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Forecast Model Bias Interaction with

Radiance Bias Correction The most

dangerous phrase
— Radiance bias correction has become in the language is
integral for use of satellite radiances. ‘We've always done

— Does radiance bias correction it this way.
reinforce forecast model bias? — Grace Hopper

Rear Admiral U.S. Navy

— If so, can we design a radiance bias
correction scheme that mitigates some
of this behavior?

U.S. Naval Research Laboratory
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e In1992: 50% or less of

observation data o
required bias corrections 5
= Ob data needing calibration =
= 30
e By 2017, 80% of total =
. c
observations are from 3
. . o
satellites and require c 20
bias correction g
9
y ] ] o 10
e The “unbiased prior 2
assumption” is an B !
obvious deficiency in 0 e . . .
1970 1980 1990 2000 2010 2020 2030
current DA methodology
1992: 2017:
UNBIASED PRIOR ASSUMPTION OK UNBIASED PRIOR ASSUMPTION NOT OK
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e Asignificant problem called bias-drift occurs

when systematic error and bias from model Numerical forecasts contain bias.
forecast contaminate observation data. These arise from imperfect
representations of atmospheric
* Bias-drift causes system to “drift” towards dynamics and physical processes

systematic errors and biases in the forecast

e Loss of accuracy and reduced reliability of

analyses and forecasts. Bias-drift is a problem which has
been created by the current
* Bias-drift caused by invalid assumption in practice in atmospheric data
current method for satellite calibration: assimilation

assumption: model prior contains no bias
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“systematic errors in the brightness temperature simulated

e Radiance Bias Correction . .
from forecast model profiles ... unless these biases are

* Eyre (1992) “A bias correction scheme for simulated TOVS

brightness temperature” ECMWF Tech Memo 186. corrected ... it is difficult to use measured radiances to
e Harris and Kelly (2001), “A satellite radiance-bias correction scheme positive effect in NWP” — Eyre 1992
for data assimilation.” Q.J.R. Meteorol. Soc., 127: 1453-1468.
) ?:tlﬁl?ti d'\gf;\' ii”; ﬁﬂ%gﬁfa(lz\gg;)ﬁerﬁig}'c\fog'iisigmcgéglE_r Residual variance after bias correction is a sum of errors from:
Meteorol. Soc., 133: 631-642. * Measurements
« Radiative transfer calculation
« Radiance assimilation needs bias correction « Forecast model
» Families of sensors are brought into alignment
* Physical reasons for scan asymmetries can be handled Predictor selection (there have been many tried):
L : : e AIr mass
« Recent examinations of bias correction: . Zenith anale
* Buehner et al (2015) Implementation of a Deterministic Weather ... .. d
Part I: The Global System. Monthly Weather Review, 143, 2532- * Radiative transfer model (gamma)
2559.  Lapse rate
 Han and Bormann (2016) Constrained adaptive bias correction for .

satellite radiance assimilation in the ECMWF 4D-Var system. *
EUMETSAT NWP-SAF report: NWPSAF-EC-VS-028, 31pp.

* Eyre (2016) “Observation bias correction schemes in data
assimilation systems: a theoretical study of some of their properties.”
Q.J.R. Meteorol Soc., 142, 2284-2291.

¢.¢.¢. What to do for regional models???

“effect of model bias ... will increase as more observations
are bias corrected and a smaller proportion are used as
*uncertainty estimation useful in limiting size of bias correction ‘anchor’ observations” — Eyre 2016

U.S. Naval Research Laboratory
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Evidence of a Problem with Bias Correction
e Global bias correction pes- D25 =001 23115 e maanc 28 1 bae- 010 mesn-0022 sro029 e adanc o1 ae-083 matn—0073 sav-19 aar e o0

« The Good: Produces low standard deviation -

* The Bad: Maps of residual show persistent bias it I VYRV Y SN IR
with magnitudes much larger than global standard - | I e amassnc e IR
deviation; and, size of global bie_as _correction often | | jjwvwﬂ%%w\ -
larger than global standard deviation. e B R % mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

Should we correct for the residuals spatially, or are
these signal pointing to model bias?

. . . Developed nations and aircraft corridofst——** 0
* Does Bias Correction Reinforce Model with many “trusted observationS” .
ies? [High accuracyy. = :
Tendencies” -

 Model may have a tendency towards developing
certain biases
 How to diagnose these and communicate £

« Can we remove some of these biases reinforced : et T TN
by radiance bias correction? - T '

« Parallel update cycle run without radiances
» Use resulting background for bias coefficients

‘;sremote areas with
tellite observations.

U.S. Naval Research Laboratory

Accurate analyses = Less-accurate analyses [BIAS DRIFT]
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Radiosondes: T, u, v, g, surface to 10hPa
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o Attempt to reduce radiance bias

corrections contribution from model bias Al
Observations

 Assume non-radiance observations
» Trying to draw model to “truth”
Background
« Background from “no-radiance” DA No radiance
: - Observations
cycle will have smaller mode bias
« Use this to produce bias corrections for DA Cycle

radiances

All

Background

. All .
* Not practical but a proof-of-concept to Observations Observations

determine changes in bias correction

models and observations
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NAVGEM fit to Radiosonde
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Prototype of Alternate Cycle

Difference Geopotential Height (m) vs Pressure (hPa)
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« Typically bias correction adjusts quickly
« Spinup from zero bias correction typically stabilizes
after 5 days in the U.S. Navy global system.

 Evolution of bias corrections
 Model tendencies may change seasonal timescales
 Method need to allow adaptation to these changes

o 90E 180
00Z 150ct to 00Z O01Nov2012 2012 n=18 cases

* How to best separate components of bias
« Radiative transfer biases will likely have different
characteristics than systematic NWP model biases

500 hPa Analysis Increment

o Pitfalls of autonomous systems
* Drifts over time:
e Sensor degradation
« Buildup of NWP bias (moisture in stratosphere,
incorrect Ozone, ...)

90w

00Z 140ct to 12Z 310ct2012 2012 n=36 cases
U.S. Naval Research Laboratory | 10
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Summary

« Remember assumptions made by the system, and reinvestigate often
* Things work well but a lot depends on very gross assumptions
 Re-examinations are worthwhile, often the simplest approach can apply more

broadly

 Bias corrections required for radiances to get beneficial impact in NWP
* Do the bias corrections reinforce the NWP model bias?
e Can a background using observations without bias-corrections be used to
reduce model bias component in the radiance bias corrections?
 How can the resulting residuals be used to better inform and diagnose NWP
model bias or radiative transfer model bias?
« How can we accurately determine the analysis error in a routine manner?

U.S. Naval Research Laboratory | 11
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