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Using the Radar Data in 4D-VAR

Met Office

» Currently assimilate hourly radar-derived
precipitation rates via latent heat nudging

» Testing assimilation of ppn rate in 4D-VAR

* PF model has linearised microphysics (large-scale
precipitation) and linearised convection scheme

» Removes complication of running two assimilation
schemes, 4D-Var & LHN

» Potential to adjust dynamics to fit rainfall
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Using the Radar Data in 4D-Var

Met Office

* 1-month NAE trial at 24km, results closeto LHN
» Case studies: works best for large-scale rainfall

* Spin- uI:) Increased ppn in first few timesteps after
a55|m| ation. Can be reduced by

* |AU - nudge increments into model
« Tuning Jc penalty
» Testassimilating accumulations not rates
* Plansfor further trialling with an additional Var outer loop
» Research: direct assimilation of reflectivities
(Nicolas Gaussiat, Sue Ballard)
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Cloud Assimilation

1) satellite radiances

Var moist control variable
Met Office

X total moisture (RHt)

H(x)

/\

vapour cloud

Calculate Jo, OJo/BH(x)
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Microwave radiances in cloud
Met Office

Assimilating lowest frequency AMSU channels in cloud
(23.8,31.4GHz)

» Improvesfitto background of temperature sounding channels
(50GHz)

» Leads to improved model temperature bias

(Adrian Jupp)
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Microwave Spectrum
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Microwave radiances in cloud
Met Office

Depends on:
Vapour | Liquid cloud

=> proadly same effect on radiances

Where cloud is observed,

Var can increase vapour until we get cloud
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Infra-red radiances in cloud
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1D-Var cloud analysis
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* Retrieve cloud

parameters in 1D-Var  « Choose channels with * Pass cloudy radiances,
minimal sensitivity below retrieved CTP and CF to

- Cloud top pressure  cloud top 4D-Var
& Cloud fraction + Cloud parameters used
» Using RTTOV as fixed inputs to RTTOV
single level grey
cloud approximation .
Ed Pavelin
~— Forecast impact
Metomee  (OUMMer 2009)
CLOUDY IASI IMPACT SFNBE-SFGLI (SUMMER09) CLOUDY IASI IMPACT SFNBE-SFGLI (SUMMERO9)
VERIFICATION VS OBSERVATIONS - DAILY NWP INDEX AND RUNNING MEAN VERIFICATION VS ANALYSIS - DAILY NWP INDEX AND RUNNING MEAN
WEHALLCHAPQE IN.NWPINIJE)(= 0.576 . : DI\FERALL CHAII‘IGE ININWP INDIE)(z D.'TM.

. +0.57 1 40.73 _.
i 5 VS ObS + GOOd - é 6 VS anal + GOOd —
g, i £, J
o

of= ___-.-.-;n'.'._-.'...'_-l-' =R _Illa'llllll-- P PR .II_-III...lllllilulilI_l

= = Ca— D " : ) o R —

Met Office Global NWP Index

Crown copyright Met Office

ECMWEF-JCSDA Workshop, 15 — 17 June 2010 187



RENSHAW, R. ET AL: CLOUD AND PRECIPITATION ASSIMILATION AT THE MET OFFICE

 AMSU channels 1&2 improve use of
AMSU temperature channels in cloud

* |ASI cloudy 1D-Var indicates which ‘clear’
channels we can use in cloud

Cloud Assimilation

2) stratocumulus

© Crown copyright Met Office

ITCiA31 MSG 0.8 micron Visible Image 14 Oct 2007 0900 U
1 g 1 . B - % 4 Fn ._ -

Met Office b
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~— North Atlantic / European model
Met Office

EuroPP cloud analysis:
SEVIRI cloud top + SYNOP cloud base
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Cloud in VAR

Met Office
» Operational in NAE & UK models from November 2008

» Uses gridded cloud fractions from nowcasting scheme

» Cloud fraction is assimilated as proxy Relative Humidity
Smith: Cloud fraction <—> RHtotal
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Met Office

Vertical levels
lowest 4km
~200mres’'n
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Met Office
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Assimilation of SEVIRI cloud
products directly into NAE model

Met Office
Can potentially use data No intermediate step via
for entire domain EuroPP nowcasting system

BUT no surface cloud data

34466 % 38047

Pete Francis

MSG imagery — 122, 15/12/2008
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Simulated imagery — 12Z, 15/12/2008, T+0
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Simulated imagery — 127, 15/12/2008, T+0

EIEUS5 MSG 108 micron Simulated Infrared BT for QY12 T 00FC, valid 15 Dec 2008 1200 UTCE
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Winter 08/09 trial
SEVIRI vs EuroPP over UK area

Temperature éKerinledat Station Height: Surface Obs
. Reduced Mesoscale Model area
Equalized and Meaned from 2/12/2008 00Z to 2/1/2009 18Z
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Tool for adding cloud
Met Office lan Boutle

1) Find appropriate level for cloud top
- looking at vertical stability and humidity
2) Estimate mixed-layer depth to get cloud base

3) Set humidity and temperature for mixed cloud layer

Crown copyright Met Office

194 ECMWEF-JCSDA Workshop, 15 — 17 June 2010



RENSHAW, R. ET AL: CLOUD AND PRECIPITATION ASSIMILATION AT THE MET OFFICE

Tool for adding cloud

EHEAI11 MSG cloud top height 08 Mar 2010 0000 UTC g (& :
i & 0, F : Tpus

et

+TY Iy

Crown copyright Met Office

Tool for adding cloud
Met Office lan Boutle
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Met Office

Ekofisk
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Observation proxy RH lets us create cloud

Vertical scale is smaller than climatological
Var covariances. Increasing vertical
resolutionis good.

Cloud base from surface obs helps
Adding moisture isn’t always enough

© Crown copyright Met Office

« New moist control variable (as Holm)
{David Jacksaon, Bruce Ingleby, Keith Mgan)

* PF boundary layer physics

William Grey, Tim Payne)

« Ekman boundary layer control variables
(Marek Wlasak, Sarah Dance, Mike Cullen)

« Adaptive grid transform

{ChiaraPiccolo)
« Assimilate cloud from surface obs
« VarOuter loop
» Hybrid ensemble-Var

{Adam Clayton)
« Vertical deformation control variable
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