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Overview

A All-sky assimilation of WV-sensitive microwave radiances

I Currently supplying around 20% of all forecast impact in the ECMWF
operational system

I Tropical cyclone analysis
I Benefits of higher temporal frequency (SAPHIR)
I Prospects for geo-mw?

A All-sky infrared developments

AWhat can geostationary hyperspectral provide for cloud and precipitation
assimilation?
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Current benefit of all-sky microwave observations
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Sensitivities and current sources of all-sky microwave data

A Imager channels (191 90 GHz):
I Instruments: SSMIS, GMI, AMSR2
I Total column water vapour
I Rain and liquid water cloud, particularly at lower frequencies

I (Large frozen particles (snow, graupel, hail) at higher frequencies)

A WV sounding channels (around 183 GHz)

I Instruments: SSMIS (F-17, F-18); MHS (Metop-A,B, NOAA-18,19),
SAPHIR, MWHS-2

I Water vapour in the mid to upper-troposphere

I Scattering from large frozen particles (snow, graupel, hail)

T lIce cloud

A 118 GHz temperature/cloud channels (a developing capability)
I Instruments: MWHS-2

I Cloud, particularly over land?
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Forecast sensitivity (FSOI) of major observing systems in
ECMWEF operations
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What 0s

All-sky assimilation of humidity

sounding channels on SSMIS

happened

GMI and AMSR-2
added in all-sky
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An SSMIS (combining
imaging and humidity
sounding channels; with
its T channels not
assimilated) is nearly
equivalent to the best of

FSOI of satellite radiances, August 2016

100% = full operational observing system
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There is great potential for
making better use of infrared
WV channels: their sensitivities
are not so different from their
microwave equivalents
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High FSOI => real improvements in medium-range synoptic forecasts

26-Feb-2015 to 13-Sep-2015 from 380 to 399 samples. Verified against own-analysis.
Confidence range 95% with AR(2) inflation and Sidak correction for 4 independent tests
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All-sky WV
sounding only:
4 MHS, 1 SSMIS

Full observing
system
Including all-sky
A

Humidity increments at 500hPa
06Z: 9h into the assimilation window
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All-sky WV
sounding only:
4 MHS, 1 SSMIS

Full observing
system
Including all-sky
A

15 30 45 60 75

o}
—

|
o
(s}

|
n
<

|
o
©

[
Yo}
T

v-wind increments at 500hPa
06Z: 9h into the assimilation window

-135 -90

Gk 0 G¥ 09 G/ G/— 09— G~ 0€— G- Gl 0 S¥ 09 G/

G/~ 09— Gv— 0€— G-

N

o

|
\V]

Increment in v—wind component [ms™]



Current benefit of all-sky microwave observations

A Observations sensitive to water vapour, cloud and precipitation now provide
around 20% of forecast impact at ECMWF

A4D-Var tracing infers improved dynamical initial conditions to support
improved WV, cloud and precipitation initial conditions

A Forecasts are improved into the medium range

Y Water vapour and window frequencies are starting to become as
important to NWP as the temperature-profiling frequencies
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Tropical cyclone analysis

Thanks to Massimo Bonavita
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TC Patricia, 23 Oct 20157 geo vis

UM/RSMAS GOES15 VIS 23 Oct 2015 1315 UTC

National Oceanic and Atmospheric Administration (GOES-15 satellite); animation provided via the University of Miami's Rosenstiel School of Marine and Atmospheric Science
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ECMWEF analyses suffered large errors in central pressure
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Obs FG Analysis
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TC analysis

A Some TC forecasts and analyses are good. Some are poor, like TC Patricia:
I First guess:
A Two low-pressure centres; both very weak compared to observations
A Far too widespread and intense convection
I Analysis:

A Even additional weight given to all-sky observations does not significantly deepen the
TC

A Convective areas are moved around; intensity reduced, but still do not fully resemble
reality

I Are we struggling with basic data assimilation issues?

A If the FG is too far away from the truth, DA cannot be expected to work (even with a
very good model)

A And if the forecast model cannot properly represent a process, it is even harder:

I Forecast model is spreading convection too wide and not deepening the low pressure centre.
Maybe the latent heating that should power the TC is being wasted elsewhere?

A The complex processes that link dynamical initial conditions with observed precipitation
need to be very well modelled in order to infer dynamical increments from observed TC
convection
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Tropical cyclone analysis i relevance to hyperspectral geo

A Only microwave observations observe the driving forces behind the TC, i.e.
the convective bands

I And a combination of polar orbiting observations can already provide reasonable
sampling of TCs (e.g. at least every 2-3 hours for TC Patricia)

Alnfrared should be useful too:
I Cloud top temperature indicates areas of deepest convection
I Cloud motion can help track upper-level winds

I TCs with well-developed eyes can be located quite precisely
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A non-sun synchronous orbit: MeghaTropiques
Thanks to Philippe Chambon
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Meghatropiques sampling
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SAPHIR sampling

Example: observations at longitude O
Local solar

time [h]

Latitude
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