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REPORT ON PROGRESS AND RECOMMENDATIONS FROM THE CIMO THEME LEADER ON RADIOSONDE PERFORMANCE MONITORING
1. INTRODUCTION

1.1 The role of the CIMO Theme Leader on Radiosonde Performance Monitoring (TL-RPM) is to monitor the information contained in WMO No. 9, Volume A, Observing Stations and WMO Catalogue of Radiosondes, and to interact with Members to request updates as required. TL-RPM is also responsible for compiling quarterly tables of performance statistics for all radiosonde stations, following up performance issues with radiosonde operators, and for liaising with Members, HMEI and CBS IPET-DRMM regarding coding issues that arise.
2. ACHIEVEMENTS WITH RESPECT TO WORKPLANS

2.1 Global yearly statistics on upper-air instrumentation from GTS reports have been compiled for the period up to 14.01.2016. The official launch of OSCAR/Surface on 2 May 2016, which will replace WMO  No.  9,  Volume  A,  Observing  Stations  and  WMO  Catalogue  of Radiosondes, is anticipated to greatly reduce the work involved in future in representing these statistics. The advent of OSCAR/Surface will also facilitate the representation of historical performance metadata. On the other hand, the biggest challenge accompanying this change, apart from many technical reasons, will involve tying new WIGOS station IDs with traditional WMO Index Numbers. Communication with the Project Lead on OSCAR/Surface has been established and discussions in this regard have been commenced. (See Appendix II for details.)

2.2 ECMWF upper-air performance monitoring geopotential statistics, displayed as maps and vertical plots, is routinely posted on a quarterly basis on the WMO Volume A webpage. Contour lines of sun elevation have been added to the bias maps. Similar presentation for temperature and wind performance statistics is in test phase, with some samples ready for demonstration. It is planned to add the presentation of maps of day-night temperature biases and to develop tools for analysing the performance of particular radiosonde types in simultaneous use at the same station. (See Appendix II for details.)

2.3 In addition to regular publication of monthly sounding height statistics, time series of these data are now available at http://cao-ntcr.mipt.ru/all_doc/c4/caostn/caoptop.htm, in response to a suggestion by Mr. Ercan Büyükbaş.
2.4 TL-RPM was included to the recently established CBS Task Team on representing upper air information in BUFR, to contribute on issues associated with the operation of radiosonde systems on behalf of CIMO. TL-RPM has submitted a proposal to the task team on liaison with manufacturers and Members on respective issues.

2.5 
TL-RPM has co-authored with B. Ingleby (ECMWF) et al., a paper entitled “Progress towards high-resolution, real-time radiosonde reports” which has been accepted for publication in Bulletin of the American Meteorological Society. The paper directly addresses Work Plan Task 3 Action 3 and promotes the production and use of native upper-air BUFR reports instead of TEMP and PILOT.
2.6 Requests for code entries for new radiosondes/systems for China, Japan, Republic of Korea, Russian Federation and Switzerland were agreed with IPET-DRMM following approval of respective amendments. Code entries for new Switzerland radiosondes and NOAA/Vaisala dropsondes are under discussion. Thus, only India and South Africa still have outdated code entries for their radiosondes in Common Code Table C-2.

3. PROBLEMS ENCOUNTERED, RISKS IDENTIFIED

3.1 A discrepancy between Hp in WMO No. 9, Volume A, and surface pressure reported in TEMP messages by USA upper-air stations was identified by a data user (See Appendix II for an example). Investigation revealed that US upper-air reporting practice assumes reduction of pressure taken from the station barometer to launch elevation (so called “radiosonde release point pressure correction”). Similar practice was also identified in some other countries. Although it may have minor impact (if any) on sounding results, this discrepancy may lead to errors in data assimilation of upper-air data reported using traditional codes (there is no problem with this in correctly coded BUFR messages where height is reported for all levels) . Unfortunately, there are no regulations found either in the WMO Manual on Codes nor in the CIMO Guide regarding the definition of “the surface level” for upper-air data. So far the only solution foreseen is to request USA (and possibly other countries) to provide respective clarifications to the WMO Manual on Codes, No 306, Vol. II (Regional Codes and National Coding Practices), to add a remark to WMO No. 9, Volume C1, and to include a note in the CIMO Guide. In the meanwhile, there is a need to inform data users about this issue. There is a paper "Determination of Radiosonde Station  Elevation  from Observational Data" by Aldukhov and Eskridge (Journal of Applied Meteorology, Vol 41 No. 4, April 2002) which describes a method of derivation of actual surface level elevation from sounding data. Dr. O. Aldukhov (RIHMI-WDC, Obninsk) has informed TL-RPM that he is continuing this work and, upon completion, further discussion will be warranted on how to make them public.
3.2 A case is under investigation wherein a station is demonstrating noticeable geopotential bias just above the surface. It appears that the bias results from using GPS height referred to the reference ellipsoid instead of a “well-defined geoid” as recommended by the CIMO Guide. Therefore, it may be useful to add a note about this to CIMO Guide, Part I, §12.3.6 ‘Use of geometric height observations instead of pressure sensor observations’.
3.3 To address the needs of the climate community, TL-RPM has commenced dialogue on reporting practice with respect to upper-air humidity outside the 1-100%RH range. This has received positive feedback from Mr. T. Oakley, GCOS Implementation Officer (See Appendix II for details).
3.4 Communication with ECMWF has served to remind TL-RPM of the importance of the ECMWF consolidated 6-monthly list of suspect upper air stations in providing feedback to help to motivate Members to maintain their upper air observation performance. For many years the WMO WWW Operational Newsletter published these lists, so this practice may need to be renewed. 

4. RECOMMENDATIONS -  DECISIONS EXPECTED FROM CIMO-MG
4.1 The following recommendations are submitted by TL-RPM to CIMO-MG-14:
· That CIMO-MG consider whether small changes may be  warranted to the CIMO Guide to resolve ambiguous practices in regard to reporting of surface pressure and of GPS height in radiosonde messages and request the TL-RPM to draft appropriate changes if required;
· That CIMO-MG consider reviving the periodical WMO Operational Newsletter, or equivalent, to regularly publish and distribute to Members the 6 monthly ECMWF lists of suspect upper air stations.
_________________

APPENDIX I: Updated workplan (2014-2018)
(Version: as approved by CIMO-MG-13 in Dec. 2014, updated on 20 Feb 2016)

	No.
	Task description
	Person responsible
	Action
	Deliverable
	Deadline for deliv.
	Status

[%]
	Comments

	1.
	Catalogue of radiosondes and upper-air wind systems
	A. Kats
	1. Update annually the catalogue compiling global yearly statistics of BUFR, TEMP and PILOT messages and srrarasasa code figures arriving along with section 7 of TEMP messages and respective descriptors (002011,002013,002014,002003) of BUFR messages, using operational databases of the Hydrometcentre of Russia

2. Verifying abovementioned information versus WMO Publication No. 9, Volume A and drafting the list of operational upper-air stations.

3. Identifying inconsistencies (silent stations, unknown stations, invalid rara figures) in the list above and resolving them in liaison with NHMSs and compiling the Catalogue. 

4. Liaising with ICG-WIGOS on facilitating migration of Radiosonde Catalogue information towards OSCAR/Surface representation
	3. New version of catalogue for posting on CIMO website

4. Suggestion for  catalogue migration to OSCAR/Surface


	Annually

06/2015
	100%

75%

50%

10%
	CIMO-XV, para 5.5

To be done by TECO-2016

(depending from OSCAR/Surface prospects)

To be developed further along with maturing of OSCAR/Surface

	2.
	Performance monitoring statistics
	A. Kats
	1. Compile the quarterly upper-air performance monitoring statistics and graphical plots

2. Analyzing upper-air monitoring statistics and graphical plots, identify problems with certain stations/radiosonde types, and prepare a respective report
	1. New version of files for posting on CIMO website

2. Report with list of identified problems
	1. Annually

2. Annually
	100%

(ongoing)

50%
	CIMO-XV, para 5.5

To be done by TECO-2016



	3.
	Follow-up on identified performance issues
	A. Kats
	1. Contact individual Members and HMEI on performance issues identified above

2. Identify and assist on remedy actions in respect to BUFR reporting software issues

3. Promote high-resolution native upper-air BUFR production instead of TEMP->BUFR conversion
	1. Correspondence to relevant Members (e.g., NMHS) and HMEI

2. Report to CIMO-MG
	1. As Req

2. Annually
	Ongoing

100%

50%

(ongoing)


	CIMO-XV, para 5.5

	4.
	Follow-up on coding issues
	A. Kats
	1. Liaise with Members, HMEI and CBS IPET-DRMM on allocation of new entries for radiosonde/sounding system used in TDCF
	1. Correspondence to relevant Members, HMEI and IPET-DRMM chair

2. Report to CIMO-MG
	1. As req

2. Annually


	100%

(ongoing)

100%
	CIMO-16, 8.9


APPENDIX II: Background information 

1. Examples of global yearly statistics on upper-air instrumentation
Regular/alternative systems – statistics interpretation
65578 ABIDJAN Alternative usage
Modem GPSonde M10/GNSS windfindng: 

435 reports 21.12.14 23-14.01.16 11

Modem M2K2-DC /GNSS windfindng: 

305 reports 05.01.15 11-09.09.15 11

12120 LEBA Prominent transition
Vaisala RS92/Digicora III/GNSS windfindng: 
470 reports 22.12.14 00-08.09.15 00

Vaisala RS92/DigiCORA MW41/GNSS windfindng: 
248 reports 08.09.15 12 - 14.01.16 12

11035 WIEN/HOHE WARTE Overlapping transition
Vaisala RS92/Digicora III/GNSS windfindng: 
539  reports 22.12.14 00-11.11.15 00

Modem GPSonde M10/GNSS windfindng: 

247 reports 06.07.15 12-14.01.16 12

17095 ERZURUM BOLGE Messy usage
Vaisala RS92/Digicora III/GNSS windfindng: 
273 reports 22.12.14 00-31.08.15 12


Graw DFM-06/GNSS windfindng: 


5 reports 21.04.15 12-29.04.15 12

Graw DFM-09/GNSS windfindng: 


346 reports 25.04.15 00-10.12.15 00


Meisei iMS-100 GPS/GNSS windfindng: 

149 reports 21.10.15 12-14.01.16 12

2. ECMWF upper-air performance monitoring geopotential statistics
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30 hPa, OB-FG standard deviation (STD) 00 UTC |12 UTC
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100 hPa. amount of observations(NT).00 UTC
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Figure 2.1 Quarterly publications (Better organized layout, selected maps, table of content)
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Figure 2.2 Maps with sun elevation contour lines. Each station provides a tooltip with a statistics value and a hyperlink to vertical plots with full statistics
[image: image3.png]4 % 0O

L ® Ll TS L L ' -
E] i3 e
3 = P
—n o - o i=w o o
Eg R - 5 iEg R < 2
2S 8 T [P g
838 N &9 / .|
hg oF = 5o LR
"3 = o037 & o
gz ¢ gz ¢
&% g mmmn & e
an obian o
L Bo o= ey w L
S 184 e
g g8 = L4488 = -4
Q& . SEid . Sl
7 £ " & BrREBEREGEEEE | L = A B BRE BERESE EEEY
H 8 ZRRB SR RBE " 2 8 BRRE €8 888
L LT | B . L i
= IUTETII———" I D e
5 [ =T
g 18 =8 >
e ‘ B N TN g
BS ny s ™~
e T ST s R
“d &R 57 X
2% S
& piat g =
on 2high 20
52 fage ® "
Sz o STYE o EE
L 2 R 8 BREZ B3R8888B8" & o
H g ZRRBSBRBE ) 2
.. IS B
e ® e
3 = PR
8 8 P8
28 = 8 |28 8
58S = i8s
28 o ™ e
o8 5" TheEns X
5 125
&% R = =
an 2high 2o
Lo ® G L 7
95 = et T T T TT] ol ol
go ~ gEi50 9=
Sz o STYE o EE
3 "l E 2 R 8 BR S BER338 838"
H Pz g8 BRRE €8 888
e 2 . T J
= I T e = e e |
8 18 8
—in o i=w o =)
EZ 8 g R . B2
g3 85 = TS
58 e o L]
“8 &5 57 X
8% 887
& piat g =
an gmign 30
Lo ite R i
24 ol2a = @
20 ; oZi®0 T o
Sz o STYE o EE
£ © 88 BREg BEE8S8ESEE ! £ ° 8 8 BR S8 BRE8E8 8887
H g 2RR8 S8 888 2 g8 BRRE €8 888
2 2

€ @ cao-ntermiptru/all_doc/c4/ecmwstn/2015/2015raii.htm#29862





Figure 2.3 Vertical plots. 00 and12 UTC, amount of observations, bias and rmsd. Organized according to WMO Regions.
3. Sounding height statistics (by CAO)
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Figure 3.1 Monthly statistics is published quarterly 
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Figure 3.2 Maps. Each station provides a tooltip with average heigh and a hyperlink to vertical plots with full statistics
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b)

Figure 3.3 Time series. (a) With prominent seasonal variations. (b) With rather minor performance degradation in wintertime.
4. Further development for presenting performance monitoring statistics
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Figure 4.1 Geopotential relative performance at 12 versus 00 UTC. (Geopotential bias on 100 hPa at 12 UC) - (Geopotential bias on 100 hPa at 00 UC). Sun elevations are shown for 00 UTC.
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Figure 4.2 (Geopotential bias on 30 hPa at 12 UC - Geopotential bias on 100 hPa at 12 UC) - (Geopotential bias on 30 hPa at 00 UC - Geopotential bias on 100 hPa at 00 UC)
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Figure 4.3 ECMWF temperature OB-FG statistics
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Figure 4.4 ECMWF wind OB-FG statistics (direction bias)
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Figure 4.5 ECMWF wind OB-FG statistics (root mean square vector wind deviation)

Table 4.1. System dependent geopotential statistics (by CAO) for stations using several radiosonde types simultaneously
	08/2015 ABIDJAN
77=Modem GPSonde M10

00+12
65578
77
Geop

P
NRc
NGr
NRj
NMs
Xm
Sd
RMS
1000

16

0

0

0

12.9

4.6

13.7

925

16

0

0

0

12.3

4.2

13.0

850

16

0

0

0

12.4

3.9

13.0

700

16

0

0

0

15.3

4.0

15.7

500

16

0

0

0

17.1

5.8

18.0

400

16

0

0

0

13.8

4.6

14.4

300

16

0

0

0

12.4

4.1

13.1

250

16

0

0

0

14.1

6.4

15.4

200

16

0

0

0

14.3

5.7

15.3

150

16

0

0

0

17.1

7.8

18.6

100

15

0

0

0

22.1

6.8

23.1

	08/2015 ABIDJAN
57=Modem M2K2

00+12
65578
57
Geop
P
NRc
NGr
NRj
NMs
Xm
Sd
RMS
1000

45

0

0

0

14.7

5.3

15.6

925

45

0

0

0

15.4

6.0

16.5

850

45

0

0

0

16.6

8.0

18.4

700

45

0

0

0

21.7

13.9

25.7

500

45

0

0

0

29.0

19.0

34.5

400

45

0

0

0

32.4

24.8

40.6

300

45

0

0

0

34.4

27.8

44.0

250

45

0

0

0

35.6

30.4

46.5

200

45

0

0

0

37.0

31.8

48.5

150

44

0

0

0

42.5

35.7

55.2

100

38

0

0

0

54.0

35.4

64.3



5. E-mail correspondence on reporting practice in respect to upper-air humidity outside 1-100%RH

--------------------------------------------------------------------------------------------------------------------

From Tim Oakley , 08.07.2015 9:55:
Hi Sasha

You make some good points here and raise a number of questions. This is something that CIMO needs to take a lead on through one of it's Expert Teams.

Best Regards, Tim
-----------------------------------------------------------------------------------------------------------------------
On 30 Jun 2015 10:45 pm, "A.Kats CAO (ЦАО)" <alexander.kats@cao-rhms.ru> wrote:

Dear Tim and all interested.

I'd like to rise up a problem of reporting observed humidity values fallen outside the range of 1-100%RH. When a radiosonde was calibrated in terms of relative humidity, it must be evident to anyone familiar with real measurements, that observing values, which are by several %RH equal to or lower than 0%RH in extremely dry conditions or higher than 100%RH near saturation, is not something unusual (at least in upper-air observations). They result from inevitable calibration errors, imperfect temperature corrections, electronic drift and other sources of instrumental uncertainties. Such deviations from fundamental natural references 0 and 100%RH may serve for climatologists as a valuable source for time series correction. As well, truncating real observations distorts vertical distribution of observed relative humidity, that makes difficult compensation of time-lag errors, and even masks humidity sensor failure (as shown in an example below).

However, as far as I know, data-reduction software of all upper-air sounding systems in the edited data truncate observed relative humidity to 1-100%RH (many sounding systems provides their users an access to raw data where values outside 1-100%RH are not uncommon). I guess this practice results from shortcomings of FM 35 TEMP code used for reporting for a long time. In FM 35 humidity is reported as essentially positive dew point depression and there is no way to report neither <=0%RH nor >100%RH.

These days we go through Migration to Table-Driven Code Forms that potentially enable us to report relative humidity, which was actually observed by a radiosonde, provided that climatological data community confirmed their need in such practice and NWP community accepted it (as it would be their responsibility to perform 1-100% truncation).

Even existing BUFR template TM309052 for reporting RAOB data already allows to report values >100%RH by reporting dew-point temperature higher than air temperature and maybe minor software modifications are necessary to make it possible.
However it is necessary to develop new descriptors and templates to report in BUFR values<=0%RH. This would result in necessity to modify encoding software of sounding systems.

Anyhow, this work might start only after the idea will have undergone a broad discussion and accepted by respective WMO authorities. The idea may be of interest to surface observations as well.

Thank you for your time!
Regards,
Sasha

PS. Below is a case that reminded me the abovemetioned issue which was discussed already long time ago by my mentors in aerology in connection with FM35 TEMP criticism.
Recently I had a deal with suspected humidity data in one of radiosonde ascents on GUAN station 30230 Kirensk. Observers complained to unrealistic high relative humidity throughout all ascent. Calculation of raw related temperature and relative humidity from telemetry data showed that the reason was humidity sensor failure. However, the observers were not able to notice it because data processing software truncated all readings above 100% to exactly 100% and surface humidity at the time of radiosonde release was 98%RH and more. Unfortunately, sounding system Vektor-M in use in Kirensk not only use for further processing truncated data but not display to observers actually measured relative humidity.
On the second plot displayed by sounding system temperature and relative humidity are shown respectively in red and green and calculated from raw telemetry temperature and relative humidity are shown respectively in brown and teal (0 s corresponds to the release). Just before the release humidity sensor had a positive bias about 8%RH (but observers observed only 2%RH bias as they saw radiosonde readings 100%RH!) but after 500 s of ascent it demonstrated a large jump (again invisible to observers and data users) that made following readings useless.
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Figure 6.1 An example of a sounding with unrealistic high relative humidity throughout all ascent.
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Figure 6.2 Raw and indicated by sounding system temperature and humidity from the same ascent – respectively red and green and brown and teal (displayed temperature and humidity were recorded since release only, which indicated with 0 on the time axis).
6. An example of surface pressure reporting from 70350 KODIAK (Hp=34.6, Hha=5.00 m)

TEMP and SYNOP reports from 70350 KODIAK of 24 Oct 2015 00 UTC respectively:

FM 35 TEMP:
70350 US1
70350 TTAA  74005 70350 99000 08824 13011 00002 ///// /////
92643 04439 17515 85324 01109 18014 70852 08561 17521 50537
25922 17031 40694 39535 88999 77999 31313 51108 82300=

Here "surface pressure" P0P0P0~1000 hPa (within less than 0.5 hPa) 1000 hPa while exactly at 1000 hPa geopotential is 2 m that is much closer to 6 m (taking into account ±0.5 precision of pressure representation in TEMP) than to 34 m.

FM 12 SYNOP:
AAXX 24004
70350 12566 61207 10094 20067 39952 49991 58012 60031 92353 333
10106 20022 555 92400=

Here "surface pressure" P0P0P0P0~995.2 hPa (within less than 0.05 hPa) and MSL pressure PPPP=999.1 (within less than 0.05 hPa).  One can conclude roughly (without knowing details of NWS algorithm of pressure reduction to MSL) that P0P0P0P0 readings have been taken somewhere at >30 m (3.9 hPa  x RT/g/P).

Although time difference between the observations is an hour it’s evident upper-air observations refer surface to Hha while surface meteorological observations refer it to Hp.
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