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Why should I care about the way observations are formatted for dissemination? 
ï Loss of observations as countries stop sending messages in the older formats 

ï Change in character of radiosonde observations 

 

TAC to BUFR Migration 
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Talk Outline 
ï Terminology 

ï Recent changes in radiosonde data and ongoing issues 

ï Recent changes in surface data and ongoing issues 

ï Upcoming change in station identifiers 
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TAC to BUFR Migration 

ÅTAC (Traditional Alphanumeric Codes)  
ï¢9atΣ tL[h¢ ǊŀŘƛƻǎƻƴŘŜ ŦƻǊƳŀǘǎ ŘŜǾŜƭƻǇŜŘ ŦƻǊ ǘŜƭŜǘȅǇŜ ŜǊŀ ƛƴ мфплΩǎ 

ï Also includes FM-12 SYNOP (surface data) and FM-42 AMDAR (aircraft data) 
 
 
 
 

ÅBUFR (Binary Universal Form for the Representation of meteorological data) 
ï Approved in 2003 as a replacement for TAC for international exchange 

ï TAC distribution originally scheduled to end by November 2014 

ÅOnly a fraction of TAC has ceased to date 

ÅMigration will take years for completion 

ÅCessation of TAC often occurs with little advance notice and insufficient publicity 



ÅBUFR radiosonde data definitions (Ingleby et al. 2016) 

ïάwŜŦƻǊƳŀǘǘŜŘέ .¦Cw: TEMP messages converted to BUFR 
ÅάLƴǾŀƭƛŘέ .¦Cw: Each TEMP part placed in a separate BUFR message 

Åά±ŀƭƛŘέ .¦Cw: TEMP parts merged prior to conversion to BUFR 

ÅSame precision, levels as TEMP messagesτtypically 50 to 100 levels 

ÅStation metadata (e.g., latitude, longitude, elevation) from a station list 

ïάbŀǘƛǾŜέ .¦Cw: ground station data formatted in BUFR  
ÅBetter precision than TEMP, typically 1-2 second data (3500-7000 levels) 

ÅStation metadata from the ground station 

ÅBalloon drift time and location offsets included and all variables present at each level 

ÅSingle message usedτάǾŀƭƛŘέ .¦Cw 

ï Preliminary messageτsurface to 100hPa (IUK bulletins) 

ï Final messageτsurface to balloon burst (IUS bulletins) 
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TAC to BUFR MigrationτRadiosondes 



ÅTypes of BUFR produced for U.S. radiosonde data 

ïά¢¦!.¦CwέΥ ŀƭǎƻ ŎŀƭƭŜŘ άƭŜƎŀŎȅέ .¦Cw 
Å Invalid reformatted BUFRτseparate message for each TEMP part 

ÅStation metadata not included 

ÅNo longer placed on GTS but still on NOAAPort 

ïά.a¢έ .¦Cw: bulletins originate at KWBC 
ÅValid reformatted BUFR converted using the BUFR Migration Tool 

ÅStation metadata from a station list that contains errors 

ÅSignificant level winds in PILOT format not converted 

ïάIƛƎƘ-ǊŜǎƻƭǳǘƛƻƴέΥ ŀƭǎƻ ŎŀƭƭŜŘ άw²{ .ǳƛƭŘ оΦпΦлΦмέ ƻǊ άw²{έ 
ÅValid native BUFR with bulletins originating from individual NWS stations 

ÅStation metadata from ground station 

ÅOne-second resolution, drift offsets included 

ÅEnabled by software upgrade at NWS sites using 1680 MHz sondes 
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U.S. BUFR Radiosonde Data 



6 

00Z 20 Nov 2015 00Z 20 Nov 2016 

00Z 20 Nov 2017 

άbŀǘƛǾŜέ .¦Cw ƛƴ 9ǳǊƻǇŜΣ /ŀƴŀŘŀΣ !ǳǎǘǊŀƭƛŀΣ !ƴǘŀǊŎǘƛŎŀΣ DǊŜŜƴƭŀƴŘ bŜǿ άƴŀǘƛǾŜέ .¦Cw ƛƴ bŜǿ ½ŜŀƭŀƴŘΣ {ƻǳǘƘ YƻǊŜŀ 

bŜǿ άƴŀǘƛǾŜέ .¦Cw ƛƴ ¦Φ{ΦΣ {ƻǳǘƘ !ŦǊƛŎŀΣ /ƘƛƭŜ 

Progress of TAC to BUFR 
Migration: 

Native vs. Reformatted 
BUFR 

6 

00Z 20 Nov 2018 

bŜǿ άƴŀǘƛǾŜέ .¦Cw ƛƴ WŀǇŀƴΣ !ǊƎŜƴǘƛƴŀΣ {ƻǳǘƘ tŀŎƛŦƛŎ LǎƭŀƴŘǎ 

native BUFR 

native BUFR 

Reformatted BUFR 



Radiosonde Availability 
(ECMWF) 

Note that as some countries move to native BUFR (blue), some individual 
stations may switch back and forth between native and reformatted BUFR. 

Graphics provided by  
Bruce Ingleby, ECMWF 7 

New Russian native 
BUFR indicated by 
red arrows 

(TAC TEMP reports are used in their place) 



Month-to-Month 
Variability in  
TAC vs. BUFR 

Radiosonde Availability 
(ECMWF) 

Note the increase in countries/stations that provide BUFR data only (green). Graphics provided by  
Bruce Ingleby, ECMWF 8 



Month-to-Month 
Variability in  
TAC vs. BUFR 

Radiosonde Availability 
(ECMWF) 

Note the increase in countries/stations that provide BUFR data only (green). Graphics provided by  
Bruce Ingleby, ECMWF 9 



Native BUFR from 72694 (Salem, OR) 
Early BUFR messageτup to 100mb 

10 

  
Late BUFR messageτfull sounding 
Late BUFR message with correction 
Å Td = 0°C persists from previous 
Å No difference in correction 

  
Early BUFR message with correction 
Å Operator marks data for rejection 
Å Rejected data have Td = 0°C  

(should ōŜ ǎŜǘ ǘƻ άƳƛǎǎƛƴƎέύ   

  
TAC message with correction 
Å Rejected dewpoints marked missing 

missing 
erroneous 

zeros 

U.S. BUFR Radiosonde Error Example 



Native BUFR from 72694 (Salem, OR) 
Early BUFR messageτup to 100mb 
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Late BUFR messageτfull sounding 
Late BUFR message with correction 
Å Td = 0°C persists from previous 
Å No difference in correction 

  
Early BUFR message with correction 
Å Operator marks data for rejection 
Å Rejected data have Td = 0°C  

(should ōŜ ǎŜǘ ǘƻ άƳƛǎǎƛƴƎέύ   

  
TAC message with correction 
Å Rejected dewpoints marked missing 

missing 
erroneous 

zeros 

U.S. BUFR Radiosonde Error Example 



Native BUFR from 72694 (Salem, OR) 
Early BUFR messageτup to 100mb 
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Late BUFR messageτfull sounding 
Late BUFR message with correction 
Å Td = 0°C persists from previous 
Å No difference in correction 

  
Early BUFR message with correction 
Å Operator marks data for rejection 
Å Rejected data have Td = 0°C  

(should ōŜ ǎŜǘ ǘƻ άƳƛǎǎƛƴƎέύ   

  
TAC message with correction 
Å Rejected dewpoints marked missing 

missing 
erroneous 

zeros 

U.S. BUFR Radiosonde Error Example 



00Z 10 Sept 2018 

Hurricane 
Olivia 

AF309--TAC 

Hurricane 
Florence 
NOAA9-- 
Native  
BUFR 

Real-time native BUFR 
dropsonde data were 
available for the first time 
during the 2018 hurricane 
season (NOAA aircraft only). 
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U.S. BUFR Dropsonde Data 
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Dropsonde from NOAA9 (G-IV) flying Hurricane Florence 

ÅLaunch: 2138Z 9 Sept 2018  

ïat 24.84°N, 55.98°W 

ÅSplash: 2154Z 9 Sept 2018  

ïat 24.98°N, 56.07°W 

ÅTAC has 37 levels 

ÅBUFR has 955 levels (1 sec resolution) 

ïGPS drift included 

Launch 

Splash 

U.S. BUFR Dropsonde Data 

ïThinned to 105 (wind) levels 
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Dropsonde from NOAA9 (G-IV) flying Hurricane Florence 

ÅLaunch: 2138Z 9 Sept 2018  

ïat 24.84°N, 55.98°W 

ÅSplash: 2154Z 9 Sept 2018  

ïat 24.98°N, 56.07°W 

ÅTAC has 37 levels 

ÅBUFR has 955 levels (1 sec resolution) 

ïGPS drift included 

Launch 

Splash 

U.S. BUFR Dropsonde Data 

ïThinned to 105 (wind) levels 
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Dropsonde from NOAA2 flying 
TS Gordon 

ÅLaunch: 2118Z 3 Sept 2018  

ïat 25.78°N, 84.0°W 

ÅSplash: 2137Z 3 Sept 2018  

ïat 25.50°N, 83.24°W 

Å.¦Cw Ƙŀǎ мммн άƭŜǾŜƭǎέ όм ǎŜŎ ǊŜǎƻƭǳǘƛƻƴύ 

ïThinned to 31 (wind) levels 

ÅTAC has 27 levels 

ÅGPS drift provided with the BUFR 

Åά9ŀǊƭȅ ƭŀǳƴŎƘ ŘŜǘŜŎǘέ ǇǊƻōƭŜƳ 

U.S. BUFR Dropsonde Error Example 
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Dropsonde from NOAA2 flying 
TS Gordon 

ÅLaunch: 2118Z 3 Sept 2018  

ïat 25.78°N, 84.0°W 

ÅSplash: 2137Z 3 Sept 2018  

ïat 25.50°N, 83.24°W 

Å.¦Cw Ƙŀǎ мммн άƭŜǾŜƭǎέ όм ǎŜŎ ǊŜǎƻƭǳǘƛƻƴύ 

ïThinned to 31 (wind) levels 

ÅTAC has 27 levels 

ÅGPS drift provided with the BUFR 

Åά9ŀǊƭȅ ƭŀǳƴŎƘ ŘŜǘŜŎǘέ ǇǊƻōƭŜƳ 

U.S. BUFR Dropsonde Error Example 

Erroneous points 
introduced in processing 
the TEMP DROP message 
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ÅVaisala RS41 systems can generate BUFR files for radiosonde descent 
Å5ǊƻǇǎƻƴŘŜ ǘŜƳǇƭŀǘŜ ǳǎŜŘ ŦƻǊ άŘƻǿƴǎƻƴŘŜǎέ 
ÅDownsonde data available for Germany (6 hourly) and Finland (12 hourly) 

BUFR Downsonde Data 

   Downsonde 
   TAC/BUFR Radiosonde 
   TAC only Radiosonde 
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ÅVaisala RS41 systems can generate BUFR files for radiosonde descent 
Å5ǊƻǇǎƻƴŘŜ ǘŜƳǇƭŀǘŜ ǳǎŜŘ ŦƻǊ άŘƻǿƴǎƻƴŘŜǎέ 
ÅDownsonde data available for Germany (6 hourly) and Finland (12 hourly) 

ÅTotal drift = 190 km from launch to last ob in descent 
ÅAscent took 88 minutes, descent took 36 minutes 
ÅDescent ends at 757mb, approx. 2200 m AGL 

BUFR Downsonde Data 

   Downsonde 
   TAC/BUFR Radiosonde 
   TAC only Radiosonde 



ÅBUFR surface data definitions (following Ingleby et al. 2016) 

ïάwŜŦƻǊƳŀǘǘŜŘέ .¦Cw: SYNOP messages converted to BUFR 
ÅThe BMT (BUFR Migration Tool) can convert SYNOP to BUFR 

ÅStation metadata (e.g., latitude, longitude, elevation) from a station list 

ÅU.S. BUFR SYNOP are generated by the BMT 

ïάbŀǘƛǾŜέ .¦Cw: surface data directly formatted in BUFR  
ÅNo fundamental difference in character compared to reformatted BUFR 

ÅDifficult to tell which BUFR obs are native vs. reformatted 
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TAC to BUFR MigrationτSurface Data 



Surface Land Data 
Unique BUFRτblack 
Unique TACτgreen 

(on right plot) 
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TAC 

TAC 

BUFR 

BUFR 

Buoy Data 
Unique TAC not shown 

 

Significantly fewer buoy 
observations still 
available in TAC 

 



Variability in  
TAC vs. BUFR  

SYNOP Availability 
(ECMWF) 

Graphics provided by  
Bruce Ingleby, ECMWF 22 

άbƻ {¸bhtέ όƳŀƎŜƴǘŀύ ƳŜŀƴǎ ƻƴƭȅ .¦Cw ƛǎ ŀǾŀƛƭŀōƭŜ ŦƻǊ ǘƘŜ ƛƴŘƛŎŀǘŜŘ ǎǘŀǘƛƻƴ 
άtƻǎǘ {¸bhtέ όƎǊŜŜƴύ ƳŜŀƴǎ ǘƘŀǘ ŎƻǳƴǘǊȅ Ƙŀǎ ƴƻǘƛŦƛŜŘ ǘƘŜ ŜƴŘ ƻŦ ¢!/ 
See https:// confluence.ecmwf.int/display/TCBUF/Data+availability  

https://confluence.ecmwf.int/display/TCBUF/Data+availability
https://confluence.ecmwf.int/display/TCBUF/Data+availability


Variability in  
TAC vs. BUFR  

SYNOP Availability 
(ECMWF) 

Graphics provided by  
Bruce Ingleby, ECMWF 23 

άbƻ {¸bhtέ όƳŀƎŜƴǘŀύ ƳŜŀƴǎ ƻƴƭȅ .¦Cw ƛǎ ŀǾŀƛƭŀōƭŜ ŦƻǊ ǘƘŜ ƛƴŘƛŎŀǘŜŘ ǎǘŀǘƛƻƴ 
άtƻǎǘ {¸bhtέ όƎǊŜŜƴύ ƳŜŀƴǎ ǘƘŀǘ ŎƻǳƴǘǊȅ Ƙŀǎ ƴƻǘƛŦƛŜŘ ǘƘŜ ŜƴŘ ƻŦ ¢!/ 
See https:// confluence.ecmwf.int/display/TCBUF/Data+availability  

https://confluence.ecmwf.int/display/TCBUF/Data+availability
https://confluence.ecmwf.int/display/TCBUF/Data+availability


Variability in  
TAC vs. BUFR  

BUOY Availability 
(ECMWF) 

Graphics provided by  
Bruce Ingleby, ECMWF 24 

About half of the buoys are deployed to measure SST and currents and lack pressure obs 
Very few TAC buoy obs are availableτthe migration to BUFR is essentially complete 
See https:// confluence.ecmwf.int/display/TCBUF/Data+availability  

https://confluence.ecmwf.int/display/TCBUF/Data+availability
https://confluence.ecmwf.int/display/TCBUF/Data+availability


Variability in  
TAC vs. BUFR  

BUOY Availability 
(ECMWF) 

Graphics provided by  
Bruce Ingleby, ECMWF 25 

About half of the buoys are deployed to measure SST and currents and lack pressure obs 
Very few TAC buoy obs are availableτthe migration to BUFR is essentially complete 
See https:// confluence.ecmwf.int/display/TCBUF/Data+availability  

https://confluence.ecmwf.int/display/TCBUF/Data+availability
https://confluence.ecmwf.int/display/TCBUF/Data+availability


ÅThe TAC to BUFR Migration is progressing. 
ïNative BUFR radiosonde obs are more widely available (including U.S.). 

ÅHigh-resolution (1-2 sec) data with balloon drift reported 

ÅNative BUFR dropsonde and downsonde data now available 

ïSome countries have ceased distribution of TAC radiosonde and surface obs. 
ÅMore of a factor for surface data at present 

ïThe migration is essentially complete for buoy data. 
ÅNDBC recently started sending BUFR and plans to stop sending TAC in May 2019. 

ïErrors in station metadata (lat, lon, elevation) are present in reformatted obs. 
Å/ƻǊǊŜŎǘƛƻƴǎ ŘƻƴΩǘ ƘŀǇǇŜƴ ǉǳƛŎƪƭȅΣ ǎƻ ŀ ŎƘŜŎƪ ŀƎŀƛƴǎǘ ŀ ƭƻŎŀƭ ǎǘŀǘƛƻƴ ƭƛǎǘ ƛǎ ǊŜŎƻƳƳŜƴŘŜŘΦ 
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TAC to BUFR Migration 

Å The next big problemτtransition to WIGOS station identifiers 
ïCurrent TEMP/SYNOP WMO identifiers are five-digit numbers (e.g., 72662). 

ïWIGOS identifiers use up to 30 characters (e.g., 0-20001-0-72662). 
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Questions? 


