM26 1 Bead thermistor
4 HM28 2 Capacitance bead




A4

73

3-29
30
31

Code figure

~No obhwNEFE O

-29
30
31

Code figure

ga b~ wdNPFE O

-29
30
31

Code figure

0
1

N

o ~NOO O W

10
11
12
13
14
15
16
17

18
19

20
21
22
23
24
25

Reserved
Other
Missing value

0 02 097

Type of humidity sensor

VIZ Mark Il carbon hygristor
VIZ B2 hygristor

Vaisala A-humicap

Vaisala H-humicap
Capacitance sensor

Vaisala RS90

Sippican Mark A carbon hygristor
Reserved

Other

Missing value

002115

Type of surface observing equipment
PDB

RSOIS

ASOS

Psychrometer

F420

Reserved

Other

Missing value

0 08 040

Flight level significance
High-resolution data sample

Within 20 hPa of surface

Pressure less than 10 hPa (i.e., 9, 8,
7, etc.) when no other reason applies
Base pressure level for stability index
Begin doubtful temperature, height data
Begin missing data (all ele-ments)
Begin missing relative humidity data
Begin missing temperature data
Highest level reached before balloon
descent because of icing or turbulence
End doubtful temperature, height data
End missing data (all elements)

End missing relative humidity data
End missing temperature data

Zero degrees C crossing(s) for RADAT
Standard pressure level

Operator added level

Operator deleted level

Balloon re-ascended beyond previous
highest ascent level

Significant relative humidity level
Relative humidity level selection
terminated

Surface level

Significant temperature level
Mandatory temperature level

Flight termination level
Tropopause(s)

Aircraft report

26
27
28
29
30
31
32
33

34-39
40

41
42
43-61

62
63

Code figure

g b~ wWNEFE O

8-30
31

Bit No.

~No ok WN B

All 8
Code figure
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Interpolated (generated) level
Mandatory wind level

Significant wind level

Maximum wind level

Incremental wind level (fixed regional)
Incremental height level (gener-ated)
Wind termination level

Pressure 100 to 110 hPa, when no
other reason applies

Reserved

Significant thermodynamic level
(inversion)

Significant relative humidity level
(according to NCDC criteria)
Significant temperature level
(according to NCDC)

Reserved

Other

Missing value

008 041

Data significance

Parent site

Observation site

Balloon manufacture date
Balloon launch point

Surface observation

Surface observation displacement
from launch point

Flight level observation
Flight level termination point
Reserved

Missing value

0 25 069

Flight level pressure corrections
Smoothed

Baseline adjusted

Normalized time interval
Outlier checked

Plausibility checked
Consistency checked
Interpolated

Missing value

033015

Data quality check indicator

Passed all checks

Missing data check
Descending/reascending balloon check
Data plausibility check (above limits)
Data plausibility check (below limits)
Superadiabatic lapse rate check
Limiting angles check

Ascension rate check

Excessive change from previous flight
Balloon overhead check

Wind speed check

Wind direction check

Dependency check
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13 Data valid but modified 11 Excessive missing temperature
14 Data outlier check 12 Excessive missing pressure
15-62 Reserved 13 User terminated
63 Missing value 14 Software error
15-29 Reserved
Code figure 035035 30 Other

Reason for termination 31 Missing value
0 Balloon burst Add the following new entries to existing descriptor
1 Balloon forced down by icing 0 33 035 (Manual/automatic quality control):
2 Leaking or floating balloon Code figure Meaning
3 Weak or fading signal 6 Automatic quality control flagged
4 Battery failure data as questionable and not
5 Ground equipment failure manually checked
6 Signal interference 7 Automatic quality control flagged
7 Radiosonde failure data as questionable and manually
8 Loss of GPS signal checked and failed
9 Limiting angles 8 Manually checked and failed
10 Excessive missing data frames 9-14 Reserved

New table B entries:

F XX YYY Name

0 12 070 Warm load temperature

0 13 040  Surface flag

0 20 029 Rainflag

0 21 083 Warm target calibration

0 21 084 Cold target calibration

0 25 054  SSMIS subframe ID number
0 25 055 Multiplexer housekeeping
Code tables:

013040 Surface flag

0 Land
Reserved
Near coast
Ice
Possible ice
Ocean
Coast

o0k wWwN R

New table D entry:

310025 SSMIStemperature datarecord

0 01 007

0 08 021, 0 04 001, 0 04 002, 0 04 003

0 04 004, 0 04 005

201 138,202 131, 0 04 006, 2 02 000, 2 01 000
201 132,005 041, 2 01 000

201129, 0 05 043, 2 01 000

0 05 002, 0 06 002, 0 13 040, 0 20 029

104 024,005 042, 0 12 163

021083, 021084

115003

0 04 001, 0 04 002, 0 04 003

201 142,202 131, 0 04 026, 2 02 000, 2 01 000
0 05 001, 0 06 001

201 138,202 129, 0 07 001, 2 02 000, 2 01 000

FOR REPRESENTATION OF SSMISTEMPERATURE DATA RECORD (TDR) DATA

Unit Scale Reference value Data with
K 2 0 16
code table 0 0 4
code table 0 0 2
numeric 0 0 16
numeric 0 0 16
numeric 0 0 5
K 2 0 16

7-14 Reserved

15 Missing

020029 Rain flag

0 No rain

1 Rain

2 Reserved

3 Missing value

Satelllite identification

Scan start, year, month, day

Hour, minute

Millisecs

Scan number

Scene number

Latitude, longitude, surface flag, rain flag
24 times (channel number, temperature, warm,
cold target calibration)

Replicate ephemeris data *3

Ephemeris year, month, day

Ephemeris millisecs

Ephemeris lat, long

Ephemeris height
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0 08 021, 0 04 001, 0 04 002, 0 04 003 Orbit start, year, month, day

0 04 004, 0 04 005, 0 05 040 Hour, minute, orbit number

101003, 012070 3 times warm load temperature

0 25 054 SSMIS subframe identification number
1 01 004, 0 250 55, 4 times MUX HK values

0 08 007 Dimensional significance (line)

1 04 028, 0 05 002, 0 06 002, 0 02 111, 0 05 021 28 times (latitude, longitude, Earth angle, azimuth)

FOR USE WITH CERTAIN TYPES OF ALTIMETER DATA
In existing table Common Code Table C-5: Satellite identifier (BUFR 0 01 007), add new entries:
720 = TOPEX and 721 = GFO

Add new Table B entry: Cycle number
0 05 044, Cycle number, Unit = numeric, Scale = 0, Reference value = 0,
Data width = 11 (BUFR) 4 (CREX)

REPRESENTATION OF GROUND-BASED GLOBAL NAVIGATION
SATELLITE SYSTEM (GNSS) DATA IN BUFR FORMAT
Observations at each ground-based station are made at regular intervals, typically 15 minutes, and consist of
measurements of several global positioning systems (GPS) or other GNSS satellites observable from the station at
that time. The Global Navigation Satellite System (GNSS) is a generic term which includes the United States, the
GPS satellites, the corresponding Russian GLONASS satellites and the proposed European GALILEO satellites.

The instruments measure the phase shift of the satellite signal relative to what would have been expected if
the entire signal path were a vacuum. Using the wavelength, this is converted into an atmospheric path delay
(typically 2-3 metres).

Data are processed locally to generate estimates of the path delays for a zenith view and for limb views in the
main geographic directions. The processing also generates estimates of errors for these quantities.

New Table D entry for the representation of ground-based GNSS data
The table gives the expansion for the proposed new sequence 3 07 022 for ground-based GNSS data. New descrip-
tors and Code table entries are marked in italics and are fully described in subsequent tables.

Descriptor Element name Unit Notes
307 022 (Ground-based GNSS data)
0 01 015 Station or site name CCITT 1A5
301011 Year Year
Month Month
Day Day
301012 Hour Hour
Minute Minute
301022 Latitude (high accuracy) Degrees
Longitude (high accuracy) Degrees
Height of station m
008 021 Time significance Code table 23 = monitoring period
0 04 025 Time period or displacement Minutes
0 10 004 Pressure Pa
012 001 Temperature K
0 13 003 Relative humidity %
033038 Quality flags for ground-based GNSS data Flag table New descriptor
0 08 022 Total number Numeric Number of GNSS satellites used
106 025 Replication 6 descriptors 25 times
0 02 020 Satellite classification Code table New table entries
0 01 050 Platform transmitter identification number Numeric
005 021 Azimuth Degree true
007 021 Elevation Degree
015031 Atmospheric path delay in satellite signal m New descriptor
0 15032 Estimated error in atmospheric path delay m New descriptor

0 08 060 Sample scanning mode significance Code table =5 for north/south
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0 15033 Difference in path delays for limb views at m New descriptor
extremes of scan

015034 Estimated error in path delay difference m New descriptor

0 08 060 Sample scanning mode significance Code table =6 for east/west

0 15033 Difference in path delays for limb views at m New descriptor
extremes of scan

015034 Estimated error in path delay difference m New descriptor

015035 Component of zenith path delay due m New descriptor

to water vapour
201131 Change bit width
202129 Change scale
013016 Precipitable water Kg m
2 02 000 Reset scale
2 01 000 Reset bit width
015011 Logqq of integrated electron density Log,,(m3)

New Table B entries:

Table reference

F XX YYY  Element name Unit Scale  Reference value

015031 Atmospheric path delay in satellite signal m 4 10000

0 15032 Estimated error in atmospheric path delay m 4 0

0 15033 Difference in path delays for limb views at m 5 -10000
extremes of scan

015034 Estimated error in path delay difference m 5 0

015035 Component of zenith path delay due to m 4 0
water vapour

033038 Quality flags for ground-based GNSS data Flag table 0

New code figures for Satellite Classification in Code Table 0 02 020

Code figure Meaning
401 GPS
402 GLONASS
403 GALILEO

New code figures for Sample Scanning M ode Significance in Code Table 0 08 060

Bit No. Meaning when set
5 North/South
6 East/West

New Flag Table: 0 33 038

Quality Flags for ground-based GNSS data

Bit No. Meaning when set

Total zenith delay quality is considered poor
GALILEO satellites used

GLONASS satellites used

GPS satellites used

Meteorological data applied
Atmospheric loading correction applied
Ocean tide loading applied

Climate quality data processing
Near-real time data processing

All 10 Missing value

[EEN
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15
10
15

14
14

0 10
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New entries for Originating/Generating Sub-Centre in 0 01 034 — Common Code Table C-1

Centre Sub-centre

Code figure Name Code figure  Name
21 Agenzia Spaziale Italiana (Italy)
22 Centre National de la Recherche Scientifique (France)

74 UK Meteorological 23 GeoForschungsZentrum (Germany)

Office, Bracknell (RSMC) 24 Geodetic Observatory Pecny (Czech Republic)

25 Institut d'Estudis Espacials de Catalunya (Spain)
26 Swiss Federal Office of Topography
27 Nordic Commission of Geodesy

New descriptor for usein reporting certain types of AIRS satellite data:
Principal component score 0 25 050 Numeric 4 -131072 18
B 25 050 Numeric 4 6

Additional entriesin BUFR code tables to support JASON satellite data:
Append an asterisk to the element name for existing descriptor 0 25 060 in order to indicate that the actual mean-

ing may be obtained from the originator of the data.

Additional Table B descriptors:

Unit  Scale Ref Bits

002173 Square of the off-nadir angle Square 4 0 10
degrees

0 04 007 Seconds within a minute S 6 0 26
(microsecond accuracy)

0 08 029 Remotely-sensed surface type Code O 0 8
table

008 074 Altimeter echo type Code O 0 2
table

008 076 Type of band Code O 0 6
table

013090 Radiometer water vapour content kgm? 0 0 7

013091 Radiometer liquid content kgm? 0 0 7

021128 Number of valid points per second used to Numeric 0 0 8

derive previous parameters

0 25 095 Altimeter state flag Flag 0 0 2
table

0 25 096 Radiometer state flag Flag 0 0 5
table

0 25 097 Three-dimensional error estimate of the Code O 0 4

navigator orbit table

Additional entriesin existing Code tables:
Common Code table C-5:

260 JASON-1

261 JASON-2

Code and flag tables:

0 02 020 Satellite classification

261 JASON
0 02 048 Satellite sensor indicator

9 POSEIDON altimeter

10 Jason microwave radiometer (JMR)
0 08 023 First-order statistics

13 Root-mean-square
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008 029
Value

0

1

2

3

4-254

255
008074
Value

0

1

2

3
008076
Value

0

1

2-62

63
025 095
Bit No.

1

All 2
0 25 096
Bit No.

1

2

3

4

All 5
025097
Value

0

1

2

3

4

5

6

7

8

9

10-14

15

Additional code and flag tables:

Remotely-sensed surface type
Meaning

Open ocean or semi-enclosed sea
Enclosed sea or lake

Continental ice

Land

Reserved

Missing value

Altimeter echo type

Meaning

Open ocean or semi-enclosed sea
Non-ocean like

Reserved

Missing value

Type of band
Meaning

Ku

C

Reserved
Missing value

Altimeter state flag

Indicator

Altimeter operating (0 if nominal, 1 if backup)
Missing value

Radiometer state flag

Indicator

Mode indicator (0 if mode 2, 1 if mode 1)

Mode 1 calibration sequence indicator (0 if normal data taking either mode 1 or 2,
1 if mode 1 calibration sequence)

Bits 3 and 4 indicate active 23.8 GHz channel(s):

Channel 2 (0 if on, 1 if off)

Channel 3 (0 if on, 1 if off)

Missing value

Three-dimensional error estimate of the navigator orbit
Meaning

Ranges between 0 and 30 cm
Ranges between 30 and 60 cm
Ranges between 60 and 90 cm
Ranges between 90 and 120 cm
Ranges between 120 and 150 cm
Ranges between 150 and 180 cm
Ranges between 180 and 210 cm
Ranges between 210 and 240 cm
Ranges between 240 and 270 cm
Ranges larger than 270 cm
Reserved

Missing value
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ANNEX 4 TO RECOMMENDATION 4 (CBS-Ext.(02))

AMENDMENTS TO FM 12-XIl SYNOP, FM 13-XII SHIP AND FM 14-XIl SYNOP MOBIL FOR REPORTING
PRECIPITATION AND ITS GLOBAL HARMONIZATION

Change regulation 12.2.5.4 to read:

This group shall be:

(a) Coded with RRR = 000, (3 zeros) when
precipitation is measured but no precipitation
occurred during the reference period,;

(b) Coded with RRR = ///, (3 solidi) when precipitation
is normally measured but is not available for the
current report;

(¢) Omitted when precipitation is not normally measured.
In this case, iR should be coded as 4.

(d) Existing automated weather stations (AWS) may
continue to report no precipitation with iR coded as
3 and the 6RRRtR group omitted. New systems and
human observer should report the 6RRRtR group
with  RRR = 000,3 zeros) to indicate no

precipitation occurred during the reference period.
Change regulation 12.4.1 to read:
The inclusion of groups with indicator figures 1 up to 6,
and 8 and 9 shall be decided regionally. However group
7R24R24R24R24 shall be included by all stations (with the
exception of stations situated in the Antarctic) capable of
doing so, once a day at one appropriate time of the main
standard times (0000, 0600, 1200 or 1800 UTC).
Add for correct encoding in FM 75-XII CLIMAT TEMP
and FM 76-XII CLIMAT TEMP SHIP a next sentence at
the end of regulation 75.4 to read:
Solidi (/////) shall be reported for any missing value in the
groups of a level for which any element or all are not
available. No group shall be omitted at any level. Any
missing element shall be reported by solidi.

ANNEX 5 TO RECOMMENDATION 4 (CBS-Ext.(02))

AMENDMENTS TO FM 15-XIl METAR, FM 16-XII SPECI

Amend the titles to read “FM 15-XIl Ext. METAR
Aerodrome routine meteorological report (with or without
trend forecast)” and “FM 16-XIl Ext. SPECI Aerodrome
special meteorological report (with or without trend
forecast)”. Reason: the term “selected special reports” has
been deleted from ICAO Annex 3/WMO Technical
Regulation [C.3.1]. The proposal would also align the titles
used for METAR and SPECI with the one used for TAF
aerodrome forecast (Amendment 72 to ICAO Annex 3).
Amend regulation 15.1.1 to read as follows: “The code
name METAR or SPECI shall be included at the beginning
of each individual report.” (Amendment 72 to ICAO Annex
3).

FM 51-XII TAF

Add in code form “AMD” after “TAF”: there is an
aeronautical requirement to identify amended aerodrome
forecasts (Amendment 72 to ICAO Annex 3).

Add at the end of NOTE (3): The code words “AMD?” shall
be included as appropriate for ammended forcasts.

Amend regulation 51.1.1 to read as follows: “The code
name TAF shall be included at the beginning of each
individual aerodrome forecast” (Amendment 72 to ICAO
Annex 3).

Amend regulation 51.1.5 last sentence to read as follows:
“However, in case of significant change of the clouds, all
cloud groups including any significant layer(s) or masses
not expected to change shall be given”. Reason: to align the
Manual on Codes with ICAO Annex 3/WMO Technical
Regulation [C.3.1]).

I 5 (CBS-Ext. (02))
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ANNEX 1 TO RECOMMENDATION 5 (CBS-Ext.(02))

MODIFICATIONS TO PARTS I AND II OF THE MANUAL ON THE GLOBAL DATA-PROCESSING SYSTEM

PART I

1. PURPOSE OF THE GDPS

The main purpose of the GDPS shall be to prepare and make
available to Members in the most cost-effective way
meteorological analyses and forecast products. The design,
functions, organizational structure and operations of the GDPS
shall be in accordance with Members’ needs and their ability to
contribute to, and benefit from, the system.

2. FUNCTIONS OF THE GDPS

2.1 The real-time functions of the GDPS shall include:

(a) Pre-processing of data, e.g. retrieval, quality control,
decoding, sorting of data stored in a database for use in
preparing output products;

(b) Preparation of analyses of the three-dimensional structure
of the atmosphere with up-to-global coverage;

(c¢) Preparation of forecast products (fields of basic and derived
atmospheric parameters) with up-toglobal coverage;

(d) Preparation of ensemble prediction products;

(e) Preparation of specialized products such as limited area
very-fine mesh short-, medium-, extended- and long-range
forecasts, tailored products for marine, aviation,
environmental quality monitoring and other purposes;

(/) Monitoring of observational data quality;

(g) Post-processing of NWP data using workstation and
PC-based systems with a view to producing tailored

value-added products and generation of weather and

climate forecasts directly from model output.

2.2 The non-real-time functions of the GDPS shall

include:

(a) Preparation of special products for climate-related
diagnosis (i.e. 10-day or 30-day means, summaries,
frequencies and anomalies) on a global or regional scale;

(b) Intercomparison of analysis and forecast products,
monitoring of observational data quality, verification of
the accuracy of prepared forecast fields, diagnostic studies
and NWP model development;

(¢) Long-term storage of GOS data and GDPS products, as
well as verification results for operational and research
use;

(d) Maintenance of a continuously-updated catalogue of data
and products stored in the system;

(e) Exchange between GDPS centres of ad hoc information
via distributed databases;

(/) Conduct of workshops and seminars on the preparation
and use of GDPS output products.

3. ORGANIZATION OF THE GDPS

The GDPS shall be organized as a three-level system of
World Meteorological Centres (WMCs), Regional
Specialized Meteorological Centres (RSMCs) and National
Meteorological Centres (NMCs), which carry out GDPS
functions at the global, regional and national levels,
respectively. The GDPS shall also support other WMO
Programmes and relevant programmes of other
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international organizations in accordance with policy
decisions of the Organization.

4. FUNCTIONS OF GDPS CENTRES

4.1 The general functions of GDPS centres shall be
as follows:

411  World Meteorological Centres (WMCs)

These shall consist of centres applying sophisticated
high-resolution global NWP models (including ensem-
ble prediction system) and preparing for distribution
to Members and other GDPS centres the following
products:

(a) Global (hemispheric) analysis products;

(b) Short-, medium-, extended- and long-range fore-
casts and products with a global coverage, but
presented separately, if required, for:

(i) The tropical belt;

(i)  The middle and high latitudes or any other
geographical area according to Members’
requirements;

(c) Climate-related diagnostic products, particularly
for tropical regions.

WMCs shall also carry out verification and intercom-

parison of products, support the inclusion of research

results into operational models and their supporting
systems, and provide training courses on the use of

WMC products.

PART Il

1 Functions of WMCs, RSMCs and NMCs

11 GDPS products and services

Each Member or group of Members(s) responsible for a

GDPS Centre should ensure that its centre performs

the relevant category of the following functions:

111  Real-timeproductsand services for middle

latitudes and subtropical areas

For middle latitudes and subtropical areas, the GDPS

should provide the following products derived from

deterministic and ensemble NWP systems and services

in real time:

(a) Surface and upper-air analyses;

(b) Prognoses one to three days in advance, including:
(i) Surface and upper-air prognoses of pressure

(geopotential), temperature, humidity and

wind in map or other form;

(ii) Diagnostic interpretation of numerical
weather prediction (NWP) products to give:

a. Areal distribution of cloudiness;

b. Precipitation location, occurrence,
amount and type;

c. Sequences at specific locations (time
diagrams), at the surface and aloft, of
temperature, pressure, wind, humidity,
etc., subject to agreement between
Members where appropriate;

d. Vorticity advection, temperature/
thickness advection, vertical motion,
stability indices, moisture distribution,
and other derived parameters as agreed
by Members;

e. Jet-stream location and tropopause/
layer of maximum wind;

f.  Numerical products providing sea-
state or storm-surge forecasts;

(c) Prognoses four to 10 days in advance, including:
0} Surface and upper-air prognoses of pressure

(geopotential), temperature, humidity and

wind;

(i)  Outlooks of temperature, precipitation,
humidity and wind in map or other form;

(d) Extended- and long-range forecasts of averaged
weather parameters as appropriate, including sea-
surface temperature, temperature extremes and
precipitation;

(e) Interpretation of numerical products using rela-
tions derived by statistical or statistical/dynamical
methods to produce maps or spot forecasts of
probability of precipitation or precipitation type,
maximum and minimum temperature, probabili-
ty of thunderstorm occurrence, etc.;

(f) Sea-state and storm-surge forecasts using models
driven by winds from global NWP models;

() Environmental quality monitoring and prediction
products;

(h) Independent real-time quality control of the
Level 1l and Level Il data defined in Note (3) to
paragraph 1.5.2.

112  Real-time products and services for tropical

areas

For tropical areas, the GDPS should provide the fol-

lowing products from deterministic and ensemble

NWP systems and services in real time:

(a) Surface and upper-air analyses;

(b) Prognoses one to three days in advance, including:
® Surface and upper-air prognoses, particularly

of wind and humidity in map or other form;

(i)  Diagnostic interpretation of NWP products
to give:

a. Areal distribution of cloudiness;

b. Precipitation location/occurrence/
amounts;

c. Time sequence of weather parameters
at specific locations, subject to agree-
ment between Members, where
appropriate;

d. Vorticity, divergence, velocity poten-
tial, vertical motion, stability indices,
moisture distribution and other
derived parameters as agreed by
Members;

e. Jetstream and layer of maximum wind
locations;
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f.  Numerical products providing sea-state
or storm-surge forecasts;

(iii) The use of special NWP-nested models or
diagnostic interpretation of fine-mesh glob-
al models to give:

a. Tropical storm positions and tracks;
b. Tropical depression and easterly wave
positions and movement;

(c) Prognoses four to 10 days in advance, including:
() Surface and upper-air prognoses, particular-

ly of wind and humidity;

(ii)  Outlooks of precipitation, wind, cloudiness
and wet and dry periods;

(iii)  Life cycle of tropical storms;

(d) Extended- and long-range forecasts of averaged
weather parameters, as appropriate, including sea-
surface temperature, temperature range and
precipitation;

(e) Interpretation of numerical products, using rela-
tions derived by statistical/dynamical methods to
produce maps or at specific location of forecast
probability of cloudiness, temperature range, pre-
cipitation, thunderstorm occurrence, tropical
cyclone tracks and intensitities, etc.;

(f) Environmental quality monitoring and prediction
products;

(g) Sea-state and storm-surge forecasts using models
driven by winds from global NWP models;

(h) Independent real-time quality control of the
Level Il and Level Ill data defined in Note (3) to
paragraph 1.5.2.

11.3  Non-real-time products and services

The GDPS should also provide the following products

and services in non-real time:

(a) Long-range weather and climate monitoring prod-
ucts when operationally useful;

(b) Climate-related diagnoses (10- or 30-day mean
charts, summaries, anomalies, etc.) particularly for
the tropical/subtropical belt;

() Intercomparison of products, verification and diag-
nostic studies, as well as NWP model development;

(d) Access to data, products and intercomparison
results using internationally-accepted formats and
media;

(e) Provision of continuously updated catalogues of
data and products;

(f) Regional and global analyses (circulated by
Members or research institutions) of the atmos-
phere and oceans, including means and anomalies
of surface and upper-air pressure, temperature,
wind and humidity, ocean currents, sea-surface
temperature, and ocean surface layer temperature;
derived indices, including blocking and telecon-
nection indices;

(g) Satellite remote sensing products distributed by
Members; including outgoing long-wave radiation,
sea-surface elevation, and normalized vegetation
indices;

(h) Monthly and annual means or totals for each year of a
decade (e.g. 1971-1980, etc.) and the corresponding
decadal (10-year) averages of pressure (station level
and mean sea level), temperature and precipitation,
principally from CLIMAT reporting stations;

(i) Climatological standard normals (for the periods
1931-1960, 1961-1990, etc.) of selected elements,
principally from CLIMAT reporting stations;

(J) Guidelines on the operational use of GDPS centre
products; and

(k) Carrying out periodic monitoring of the operation
of the WWW.

1.2 Functions of Membersresponsible for GDPS
centres

121  Interpretation at NMCs

National Meteorological Centres (NMCs) should be able

to use, interpret and interact fully with GDPS products

in order to reap the benefits of the WWW system.

Appropriate guidance on the methods for the interpre-

tation of the GDPS output to end-user products should

be made available to Members, as well as methods for

the verification and intercomparison of forecasts.

122  Accessibility of products

GDPS products should be accessible through a system of
World Meteorological Centres (WMCs) and Regional
Specialized Meteorological Centres (RSMCs)* with
functions and responsibilities as defined in the Manual
and according to agreements among Members when
appropriate.

123  Data management

The WWW data management function shall be used to
coordinate the real-time storage, quality control, moni-
toring and handling of GDPS data and products.

13 WMC responsibilities

131  Output products

1.3.1.1 Each WMC applying sophisticated high-resolu-

tion global NWP models including ensemble prediction

systems should prepare for distribution to Members and
other GDPS centres the following products, based on
the list in paragraphs 1.1 to 1.1.3 above:

(a) Global (hemispheric) analysis products;

(b) Short-, medium-, extended- and long-range weath-
er forecasts based on deterministic and ensemble
NWP system with global coverage presented sepa-
rately, if required, for:

0] The tropical belt;

(i)  The middle and high latitudes or any other
geographical area according to Members’
requirements;

(c) Climate-related diagnostic products, particularly
for tropical regions;

(d) Environmental quality monitoring, analyses, fore-
casts and prediction products.

* The present structure of the GDPS is given in Appendix I-1.
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1.3.1.2 Global model products required to meet the
needs of all WMO Programmes should be made available
to national and regional centres at the highest possible
resolution given technological and other constraints.

132 Useof products
WMCs should also carry out verification and inter-
comparison of products and make results available to
all Members concerned, support the inclusion of
research results into operational models and their sup-
porting systems and provide training courses on the
use of WMC products.

1.3.3  The functions of a WMC should also include

the following non-real-time activities:

(a) Carrying out the development of research in sup-
port of large- and planetary-scale analyses and
forecasting;

(b) Exchanging technical information with other
centres;

(c) Providing opportunities for training personnel in
data processing;

(d) Managing non-real-time data involving:

(i) Collection and quality control of data not
available from the GOS in real-time, via
mail or other means;

(ii)  Storage and retrieval of all basic observa-
tional data and processed information
needed for large- and planetary-scale
research and applications;

(iiiy Making non-real-time data available to
Members or research institutes upon request;

(e) Continuously updating and providing, on
request, catalogues of available products.

Add in Appendix I-1 the following at the end of para-
graph 2:
Broadened RSMC functions:
Offenbach — Provision of ultraviolet-index forecasts
for Region VI (Europe)

Replace the following in Appendix I-3:

REGIONAL AND GLOBAL ARRANGEMENTS
FOR THE PROVISION OF TRANSPORT MODEL
PRODUCTSFOR ENVIRONMENTAL
EMERGENCY RESPONSE

SUPPORT FOR NUCLEAR ENVIRONMENT
EMERGENCY RESPONSE

| AEA notification of WM O

In the framework of the Convention on Early
Notification of nuclear accidents, the IAEA informs
the WMO Secretariat and the RTH Offenbach
(Germany) of the status of the emergency. If needed,
the IAEA will request support from the WMO
RSMCs. Beginning with a site area emergency, RTH
Offenbach  will disseminate the EMERCON

messages on the GTS in the form of an alpha-
numeric bulletin in plain-text English language
under the abbreviated heading WNXX01 IAEA for
global distribution to the NMCs/RSMCs (see also
WMO Manual on the Global Telecommunication
System, WMO-No. 386).

When the IAEA no longer requires WMO
RSMC support, the IAEA will send an EMERCON ter-
mination message to the RSMCs, WMO Secretariat
and RTH Offenbach. RTH Offenbach will dissemi-
nate the EMERCON termination message on the
GTS in the form of an alphanumeric bulletin in
plain-text English language under the abbreviated
heading WNXXO01 IAEA for global distribution to
the NMCs/RSMCs.

Regional arrangements

The RSMCs designated by WMO for the provision of

atmospheric transport model products for nuclear

environmental emergency response shall:

1. Provide products only when either the delegated
authority! of any country in the RSMC region of
responsibility or the International Atomic Energy
Agency (IAEA) requests RSMC support. Upon
receipt of a request from the delegated authority?
or from the IAEA, the RSMC shall provide basic
information to the National Meteorological
Service of that country or to the IAEA, respec-
tively. If multiple requests are received, highest
priority will be given to IAEA requests.

2. Upon receipt of a first request for products relat-
ed to a nuclear incident and in the absence of a
prior notification by the IAEA, inform the WMO
Secretariat, all designated RSMCs and IAEA of the
request.

3. For an IAEA request sent to the RSMCs to pro-
duce and distribute products, the requested
RSMCs will distribute the basic products to the
IAEA, and all RSMCs will distribute to National
Meteorological Services in the region3 and
WMO. For a request for support from a Delegated
Authority and without notification by IAEA,
basic information provided to the National
Meteorological Service of the requesting country
will not be disclosed to the public in that coun-
try nor distributed by RSMCs to other National
Meteorological Services.

4. Provide, on request, support and advice to the
IAEA and WMO Secretariats in the preparation of
public and media statements.

The person authorized by the Permanent Representative
of the country to request RSMC support.

The RSMC products will be provided to the NMS
Operational Contact Point designated by the Permanent
Representative.

The basic information will normally be provided by the
NMS to the IAEA national contact point.
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5. Determine the standard set of basic products and
the method of delivery in consultation with
users and the IAEA.

6. Provide product interpretation guidelines to users.

7. Provide support and technology transfer to
national and regional meteorological centres
that want to become designated RSMCs.

8. Make arrangements to provide backup services.
These would normally be between the two desig-
nated centres in a region. Interim arrangements
should be made by centres in regions with a sin-
gle designated RSMC.

Global arrangements

Until such time as new RSMCs have been designat-
ed, it is proposed that Regional Association
VI-designated RSMCs be responsible to provide serv-
ices for radiological emergencies to Regional
Association I; Regional Association [|V-designated
RSMCs be responsible to provide services to Regional
Assaociation 1ll; while the Regional Association V-
designated RSMC, in collaboration with Regional
Association 1V-designated RSMCs, will be responsi-
ble to provide services to Regional Association V.

In cases of radiological emergencies where
coordination is required between RSMCs of different
regions, the RSMCs of the region where the
emergency has occurred will provide this
coordination.

Support for non-nucler environmental emergy

response

If support is required for response to a non-nuclear

environmental emergency, related to atmospheric

transport of  pollutants, the Permanent

Representative with WMO of the affected country

may direct its request for support to the operational

contact point of the designated RSMC(s) for its

Regional Association.

1. Due to the potentially broad range of environ-
mental emergencies, the RSMC shall consider
each request with regard to its capabilities and
the suitability of its products to address the emer-
gency requirements and will then respond
accordingly.

2. The RSMC shall inform all other designated
RSMCs and the WMO Secretariat of the request
and the agreed actions.

ANNEX 2 TO RECOMMENDATION 5 (CBS-Ext.(02))

MODIFICATIONSTO APPENDIX I1-6 OF THE MANUAL ON THE GLOBAL DATA-PROCESSING SYSTEM

Add the following after paragraph 3:

4. FORECASTS
Surface (including synoptic features)
925 hpa A
850 hpa
700 hpa
500 hpa
400 hpa
300 hpa
250 hpa
200 hpa
150 hpa
100 hpa
70, 50, 30, 20 10 hpa J
Jet-stream location and tropopause/layer of
maximum wind
Significant weather
Relative topography, thickness 500/1 000 hPa

Parameters: P/H, T, W
>and R, as appropriate
and applicable

NOTE: The above list includes products which are
required as part of the ICAO World Area Forecast
System in accordance with requirements deter-
mined by ICAO.

Freezing level

Vorticity

Vertical motion

Areal distribution of cloudiness

Precipitation location, occurrence, amount and
type

Sequences at specific locations (time diagrams)
at the surface and aloft of T, P, W and R
Vorticity advection, temperature/thickness
advection, vertical motion, stability indices,
moisture distribution and other derived para-
meters

Tropical storm positions and intensities

River stage, discharge and ice phenomena
Tropical depression and easterly wave positions
and movement

Four-to-10-day outlook for T, W, R and
precipitation

Forecasts of probability of precipitation and
temperature extremes for mid-latitudes and
subtropical areas or forecasts of cloudiness,
temperature range and precipitation probability
for tropical areas

State of sea

Storm surge

Sea-surface temperature

Thermoclines

Sea ice

Superstructure icing

Three-dimensional trajectories with particle
locations at synoptic hours for EER




A5

85

Time integrated pollutant concentration within
the 500 m layer above ground in three time
periods up to 72 hours for EER

Total deposition up to 72 hours

4.1 Ensemble prediction system products
4.1.1 Productsfor dhort-range and medium-range
(a8 Global products for routine dissemination
(Period for all fields: forecast D+0 to D+10 (12-
hour intervals) at highest resolution possible)
Probabilities of:
(i) Precipitation exceeding thresholds 1, 5, 10,
25 and 50 mm/24 hours
(i) 10 m sustained wind and gusts exceeding
thresholds 10, 15 and 25 m s-1
(iii) T850 anomalies with thresholds -4, -8, +4
and +8 K with respect to a reanalysis clima-
tology specified by the producing Centre
ensemble mean (EM) + spread (standard
deviation) of Z500, PMSL, Z1000, vector wind
at 850 and 250 hPa
Tropical storm tracks (lat/long locations from
EPS members)

(b) Model fields
Full set or subset of EPS members variables
and levels for requesting WMO Members

Long-range forecasts (monthly, three-month
or 90-day, seasonal to multi-seasonal outlook

4.1.2 Productsfor extended range

Ensemble means anomalies/spread

One week averages and the monthly mean (all

anomalies with respect to model climate):
Tropical SST
Standard ENSO indices
Z500 and 71000, precipitation, T850 and
surface temperature

Probabilities:

Terciles: above, below, normal (with
respect to model climate)

Precipitation

7500

71000

T850 and surface temperature

Model fields:

(a) Full set or subset of EPS members variables
and levels for requesting WMO Members
for specific applications.

(b) Relevant post-processed fields from
sequence of daily output (e.g. indices of
monsoon onset, droughts, tropical storm
activity, extratropical storm track activity)

for specific applications. NOTE: The list of long range products for distribution as devel-

Extended range forecasts (levels and
parameters as appropriate five, 10, 15 or 30
day) and applicable mean values

oped by the CBS Expert Team on the Infrastructure for
Long-range Forecasting is being validated prior to being
adopted as part of the appendix to this Manual.

ANNEX 3 TO RECOMMENDATION 5 (CBS-Ext.(02))

ATTACHMENT I1.7, TABLE F OF THE MANUAL ON THE GLOBAL DATA-PROCESSING SYSTEM

Add the following at the end of Table F:
Il — Standard verification measures of EPS

EXCHANGE OF SCORES
Monthly exchanges:

ENSEMBLE MEAN

For verification of ensemble mean, the specifications
in this table of the attachment for variables, levels,
areas and verifications should be used.

SPREAD

Ratio of standard deviation over RMS error of the
ensemble mean averaged over the same regions and
variables as used for the ensemble mean.

PROBABILITIES
The reliability table of the same format as defined for the
SVS for long-range forecasts should be exchanged.

List of parameters

PMSL + 1, + 2 standard deviation with respect to
centre’s own climatology

Z500 with thresholds as for PMSL.

850 hPa wind speed with thresholds of 10, 15,
25 ms1,

T850 anomalies with thresholds + 4, + 8 degrees
with respect to a centre specified climatology.
Verified for areas defined for verification against
analysis.

Precipitation with thresholds 1, 5, 10, and
25 mm/24 hours every 24 hours verified over areas
defined for deterministic forecast verification
against observations.

Observations for EPS verification should be based on
the GCOS list of surface network (GSN).

Scores
Brier Skill Score (with respect to climatology) (see
definition below*)
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Relative economic value (C/L) diagrams
Reliability diagrams with frequency distribution

NOTE: Annual and seasonal averages of the Brier Skill Score at

24, 72, 120, 168 and 240 hours for 2500 and T850
should be included in the yearly Technical Progress
Report on the Global Data-processing System.

The Brier Score is most commonly used for assessing the
accuracy of binary (two-category) probability forecasts.
The Brier Score is defined as:

Zﬁzij_OijS
ps= 4L

where the observations Oj; are binary (0 or 1) and N is the
verification sample size. The Brier Score has a range from 0 to 1
and is negatively-oriented. Lower scores represent higher
accuracy.

The Brier Skill Score (BSS) is in the usual skill score format, and
may be defined by:

% Z Fi—O; 2%
B$=PSZ_PSFX100:E_”(JJ)2S<100
s slero)|

where C refers to climatology and F refers to the forecast.

ANNEX 4 TO RECOMMENDATION 5 (CBS-Ext.(02))

MODIFICATIONSTO APPENDIX I1-7 OF THE MANUAL ON THE GLOBAL DATA-PROCESSING SYSTEM

(@)

(b)

(©
(d)

USERSINTERPRETATION GUIDE FOR
ATMOSPHERIC TRANSPORT MODEL PRODUCTS
PROVIDED BY RSMCs

Standardsin theprovision of international servicesby

RSM Csfor nuclear environmental emergency response
The Delegated Authority requests support from WMO
Regional Specialized Meteorological Centres (RSMC) for
atmospheric transport modelling products by using the
form entitled “Environmental Emergency Response —
Request for WMO RSMC Support by Delegated Authority”.
The Delegated Authority then sends the completed form
immediately to the RSMCs as per the regional and global
arrangements and ensures receipt of the form by phone.
This will initiate a joint response from the RSMCs in their
region of responsibility.

The International Atomic Energy Agency (IAEA)

requests support from WMO RSMCs for atmospheric
transport modelling products by using the form agreed
between WMO and IAEA. The IAEA then sends the
completed form immediately to the RSMCs as per the
regional and global arrangements and ensures receipt
of the form by phone. This will initiate a joint response
from the RSMCs in their region of responsibility.

The designated RSMCs shall implement agreed

standard procedures and products by:

The provision of the following standard set of
basic products within two to three hours of recep-
tion of a request and according to the general
rules for displaying results;

The adoption of the following forecast periods for
the numerical calculations;

The adoption of a joint response approach;

The adoption of the general rules for displaying
results.

Default values to be used in response to a request for
products for the unspecified source parameters!

(@) Uniform vertical distribution up to 500 m above
the ground;

(b) Uniform emission rate during six hours;

(c) Starting date/time; date/time specified at “START
OF RELEASE” on request form or, if not available,
then the “date/time of request” specified at the
top of the request form;

(d) Total pollutant release 1 Bq (Becquerel) over
six hours;

(&) Type of radionuclide 137Cs.

2. Basic set of products

Five maps consisting of:

(@) Three-dimensional trajectories starting at 500,
1 500 and 3 000 m above the ground, with parti-
cle locations at six-hour intervals (main synoptic
hours up to the end of the dispersion model fore-
cast);

(b) Time-integrated airborne concentrations within
the layer 500 m above the ground, in Bq s m=3 for
each of the three forecast periods;

(c) Total deposition (wet + dry) in Bqg m-2 from the
release time to the end of the dispersion model
forecast.

A joint statement that will be issued as soon
available.

1 The adoption of default values is based on the understanding
that some runs of the transport/dispersion models need to be
carried out with default parameters because little or no infor-
mation (except location) will be available to the RSMC at an
early stage. RSMCs are, however, requested to conduct and
propose subsequent model runs with more realistic parame-
ters as they become available (products based upon updated
parameters will be provided on request only or confirmed
from IAEA or a Delegated Authority). This may, for example,
refer to a more precise assumption of the vertical distribution
or the need to conduct a model run for the release of noble
gases.
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3. Forecast periods for numerical calculations

The initial set of products will cover the period from T,

the start time of the release, through a forecast of 72

hours from t, the start time of the current output from

the operational NWP model.

The first 24-hour period for integrated exposures
in the dispersion model will start at the nearest synop-
tic time (0000 or 1200 UTC) prior to or equal to T.
Subsequent 24-hour integrations of the dispersion
model will be made up to, but not exceeding, the syn-
optic time nearest to t+72.

If T is earlier than t, the first response will use

hindcasts to cover the period up to t.
4. Joint response and joint statements
A joint response means that the collaborating RSMCs shall
immediately inform each other of any request received,;
initially both should produce and send the basic set of
products (charts) independently and then move rapidly
towards providing fully coordinated response and services
for the duration of the response. Following the initial
response, the RSMCs shall develop and provide, and
update as required, a “joint statement” to describe a synop-
sis of the current and forecast meteorological conditions
over the area of concern, and the results from the transport
models, their differences and similarities and how they
apply to the event.

5. General rules for displaying results

In order to make the interpretation of the maps easier,

the producing centres should adopt the following

guidelines:

General guidelines for all maps:

(@) Provide labelled latitude and longitude lines at 10°
intervals and sufficient geographic map background
(shore lines, country borders, etc.) to be able to locate
precisely the trajectories and contours;

(b) Indicate the source location with a highly visible
symbol (e, A, 0, O, m, etc.);

(c) Indicate the source location in decimal degrees
(latitude — N or S specified, longitude — E or W
specified, plotting symbol used), date/time of
release (UTC), and the meteorological model ini-
tialization date/time (UTC);

(d) Each set of maps should be uniquely identified by
at least product issue date and time (UTC) and
issuing centre;

(e) Previously transmitted products from the disper-
sion model need not be re-transmitted;

(f) Indicate with a legend if this is an exercise,
requested services, or an IAEA notified emergency.

Specific guidelines for trajectory maps:

(a) Distinguish each trajectory (500, 1 500, 3 000 m)
with a symbol (A, e, m, etc.) at synoptic hours
(UTC);

(b) Use solid lines (darker than map background
lines) for each trajectory;

(c) Provide a time-height (m or hPa) diagram, prefer-
ably directly below the trajectory map, to indicate
vertical movement of trajectory parcels.

Specific guidelines for concentration and deposi-
tion maps:

(a) Adopt a maximum of four concentration/deposi-
tion contours corresponding to powers of 10;

(b) A legend should indicate that contours are iden-
tified as powers of 10 (i.e. -12 = 10-12), |If
grey-shading is used between contours, then the
individual contours must be clearly distinguish-
able after facsimile transmission and a legend
provided on the chart;

(c) Use solid dark lines (darker than map background
lines) for each contour;

(d) Indicate the following input characteristics: (i)
source assumption (height, duration, isotope,
amount released); (ii) the units of time integrated
concentration (Bg s m=3) or deposition (Bq m-2).
In addition, charts should specify: (i) “Time inte-
grated surface to 500 m layer concentrations”; (ii)
“Contour values may change from chart to chart”,
and if the default source is used; (iii) “results based
on default initial values”;

(e) Indicate, if possible, the location of the maximum
concentration/deposition with a symbol on the
map and include a legend indicating the symbol
used and the maximum numerical value;

(f) Indicate the time integration starting and ending
date/time (UTC).

The RSMCs will normally provide the products in the

ITU-T T4 format suitable for both group 3 facsimile

machines and transmission on parts of the GTS. The

RSMC may also make use of other appropriate tech-

nologies.
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(ANNEX 3TO TD/778)
ENVIRONMENTAL EMERGENCY RESPONSE ALERT
REQUEST FOR WMO RSMC SUPPORT BY DELEGATED AUTHORITY
This form should be sent by fax to the RSMC. At the same time, the Delegated Authority must immediately call the
RSMC to confirm the transmission of this request for RSMC support

(This section must be completed in full)

STATUS: ..o (EVENT OR EXERCISE) Date/time of reqUest: .......cceeiiieiiiiie s (UTC)
NAME OF DELEGATED AUTHORITY: . .ottt e e e e e e e e e e e e
COUNT RY: Lottt e e e
DELEGATED AUTHORITY TELEPHONE/FAX NUMBERS: S TP (Tel)
T T (Fax)
REPLY TELEPHONE/FAX NUMBERS FOR NMS OF
REQUESTING COUNTRY: P TP (Tel)
T T (Fax)
NAME OF RELEASE SITE: . . ..ttt e e e e e e e e e e e e e e e e e (facility and place)
GEOGRAPHICAL LOCATION OF RELEASE: . . . .o e e e e (lat./long. decimal degrees

N or S; Eor W)

(essential accident information for model simulation — if not available, model will execute with standard default values)
RELEASE CHARACTERISTICS:

START OF RELEASE: . .ot e e e e e (date/time, UTC)
DURATION: . .............. (hours), orendofrelease .......... ... ... ... .... (date/time, UTC)
RADIONUCLIDE SPECIES: . . . . oottt ottt e e e e e e e e e e e e e e e e e e e e e e e
TOTAL RELEASE QUANTITY: L oottt e e e e e e e e e e e (Becquerel)

OR POLLUTANT RELEASE RATE: . . .ttt e e e e e (Becquerel/hour)

EFFECTIVE HEIGHT OF RELEASE: QUM AL . ot ot or
Stack height: . .. ... (m), or

Aloft:top ......... ... ... .... (m),base ....... ... ... (m)

(helpful information for improved simulation)

SITE ELEV AT ON: . .ot e e e e e (m)
LOCAL METEOROLOGICAL CONDITIONS NEAR ACCIDENT: . . o\ttt ettt e e e et e e e e e e e
.............................................................. (wind speed and direction/weather/cloudiness, etc.)
OTHER INFORMATION: . o ettt e e e e e e e e e e e e e e e e
........................................................ (nature of accident, cause, fire explosion, controlled release,
................................................. foreseeable development, normal activity, projected conditions, etc.)

(to be completed by RSMC)
DATE/TIME OF RECEIPT OF REQUEST: . . ..ottt e e e e e e e (UTC)
DATE/TIME OF RETURN CONFIRMATION OF RECEIPT: . ...ttt e e e e (uTC)

NOTE: All times in UTC.
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ENVIRONMENTAL EMERGENCY RESPONSE
REQUEST FOR WMO RSMC SUPPORT BY IAEA

STATUS: [ EMERGENCY 0 EXERCISE Date/Time of Request: - - / : (UTC)

REQUESTED RSMC:s: (indicate the lead RSMCs by a checkmark below)

[0 BRACKNELL 0 TOULOUSE 0 MELBOURNE 0 MONTREAL J WASHINGTON
O BENING 0 TOKYO 0 OBNINSK

SENDERS NAME: INTERNATIONAL ATOMIC ENERGY AGENCY

COMMUNICATION DETAILS: Tel.: +43 1 2600 22023 use to confirm receipt of request
Fax: +43 1 26007 29309 use to confirm receipt of request
Email: eru3@iaea.org use to confirm receipt of request
NAME OF RELEASE SITE AND COUNTRY (facility and place)

GEOGRAPHICAL LOCATION OF RELEASE:
(MUST BE COMPLETED) . decimal degrees
. decimal degrees

oo
m z
oo
Em

DECLARED EMERGENCY CLASS:
0 NONE O other, specify:

ACTION REQUIRED:

NONE

GO ON STANDBY (request for products or for assistance on weather conditions is to be expected)
GENERATE STANDARD PRODUCTS AND SEND TO IAEA ONLY

GENERATE STANDARD PRODUCTS FOR THE IAEA AND REGIONAL DISTRIBUTION

OTHER ACTION:

OoOooOoono

(essential accident information for model simulation — if not available, model will execute with standard default values)
RELEASE CHARACTERISTICS:

START OF RELEASE: . . oo e (date/time, UTC)
DURATION: ............. (hours), orendofrelease ....................... (date/time, UTC)
RADIONUCLIDE SPECIES: . . . . e e e e e e e e e e
TOTAL RELEASE QUANTITY: . e e e e e e e e e e (Becquerel)

OR POLLUTANT RELEASE RATE: . .. ot e e e e e (Becquerel/hour)

EFFECTIVE HEIGHT OF RELEASE: SUMTACE: . or
Stack height: . . ... ... . (m), or

Aloft:top .................. (m),base ............... .. ........ (m)

(wind speed and direction/weather/cloudiness, etc.)
OTHER INFORM AT ION . . . e e e e e e e e e e e e e e e e e e e e

(nature of accident, cause, fire explosion, controlled release, foreseeable development, normal activity, projected conditions, etc.)

(to be completed by RSMC)
DATE/TIME OF RECEIPT OF REQUEST: . . . ittt ittt e et ettt e e e e e e e e e e e s (UTC)
DATE/TIME OF RETURN CONFIRMATION OF RECEIPT: . ..ttt e e e e e e e (UTC)

NOTE: All times in UTC.
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ANNEX 5 TO RECOMMENDATION 5 (CBS-Ext.(02))

NEW ATTACHMENTSI1.8 AND 11.9TO THE MANUAL ON THE GLOBAL DATA-PROCESSING SYSTEM,
VOLUME |

ATTACHMENT 11.8

VERIFICATION SYSTEMS FOR LONG-RANGE
FORECASTS — REVISED EXPERIMENTAL
SCORESTO BE EXCHANGED

1. FORMULATION
The standardized verification
formulated in four parts:
1.1 Diagnostics. Diagnostic information required
incorporates derived diagnostic measures and contin-
gency tables. Three diagnostic measures are included
and are closely defined. Estimates of the statistical sig-
nificance of the scores achieved are also required.
Additional diagnostic measures are suggested but are
not incorporated into the core SVS as yet. Use of the
additional diagnostics is optional.
1.2 Parameters. Key variables and regions are
proposed. However producers are not limited to these
key parameters. Thus all producers can contribute
regardless of the structure of individual forecast sys-
tems. The parameters to be verified are defined on
three levels:
Level 1: Diagnostic measures aggregated over
regions,
Level 2: Diagnostic measures evaluated at individ-
ual grid-points,
Level 3: Contingency tables provided for individ-
ual grid-points.
The SVS makes provision for a staged implementation
of the three levels of information and the inclusion
estimates of skill significance over a two-year period
(Section 4).
1.3  Verification data sets. Key data sets of obser-
vations against which forecasts may be verified are
proposed.
1.4  System details. Details of forecast systems
employed.

system (SVS) is

2. DIAGNOSTICS

Three diagnostic measures are incorporated in the core
SVS; relative operating characteristics; reliability dia-
grams and accompanying measure of sharpness; and
mean square skill scores with associated decomposi-
tion. Estimates of the statistical significance in the
diagnostic scores are also included in the core SVS. The
three diagnostics permit direct intercomparison of
results across different predicted variables, geographi-
cal regions, forecast ranges, etc. They may be applied
in verification of most forecasts and it is proposed that,
except where inappropriate, all three diagnostics are
used on all occasions. Tabulated information at grid-
point resolution is also part of the core SVS. The

tabulated information will allow reconstruction of
scores for user-defined areas and calculation of other
diagnostic measures such as economic value.

2.1 Relative operating characteristics (ROC).
To be used for verification of probability forecasts, cal-
culation details are discussed in Attachment 11-9. For
Level 1 information (measures aggregated over
regions), the ROC curve and the standardized area
under the curve (such that perfect forecasts give an
area of 1 and a curve lying along the diagonal gives
0.5) should be provided. Probability values should be
labelled on any ROC curves. For Level 2 information
(gridded values), the standardized area under the ROC
curve should be provided, both in rendered map for-
mat and in digital format (see Section 3).

2.2 Reliability diagrams and frequency his-
tograms. To be used in assessment of probability
forecasts, the construction of these diagrams and his-
tograms is discussed in Attachment [1-9. They are
required as part of the Level 1 information only.

2.3 Mean square skill score (MSSS) and
decomposition. To be used in verification of deter-
ministic forecasts, calculation details are discussed in
Attachment 11-9. For Level 1, an overall bulk MSSS
value is required and will provide a comparison of fore-
cast performance relative to “forecasts” of climatology.
The three terms of the MSSS decomposition provide
valuable information on phase errors (through fore-
cast/observation correlation), amplitude errors
(through the ratio of the forecast to observed vari-
ances) and overall bias. For Level 2, quantities
pertaining to the three decomposition terms (see
Attachment 11-9) should be provided as rendered maps
for selected seasons. Additional terms relating to MSSS
and its decomposition are required as tabulated infor-
mation.

2.4 Contingency tables. In addition to the
derived diagnostic measures, contingency table infor-
mation provided at grid-points for both probability
and categorical deterministic forecasts form part of the
core SVS. This information constitutes Level 3 of the
exchange and will allow RCCs and NMHSs (and in
some cases end-users) to derive ROC, reliability, other
probability-based diagnostics and scores for categorical
deterministic forecasts for user-defined geographical
areas.

A number of recommended contingency table-
based diagnostics are listed in the Annex. The
Hanssen-Kuiper score is the deterministic equivalent to
the area under the ROC curve, and thus provides a use-
ful measure for comparing probabilistic and
deterministic skill. The Gerrity score is one recom-
mended score for overall assessment of forecasts using
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two or more categories. Calculation details for the
Hanssen-Kuipers and Gerrity scores are provided in
Attachment 11-9.

3. PARAMETERS

The key list of parameters in the core SVS is provided
below. Any verification for these key parameters
should be assessed using the core SVS techniques wher-
ever possible. Many long-range forecasts are produced
which do not include parameters in the key list (for
example, there are numerous empirical systems that
predict seasonal rainfall over part of, or over an entire,
country). The core SVS diagnostics should be used to
assess these forecasts also, but full details of the pre-
dictions will need to be provided.

31 Diagrams and scores to be produced for regions

3.1.1 Atmospheric parameters. Predictions for:

T2m screen temperature with standard regions:
Tropics 20°N to 20°S
Northern extratropics >=20°N
Southern extratropics <=20°S

Precipitation with standard regions:

Tropics 20°N to 20°S
Northern extratropics >=20°N
Southern extratropics <=20°S

3.1.2 Scores and diagrams to be produced for proba-

bilistic forecasts
Reliability diagram and frequency histograms
The ROC curve and the standardized area under
the curve
Estimations of error (significance) in the scores
The above scores and diagrams to be produced

for equi-probable tercile categories.

3.1.3 Scores to be used for deterministic forecasts
MSSS with climatology as standard reference
forecast

3.1.4 Stratification by season
Four conventional seasons: March/April/May

(MAM), June/July/August (JJA), September/October/

November (SON), December/January/February (DJF)

3.1.5 Lead time
Preferred minimum: two lead times, one prefer-

ably to be two weeks or greater, with a lead time not

greater than four months.

3.2 Verification to be produced in map format on
2.5°x 2.5° grid

3.2.1 Verification maps to be produced for each of

the following variables

T2m

Precipitation

Sea-surface temperature

Scores to be calculated for probabilistic forecasts

ROC area for three tercile categories

Significance of the ROC scores should also be

calculated and shown on the ROC area map, or

on an accompanying map

322

3.2.3  Scores to be calculated for deterministic forecasts
The three terms of the Murphy decomposition
of MSSS, produced with climatology as standard refer-
ence forecast. As a second, optional, control it is
recommended that damped persistence be used.
Significance estimates for each of the three Murphy
decomposition terms should also be calculated and shown
on the relevant map or an accompanying map.
3.2.4 Stratification by season
Four conventional seasons: MAM, JJA, SON, DJF
3.2.5 Lead time
Preferred minimum: two lead times, one prefer-
ably to be two weeks or greater, with a leadtime not
greater than four months.
3.2.6 Stratification according to the
El Nifio/Southern Oscillation (ENSO)
Stratification by the state of ENSO should be
provided if sufficient ENSO events are contained with-
in the hindcast period used. Scores should be provided
for each of three categories:
(a) All hindcast seasons;
(b) Seasons with El Nifio active;
(c) Seasons with La Nifia active.

state of

3.3  Tabulated information to be exchanged

Tabular information to be provided for grid-
points of a 2.5 x 2.5 grid.
3.3.1 Contingency tables

Contingency tables to be produced for each of
the following variables:

T2m

Precipitation

Sea-surface temperature
3.3.2 Tables to be produced for probabilistic forecast
verification.

The number of forecast hits and false alarms to
be recorded against each ensemble member or proba-
bility bin for each of three equi-probable categories
(terciles). It is recommended that the number of bins
remains between 9 and 20. The forecast providers can
bin according to percentage probability or by individ-
ual ensemble members as deemed necessary. No
latitude weighting of the numbers of hits and false
alarms is to be applied in the contingency tables.

The user is encouraged to aggregate the tables over
grid-points for the region of interest and to apply methods
of assessing statistical significance of the aggregated tables.
3.3.3 Tables to be produced for deterministic forecasts

3 x 3 contingency tables comparing the forecast
tercile with the observed tercile, over the hindcast period.
3.3.4 Stratification by season

If available 12 rolling three-month periods (e.g.
MAM, AMJ, MJJ). Otherwise four conventional seasons
(as specified in Section 3.1.4).

3.3.5 Leadtime

Preferred minimum: two leadtimes, one prefer-
ably to be two weeks or greater, with a leadtime not
greater than four months.
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3.3.6 Stratification according to the state of ENSO
Stratification by the state of ENSO should be

provided if sufficient ENSO events are contained with-

in the hindcast period used. Scores should be provided

for each of three categories:

(@) All hindcast seasons;

(b) Seasons with EI Nifio active;

() Seasons with La Nifia active.

3.4  Grid-point data for mapping

The information requested in this section is the
digital data required to produce the maps described in
Section 3.2, with some additional information associ-
ated with the MSSS diagnostic. This will allow maps to
be generated by users (or the lead centre) in a consis-
tent format and allow access to maps for 12 rolling
seasons rather than the four conventional seasons
specified in Section 3.2.
3.4.1 Grid-point verification data to be produced for
each of the following variables

T2m

Precipitation

Sea-surface temperature
3.4.2 Verification parameters to be produced for
deterministic verification

The necessary parameters for reconstructing the
MSSS decomposition, the number of forecast/observa-
tion pairs, the mean square error of the forecasts and of
climatology and the MSSS are all part of the Core SVS
(as specified in Attachment I1-9). Significance estimates
for the correlation, variance, bias, MSE and MSSS terms
should also be supplied.
3.4.3 Verification to be provided for probability fore-
casts

ROC area for three tercile categories.
Significance of the ROC scores should also be
provided.
3.4.4 Stratification by season

If available 12 rolling three-month periods (e.g.
MAM, AMJ, MJJ). Otherwise four conventional seasons
(as in specified in Section 3.1.4).
3.4.5 Leadtime

Preferred minimum: two leadtimes, one prefer-
ably to be two weeks or greater, with a leadtime not
greater than four months.
3.4.6 Stratification according to the state of ENSO

Stratification by the state of ENSO should be
provided if sufficient ENSO events are contained with-
in the hindcast period used. Scores should be provided
for each of three categories:
(@) All hindcast seasons;
(b) Seasons with EI Nifio active;
() Seasons with La Nifia active.

35  Verification for indices
3.5.1 Indices to be verified

NINO3.4 region SST anomalies. Other indices
may be added in due course.

3.5.2 Scores to be calculated for probabilistic forecasts

ROC area for three tercile categories. Where
dynamical forecast models are used, scores should be
aggregated over all grid-points of the verification data
set in the NINO3.4 region. It is recommended that sig-
nificance of the ROC scores should also be calculated.
3.5.3 Scores to be calculated for deterministic fore-
casts

The three terms of the Murphy decomposition
of MSSS, produced with climatology as standard refer-
ence forecast. As a second, optional, control it is
recommended that damped persistence be used.

Where dynamical models are used, the MSSS
decomposition should be calculated for the grid-point
averaged NINO3.4 anomaly.

Significance estimates should accompany each
of the three terms.
3.5.4 Stratification by month
Verification should be provided for each calendar
month.
3.5.5 Leadtime

Verification for each month should be provided
for six lead times. Namely zero-lead and leads of 1, 2,
3, 4 and 5 months. Additional lead times are encour-
aged if available.

4. STAGED IMPLEMENTATION
In order to ease implementation, producers
may stage the provision of the elements of the core SVS
according to the following recommendation:
(a) [Initial exchange: verification at Levels 1 and 2;
(b) Six-months after initial exchange: verification at
Level 3;
(c) Twelve-months after initial exchange: inclusion
of estimates of skill significance for verification at
Levels 1 and 2.

5. VERIFICATION DATA SETS

The key list of data sets to be used in the core
SVS for both climatological and verification
information is provided below. The same data should
be used for both climatology and verification, although
the centre’s analysis (where available) and the ECMWF
and NCEP/NCAR Reanalyses and subsequent analyses
may be used when other data are not available. Many
seasonal forecasts are produced that may not use the
data in either the key climatology or verification data
sets (for example, there are numerous systems which
predict seasonal rainfall over part of, or over an entire,
country). Appropriate data sets should then be used
with full details provided.

51  Sea-surfacetemperature

Reynolds Ol, for the period 1981 to present.
The data set of Smith, et al. (1996) for the period
1971-1980.
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5.2 Precipitation
Xie-Arkin and/or the Global Precipitation
Climatology Project.

53  T2m screen temperature

UKMO/CRU T2m data set.

When gridded data sets are used, a 2.5° x 2.5°
grid is recommended.

6. SYSTEM DETAILS

Information will be requested for the exchange
of scores concerning the following details of the fore-
cast system:

Is the system numerical/hybrid/empirical?

Is the system deterministic/probabilistic?

List of parameters being assessed.

List of regions for each parameter.

List of forecast ranges (lead times) and periods

(e.g. seasonal average) for each parameter.

6. The number of hindcasts/predictions incorporat-
ed in the assessment and the dates of these
hindcasts/predictions.

7. Details of climatological and verification data sets
used (with details of quality controls when these
are not published).

8. If appropriate, resolution of fields used for clima-
tologies and verification.

aghrwpdPE
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ANNEX
ADDITIONAL DIAGNOSTICS

1. Categorical forecasts
Linear error in probability space for categorical
forecasts (LEPSCAT)
Bias
Post agreement
Per cent correct

2. Probability forecasts of binary predictands
Brier score
Brier skill score with respect to climatology
Continuous rank probability score

3. Probability of multiple category predictands
Ranked probability score
Ranked probability skill score with respect to
climatology

4. Continuous forecasts in space
Murphy-Epstein decomposition (phase error,
amplitude error, bias error) including the anomaly
correlation

ATTACHMENT I1.9

Standar dized verification system (SVS) for
long-range forecasts (L RF)

1 INTRODUCTION

The WMO Commission for Basic Systems (CBS) noted
that there has been considerable progress in the devel-
opment of long-range forecasting activities but that no
comprehensive documentation of skill levels measured
according to a common standard was available. It was
noted that assessments of the scientific quality of long-
range forecasts were not generally made available to
users, apart from simple measures of skill and warning
provided along with Internet products from some issu-
ing centres/institutes.

Long-range forecasts are being issued from sev-
eral centres/institutes and are being made available in
the public domain. Forecasts for specific locations may
differ substantially at times, due to the inherent
limited skill of long-range forecast systems. The
Commission acknowledged the scientific merit of those
differences and encouraged the various approaches as a
means to spur progress on the research front. However,
concerns were raised that this situation tended to lead
to confusion amongst users, and ultimately was reflect-
ing back on the science behind long-range forecasts.

There was agreement on the need to have a
more coherent approach to verification of long-range
forecasts. The Commission agreed that its role was to
develop procedures for the exchange of verification
results, with a particular focus on the practical details
of producing and exchanging appropriate verification
scores.

This document presents the detailed specifica-
tions for the development of a standardized
verification system (SVS) for long-range forecasts (LRF)
within the framework of a WMO exchange of verifica-
tion scores. The SVS for LRF described herein
constitutes the basis for long-range forecast evaluation
and validation, and for exchange of verification scores.
It will grow as more requirements are adopted.

2. DEFINITIONS

21 L ong-range forecasts

LRF extend from 30 days up to two years and are
defined in Table 1.

Seasons have been loosely defined in the north-
ern hemisphere as December-January-February (DJF)
for winter (summer in the southern hemisphere),
March-April-May (MAM) for spring (fall in the south-
ern hemisphere), June-July-August (JA) for summer
(winter in the southern hemisphere) and September-
October-November (SON) for fall (spring in the south-
ern hemisphere). In the Tropical areas, seasons may
have different definitions. Outlooks over longer
periods such as multi-seasonal outlooks or tropical
rainy season outlooks may be provided.
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Table 1
Definition of long-range forecasts

Monthly outlook: Description of averaged weather
parameters expressed as departures

from climate values for that month

Three-month or
90-day outlook:

Description of averaged weather
parameters expressed as departures
from climate values for that
three-month or 90-day period

Seasonal outlook: Description of averaged weather
parameters expressed as departures

from climate values for that season

It is recognized that in some countries, long-
range forecasts are considered to be climate products.

This document is mostly concerned with the
three-month or 90-day outlooks and the seasonal out-
looks.

2.2 Deterministic long-range forecasts

Deterministic LRF provide a single expected
value for the forecast variable. The forecast may be pre-
sented in terms of an expected category (referred to as
categorical forecasts, e.g. equiprobable terciles) or may
take predictions of the continuous variable (non-cate-
gorical forecasts). Deterministic LRF can be produced
from a single run of a numerical weather prediction
(NWP) model or a general circulation model (GCM), or
can be produced from the grand mean of the members
of an ensemble prediction system (EPS), or can be
based on an empirical model.

The forecasts are either objective numerical val-
ues such as departure from normal of a given
parameter or expected occurrences (or non-occur-
rences) of events classified into categories
(above/below normal or above/near/below normal for
example). Although equi-probable categories is pre-
ferred for consistency, other classifications can be used
in a similar fashion.

23 Probabilistic long-range forecasts

Probabilistic LRF provide probabilities of occur-
rences or non-occurrences of an event or a set of fully
inclusive events. Probabilistic LRF can be generated
from an empirical model, or produced from an EPS.

The events can be classified into categories
(above/below normal or above/near/below normal for
example). Although equi-probable categories are pre-
ferred for consistency, other classifications can be used
in a similar fashion.

24 Terminology
There is no universally accepted definition of
forecast period and forecast lead time. However, the
definition in Table 2 will be used in this document.
Figure 1 presents the definitions of Table 2 in
graphical format.

Table 2
Definition of forecast period and lead time

Forecast period: Forecast period is the validity period
of a forecast. For example, long-range
forecasts may be valid for a 90-day

period or a season.

Lead time: Lead time refers to the period of time
between the issue time of the forecast
and the beginning of the forecast
validity period. Long-range forecasts
based on all data up to the beginning
of the forecast validity period are said
to be of lead zero. The period of time
between the issue time and the begin-
ning of the validity period will
categorize the lead. For example, a
winter seasonal forecast issued at the
end of the preceding summer season is
said to be of one season lead. A sea-
sonal forecast issued one month
before the beginning of the validity
period is said to be of one month lead.

Forecast range determines how far into the
future LRF are provided. Forecast range is thus the
summation of lead time and forecast period.

Persistence, for a given parameter, stands for
persisting the anomaly which has been observed over
the period of time with the same length as the forecast
period and immediately prior to the LRF issue time (see
Figure 1). It is important to realize that only the anom-
aly of any given parameter can be persisted. The
persisted anomaly is added to the background clima-
tology to retrieve the persisted parameter. Climatology
is equivalent to persisting a uniform anomaly of zero.

3. SVSFOR LONG-RANGE FORECASTS
31 Parametersto be verified

The following parameters are to be verified:

(a) Surface air temperature (T2m) anomaly at screen
level;

(b) Precipitation anomaly;

(c) Sea-surface temperature (SST) anomaly.

In addition to these three parameters, the
Nifio3.4 Index, defined as the mean SST anomaly over
the Nifio-3.4 region from 170°W to 120°W and from
5°S to 5°N, all inclusive, is also to be verified.

It is recommended that three levels of verifica-
tion be done:

(a) Level 1: large scale aggregated overall measures of
forecast performance (see section 3.1.1).

Per5|stence

‘/

| Forecast issue time | | Lead time | | Forecast period |

‘ ‘ L
>

Figure 1 — Definition of forecast period, lead time and persistence as
applied in a forecast verification framework
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(b) Level 2: verification at grid-points (see section
3.1.2).

(c) Level 3: grid-point by grid-point contingency
tables for more extensive verification (see section
3.1.3).

Both deterministic and probabilistic forecasts are veri-

fied if available. Level 1 is applicable to T2m anomaly,

Precipitation anomaly and Nifio3.4 Index. Levels 2 and

3 are applicable to T2m anomaly, precipitation anom-

aly and SST anomaly.

3.1.1 Aggregated verification (level 1)

Large-scale verification statistics are required in
order to evaluate the overall skill of the models and
ultimately for assessing their improvements. These are
bulk numbers calculated by aggregating verification at
grid-points and should not be used to assess regional-
ized skill. This aggregated verification is performed
over three regions:

(a) Tropics: from 20°S to 20°N all inclusive;

(b) Northern extratropics: from 20°N to 90°N, all
inclusive;

(c) Southern extratropics: from 20°S to 90°S, all inclusive.

The verification of Nifio3.4 Index is also part of level 1

verification.

3.1.2 Grid-point verification (level 2)

The grid point verification is recommended for
a regionalized assessment of the skill of the model. The
appropriate way to make these verifications available is
by visual rendering. The verification latitude/longitude
grid is recommended as being 2.5° x 2.5°, with origin
at 0°N, O°E.

3.1.3 Contingency tables (level 3)

It is recommended to make available the raw
verification material used for the grid-point verifica-
tion in section 3.1.2. This data is provided in
contingency tables to allow users to perform more
detailed verifications and generate statistics that are
relevant for localized regions. The contingency tables
are defined in sections 3.3.2 and 3.3.3. It is recom-
mended to code all contingency tables at all
grid-points into a single file. Forecasts producers are
required to provide a complete description of the for-
mat to ensure proper decoding of these contingency
table files.

3.1.4 Summary of the core SVS
The following chart gives a summary of what is part of
the core SVS:

Level 1

Parameters Verification regions

T2m anomaly
Precipitation anomaly

Tropics
Northern extratropics
Southern extratropics

(section 3.1.1)
Nifio3.4 Index N/A

Deterministic forecasts

MSSS (bulk number)

(section 3.3.1)
MSSS (bulk number)

(section 3.3.1)

Probabilistic forecasts

ROC curves

ROC areas

Reliability diagrams
Frequency histograms
(sections 3.3.3 and 3.3.4)

ROC curves

ROC areas

Reliability diagrams
Frequency histograms

(sections 3.3.3 and 3.3.4)

Level 2

T2m anomaly
Precipitation anomaly
SST anomaly

Grid-point verification
on a 2.5° by 2.5° grid

(section 3.1.2)

MSSS and its three-term
decomposition at each
grid-point in graphic
representation number of
forecast-observation pairs
mean of observations and
forecasts variance of
observations and forecasts

correlation of forecasts and

observations
(section 3.3.1)

ROC areas at each
grid-point in graphic
representation

(section 3.3.3)

Level 3

T2m anomaly
Precipitation anomaly
SST anomaly

Grid-point verification
on a 2.5° by 2.5° grid

(section 3.1.2)

3 by 3 contingency tables
at each grid-point

(section 3.3.2)

ROC reliability tables at
at each grid-point

(section 3.3.3)
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The number of realizations of LRF is far smaller
than in the case of short-term numerical weather pre-
diction forecasts. Consequently it is mandatory as part
of the core SVS, to calculate and report error bars and
level of significance (see section 3.3.5).

In order to ease implementation, participating
LRF producers may stage the introduction of the core
SVS according to the following priorities:

(a) Verification at levels 1 and 2 in the first year of
implementation;

(b) Verification at level 3 by the middle of the year
following implementation of levels 1 and 2;

(c) Level of significance by the end of the year fol-
lowing implementation of levels 1 and 2.

Other parameters and indices to be verified as
well as other verification scores can be added to the
core SVS in future versions.

3.2  Verification strategy

LRF verification should be done on a
latitude/longitude grid, and at individual stations or
groups of stations representing grid boxes or local areas
as defined in section 3.1.1. Verification on a
latitude/longitude grid is performed separately from
the one done at stations.

The verification latitude/longitude grid is rec-
ommended as being 2.5° x 2.5°, with origin at 0°N, 0°E.
Both forecasts and the gridded verifying data sets are to
be interpolated onto the same 2.5° x 2.5° grid.

In order to handle spatial forecasts, predictions
for each point within the verification grid should be
treated as individual forecasts but with all results com-
bined into the final outcome. The same approach is
applied when verification is done at stations.
Categorical forecast verification can be performed for
each category separately.

Similarly, all forecasts are treated as independ-

ent and combined together into the final outcome,
when verification is done over a long period of time
(several years for example).
Stratification of the verification data is based on fore-
cast period, lead time and verification area. For
example, seasonal forecast verification should be strat-
ified according to season, meaning that verification
results for different seasons should not be mixed.
Forecasts with different lead times are similarly to be
verified separately. It is also recommended to stratify
verification according to warm and cold ENSO events
(see Section 7 for definitions).

3.3  Verification scores

The following verification scores are to be used:
(@) Mean square skill score (MSSS);

(b) Relative operating characteristics (ROC).

MSSS is applicable to deterministic forecasts
only, while ROC is applicable to both deterministic
and probabilistic forecasts. MSSS is applicable to non-
categorical forecasts (or to forecasts of continuous

variables), while ROC is applicable to categorical fore-
casts either deterministic or probabilistic in nature.

Verification methodology using ROC, is derived
from signal detection theory. This methodology is
intended to provide information on the characteristics
of systems upon which management decisions can be
taken. In the case of weather/climate forecasts, the
decision might relate to the most appropriate manner
in which to use a forecast system for a given purpose.
ROC is applicable to both deterministic and proba-
bilistic categorical forecasts and is useful in contrasting
characteristics of deterministic and probabilistic sys-
tems. The derivation of ROC is based on contingency
tables giving the hit rate and false alarm rate for deter-
ministic or probabilistic forecasts. The events are
defined as binary, which means that only two out-
comes are possible, an occurrence or a non-occurrence.
It is recognized that ROC as applied to deterministic
forecasts is equivalent to the Hanssen and Kuipers
score (see section 3.3.2).

The binary event can be defined as the occur-
rence of one of two possible categories when the
outcome of the LRF system is in two categories. When
the outcome of the LRF system is in three (or more)
categories, the binary event is defined in terms of
occurrences of one category against the remaining
ones. In those circumstances, ROC has to be calculated
for each possible category.

3.3.1 MSSS for non-categorical deterministic forecasts

Let Xjj and fij (i=1,...,n) denote time series of
observations and continuous deterministic forecasts,
respectively, for a grid-point or station j over the peri-
od of verification (POV). Then, their averages for the
POV, x; and f_j and their sample variances s,;2 and s;2
are given by:

X =r2 Xy f%Z f

i=1 ! i=1

n

Sij:rilZ(Xij_)_(j)z’ Si-:rilin (fij— fj)z

i=1 =1

The mean squared error of the forecasts is:

M$j:ig(fij_Xij) 2

For the case of cross-validated (see section 3.4)
POV climatology forecasts where forecast/observation
pairs are reasonably temporally independent of each
other (so that only one year at a time is withheld), the
mean squared error of climatology forecasts (Murphy,
1988) is:
n—1 2

MSECJ' = Tsxj

The MSSS for j is defined as one minus the ratio
of the squared error of the forecasts to the squared
error for forecasts of climatology:
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MSE ;
M SE g

For the three domains described in section 3.1.1
it is recommended that an overall MSSS be provided.
This is computed as:

MSSS ;=1-

> W,MSE,
> W,MSE,

where w; is unity for verifications at stations and is
equal to cos(6), where 6 is the latitude at grid point j
on latitude-longitude grids.

For either MSSS; or MSSS a corresponding root
mean square skill score (RMSSS) can be obtained easily

from:

MSSS=1-

RMSSS:l—(]_— |\/|S$)}/2

MSSS; for forecasts fully cross-validated (with
one year at a time withheld) can be expanded
(Murphy, 1988) as:

O

0 - 10 B o o
:E i _%E_Hfi_x‘] |:|+ 2n-1 E E+ on-1 é
VSSRGS s By

where rg; is the product moment correlation of the
forecasts and observations at point or station j.

n 0 -
%;@f”— f ;%(u_)_(ﬁ
Sij<j

The first three terms of the decomposition of
MSSS; are related to phase errors (through the correla-
tion), amplitude errors (through the ratio of the
forecast to observed variances) and overall bias error,
respectively, of the forecasts. These terms provide the
opportunity for those wishing to use the forecasts for
input into regional and local forecasts to adjust or
weight the forecasts as they deem appropriate. The last
term takes into account the fact that the climatology
forecasts are cross-validated as well.

Note that for forecasts with the same amplitude
as that of observations (second term unity) and no
overall bias (third term zero), MSSS; will not exceed
zero (i.e. the forecasts squared error will not be less
than for climatology) unless ry,; exceeds approximately
0.5.

rij:

It is recommended that maps of the correlation,
the ratio of the square roots of the variances, and the
overall bias be produced for all forecast parameters and
leads for each of the conventional seasons:

] Sfj e _ O
Map: o — Ef _—XIE, all parameters, leads, and
S : target months and seasons.

In addition to the bulk measures of MSSS and
the maps of the three quantities just described, it is rec-
ommended that a table be produced for every
parameter, lead, and target containing for every station
or grid point j the following quantities:

nf %8s, 1y MSE, MSE, MSSS

As an additional standard against which to
measure forecast set performance, cross-validated
damped persistence (defined below) should be consid-
ered for certain forecast sets. A forecast of ordinary
persistence, for a given parameter and target period,
stands for the persisted anomaly (departure from cross-
validated climatology) from a period immediately
preceding the start of the lead time for the forecast
period (see Figure 1). This period must have the same
length as the forecast period. For example, the ordi-
nary persistence forecast for a 90-day period made 15
days in advance would be the anomaly of the 90-day
period beginning 105 days before the target forecast
period and ending 16 days before. Ordinary persistence
forecasts are never recommended as a standard against
which to measure other forecasts if the performance or
skill measures are based on squared error, like herein.
This is because persistence is easy to beat in this frame-
work.

Damped persistence is the optimal persistence
forecast in a least squared error sense. Even damped
persistence should not be used in the case of extrat-
ropical seasonal forecasts, because the nature of the
interannual variability of seasonal means changes con-
siderably from one season to the next in the
extratropics. For all other cases, damped persistence
forecasts can be made in a cross-validated mode (sec-
tion 3.4) and the skill and performance diagnostics
based on the squared error described above (bulk meas-
ures, maps, and tables) can be computed and presented
for these forecasts.

Damped persistence is the ordinary persistence
anomaly x;; (t - At) - iijm (t — At) damped (multiplied)
towards climatology by the cross-validated, lagged
product moment correlation between the period being
persisted and the target forecast period.

Damped persistence I’Zfb(u(“m)‘f?(“m)ﬁ
forecast:
m %%EK] (t_m)_)_(i;n(t_m)@(n (t)_)_(i:n(t)%
Fa S:](I—At)szl(t)
where t is the target forecast period, t-At the persisted
period (preceding the lead time), and m denotes sum-

mation (for rg“j , ilm s“)‘q.) at each stage of the

cross-validation over ail i except those being currently
withheld (section 3.4).

O MSSS, provided as a single bulk number, is mandatory for|
level 1 verification in the core SVS. MSSS, together with
its three-term decomposition, are also mandatory for
level 2 verification in the core SVS.
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3.3.2 Contingency tables and scores for categorical
deterministic forecasts

For two- or three-category deterministic fore-
casts, it is recommended that full contingency tables
be provided (digitally not graphically), because it is
recognized that they constitute the most informative
way to evaluate the performance of the forecasts. These
contingency tables then form the basis for several skill
scores that are useful for comparisons between differ-
ent deterministic categorical forecast sets (Gerrity,
1992) and between deterministic and probabilistic cat-
egorical forecast sets (Hanssen and Kuipers, 1965),
respectively.

The contingency tables should be provided for
every combination of parameter, lead time, target
month or season, and ENSO stratification (when
appropriate) at every verification point for both the
forecasts and (when appropriate) damped persistence.
The definition of ENSO events is provided in Section 7.

If xi and fi now denote an observation and cor-
responding forecast of category i (i = 1,...,3), let n;; be
the count of those instances with forecast category i
and observed category j. The full contingency table is
defined as the nine ny. Graphically, the nine-cell
counts are usually arranged with the forecasts defining
the table rows and the observations the table columns:

Table 3
General three by three contingency table

Observations
Below Near Above
normal | normal | normal
Below normal | ny; Nis Nz [Ng.
Forecasts | Near normal Nyq Noy Nos [Ny,
Above normal | ns; N3 N33  [N3,
Ney N.o N.3 T

In Table 3, n;. and n.; represent the sum of the
rows and columns respectively; T is the total number
of cases. Generally about at least 90 forecast/observa-
tion pairs are required to estimate properly a
three-by-three contingency table. Thus it is recom-
mended that the provided tables be aggregated by
users ovefwindows of target periods, like several adja-
cent months or overlapping three-month periods, or
over verification points. In the case of the latter, the
weights W; should be used in summing nij over differ-
ent points i (see discussion on Table 4). W; is defined
as:

W; = 1 when verification is done at stations or
at single grid-points within a 10 degree box; W; = cos
(6) at grid point i, when verification is done on a grid
and 6, the latitude at grid-point i.

On a 2.5 degree latitude-longitude grid, the
minimally acceptable sample is easily attained even
with a record as short as n = 10 by aggregating over all
grid points with a 10 degree box. Or alternatively in

this case, an adequate sample can be achieved by
aggregation over three adjacent months or overlapping
three-month periods and within a 5 degree box.
Regardless, scores derived from any contingency table
should be accompanied by error bars, confidence inter-
vals or level of significance.

Contingency tables such as the one in Table 3
are mandatory for level 3 verification in the core SVS.

The relative sample frequencies p;; are defined
as the ratios of the cell counts to the total number of
forecast/observation pairs N (n is reserved to denote
the length of the POV):

pij = Ni/N

The sample probability distributions of fore-
casts and observations, respectively, then become:

Bfg:i =P ;i=1 .3
P iD.lpij pi'

p@(@tgpji P

A recommended skill score for the three-by-
three table which has many desirable properties and is
easy to compute is the Gerrity skill score (GSS). The
definition of the score uses a scoring matrix s; (i =
1,...,3), which is a tabulation of the reward or penalty
every forecast/observation outcome represented by the
contingency table will be accorded:

=33 ps

i=1 j=1
The scoring matrix is given by:
0-1 2

-1 D
S-:Ra "2a.

1

S72

g 1<i<3,i<j<3

oo

la{_l_(j _1)+za

=1 r=j

where:

Note that GSS is computed using the sample
probabilities, not those on which the original catego-
rizations were based (i.e. 0.33, 0.33, 0.33).

The GSS can be alternatively computed by the
numerical average of two of the three possible two-cat-
egory, unscaled Hannssen and Kuipers scores
(introduced below) that can be computed from the
three-by-three table. The two are computed from the
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two two-category contingency tables formed by com-
bining categories on either side of the partitions
between consecutive categories: (a) above normal and
a combined near and below normal category; and (b)
below normal and a combined near and above normal
category.

The GSS’s ease of construction ensures its con-
sistency from categorization to categorization and with
underlying linear correlations. The score is likewise
equitable, does not depend on the forecast distribu-
tion, does not reward conservatism, utilizes off
diagonal information in the contingency table, and
penalizes larger errors more. For a limited subset of
forecast situations it can be manipulated by a forecast-
er to his/her advantage (Mason and Mimmack, 2002),
but this is not a problem for objective forecast models
that have not been trained to take advantage of this
weakness. For all these reasons it is the recommended
score.

An alternative score to the GSS for considera-
tion is LEPSCAT (Potts, et al., 1996).

Table 4 shows the general form for the three
possible two-by-two contingency tables referred to
above (the third is the table for the near normal cate-
gory and the combined above and below normal
category). In Table 4, T is the grand sum of all the prop-
er weights applied on each occurrence and
non-occurrence of the events.

Table 4
General ROC contingency table for
deterministic forecasts

Observations
Non-
Occurrences | occurrences
Occrrences 04 NO, 0,+NO4
Forecasts | Non- 0, NO, 0,+NO,
occurrences
0,+0, | NO;+NO, T

The two-by-two table in Table 4 may be con-
structed from the three-by-three table described in
Table 3 by summing the appropriate rows and
columns.

In Table 4, O, represents the correct forecasts or
hits:

0y = 2W; (OF),

(OF) being 1 when the event occurrence is observed
and forecast; 0 otherwise. The summation is over all
grid-points or stations.

NO; represents the false alarms:

NO; = 2W; (NOF);
(NOF) being 1 when the event occurrence is not

observed but was forecast; 0 otherwise. The summation
is over all grid-points or stations.

O, represents the misses:
02 = ZWI (ONF)I

(ONF) being 1 when the event occurrence is
observed but not forecast; 0 otherwise. The summation
is over all grid-points or stations.

NO, represents the correct rejections:

NO, = 2W; (NONF);

(NONF) being 1 when the event occurrence is
not observed and not forecast; 0 otherwise. The sum-
mation is over all grid-points or stations.

W; = 1 when verification is done at stations or
at single grid-points; W; = cos (6, at grid-point i, when
verification is done on a grid and 6, the latitude at grid-
point i.

When verification is done at stations, the
weighting factor is one. Consequently, the number of
occurrences and non-occurrences of the event are
entered in the contingency table of Table 4.

However, when verification is done on a grid,
the weighting factor is cos(6,), where 6, is the latitude
at grid point i. Consequently, each number entered in
the contingency table of Table 5, is, in fact, a summa-
tion of the weights properly assigned.

Using stratification by observations (rather
than by forecast), the hit rate (HR) is defined as (refer-
ring to Table 4):

HR =%1/(0, + 0,)

The range of values for HR goes from 0 to 1, the
latter value being desirable. An HR of one means that
all occurrences of the event were correctly forecast.

The false alarm rate (FAR) is defined as:

FAR = NO1/(No, 4+ NO,)

The range of values for FAR goes from 0 to 1,
the former value being desirable. A FAR of zero means
that in the verification sample, no non-occurrences of
the event were forecast to occur.

Hanssen and Kuipers Score (see Hanssen and
Kuipers, 1965 and Stanski, et al., 1989) is calculated for
deterministic forecasts. The Hanssen and Kuipers Score
(KS) is defined as:

KS=HR-FAR
__O.NO,"O,NO,
0,*0,ANO,*NO,-

The range of KS goes from -1 to +1, the latter
value corresponding to perfect forecasts (HR being 1
and FAR being 0). KS can be scaled so that the range of
possible values goes from 0 to 1 (1 being for perfect
forecasts):
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_KS+1

KSs:aJed T2

The advantage of scaling KS is that it becomes
comparable to the area under the ROC curve for prob-
abilistic forecasts (see section 3.3.3) where a perfect
forecast system has an area of 1 and a forecast system
with no information has an area of 0.5 (HR being equal
to FAR).

0 Contingency tables for deterministic categorical fore-
casts (such as in Table 3) are mandatory for level 3
verification in the core SVS. These contingency tables
can provide the basis for the calculation of several
scores and indices such as the Gerrity Skill Score, the
LEPSCAT or the scaled Hanssen and Kuipers Score and
others.

3.3.3 ROC for probabilistic forecasts
Tables 5 and 6 show contingency tables (similar
to Table 4) that can be built for probabilistic forecasts
of binary events.
Table 5
General ROC contingency table for probabilistic
forecasts of binary events with definitions of the
different parameters. This contingency table
applies when probability thresholds are used to
define the different probability bins

Bin Forecast Observed Observed
number probabilities occurrences non-occurrences
1 0-P, (%) 0, NO,
2 Po—P3 (%) 0, NO,
3 P3—P,4 (%) O, NO;
n Pr—Pn+1 (%) On NOp,
N PN—100 (%) On NOy

In Table 5, n = number of the nth probability
interval or bin n; n goes from 1 to N; P,, = lower prob-
ability limit for bin n; P,,;1 = upper probability limit for
bin n; N = number of probability intervals or bins.

0, = 2W, (0);

(O) being 1 when an event corresponding to a
forecast in bin n, is observed as an occurrence; 0 oth-
erwise. The summation is over all forecasts in bin n, at
all grid points or stations.

NO, = 2W; (NO);

(NO) being 1 when an event corresponding to a
forecast in bin n, is not observed; 0 otherwise. The
summation is over all forecasts in bin n, at all grid-
points i or stations i.

W; = 1 when verification is done at stations or
at single grid points; W; = cos (6) at grid-point i, when
verification is done on a grid; 6, the latitude at grid-
point i.

Table 6
General ROC contingency table for probabilistic
forecasts of binary events with definitions of the
different parameters. This contingency table
applies when the different probability bins are
defined as function of the number of members in
the ensemble

Bin Member Observed Observed
number distribution occurrences non-occurrences
1 F=0, NF=N (o} NO,
2 F=1, NF=N-1 o, NO,
3 F=2, NF=N-2 O, NO,
n F=n-1, O, NO,,
NF=N-n+1
N+1 F=N, NF=0 Ons1 NOp:1

In Table 6, n = number of the nth bin; n goes
from 1 to N+1; N = number of members in the ensem-
ble; F = the number of members forecasting occurrence
of the event; NF = the number of members forecasting
non occurrence of the event. The bins may be
aggregated:

0,= 2W; (),

(O) being 1 when an event corresponding to a
forecast in bin n is observed as an occurrence; 0 other-
wise. The summation is over all forecasts in bin n, at all
grid-points i or stations i.

NO,, = 2W; (NO);

(NO) being 1 when an event corresponding to a
forecast in bin n is not observed; 0 otherwise. The sum-
mation is over all forecasts in bin n, at all grid points i
or stations i.

W; = 1 when verification is done at stations or
at single grid points; W, = cos (6) at grid-point i, when
verification is done on a grid and 6, the latitude at grid-
point i.

To build the contingency table in Table 6, prob-
ability forecasts of the binary event are grouped in
categories or bins in ascending order, from 1 to N, with
probabilities in bin n-1 lower than those in bin n (n
goes from 1 to N). The lower probability limit for bin n
is P,.; and the upper limit is P,. The lower probability
limit for bin 1 is 0%, while the upper limit in bin N is
100%. The summation of the weights on the observed
occurrences and non-occurrences of the event corre-
sponding to each forecast in a given probability
interval (bin n for example) is entered in the contin-
gency table.

Tables 5 and 6 outline typical contingency
tables. It is recommended that the number of proba-
bility bins remains between 9 and 20. The forecast
providers can bin according to per cent thresholds
(Table 5) or ensemble members (Table 6) as deemed
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necessary. Table 6 gives an example of a table based on
ensemble members.

Hit rate and false alarm rate are calculated for
each probability threshold P, (see Tables 5 and 6). The
hit rate for probability threshold P,, (HR,) is defined as
(referring to Tables 5 and 6):

>0

i=1

and the false alarm rate (FAR,)) is defined as:

>NO
FAR "

> NO

where n goes from 1 to N. The range of values for HR,
goes from 0 to 1, the latter value being desirable. The
range of values for FAR,, goes from O to 1, zero being
desirable. Frequent practice is for probability intervals
of 10% (10 bins, or N=10) to be used. However the
number of bins (N) should be consistent with the num-
ber of members in the EPS used to calculate the
forecast probabilities. For example, intervals of 33% for
a nine-member ensemble system could be more appro-
priate.

Hit rate (HR) and false alarm rate (FAR) are cal-
culated for each probability threshold P,, giving N
points on a graph of HR (vertical axis) against FAR
(horizontal axis) to form the ROC curve. This curve, by
definition, must pass through the points (0,0) and (1,1)
(for events being predicted only with >100% probabil-
ities (never occurs) and for all probabilities exceeding
0%, respectively). No-skill forecasts are indicated by a
diagonal line (where HR=FAR); the further the curve
lies towards the upper left-hand corner (where HR=1
and FAR=0) the better.

The area under the ROC curve is a commonly
used summary statistics representing the skill of the
forecast system. The area is standardized against the
total area of the figure such that a perfect forecast sys-
tem has an area of one and a curve lying along the
diagonal (no information) has an area of 0.5. The nor-
malized ROC area has become known as the ROC
score. Not only can the areas be used to contrast dif-
ferent curves, but they are also a basis for Monte Carlo
significance tests. It is proposed that Monte Carlo test-
ing should be done within the forecast data set itself.
The area under the ROC curve can be calculated using
the Trapezium rule. Although simple to apply, the
Trapezium rule renders the ROC score dependent on
the number of points on the ROC curve, and care
should be taken in interpreting the results. Other tech-
niques are available to calculate the ROC score (see
Mason, 1982).

0 Contingency tables for probabilistic forecasts (such as
in Tables 5 and 6) are mandatory for level 3 verification
in the core SVS. ROC curves and ROC areas are manda-
tory for level 1 verification in the core SVS while ROC
areas only are mandatory for level 2 verification in the
core SVS.

3.3.4 Reliability diagrams and frequency histograms
for probabilistic forecasts

It is recommended that the construction of reli-
ability curves (including frequency histograms to
provide indications of sharpness) be done for the large-
sampled probability forecasts aggregated over the
tropics and, separately, the two extratropical hemi-
spheres. Given frequency histograms, the reliability
curves are sufficient for the ROC curve, and have the
advantage of indicating the reliability of the forecasts,
which is a deficiency of the ROC. It is acknowledged
that the ROC curve is frequently the more appropriate
measure of forecast quality than the reliability diagram
in the context of verification of long-range forecasts
because of the sensitivity of the reliability diagram to
small sample sizes. However, because measures of fore-
cast reliability are important for modellers, forecasters,
and end-users, it is recommended that in the excep-
tional cases of the forecasts being spatially aggregated
over the tropics and over the two extratropical hemi-
spheres, reliability diagrams be constructed in addition
to ROC curves.

The technique for constructing the reliability
diagram is somewhat similar to that for the ROC.
Instead of plotting the hit rate against the false alarm
rate for the accumulated probability bins, the hit rate
is calculated only from the sets of forecasts for each
probability bin separately, and is plotted against the
corresponding forecast probabilities. The hit rate for
each probability bin (HR,) is defined as:

@)

HR,=——=1

O.'NO,

This equation should be contrasted with the hit
rate used in constructing the ROC diagram.

Frequency histograms are constructed similarly
from the same contingency tables as those used to pro-
duce reliability diagrams. Frequency histograms show
the frequency of forecasts as a function of the proba-
bility bin. The frequency of forecasts (F,) for
probability bin n is defined as:

Fn=O”+TNO"

where T is the total number of forecasts.

0 Reliability diagrams and frequency histograms are
mandatory for level 1 verification in the core SVS.
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3.3.5 Level of significance

Because of the increasing uncertainty in verifi-
cation statistics with decreasing sample size,
significance levels and error bars should be calculated
for all verification statistics. Recommended procedures
for estimating these uncertainties are detailed below.

ROC area

In certain special cases, the statistical significance of
the ROC area can be obtained from its relationship to
the Mann-Whitney U-statistic. The distribution prop-
erties of the U-statistic can be used only if the samples
are independent. This assumption of independence
will be invalid when the ROC is constructed from fore-
casts sampled in space because of the strong spatial
(cross) correlation between forecasts (and observa-
tions) at nearby grid-points or stations. However,
because of the weakness of serial correlation of season-
al climate anomalies from one year to the next, an
assumption of sequential independence may frequent-
ly be wvalid for long-range forecasts, and so
Mann-Whitney U-statistic may be used for calculating
the significance of the ROC area for a set of forecasts
from a single point in space. An additional assumption
for using the Mann-Whitney U-test is that the vari-
ance of the forecast probabilities (not that of the
individual ensemble predictions themselves) for when
non-events occurred is the same as those for when
events occurred. The Mann-Whitney U-test is, howev-
er, reasonably robust to violations of homoscedasticity
which means that the variance of the error term is con-
stant across the range of the variable, and so
significance tests in cases of unequal variance are like-
ly to be only slightly conservative.

If the assumptions for the Mann-Whitney U-
test cannot be held, the significance of the ROC area
should be calculated using randomization procedures.
Because the assumptions of permutation procedures
are the same as those of the Mann-Whitney U-test,
and because standard bootstrap procedures assume
independence of samples, alternative procedures such
as moving block bootstrap procedures (Wilks, 1997)
should be conducted to ensure that the cross- and/or
serial-correlation structure of the data is retained.

ROC curves

Confidence bands for the ROC curve should be
indicated, and can be obtained either by appropriate
bootstrap procedures, as discussed above, or, if the
assumption of independent forecasts is valid, from
confidence bands derived from a two-sample
Kolmogorov-Smirnov test comparing the empirical
ROC with the diagonal.

MSSS

Appropriate significance tests for the MSSS and
the individual components of the decomposition
again depend upon the validity of the assumption of

independent forecasts. If the assumption is valid, sig-
nificance tests could be conducted using standard
procedures (namely the F-ratio for the correlation and
for the variance ratio, and the t-test for the difference
in means), otherwise bootstrap procedures are recom-
mended.

O Level of significance is mandatory in the core SVS. A
phased-in introduction of level of significance in the
SVS may be used (see section 3.1.4).

34 Hindcasts

In contrast to short- and medium-range
dynamical NWP forecasts, LRF are produced relatively
few times a year (for example, one forecast for each
season or one forecast for the following 90-day period,
issued every month). Therefore the verification sam-
pling for LRF may be limited, possibly to the point
where the validity and significance of the verification
results may be questionable. Providing verification for
a few seasons, or even over a few years only may be
misleading and may not give a fair assessment of the
skill of any LRF system. LRF systems should be verified
over as long a period as possible in hindcast mode.
Although there are limitations on the availability of
verification data sets and in spite of the fact that vali-
dating numerical forecast systems in hindcast mode
requires large computer resources, the hindcast period
should be as long as possible. Because of verification
data availability, it is recommended to do hindcast
over the period from 1981 to present. If data is avail-
able, it is recommended to extend the period back to
1971.

Verification in hindcast mode should be
achieved in a form as close as possible to the real-time
operating mode in terms of resolution, ensemble size
and parameters. In particular, dynamical/empirical
models must not make any use of future data.
Validation of empirical models, dynamical models
with post-processors (including bias corrections), and
calculation of period of verification means, standard
deviations, class limits, etc. must be done in a cross-
validation framework. Cross-validation allows the
entire sample to be used for validation (assessing per-
formance, developing confidence intervals, etc.) and
almost the entire sample for model and post-processor
building and for estimation of period of verification
climatology. Cross-validation proceeds as follows:

1. Delete 1, 3, 5, or more years from the complete
sample;

2. Build the statistical model or compute the clima-
tology;

3. Apply the model (e.g. make statistical forecasts or
post-process the dynamical forecasts) or the cli-
matology for one (usually the middle) year of
those deleted and verify;

4. Replace the deleted years and repeat 1-3 for a dif-
ferent group of years;
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5. Repeat 4 until the hindcast verification sample is
exhausted.

Ground rules for cross-validation are that every
detail of the statistical calculations be repeated, includ-
ing redefinition of climatology and anomalies, and
that the forecast year predictors and predictands are
not serially correlated with their counterparts in the
years reserved for model building. For example, if adja-
cent years are correlated but every other year is
effectively not, three years must be set aside and fore-
casts made only on the middle year (see Livezey, 1999
for estimation of the reserved window width).

The hindcast verification statistics should be
updated once a year based on accumulated forecasts.

O Verification results over the hindcast period are manda-
tory for the exchange of LRF verification scores.

35 Real-time monitoring of forecasts

It is recommended that there be regular moni-
toring of the real-time long-range forecasts. It is
acknowledged that this real-time monitoring is neither
as rigorous nor as sophisticated as the hindcast verifi-
cation; nevertheless it is necessary for forecast
production and dissemination. It is also acknowledged
that the sample size for this real-time monitoring may
be too small to assess the overall skill of the models.
However, it is recommended that the forecast and the
observed verification for the previous forecast period
be presented in visual format to the extent possible
given the restrictions on availability of verification
data.

4. VERIFICATION DATA SETS
The same data should be used to generate both
climatology and verification data sets, although the
forecasts issuing centres/institutes own analyses or
ECMWEF reanalyses and subsequent operational analy-
ses may be used when other data are not available. Use
of NCEP reanalysis data is also another option.
Many LRF are produced that are applicable to limited
or local areas. It may not be possible to use the data in
either the recommended climatology or verification
data sets for validation or verification purposes in
these cases. Appropriate data sets should then be used
with full details provided.
It is recommended to use:
1. UKMO/CRU for surface air temperature anomaly
at screen level (T2m).
2. Xie-Arkin and/or GPCP for precipitation anomaly.
3. Reynolds Ol for sea-surface temperature (SST)
anomaly. Prior to 1981, the reconstructed SST
database using EOF of Smith, et al., 1996 can be
used.
41  Statusof the verification data sets
The following paragraphs give the status of the
various proposed verification data sets:

4.1.1 Xie-Arkin
Availability:
Period:

Type:

Grid:

Update frequency:
Climatology:
Reference:

Web site:

412 GPCP
Availability:
Period:

Type:

Grid:

Update frequency:
Climatology:
Reference:

Web site:

4.1.3 UKMO/CRU
Availability:

Period:

Type:

Grid:

Update frequency:
Climatology
Reference:

Web site:

NOAA

1979-1998

Rain gauges, satellites and model
precipitation amount values
Choice of grids with missing val-
ues in the polar regions or
completed with model data
Monthly means

2.5° by 2.5°

Every 3 to 6 months

None

Xie, Pingping, Phillip A. Arkin,
1997: Global precipitation: a 17-
year monthly analysis based on
gauge observations, satellite esti-
mates, and numerical model
outputs. Bulletin of the American
Meteorological Society. Volume 78,
Number 11, pp. 2539-2558.
http://www.cdc.noaa.gov/
cdc/data.cmap.html

NASA

1987-1999

Similar to Xie-Arkin data

2.5°by 2.5°

Unknown

None

Huffman, George J., Robert F.
Adler, Philip Arkin, Alfred
Chang, Ralph Ferraro, Arnold

Gruber, John Janowiak, Alan
McNab, Bruno Rudolf, Udo
Schneider, 1997: The Global

Precipitation Climatology Project
(GPCP) combined orecipitation
dataset. Bulletin of the American
Meteorological Society. Volume 78,
Number 1, pp. 5-20.

http://orbit-net.nesdis.noaa.

gov/arad/gpcp/

UKMO/Hadley Centre
1851-1998

Monthly surface air temperature
(T2m) anomalies from 1961-
1990 climate

5° by 5°

Monthly

1961-1990

Jones, P. D., M. New, D. E. Parker,
S. Martin and I. G. Rigor, 1999:
Surface air temperature and its
changes over the past 150 years.
Review of Geophysics, 37, pp. 173-199.
http://www.cru.uea.ac.uk/cru/
data/temperature/
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These data sets are available for use in scientific
research upon the signing of a short license agreement.
4.1.4 Reynolds Ol

Availability: « NOAA/CDC
Period: * 1981-1998
Type: e Weekly or monthly sea-surface
temperature (SST) means
Grid: e 1°hy1°
e 2°by 2°
Update frequency: = 2-4 times a year
Climatology: * None
Reference: ¢ Reynolds, R. W. and T. M. Smith,

1994: Improved global sea sur-
face temperature analyses using
optimum interpolation. Journal
of Climate, 7, pp. 929-948.

e Smith M. T., R. W. Reynolds, R. E.
Livezey and D. C. Stokes, 1996:
Reconstruction of historical sea-
surface  temperatures using
empirical orthogonal functions.
Journal of Climate, pp. 1403-
1420.

e http://www.cdc.noaa.gov/cdc/
data.reynolds_sst.html

Web site:

5. SYSTEM DETAILS

Information must be provided on the system being

verified. This information should include (but is not

restricted to):

1. Whether the system is numerical, empirical or

hybrid.

Whether the system is deterministic or probabilistic.

Model type and resolution.

Ensemble size.

Boundary conditions specifications.

List of parameters being assessed.

List of regions for each parameter.

List of forecast ranges (lead times) and periods for

each parameter.

9. Period of verification.

10. The number of hindcasts or predictions incorpo-
rated in the assessment and the dates of these
hindcasts or predictions.

11. Details of climatological and verification data sets
used (with details on quality control when these
are not published).

12. If appropriate, resolution of fields used for clima-
tologies and verification.

Verification data for the aggregated statistics
and the grid-point data should be provided on the
Web. The contingency tables should be made available
by the Web or anonymous FTP. The lead centre will
take responsibility for defining a common format for
displaying the verification scores. Real-time monitor-
ing should be done as soon as possible and made
available on the Web.

NG kA~WDN
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7. DEFINITIO OF ENSO EVENTS

The following table gives the definition of the
ENSO events. The following list of cold (La Nifia) and warm
(EI Nifio) episodes has been compiled to provide a season-
by-season breakdown of conditions in the tropical Pacific.
The data underlying the following table have been taken
from NOAA/NCEP/CPC at www.cpc.ncep.noaa.gov and
have been subjectively interpolated to fit the conventional
seasons DJF, MMA etc.

Years DJF MAM JA SON
1950 C C C C
1951 C N N N
1952 N N N N
1953 N N N N
1954 N N N C
1955 C N N C
1956 C C C N
1957 N N N w
1958 w w N N




A5 105

Years DJF
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
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Years DJF
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
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1998
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2000
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ANNEX 6 TO RECOMMENDATION 5 (CBS-Ext.(02))

ATTACHMENT 11.10
MODIFICATIONSTO THE MANUAL ON THE GLOBAL DATA-PROCESSING SYSTEM

PROCEDURESAND FORMATS FOR EXCHANGE
OF MONITORING RESULTS

1 GENERAL REMARKS

1.1 Centres participating in the exchange of moni-
toring results will implement standard procedures
and use agreed formats for communicating the infor-
mation both to other centres and to the data
providers. The following list is incomplete and
requires further development in the light of practical
experience. Guidance will be given through the ini-
tiative of the lead centres in their corresponding
fields of responsibility.

1.2 Recognizing the fact that the monthly lists of
suspect stations could be misinterpreted if the meth-
ods of compilation are not completely understood,
they should be circulated only to those centres partici-
pating in the monitoring programme. In addition,
they should contain a clear explanation of the criteria
used and the limitations o the system.

1.3 Lead centres who are informed of remedial
actions being taken should provide this information to
all participating centres. The WMO Secretariat shall
forward, every six months, the information it receives
to the relevant lead centres. All lead centres shall pro-
duce for the WMO Secretariat a yearly summary of

information made available to them and/or of those
actions taken within their area of responsibility.

2. UPPER-AIR OBSERVATIONS
2.1 Monthly exchange for upper-air observations
should include lists of stations/ships with the follow-
ing information.
Month/year
Monitoring centre
Standard of comparison (first-guess/back-
ground field)
Selection criteria: FOR 0000 AND 1200 UTC SEPA-
RATELY, AT LEAST THREE LEVELS
WITH 10 OBSERVATIONS DURING
THE MONTH AND 100 M WEIGHT-
ED RMS DEPARTURE FROM THE
FIELD USED FOR COMPARISON
BETWEEN 1 000 hPa AND 30 hPa.
The gross error limits to be used for observed minus
reference field are as follows:

Level Geop
1 000 hPa 100 m
925 hPa 100 m
850 hPa 100 m
700 hPa 100 m
500 hPa 150 m
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400 hPa 175 m
300 hPa 200 m
250 hPa 225 m
200 hPa 250 m
150 hPa 275 m
100 hPa 300 m
70 hPa 375 m
50 hPa 400 m
30 hPa 450 m
Weights to be used at each level are as follows:
Level Weight
1 000 hPa 3.70
925 hPa 3.55
850 hPa 3.40
700 hPa 2.90
500 hPa 2.20
400 hPa 1.90
300 hPa 1.60
250 hPa 1.50
200 hPa 1.37
150 hPa 1.19
100 hPa 1.00
70 hPa 0.87
50 hPa 0.80
30 hPa 0.64

Data to be listed for each station/ship should include:

WMO identifier

Observation time

Latitude/longitude (for land stations)

Pressure of the level with largest weighted RMS

departure

Number of observations received (including

gross errors)

Number of gross errors

Percentage of observations rejected by the data

assimilation

Mean departure from reference field

RMS departure from reference field (unweighted)
Gross errors should be excluded from the calculation
of the mean and RMS departures. They should not be
taken into account in the percentage of rejected data
(neither the numerator nor denominator).

2.1.1 List 1: Geopotential height
Month/year
Monitoring centre
Standard of comparison (first-guess/back-
ground field)
Selection criteria: FOR 0000 AND 1200 UTC SEPA-
RATELY, AT LEAST THREE LEVELS
WITH 10 OBSERVATIONS DURING
THE MONTH AND 100 M WEIGHT-
ED RMS DEPARTURE FROM THE
FIELD USED FOR COMPARISON
BETWEEN 1 000 hPa AND 30 hPa.
The gross error limits to be used for observed minus
reference field are as follows:

Level Geop
1 000 hPa 100 m
925 hPa 100 m
850 hPa 100 m
700 hPa 100 m
500 hPa 150 m
400 hPa 175 m
300 hPa 200 m
250 hPa 225 m
200 hPa 250 m
150 hPa 275 m
100 hPa 300 m
70 hPa 375m
50 hPa 400 m
30 hPa 450 m
Weights to be used at each level are as follows:
Level Weight
1 000 hPa 3.70
925 hPa 3.55
850 hPa 3.40
700 hPa 2.90
500 hPa 2.20
400 hPa 1.90
300 hPa 1.60
250 hPa 1.50
200 hPa 1.37
150 hPa 1.19
100 hPa 1.00
70 hPa 0.87
50 hPa 0.80
30 hPa 0.64

Data to be listed for each station/ship should include:

WMO identifier

Observation time

Latitude/longitude (for land stations)

Pressure of the level with largest weighted RMS

departure

Number of observations received (including

gross errors)

Number of gross errors

Percentage of observations rejected by the data

assimilation

Mean departure from reference field

RMS departure from reference field (unweighted)
Gross errors should be excluded from the calculation
of the mean and RMS departures. They should not be
taken into account in the percentage of rejected data
(neither the numerator nor denominator).

2.1.2 List 2: Temperature
Besides the geopotential height, temperature

monitoring should be included at standard levels. As
an initial criteria, the gross error thresholds to be con-
sidered could be:

15 (K) for p>700 hPa

10 (K) for 700>=p>50 hPa

15 (K) for p <= 50 hPa
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2.1.3 List 3: Wind
Month/year
Monitoring centre
Standard of comparison (first-guess/background
field)
Selection criteria: FOR 0000 AND 1200 UTC SEPA-
RATELY, AT LEAST ONE LEVEL
WITH 10 OBSERVATIONS DURING
THE MONTH AND 15 m s-1 RMS
VECTOR DEPARTURE FROM THE
FIELD USED FOR COMPARISON,
BETWEEN 1 000 hPa AND 100 hPa.
The gross error limits to be used are as follows:

Level Wind
1 000 hPa 35ms?
925 hPa 35ms?
850 hPa 35ms?
700 hPa 40 ms*
500 hPa 45 ms?
400 hPa 50 ms*
300 hPa 60 ms*
250 hPa 60 ms*
200 hPa 50 ms*
150 hPa 50 ms*
100 hPa 45 ms?

Data to be listed for each selected station/ship should
include:

WMO identifier

Observation time

Latitude/longitude (for land stations)

Pressure of the level with largest RMS departure

Number of observations received (including

gross errors)

Number of gross errors

Percentage of observations rejected by the data

assimilation

Mean departure from reference field for u-component

Mean departure from reference field for v-component

RMS vector departure from reference field
Gross errors should be handled in the same way as for
List 1.

2.1.4 List 4: Wind direction
The method used for computing the wind direc-
tion bias should be included in the reports (clockwise
or aniclockwise)
Month/year
Monitoring centre
Standard of comparison (first-guess/background
field)
Selection criteria: FOR 0000 AND 1200 UTC SEPA-
RATELY, AT LEAST FIVE
OBSERVATIONS AT EACH STAN-
DARD LEVEL FROM 500 hPa TO
150 hPa, FOR THE AVERAGE OVER
THAT LAYER, MEAN DEPARTURE
FROM REFERENCE FIELD AT LEAST

+/- 10 DEGRESS, STANDARD DEVI-
ATION LESS THAN 30 DEGREES,
MAXIMUM VERTICAL SPREAD
LESS THAN 10 DEGREES.

Same limits for gross errors as above. Data for which

the wind speed is less than 5 m s-1, either observed or

calculated, should also be excluded from the statistics.

Data to be listed for each selected station/ship should

include:

WMO identifier

Observation time

Latitude/longitude (for land stations)
Minimum number of observations at each level
from 500 hPa to 150 hPa (excluding gross errors
and data with low wind speed)

Mean departure from reference field for wind
direction, averaged over the layer

Maximum spread of the mean departure at each
level around the average

Standard deviation of the departure from refer-
ence field, aveaged over the layer

(To be completed with information from other lead

centres)

NOTES:

(1) The responsiblity for updating this attachment rests with the
lead centres.

(2) Urgent changes to this attachment recommended by the lead
centres shall be approved, on behalf of the Commission for
Basic Systems, by the president of the Commission.

2.1.5  The profilers should be monitored (suspect plat-

forms) using the same criteria as for the radiosondes.

3. LAND SURFACE OBSERVATIONS
3.1 The criteria for the production of monthly list of
suspect stations are as follows:

3.1.1 List 1: Mean sea level pressure

Element: MSL pressure, surface synoptic observa-
tions at 0000, 0600, 1200 or 1800 UTC compared to
the first-guess field of a data assimilation model (usu-
ally a six-hour forecast).

Number of observations: at least 20 for at least
one observation time, without distinguishing between
observation times.

One or more of the following:

Absolute value of the mean bias = 4 hPa

Standard deviation > 6 hPa

Percentage gross error = 25 per cent (gross error

limit: 15 hPa).

3.1.2 List 2: Station level pressure
The criteria for station-level pressure monitoring
is the same as for MSL pressure above.

3.1.3 List 2: Geopotential height

Element: geopotential height, from surface syn-
optic observations or derived from station-level
pressure, temperature and published station elevations
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at 0000, 0600, 1200 or 1800 UTC compared to the first-
guess field of a data assimilation model (usually a
six-hour forecast).

Number of observations: at least five for at least
one observation time, without distinguishing between
observation times.

One or more of the following:

Absolute value of the mean bias 230 m
Standard deviation 240 m

Percentage gross error =25 per cent (gross error
limit: 100 m).

3.1.4 Precipitaiton

General guidance reflecting Global Precipitation
Climatology Centre (GPCC) procedures for precipita-
tion quality monitoring is given in section 6.3.3.1 of
the Guide on the Global Data-processing System.

NOTES:

(2) All monitoring centres are asked to conform to the above
specified criteria. These monthly lists should be prepared
for at least the regional association of the lead centres
and, if possible, for other regional associations.
Consolidated lists of suspect stations should be produced
every six months by the lead centres (January-June and
July-December) and forwarded to the WMO Secretariat
for further action.

2) The stations on these consolidated lists should be those
appearing on all six-monthly lists of the lead centres.
Other stations could be added to the consolidated list if
the lead centres judges that there is sufficient evidence
for their inclusion. Each centre should send its proposed
consolidated list to all participating monitoring centres
for comment. The final list would then be forwarded to
the WMO Secretariat.

4. SURFACE MARINE OBSERVATIONS
4.1 Monthly exchange for surface marine observa-
tions should include lists of ‘suspect’ ships/buoys/
platforms with the following additional information:
Month/year
Monitoring centre
Standard of comparison: first-guess/background
field of a global data assimilation model —
often a six-hour forecast, but the background
values may be valid at the observation time for
non-main hour data using 4-D VAR or time-
interpolation of T+3, T+6, T+9 forecasts; for SST,
the first-guess/background field may be from a
previous analysis.

All surface marine data may be included, not just
observations at the main hours of 0000, 0600, 1200
and 1800 UTC.

4.2 The elements to be monitored should include:
Mean sea level pressure
Wind speed
Wind direction
and, where possible:

Air temperature

Relative humidity

Sea-surface temperature
4.3 Data to be listed for each ship/buoy/platform
and each element should include:

WMO identifier observation times (if not all times

latitude/longitude (for buoys and platforms)

Number of observations received (including

gross errors)

Number of gross errors

Percentage of observations rejected by the data

assimilation quality control

Mean departure from reference field (bias)

RMS departure from reference field

Gross errors should be excluded from the calcu-

lation of the mean and RMS departures. They should
not be taken into account in the percentage of rejected
data (neither the numerator nor denominator).
4.4 The criteria for the production of the monthly
list of suspect stations are as follows:

4.4.1 List 1: Mean sea-level pressure
Number of observations: at least 20
One or more of the following:
Absolute value of the mean bias = 4 hPa
Standard deviation = 6 hPa
Percentage gross error = 25% (gross error
limit: 15 hPa)

4.4.2 List 2: Wind speed
Number of observations: at least 20
One or more of the following:
Absolute value of the mean bias =5 m s
Percentage gross error = 25% (25 m s* vec-
tor wind)

4.4.3 List 3: Wind direction
Data for which the wind speed is less than
5 m s?, either observed or calculated, should be
excluded from the statistics.
Number of observations: at least 20
One or more of the following:
Absolute value of the mean bias = 30°
Standard deviation = 80°
Percentage gross error = 25% (gross error
limit: 25 m s* vector wind)

4.4.4 List 4: Air temperature
Number of observations: at least 20
One or more of the following:
Absolute value of the mean bias > 4°C
Standard deviation = 6°C
Percentage gross error > 25% (gross error
limit: 15°C)

4.4.5 List 5: Relative humidity
Number of observations: at least 20
One or more of the following:
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Absolute value of the mean bias = 30%
Standard deviation = 40%

Percentage gross error = 25% (gross error
limit: 80%)

4.4.6 List 6: Sea surface temperature
Number of observations: at least 20
One or more of the following:
Absolute value of the mean bias = 3°C
Standard deviation = 5°C
Percentage gross error = 25% (gross error
limit: 10°C)

5. AIRCRAFT DATA
5.1 The criteria for the production of the monthly
list of suspect aircraft temperatures and winds observa-
tions are as follows:
5.1.1 Automated aircraft observations, both AMDAR
and ACARS, will separately be listed as suspect for tem-
peratures and winds in three pressure categories if the
data statistics exceed the criteria defined in paragraph
5.1.2. The three pressure categories are: low surface to
701 hPa; mid to 700 to 301 hPa; and high to 300 hPa
and above. To be considered suspect, the number of
observations must meet minimal counts and the data
statistics versus the guess must exceed at least one cri-
terion or the gross rejection rate must exceed 2 per
cent. Thus, if the magnitude of the temperature or
speed bias exceed the criterion or the RMS differences
to the guess exceed the limit for the pressure category,
then the aircraft is listed as suspect for that pressure
category. Observations differing from the guess by
amounts larger than gross check limits will be consid-
ered gross and not used in computing bias and RMS
differences. If the number of gross observations (NG)
for a pressure category exceeds 2 per cent of the total
number of checked observations, then the aircraft will
be listed as suspect. After data thinning for assimila-
tion, the remaining number of observations is NT. The
number of rejected observations excluding thinning
(NR) is an optional statistic for information, and for
which operational practice should be documented.
List: Temperature and wind

Month/year

Monitoring centre

Standard of comparison (first guess/back-

ground field)

Each aircraft that is suspect will be listed as fol-

lows in one line:

Aircraft ID

Pressure category

Total number of available observations
(NA)
NG
NT
NR
Bias
RMS difference to the guess
For wind reports, the number of exactly
calm winds (NC).
5.1.2 Suspect automated aircraft temperatures and
winds observations criteria

Variable Low Mid High
Gross temperature (K) 15.0 10.0 10.0
Temperature bias (K) 3.0 2.0 2.0
Temperature RMS (K) 4.0 3.0 3.0
Minimum count 20 50 50
Gross wind (m s1) 30.0 30.0 40.0
Wind speed bias (m s-1) 3.0 25 25
Wind RMS (m s1) 10.0 8.0 10.0
Minimum count 20 50 50
5.1.3 AIREP

Monthly exchange for AIREP observations should
include lists of airlines with the following information:
Month/year
Monitoring centre
Standard of comparison (first guess/background
field)
Selection criteria
Number of observations>=20
Levels monitored
300 hPa and above
Elements monitored
Wind and temperature
Data to be listed for each airline
Airline ID
Number of observations
Number of rejected observations
Number of gross errors
Number of calm winds (<5 m s-1)
RMS excluding gross errors
Bias excluding gross errors (wind speed and tem-
perature)
Gross error limits are:
wind 40 m s-1
Temperature 10 degrees °C

6. SATELLITE DATA
6.1 Satellite data monitoring criteria are as specified
in the following table:
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Geostationary satellite wind (SATOB or BUFR
code, as assimilated, centres must clarify this
and channels shown)

Recommended criteria

Monitoring satellites

Monitoring layers

Minimum observation count
Gross error limit (m s1)

Availability map (averaged observation
number in 24 hours)

Map: wind observed value

Map: O-FG wind vector difference (bias)
Map: O-FG wind speed difference (bias)
Map: O-FG RMS of wind vector difference

Table: Statistics as defined in the Proceedings of
the Third International Winds Workshop (1996),
Menzel, p. 17. EUMETSAT, Darmstadt, EUMP18,
with reference to the first guess

Current operational satellites

Upper (101-400 hPa)
Middle (401-700 hPa)
Lower (701-1 000 hPa)

20 (in 10 deg box), 10 (in 5 deg box)
60
10degX10deg OR 5degX5deg for all levels

10degX10deg OR 5degX5deg for each layer
10degX10deg OR 5degX5deg for each layer
10degX10deg OR 5degX5deg for each layer
10degX10deg OR 5degX5deg for each layer

The following statistics for all levels, high, medium and
low in all regions, N and S extratropics and tropics for
satellite in use and selected channels:

MVD = Mean vector difference

RMSVD = Vector difference RMS

BIAS =  Speed bias

SPD =  FG/background wind speed

NCMV = Number of disseminated SATOB winds

Orbital satellite SATEM

Monitoring satellites
Monitoring parameters

Gross error limit (m)

Availability map (averaged observation
number in 24h)

Map: O-FG thickness difference (bias)
Map: O-FG RMS of thickness difference

Recommended criteria

Current operational satellites

Thickness layers

(850-1 000, 100-300, 30-50) hPa

150 (1 000-850), 400 (300-100), 500 (50-30) hPa
5degx5deg OR 10degX10deg for each layer

5degx5deg OR 10degX10deg for each layer
5degx5deg OR 10degX10deg for each layer

Orbital satellite
Atmospheric soundings
Monitoring satellites

Monitoring parameters

Monitoring channels

Availability map (averaged observation
number in 24 hours)

Map: O-FG difference (bias)

Map: O-FG SD of difference

Recommended criteria

Current operational satellites

Uncorrected brightness temperatures primarily,
plus corrected

The lead centre will recommend a selection of channels
to be monitored

5degx5deg OR 10degX10deg for each satellite

5degx5deg OR 10degX10deg for each satellite
5degx5deg OR 10degX10deg for each satellite

Sea-surface wind (e.g. scatterometers, SSM/I)

Recommended criteria

Follow guidelines as above for satellite winds where
possible, but applied to surface only
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Geostationary satellite wind

clarify this and channels shown)

(SATOB or BUFR code, as assimilated, centres must

Recommended criteria

Any other satellite product

The pioneering centre can set the initial standard, based
on the above guidelines for similar parameters, or a new
standard for a new product. Report back to the lead centre
for information.
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