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A Hyperspectrabondershave been used in NWP
since the assimilation of AIRS radiances at
ECMWF in 2003.

A Temperature, Humidity, Ozone, Surface and
Cloud information are inferred in various NWP
systems around the world.

A This presentation is an attempt to summarize
the impact seen from these instruments
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< How Vincent Guidard summarized
IASI impact in global NWP models at the
2016 IASI Conference
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What was said in IASI science plan (in the 1990's):
IASI will improve forecasts by 1 day
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What was said in IASI science plan (in the 1990's):

IASI will improve forecasts by 1 day

What he said last year:
No numbers !
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What was said in IASI science plan (in the 1990's):
Obviously our models, data assimilation

systems and number of observations
being assimilated have improved greatly
over the last 20 years.

We should take a short detour into how
to measure impact.
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Observations?

Normally this means radiosondes (bu .
also surface observations and aircrafl
are used). This means the statistics |
are biased towards densely populate( ==
regions in the northern temperate s

N
:
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take account of the errors in the We canalso use satellite

observations themselves observations (e.g., radiances) for verification

as this would give more global sampling.
However, comparisons in radiance space
would be less intuitive.

The 2014 NOAA Aircraft
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What Is truth?

(s
€ NOi vy

Ty

ATMENT OF ¥

Analyses?

The analysis should the best estimate of the atmospheric state through the
combination of the information from the observations in the current and (through the
forecast model) previous model cycles.

Also, given that the analysis does not suffer from the spatial sampling issues of
O2yBSYUuUA2ylf 20aSNWI A2y as GUKS |ylfeaa
However, for forecast ranges of approximately three days or less it is found that
forecast skill (and even the sign of that skill) is highly dependent on the verifying
analysis (control, test, independent) used.

Also, for certain types of changes, if additional structure is added to the analysis fields
this can be penalized in the usual forecast skill measures as it is easier to obtain a go
fit to smooth rather than complex fields.

The 2014 NOAA Aircraft Slide11
Workshop, ARINC



What Is truth?

In practice, both observations and analyses are
used In verifying forecast skill

The 2014 NOAA Aircraft

Workshop, ARINC Slidel2



&

o NATIONA

Data denial or Observation System Experiments (OSESs) are simply a way of
investigating the impact of an observation or change by running full forecast
experiments with and without the element to be tested.

Alternatively can add instruments onto a dgiaor system to see a more clear
signal.

OSEs are expensive to run, particularly at full operational resolution, and they
need to be run for many forecast cycles (60 days is a typical number for global
forecast systems) before statistically significant results are obtained.

Individual case studies are generally not trusted as a way of demonstrating
forecast impact because of the dominance of statistical fluctuations.
Forecast impact scores are generally presented with error bars indicating
statistical significance.
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terms of RMS error or anomaly correlation coefficients (see next slide)
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Forecast Sensitivity to

ObservationgFSO)
(e-e,)=Mkiy ) tbackground |
t 1y = observation innovationg/{H(x,)) the new analysis

K=Kalman gain (transforms observation 1%
iInnovations to analysis increments)

M=Forecast model (transforms analysis tQ

forecast) J
M
g oTruthe
LA v fRansd .
t=-6 hrs t=0 t= 24 hrs
6 hr assimilation
window

Langland and Baker (Tellus, 2004), Gelaro et al (2007), Morneau et al. (2006)
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We want to get the sensitivity of the forecast to the observation
Increments so we apply the tangent linear model to

Qere,)=CMK y:

Le,= 2MKLy]'(erey) = Y2 y'MKIQere))

The 2014 NOAA Aircraft
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Forecast Sensitivity to
ObservationgFSO)

We want to get the sensitivity of the forecast to the observation

Increments so we apply the tangent linear model to
Qere,)=CMK y:

Le,= 2MKLy]'(erey) = V2 e-€,)

Adjoint of linearized forecast model* /

Adjoint of data assimilation scheme

Usually these both require approximations to be made (including
linearity) and so this method is limited to forecast ranges of less
than ~48 hours.

*Already requiredf running 4DVar

The 2014 NOAA Aircraft _
Workshop, ARINC Slidel6



Forecast Sensitivity to
ObservationgFSO)

For Ensemble Kalman Filter (EnKF) data assimilation, this can be written as
Le =t Y'RYHX)X'Aerey)

Where K is the number of ensembleégand X, are the ensemble
perturbations of the analysis and forecast respectively Hmslthe linearized
observation operator.

This therefore does not require an adjoint of the forecast model

However for any reasonabbized sample of ensembles, localization is
required which also puts an approximate upper limit on the validity of this
method at ~48hours.
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Advantages and
Disadvantagesf FSO
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A Advantages

A Can infer the impact of observations to whatever level of detail is required
(e.g. ob by ob, channel by channel) without having toure the full
system repeatedly.

A Useful for determining relative impact of observations and for quality
control of bad observations.

A Allows the impact of observations on the forecast to be monitored on a
daily basis.
A Disadvantages

A Limited to shorirange forecasts

A So there is sensitivity to the accuracy of the verifying analysis
A

Impact is always in the context of the total observing system as used

A Forecast impacts of an observation type may change as other
observations are added/removed.
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Fitting an extra person
(observation) on the
bus will mean they get
their share of the
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(may) not get any
bigger
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