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Motivation

Impact of MSG-WV channels (RH BIAS)

Evolution of scores with forecast range (BIAS)

RELAT

Dss7

@ more humidity/clouds
@ period (20.-30.3.2011)
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Motivation

Impact of MSG-WV channels (RH BIAS)

Evolution of scores with forecast range (BIAS) Evolution of scores with forecast range (BIAS)
RELATIVE_HUMIDITY[%] O Ds85 - Ds87 " 1o RELATIVE_HUMIDITY[5%] Difi: D85~ Ds87

@ more humidity/clouds @ less humidity/cloud-free
@ period (20.-30.3.2011) @ period (01.-10.3.2011) )
Why we get the negative impact for WV-channels?
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Motivation

Impact of MSG-WV channels (RH BIAS)

Evolution of scores with forecast range (BIAS) Evolution of scores with forecast range (BIAS)
RELATIVE_HUMIDITY[%] O Ds85 - Ds87 " RELATIVE_ HUMIDITY[%] D D85 - Ds87

@ more humidity/clouds @ less humidity/cloud-free
@ period (20.-30.3.2011) @ period (01.-10.3.2011)

Why we get the negative impact for WV-channels?
Why the impact depends on the period?
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What are biases?

@ biases = systematic errors inside of NWP assimilation systems

@ NOT constant — vary with time, geographical position, scan
position of the instrument or air-mass dependent

@ using correction scheme (VarBC, Harris&Kelly, .. .)
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What are biases?

@ biases = systematic errors inside of NWP assimilation systems

@ NOT constant — vary with time, geographical position, scan
position of the instrument or air-mass dependent

@ using correction scheme (VarBC, Harris&Kelly, .. .)

Bias detection

@ y — satellite observation
@ x — NWP model
@ h(x) — observation operator

BIAS = (y — h(x))
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What are biases?

@ biases = systematic errors inside of NWP assimilation systems

@ NOT constant — vary with time, geographical position, scan
position of the instrument or air-mass dependent

@ using correction scheme (VarBC, Harris&Kelly, .. .)

Bias detection

@ y — satellite observation
@ x — NWP model
@ h(x) — observation operator

Mixture of model and satellite bias
BIAS = BIASsat + BIASmodel

BIAS = (y — h(x))
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Identifing/separating sources of bias

@ NOT to separate leads to:
@ re-enforce the model bias
e degrade the analysis fit to other observation
@ to understand the origin of the bias and ideally correct
instrument/NWP/RT model at source
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Identifing/separating sources of bias

@ NOT to separate leads to:
@ re-enforce the model bias
e degrade the analysis fit to other observation
@ to understand the origin of the bias and ideally correct
instrument/NWP/RT model at source

Outline/main goals:

@ study model and satellite bias separatelly
@ examine new parameters for satellite bias correction

@ application of the improve bias correction in the assimilation
system (3DVar)

Patrik Benacek (Inst.) Satellite bias correction for MSG 18. zari 2013



@ Model bias
@ Radiosonde bias
@ Model bias

@ satellite bias
@ Pre-processing
@ Air-mass dependency

e Results

@ Impact of WV channels

e Conclusion
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How to separate model/satellite bias?

@ cross validation method against radiosonde (RS) data

Model bias

BIAS odel = (Yrs — h(x))
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How to separate model/satellite bias?

@ cross validation method against radiosonde (RS) data

Model bias

BIAS odel = (Yrs — h(x))

Satellite bias

| A\

BIASsat = (ysar — h(¥rs))

v
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How to separate model/satellite bias?

@ cross validation method against radiosonde (RS) data

Model bias

BIAS odel = (Yrs — h(x))

.

Satellite bias

BIASsat = (ysar — h(¥rs))

v

Mixtured bias (satellite + model)

BIASsat+model = (Ysar — h(x))
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Radiosonde bias & data selection

Data selection

@ the type Vaisala RS92 (32 stations in ALADIN domain)

Vaisala RS92
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Radiosonde bias & data selection

Data selection

@ the type Vaisala RS92 (32 stations in ALADIN domain)

@ humidity measurements selection based on Miloshevich[1]:

| Atmosphere || Nighttime | Daytime |
LT (500-1000hPa) moist (~ 3%) dry (~ 5%)
UT (200-400hPa) dry (~5%) | dry (~ 45%)
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Radiosonde bias & data selection

Data selection

@ the type Vaisala RS92 (32 stations in ALADIN domain)

@ humidity measurements selection based on Miloshevich[1]:

| Atmosphere || Nighttime | Daytime |
LT (500-1000hPa) moist (~ 3%) dry (~ 5%)
UT (200-400hPa) dry (~5%) | dry (~ 45%)

@ soundings at midnight (0OUTC) (solar radiation error avoiding)
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Radiosonde bias & data selection

Data selection

@ the type Vaisala RS92 (32 stations in ALADIN domain)

@ humidity measurements selection based on Miloshevich[1]:
| Atmosphere || Nighttime | Daytime |

LT (500-1000hPa) moist (~ 3%) dry (~ 5%)

UT (200-400hPa) dry (~5%) | dry (~ 45%)

@ soundings at midnight (0OUTC) (solar radiation error avoiding)
@ data up to 200hPa (time-lag error avoiding)
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Model bias

Detection using selected RS data:

BIASodel = (Yrs — h(x))

@ for the time periods 1,3,7,10/2011
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Model bias

Detection using selected RS data:

BIASmodel = (Yrs — h(x))

@ for the time periods 1,3,7,10/2011
@ warm T bias:
@ maximum above 200hPa

Bias TIK)
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Model bias

Relative humidity

1000

Detection using selected RS data:

BIASodel = (Yrs — h(x))

800

@ for the time periods 1,3,7,10/2011
@ warm T bias:

@ maximum above 200hPa
@ dry humidity bias (black line):

o up to 10% (400-600hPa)

@ up to 20% (200-400hPa)

PRESS [hPa]

400

Bias RH[%]
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Model bias

Relative humidity

Detection using selected RS data: B

BIASodel = (Yrs — h(x))

@ for the time periods 1,3,7,10/2011
@ warm T bias:
e maximum above 200hPa
@ dry humidity bias (black line):
o up to 10% (400-600hPa)
@ up to 20% (200-400hPa)
@ humidity bias vary:
o seasonal: winter/summer
differences

PRESS [hPa]

Bias AH[%)]
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Model bias

Detection using selected RS data:

BIASodel = (Yrs — h(x))

@ for the time periods 1,3,7,10/2011
@ warm T bias:
@ maximum above 200hPa
@ dry humidity bias (black line):
e up to 10% (400-600hPa)
o up to 20% (200-400hPa)
@ humidity bias vary:
e seasonal: winter/summer

differences
o daily: synoptic situations
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NWP model bias

Daily varies of model RH bias

Bias RH [%]
06
s2s
0 04
00
02
e
=4
S 00
?
8
[
> S04
n
5
kL -0.6
Time [%m%d]
y

Patrik Benacek (Inst.)

Satellite bias correction for MSG 18. zafi 2013

9/29



NWP model bias
Daily varies of model RH bias

Bias RH [%]
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@ increasing model RH bias in MT/UT (up to 20%)
@ seasonal/daily/local RH bias variation
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Satellite data

@ the channels WV6.2 and WV7.3
from SEVIRI on board MSG

@ every 15 min, horiz. resolutoin
4-6km (Central Europe)
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Satellite data

SEVIRI Weighting functions
T T T

0
@ the channels WV6.2 and WV7.3 \ iezm
from SEVIRI on board MSG 200} 1
@ every 15 min, horiz. resolutoin - ‘
3 4004 . 1
4-6km (Central Europe) ° ' 1
© measure radiation absorbed and £ e\ ) ]
reemited by moisture layers/clouds
800 R v ]
1000 , ) "r.‘_\‘ - -
0.0 0.5 1.0 1.5 2.0

dT/dInP
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Satellite data

SEVIRI Weighting functions
T T T

0

@ the channels WV6.2 and WV7.3 \ = r2oaum
from SEVIRI on board MSG 200} 1

@ every 15 min, horiz. resolutoin 5 ok ]
4-6km (Central Europe) s |

© measure radiation absorbed and £ e\ K ]
reemited by moisture layers/clouds .

@ weighting functions describe the LN 1
contribution of moisture at different C T
a|t|tude 100%.0 0.5 1.0 1.5 2.0

dT/dInP
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Satellite bias

Bias sources:

BIASsat = Oinstr + Orttov + Ocloud + Tairmass

@ 0ojnstr - Satellite instrument error (calibration, environmental effects, etc.)

@ ooy - radiative transfer model error (spectroscopy, non-modelled proceses)
@ ooud — data pre-processing error (cloud/precipitation detection)

@ 0airmass — Air-mass characteristics dependency (T, Q, etc.)
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Cloud contamination of radiation

SEVIRI Weighting functions
T T T

@ absorbing of radiation by high clouds 200/
(above the weighting functions) i} High ot
3 400
§ 600\ Middle cloud
800 -
10000.0, 0.‘5 150\ - 1:5 2.0

dT/dInP
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Cloud contamination of radiation

SEVIRI Weighting functions
T T T

@ absorbing of radiation by high clouds 200 %)
(above the weighting functions) , e
@ RT model (RTTOVS) settings for clear-sky *l
radiation simulation = cloudy radiances § ol —
rejection:
800
0 s o 15 20

dT/dIinP
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Cloud contamination of radiation

SEVIRI Weighting functions
T T T

@ absorbing of radiation by high clouds 200 %) e
(above the weighting functions) ] ; Hihcous
@ RT model (RTTOVS) settings for clear-sky |
radiation simulation = cloudy radiances § ol —
rejection:
- using cloud type (CT) and cloud top o e
pressure information (CMS, NWC-SAF) TSR ———

dT/dIinP
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Cloud contamination of radiation

SEVIRI Weighting functions
@ absorbing of radiation by high clouds e
(above the weighting functions)

@ RT model (RTTOVS8) settings for clear-sky

radiation simulation = cloudy radiances
rejection:

- using cloud type (CT) and cloud top ool
pressure information (CMS, NWC-SAF)

High cloud

Pressure level

Middle cloud -

Low cloud

1000 L : B
0.0 05 1.0 15 2.0
dT/dinP

Bias contamination by clouds (mean per 4 months)

Chan/CT || Cloud free 1 | Very low 6 Low 8 Middle 10 | High 12 [ Very high 14
WV6.2 -3.1+£15 —_27+17 | 28+17| -25+1.7 —6+3 —14+3
WV7.3 —11+£12 —12+13| -19+14 | —483+24| -15+5 -30+4

CT selection: used(green), rejected(yellow/red), investigated(yellow)
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Bias identification

Satellite/model bias summary (in WV radiation spectra)
Chan/Bias[K] || BIASsat: model | BIASsat | BIASmodel

WV6.2 -0.5 -3.0 -2.5
Wv7.3 0.2 -1.2 -1.4
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Bias identification

Satellite/model bias summary (in WV radiation spectra)

Chan/Bias[K] || BIAScat;model | BIASsat | BIASmodel
WV6.2 0.5 3.0 2.5
WV7.3 0.2 12 14

@ monitoring of BIASsat+ moder for 03/2011

CHANNEL: 3 CLDNE: 8
5 —

T e e e e e et 0

01 04 07 10 13 16 19 22 25 28 31 03 06 09 12 15 18 21 24 27
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Air-mass dependency

@ radiation is absorbed/reemited by air-mass (a little sensitivity to
surface)
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Air-mass dependency

@ radiation is absorbed/reemited by air-mass (a little sensitivity to
surface)

@ air-mass transmittance depends on atmospheric variables (T, Qetc.)
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Air-mass dependency

@ radiation is absorbed/reemited by air-mass (a little sensitivity to
surface)

@ air-mass transmittance depends on atmospheric variables (T, Q etc.)
@ satellite bias varies for different state of atmosphere
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Air-mass dependency

@ radiation is absorbed/reemited by air-mass (a little sensitivity to
surface)

@ air-mass transmittance depends on atmospheric variables (T, Qetc.)
@ satellite bias varies for different state of atmosphere
@ including in a bias correction
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Air-mass dependency

@ radiation is absorbed/reemited by air-mass (a little sensitivity to
surface)

@ air-mass transmittance depends on atmospheric variables (T, Qetc.)
@ satellite bias varies for different state of atmosphere
@ including in a bias correction

Detecting method
@ using Spearman correlation method (not sensitive to outliers/non-normality):

BIASsz ~ (G, T,q,RH, u, v,...)

BlASsat+model ~ (G7 T7 q7 RHa u7 V7 ©o )
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Air-mass dependency

Relative humidity ~ WV7.3

param rh
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Air-mass dependency

Relative humidity ~ WV6.2

Pressure [Pa]
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Correction of air-mass dependency

@ application of multivariate linear regression method
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Correction of air-mass dependency

@ application of multivariate linear regression method
@ predictors (Pp) represent atmospheric variables
- using defalut predictors (3) for MSG in VarBC
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Correction of air-mass dependency

@ application of multivariate linear regression method
@ predictors (Pp) represent atmospheric variables
- using defalut predictors (3) for MSG in VarBC
@ bias parameters () represent weights of predictors
- examine for BIASsa: and BIASsat+ model
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Correction of air-mass dependency

@ application of multivariate linear regression method
@ predictors (Pp) represent atmospheric variables
- using defalut predictors (3) for MSG in VarBC
@ bias parameters () represent weights of predictors
- examine for BIASsa: and BIASsat+ model

Correction method

BIAS = 3oPy + B1Py + BoPo + 33P3

@ Py — constant

@ P; —thickness of layer 1000-300hPa
@ P, —thickness of layer 200-50hPa

@ P3 —the total column water vapor
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Air-mass correction results

Set of bias parameters for WV channels:

‘ Exp [Chan [ Bo [ B1 | B | Bs |
BIASat WV6.2 || -2.90 | -1.53 | 0.23 | 1.56
(new set) WV7.3 || -0.83 | -0.42 | 0.19 | 0.98
BIASuat: model | WV6.2 | -0.34 | 0.15 | 0.29 | 0.07
(old set) WV7.3 || 0.33 | 0.39 | 0.16 | 0.15
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Air-mass correction results

Set of bias parameters for WV channels:

\ Exp [Chan [ Ao [ A1 | B | Bs |
BIASgat WV6.2 || -2.90 | -1.53 | 0.23 | 1.56
(new set) WV7.3 || -0.83 | -0.42 | 0.19 | 0.98
BIASgatmodel | WV6.2 || -0.34 | -0.15 | -0.29 | 0.07
(old set) WV7.3 || 0.33 | 0.39 | 0.16 | 0.15
Normalize 3 for WV6.2 Normalize 3 for WV7.3

r

1 .‘Jf
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Impact of old/new set on analysis

Testing for 20/03/2011:
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Impact of old/new set on analysis

RELATIVE_HUMIDITY [%]

Testing for 20/03/2011: — foom
@ analysis impact of the channel WV6.2: | =
@ old set — negative for RH bias in 200-400hPa
@ new set — positive for RH bias in 250-700hPa \
o N
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Impact of old/new set on analysis

RELATIVE_HUMIDITY [%]

Testing for 20/03/2011: o
@ analysis impact of the channel WV6.2: | =
@ old set — negative for RH bias in 200-400hPa

@ new set — positive for RH bias in 250-700hPa

@ negative impact for old scheme due to:

@ increasing RH model bias

@ wrong set of bias parameters (32, 53)

@ high clouds (errors in cloud type
identification/rejection)
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Impact of old/new set on analysis

RELATIVE_HUMIDITY [%]

Testing for 20/03/2011: o
@ analysis impact of the channel WV6.2: | =
@ old set — negative for RH bias in 200-400hPa

@ new set — positive for RH bias in 250-700hPa

200

@ negative impact for old scheme due to:

@ increasing RH model bias

@ wrong set of bias parameters (32, 53)

@ high clouds (errors in cloud type
identification/rejection)

@ testing for 20/03/2011:
@ spurious oscillation in Q, T analysis (not
detected)
@ spin-up oscillation of ps tendency (not
detected)
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Imapct on forecast

Experiment settings:

@ testing periods 1.3.-30.3.2011 at 0OUTC
@ VarBC: 24-h bias parameters cycling

@ 60km thinning, cloud types 1-8

@ ensemble B-matrix; REDNMC=2.

@ verification against RS92
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Imapct on forecast

Experiment settings:

@ testing periods 1.3.-30.3.2011 at 0OUTC
@ VarBC: 24-h bias parameters cycling

@ 60km thinning, cloud types 1-8

@ ensemble B-matrix; REDNMC=2.

@ verification against RS92

o TEMP (s85) — reference
o TEMP+MSG(2,3)_new (s86) — new set of 3 for WV6.2/WV7.3
e TEMP+MSG(2,3)_old (s87) — old set of 3 for WV6.2/WV7.3
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Impact of new/old scheme on forecast

Old schema

Evolution of scores with forecast range (RMSE)

1o _RELATIVE HUMIDITY[%)] Diff: Ds85 - Ds87 20
18
I |
20 6
1.4
30
— 12
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Impact of new/old scheme on forecast

Old schema

Evolution of scores with forecast range (BIAS)
1 RELATIVE HUMIDITY[%] Diff: Ds85 — Ds87 20
\\ — | 18
20 16
14
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/\\ 12
5 10
I \\ ‘ 08
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1 06
100 - 04
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o/ ° L 02
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- 00
200 —— —t 02
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250 b' g \ o / » 1 04
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,“”’ \ | " 08
R —— = — 10
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- | e
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- I \
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Impact of new/old scheme on forecast

Old schema

0.20 50_!)'%: 700mb
05 \
0.15 0.4 /
/ 0.3
0.10 \ . //—-—'
0.05 /
/- 0.1
0.00 /
0 6 12 18 24 30 36 42 48 0 6 12 18 24 30 36 42 48
_ —— Ds85
@ Temperature bias [K] — Ds87
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Impact of new/old scheme on forecast

New schema

Evolution of scores with forecast range (RMSE)
RELATIVE_HUMIDITY([%] Diff: Ds85 — Ds86 50

10 — =

\ 27
24
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Impact of new/old scheme on forecast

New schema

Evolution of scores with forecast range (BIAS)

o RELATIVE_HUMIDITY[%] Diff: Ds85 — Ds86 n
\ 36
20 a2
28

30
e 24
50 20
/ /

70 =

P - 12
'°° /\ -
o [ |- o4

150
——t o0
200 - 04
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Impact of new/old scheme on forecast

New schema

0.5

0.0
-0.5
-1.0
-1.5

-2.0

0 6 12 18 24 30 36 42 48
—— Ds85 bias

@ RH 850hPa bias [%)] — DsB6 bias
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Impact of new/old scheme on forecast

New schema

TEMPERATURE[K]

R W= S
o2 b N N
an Mot A bk AL
0 PN N

. —— Ds85 bias
@ T surface bias [%] — Ds86 bias
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Impact of new/old scheme on forecast

Equitable Skill Score with forecast range

Mean

0.50 055 060 065

025 035

015

Basis 0 UTC, 0 mm < Prec <= 0.1 mm

Basis 0 UTC, 0.1 mm < Prec <= 2mm

] g
]
b T T T T T T ° T T T T T T
s 12 1 2 2 3 s 2 1s 2 30 % a2 s
Forecast range Forecastrange
Basis 0 UTC, 2 mm < Prec <= 5mm Basis 0 UTC, 5 mm < Prec <= 10 mm
~— £
T T T T T ; H T T T T T T
s 12 10 24 30 36 W2 2 18 2 B % a2 8

Mean

Forecast range

Basis 0UTC, 10 mm < Prec <= 20 mm

Forecast range

Basis 0 UTC, 20 mm < Prec <= 30 mm

Forecast range

Forecastrange

Total Precipitation [mm/ 6 h] , mean over period 20110301 .. 20110330
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Conclusion

@ separate/identify model and satellite bias using RS measurements
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Conclusion

@ separate/identify model and satellite bias using RS measurements
@ investigation of satellite data contamination by clouds
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Conclusion

Summary:
@ separate/identify model and satellite bias using RS measurements
@ investigation of satellite data contamination by clouds

@ satellite bias dependency on air-mass is degraded by the model
bias
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Conclusion

@ separate/identify model and satellite bias using RS measurements

@ investigation of satellite data contamination by clouds

@ satellite bias dependency on air-mass is degraded by the model
bias

@ preparation of new set of bias parameters for clear satellite bias
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Conclusion

@ separate/identify model and satellite bias using RS measurements

@ investigation of satellite data contamination by clouds

@ satellite bias dependency on air-mass is degraded by the model
bias

@ preparation of new set of bias parameters for clear satellite bias

@ application in assimilation system
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Future plans

Model bias correction [2]

Q used the observed departures to tune NWP model parameters (physics)
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© force the unbiased observation into the biased model

- 3DVar is not designed to do
- more investigation of J,, statistics/undesirable oscillation/spin-up)
- new set of B + static bias correction for high peaking channels
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Future plans

Model bias correction [2]

o used the observed departures to tune NWP model parameters (physics)

9 add forcing tendencies to the control vector in assimilation system (tested for 4DVar in
ECMWEF)

© force the unbiased observation into the biased model

- 3DVar is not designed to do
- more investigation of J,, statistics/undesirable oscillation/spin-up)
- new set of 3 + static bias correction for high peaking channels

v

Not to correct the model bias

@ focuse on air-mass dependency bias paramters (adapt old set to new set)

@ add a new predictor in correction scheme to include a description of the model
bias

@ more ideas??
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Conclusion

Consequences:

[*) pontentlal problem Wlth the h|gh Weigthing function AMSU-B channels
peaking H. O absorbtion bands
channels (sensor AMSU-B, MHS, IASI)

T T T T
000 0.05 010 015 020

Normalized weigthing function AMSU-B channels.
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Thank you for your attention. J
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