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70% of 24h forecast impact
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Fig.3  Scatter diagrams comparing the anomaly correlation of operational forecasts
(horizontal axis) and "NO-SATEM" forecasts (vertical axis), for 15 cases in
February 1987.

Pailleux et al. (1989, TM159)



AMSU-A clear-sky (Channels 8-14 don’t see surface — not shown)

weighting functions S
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What I1s a satellite observation?
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SSMIS F-17 channel 13 (19 GHz, v)
Microwave brightness temperatures
3" December 2014
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Approximations:

* Local linearity of observation operator
and model

« (Gaussian errors

Linearised and
. .. Background departure
Analysis Background adjoint models )

| i '

X, = Xp + BMTHT(HMBM'H! + R)~1(y° — H(M(x})))

T~ [\ |

Background Observation Observation Forecast
errors errors model




Weighting of background

departures in observation space
A

Xq = Xp + BMTHT(HMBMTHT + R) 1(y — H(M(xp)))

Mapplng and
weighting into
analysis space
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Radiance H Tatmos Atmospheric temperature
observation y T

TS fc Surface temperature
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sfc sfc atmos—sfc sfc batmos sfc sfc Tsfc
Coupling through the
background errors
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How to solve it for the atmosphere

he problem is separable:

— Retrieve surface firs
for the atmosphere?

fieval, then use it as a parameter

Examples: Assimilation of OSTIA, dynamic surface emissivity re

Augmented control vector

— Treat the surface as a sink variable

* Examples: assimilation of clear-sky IR and microwave radiances

Treat the missing information as 2-warameter of the observation operator

— Parameter error-aads to the observation error

«—All the missing parameters that we forget about: e.g. Particle size distribution for all-sky
assimilation

Coupling
— Outer loop coupling

— Full coupling

o
A~ 4 ECMWF EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS

22



Pretend the problem is separable — solve for surface and
then atmosphere
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Pretend the problem is separable — solve for surface and
then atmosphere




Problems with using external retrievals - ANOMALY CORFELATION OF B00HPA HEIGHT (%

NORTHERN HEMISPHERE

» Suboptimal "
e Gross errors are hard to characterise »
OSTIA sea-ice, OSTIA sea- ice;
20" January 2018 21St Jénuary 2

40 30

ition of operational forecasts
rtical axis), for 15 cases in
f July 87. Bottom : with the

Courtesy daily report and Phil Browne

< ECMWF 25



Area: lon_w=

When something goes wrong

* We assimilate OSTIA which assimilates OSI-SAF

— OBSFG

—— OBS-AN

....... OBS-FGi(beor)

STATISTICS FOR RADIANCES FROM MEGATROPIQUE
CHANNEL =1, ALL DATA[ TIME STEP = 6 HOURS ]

0.0, lon_e= 360.0, lat_s= -90.0, lat_n= 90.0 (over All_surfaces)

EXP = 0001 (LAST TIME WINDOW: 2018082903)

...... OBS-AN(beor)

retrievals from SSMIS radiances....

— How is the bias correction done?

stdv(OBS-FG)
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— How are data anomalies handled?
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— How is cloud / precipitation detected and “removed”?

— How is wind roughening of ocean surface treated?

——— n_displayed
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All-sky, all-surface data
assimilation
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Sea ice and 19 GHz retrieved emissivity — Baordo+Geer 2015
at a point over the arctic sea-ice, Feb 2015
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Issues with assimilating retrievals of surface properties

» Even if other parts of the system are modelled, their
background values have errors

— Modelling of e.g. the atmospheric component may not be as
sophisticated as used for atmospheric DA

* They are done externally and independently
— There can be significant processing delays

— Long and vulnerable processing chains: We assimilate OSTIA

which assimilates OSI-SAF retrievals from SSMIS radiances...

— External centres may not have available the wide range of
satellite monitoring, QC, bias correction

o
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The most up-to-date and
accurate state of the rest of the
system comes from the
analysis: direct coupled
radiance assimilation is optimal

Benefit from existing
sophisticated modelling for
atmospheric radiance
assimilation

Ingest the L1 data in-house

The treatment of satellite
radiances for the atmosphere
includes all this (bias correction,
keeping up with new satellites)
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Augmented control vector

[ z?cglos] _ [Tachios] n batmos 0 ]HT (H batmos 0 HT n T,)_l <y0 _H [E?tr;os])
sfc Tsfc 0 beC 0 @ Tsfc

And in a more realistic system:

« We are missing M to help constrain the surface
solution

« Wouldn't it be great to improve T, with observations
from the surface assimilation?



Augmented observation error
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- Atmosphere Land
Outer loop coupling Inner loop Inner loop

' Transmittance,|

« Separable observation operator?
Downwelling Th|

— From the atmosphere, can the surface be described as e.g. a
skin temperature, emissivity, and bidirectional reflection Emissivity
distribution function? kin T ’

— From the surface, can the atmosphere be described as e.g. a
single transmittance, an emitting temperature?

* Inseparable observation operator?

— Need to run both surface and atmospheric operators coupled
together

— All relevant atmospheric and surface state needs to be
available in both the atmospheric and surface analysis

31
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Any more catches?

We need better forward modelling

Models need to represent the relevant physical properties



We need better forward modelling



Forward modelling of ocean
surface radiative transfer

- Wave and capilliary structure at all scales

« Foam and whitecapping

» Rain ripples

 Active (e.g. scatterometer) and passive (all

spectrum)

« Skin layer (temperature profile)

A reference model for ocean surface emissivity and
backscatter from the microwave to the infrared

¥ Stephen English’, Alan Geer', Heather Lawrence’, Louis-Francois Meunier?, Catherine
Prigent?, Lise Kilic?, Ben Johnson?, Ming Chen?, William Bell>', Stuart Newman®
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Why do we need a reference model?

Met Office Commission

Fast radiative transfer models need to calculate emission and reflection at the earth’s surface. The GAIA-CLIM project of the European
Commission provided a gap-analysis for reference quality satellite data and recommended the development of a reference quality surface
emissivity model. This poster does not present a reference model. It makes the case to create one and discusses what is needed.

What already exists?

A fast model like Fastem is only as good as the reference model it
attempts to replicate. Unlike atmospheric transmission we lack a
state of the art reference model for surface emissivity.

Basic Reference Fast Radiative
science Model Model Transfer
X g LBIRTM, GENLN2  e.g.Fastem  e.g. CRTM, RTTOV
Atmospheric
transmission

Surface
emissivity O i

JCSDA are developing CSEM [2]. This incorporates emissivity models, from
visible to microwave, over both land and ocean. TESSEM2 [3] is similar to
Fastem. The RSS model [4] is based on observations from instruments on
the DMSP and Coriolis satellites. None provide a reference model.

An ocean emissivity model has three main
components:

The dielectric model A double Debye form
is often used. Given the dielectric properties
the Fresnel equation tells us the polarised
reflection and refraction at the water
surface. However even in this most basic
component there is uncertainty. See
Lawrence ef al. (ITSC-21) for more detail.

The roughness model Ocean roughness
arises both from wind induced ocean
roughness and large scale ocean swell
Geometric optics can be applied to large
scales. Smaller scales need a scattering
model. A two scale model can be applied
but as the scale separation is arbitrary they
have limitations. A more general solution is
highly desirable for a model applicable to a
wide range of wavelengths. Ideally the large
scale swell should be estimated from a
wave model, not the local wind speed

The foam model Most models
parameterise ocean foam coverage (F) as a
function of the instantansous wind (U).

Elements of a reference model

Surface <irface wovss Surface

Small scale

Large scale ropls and

ocean swell

Two scale "
solver

GAIA-CLIM has shown the ion in
fit of the Fastem model from version 1 to
version & against the GMI 10.65 GHz
horizantal polarisation, whose
radiometric uncertainty is considered to
be known. Lack of knowledge of the
emissivity model uncertainty makes
interpretation of this and any comparison
to satellite observations difficult.

The priorities for the reference model are:
1. Maintained and supported.
2. Ti bl inty i ion at each step.
3. D d code freely avalil to h
4. Add new science [7], [8], for IR to MW with BRDF capability
(Rec from ECMWF-JCSDA workshop, Dec 2015)
. Support passive and active applications.

F=all® and then assume an
model or assume foam is a blackbody.
Efforts have begun to model foam from a
wave model [5] as shown to the left which
could allow full foam radiative transfer rather
than artificial separation of coverage and
o emissivity. This could take into account foam
e it ket | agymmetry using a 30 wave slope model.

Way forward

We encourage the ITWG remote sensing community to note the
gap identified by GAIA-CLIM, consider how best to address this gap
in the radiative transfer model capability and to support efforts
underway to develop the components of such a reference model.
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Snow Microwave Radiative Transfer — Picard et al. (2018)

G. Picard et al.: Snow Microwave Radiative Transfer model
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Figure 1. Multilayered medium modeled by SMRT. The incident
radiation [, comes either from a radar beam (active mode) or from
the sky (passive mode with atmospheric contribution).
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Models need to represent the relevant physical properties



Example of all-sky data assimilation

* Model does not have a sufficient representation of microphysical and
macrophysical parameters to which the all-sky radiances are sensitive, but

we can still get great impact from this data

Parameter error = Observation error

o
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