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Outline

Focus on radiosonde temperature biases
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Outlook/Recommendations
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Nature of radiosonde T-biases

T[K] _bi
1 T-bias T-bias mainly a function of
/\ 00h June 12h June  Solar elevation angle 6,
00h Dec pressure, RS-type
12h Dec

Rad. 0 depends on
error Latitude,longitude

\// Annual mean bias Time of day, time of year

-22.5 -7.5 O 75 22.5 60 6

12h-00h difference is crude estimate of radiation error, independent of bg

Radiation error may be estimated from obs-bg difference
4 classes of solar elevation angles (<-7.5°; -7.5°-7.5°, -7.5°-22.5°, >22.5°)
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12h-00h T-Differences, 50 hPa

The problem:

Composite T(12h)-T(00h)
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12h-00h T-Difference 50 hPa, 1989-1990

Temperature Difference 00h 1989-1990 50hPa, [K], radtm 12h-00h

Total monthly means: 12113 Evaluated Stations: 520 Cost:2091.66
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12h-00h T-difference 2003/04

Temperature Difference 00h 2003-2004 50hPa, [K], radtm 12h-00h

Total monthly means: 10243 Evaluated Stations: 438 Cost:1176.49
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‘emperature trends, 00h, 50hPa, 1989-2004

Temperature Trend 00h 1289-2004 50hPa, [K/10a] Radiosondes, tm

Total monthly means: 112285 Evaluated Stations: 405 Cost:2055.54
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Requirements for bias corrections

e For operations
— Bias estimates for all current radiosondes
— Short lead time for bias estimation desirable
— Temporal shifts of adjusted biases acceptable

* For Climatology/Reanalysis

— Result of bc must be temporally homogeneous
time series

— At least for climatology subset of stations
sufficient

— Adjustments for past radiosonde types needed
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Present status

e Operational radiosonde temperature bias adjustments
— Based on RS-vendor information, tables need to be updated

— Only radiation error correction in most cases
— Adjustments based on analysis feedback information (U. Andrae)

» Bias correction for climatology/reanalyses
— Error-prone and tedious due to lack of transfer standards

— Manual adjustments of monthly temperature anomalies:

* Lanzante et al 2003 (83 stations, 1958-)
* Thorne et al. 2005 (676 stations, 1958-), monthly means
* Main purpose: Temporal homogeneity (for climate trend assessment)

— ERA-40 (Andrae et al. 2004) — uses analysis feedback data, all radiosondes,
only radiation error

— Feedback-based approach using time series analysis (Haimberger, 2005) — all
available radiosondes, adjustment of annual mean bias

« No method to date addresses all aspects of radiosonde T-bias!
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Analysis feedback data

Analysis feedback data contain:

— obs (e.g. Radiosonde temperatures)

— 0bs-bg (=innovations y-H(x) ), obs-an

— Quality control flags

Valuable by-product of data assimilation

Uniform format (BUFR)

ERA-40: 1958-2002, 6h-3D-VAR DA-System
Operational AF (4D-VAR) used 2001-
AF for new RS data (IGRA) may be calculated “offline”
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Solar-elevation dependent bias correction
for station groups (Andrae et al. 2004)
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12h-00h T-Difference ERA-40 bg

Temperature Difference 00h 2003-2004 50hPa, [K], radbg 12h-00h

Total monthly means: 10139 Evaluated Stations: 434 Cost: 189.76
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RAOBCORE

RAdiosonde OBservation COrrection for REanalyses

Homogeneity adjustment method

Uses time series of obs-bg for adjustment

bg used as reference time series

adjusted obs-bg, ERA-40

| —— 70219, [ 60.78-161.80], 00h, 050 hPa

_4;N:1j_754 . LA A L. Sig: 1.26

Trend 1989-2004:-0.10 + 0.09 [K/10a]
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Standard Normal Homogeneity Test
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T(12h)-T(00h)

[ —— 70218, [ 80.78-181.80], 00h, 050 hPa Trend 1989-2004: 3.36 £ (.14 [K/10a]
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Bias adjustment of most recent part

obscorr(12h)—obscorr(00h)

| —— 70398, [ 55.03-131.57], 00h, 050 hPa

- N:12965 Sig: 1.41 Corr: 0.93

—— SNHT curve
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Adjustment results for 1958-2004

Radiation error correction in ERA-40
RAOBCORE correction

Updated solar angle dependent correction
for interim reanalysis
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12h-00h, ERA-40 bc, Europe/Africa

Globe Composﬂe T(12h)- T(OOh)
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12h-00h of ERA-40 bc, Pacific

Globe Composite T(12h)-T(00h)
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Globe Composﬂe T(12h)- T(OOh)

Trend 1989-2004:-0.08 + 0.02 [KA Oa]

Unadjusted E
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Globe Composﬂe T(12h)- T(OOh)

Unadjusted

Trend 1989-2004: 0.29 + 0.02 [K/1 Oa]
——— SNHT curve

|IIIIIIIII TTITTTTTTTITITTIUTT

. A A A A - P
1960 1970 1980 1990 2000
Globe Composﬂe obscorr(12h)- obscorr(OOh)
Trend 1989-2004:-0.09 + 0.02 [KA Oa]
RAOBCORE ——— SNHT curve

IIIIIIIII|IIIIIIIII TTTTTTTTTTITITTIUTT

b

N: 17265 Slg 044 Corr 0 99 4 A A A B o
1960 1970 1980 1990 2000
Globe Composﬂe obsc(12h)—obsc(00h) 473

ERA Experiment 473, upated solar angle bc, 1989-

A A
fvw\

1960

2000

100

Pacific

-100

40

20

21



12h-00h T-difference only a
consistency check

 There may still be dally mean biases

e -> ook at 00h and 12h adjustments
separately
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Globe Composﬂe bc, ERA- 40
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Globe Composﬂe bc, ERA- 40

ERA-40 adjustment 12h

Trend 1989- 2004 0.09 £ 0.00 [Kf10a]
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How to assess validity of adjustments?
« ,Case Study” Alaska

Globe Composite T(12h)-T(00h)
2F ' ' ' ' ' 400
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How to assess validity of adjustments?

,,Case Stu dy“ AIaSka updated solar angle bc
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Globe Composﬂe T(12h)- T(OOh)

Alaska 12h-00h unadjusted | _ Lo oee-2004: 147005 [K/102]
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Effect of adjustments in Alaska
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RAOBCORE,12h-00h 50hPa, 1989-90

Temperature Difference 00h 1989-1990 50hPa, [K], radtmcorr 12h-00h

Total monthly means: 12113 Evaluated Stations: 520 Cost: 671.90
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New solar angle bc, 1989-1990

Temperature Difference 00h 1989-1920 100hPa, [K], radtmbc 12h-00h

Total monthly means: 13187 Evaluated Stations: 563 Cost: 917.52
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Comparison with other upper air data

e Comparison with MSU-TLS
e Comparison with IRI results
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MSU-TLS-Comparison at Alaska

Adjusted MSU Data
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MSU-TLS-Comparison Australia

Adjusted MSU Data Unadjusted Radiosonde Data Adju sted Radlosonde Data
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RS- Intercomparison Experiments
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Further results

Early period (-1980)

Breaks at low and high atmospheric levels
Temperature Trends

Temporal homogeneity of background

Adjustment of most recent part of time
series
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Unadjusted T-trends, 12h, 50hPa, 1964-1982

Temperature Trend 12h 1964-1982 50hPa, [K/10a] Radiosondes, tm

Total monthly means: 126145 Evaluated Stations: 314 Cost:3934.51
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Adjusted T-trends, 12h, 50hPa, 1964-1982

Temperature Trend 12h 1964-1982 50hPa, [K/10a] Radiosondes, tmcorr

Total monthly means: 113988 Evaluated Stations: 290 Cost: 384.17
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Unad|.12h-00h difference, 1964-1966

Temperature Difference 00h 1964-1966 50hPa, [K], radtm 12h-00h

Total monthly means: 12519 Evaluated Stations: 316 Cost:3395.59
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Ad|. 12h-00 difference, 1964-1966

Temperature Difference 00h 1964-1966 50hPa, [K], radtmcorr 12h-00h

Total monthly means: 10979 Evaluated Stations: 279 Cost: 640.83
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Globe Composite T(12h)-T(00h)
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Unad). 12h-00h, high levels, Pacific
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Ad|. 12h-00h, high levels, Pacific
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Adjusted T-trends, 00h, 50hPa, 1989-2004

Temperature Trend 00h 1989-2004 50hPa, [K/10a] Radiosondes, tmcorr

Total monthly means: 110797 Evaluated Stations: 405 Cost: 504.20
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Adjusted T-trends
1989-2004

Zonal mean trends, tmcorr, 1989-2004 /K/10a
N=169 min=-3.2480 max= 1.2216 mean=-0.3939 rms= 0.7852 sig= 0.6792
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Unadjusted zonal mean T-trends

1989-2004
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Zonal mean trends, tm, 1989-2004 /K/10a
N=169 min=-3.1198 max= 1.2475 mean=-0.3893 rms= 0.7946 sig= 0.6927
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Unadjusted Trends
1979-2001

Zonal mean trends, tm, 1979-2001 /K/10a
N=171 min=-2.1318 max= 0.4247 mean=-0.4082 rms= 0.6993 sig= 0.5679
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Adjusted Trends
1979-2001
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Zonal mean trends, tmcorr, 1979-2001 /K/10a
N=171 min=-1.8709 max= 0.4517 mean=-0.3515 rms= 0.6247 sig= 0.5164
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Problems with using bg as reference

 Bg may be inhomogeneous

— due to changes in the satellite observing system
 Examples 1973,1975,1976,1979,1986,1995

— due to changes in the assimilating model
« Example: difference between ERA and operational bg

— due to changes in the radiosonde observing system
« Example: Eastern Russia
e During these periods a more homogeneous
reference can be generated with radiosondes only
— Composite had to be used between 1969,1982
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Global mean obs-bg in stratosphere (50-
150 hPa)

Globe Composite 50 150 hPa mean obs bg, ERA-40
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Spurious bg 12h-00h differences
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Easter

Globe Composite T(12h)-T(00h)
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Obs-bg 12h, 50 hPa, 2003/04

Temperature Difference 12h 2003-2004 50hPa, [K], tm-bg

Total monthly means: 12201 Evaluated Stations: 524 Cost:1700.66
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RAOBCORE obs-bg 12h, 50 hPa, 2003/04

Temperature Difference 12h 2003-2004 50hPa, [K], tmcorr-bg

Total monthly means: 12201 Evaluated Stations: 524 Cost: 449.96
-2.0 -1.8 -16 -14 1.2 1.0 -08 06 -04 -02 00 02 04 06 08 10 12 14 16 18 20

-120 -60 0 60 120

145004 78897 53463 86 T2 65

-120 -60 0 60 120

NWP/SAF workshop on bias estimation in data assimilation, 8-11 Nov 2005 53



Operational adj. obs-bg 12h 2003/04

Temperature Difference 12h 2003-2004 50hPa, [K], tmbc-bg

Total monthly means: 11906 Evaluated Stations: 511 Cost:1674.75
-2.0 -1.8 -16 -14 1.2 1.0 -08 06 -04 -02 00 02 04 06 08 10 12 14 16 18 20

<M T T T T e

145004 59211 59968 35.4 325 311

-120 -60 0 60 120

NWP/SAF workshop on bias estimation in data assimilation, 8-11 Nov 2005 54



Heights {kmj)

RS humidity biases

NWS/VIZ at Dodge City (N=6)

Vaisala RS80-H at Homestead (N=6)
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Conclusions

2 automatic analysis feedback-based RS-bias adjustment methods available
— Adjustment of radiation error (Andrae et al. 2004)
— Adjustment of daily mean bias (Haimberger, 2005)

Adjusted T-trends consistent with other radiosonde-based datasets
Adjustment of most recent biases can be improved with AF information

Results suggest more aggressive radiation error correction for some RS-types.
Radiation error correction should be revised before interim-reanalysis starts.
Combine RAOBCORE, solar angle dependent adjustment for next reanalysis

Similar analysis to remove inhomogeneities in RS-wind data in preparation
RS-biases before 1957: asynoptic times. Feedback needs to be generated

Adaptive RS-bias correction not attempted yet
» Ratio data:bias parameters is less favorable than for satellite data
» For operations highly desirable since static tables tend to be out of date

» For reanalyses it may be valuable to have one upper-air observing system that does not
need to be adaptively bias corrected
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