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This presentation covers the following areas
« Nowcasting / DA systems
« Importance of surface emissivity for the use of satellite radiances
* Model biases over land
« Data Denial Impact experiments
* Future plans
improved structure functions
high Resolution AMVs
cloudy data
« Conclusions
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~ Net Office model domains

Met Office

Deterministic NWP
model resolution

« 25km global model

* 12km North Atlantic
European model (NAE)

» High-resolution UK
models:
« UK4: 4km fixed (old)

« UKV 1.5km over UK
varying to 4km at domain
boundaries (new)
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UK 1.5km DA cycling

Met Office

1 8 three-hour cycles per day, as in UK4km model
1 Data times for long (t+36) forecasts 03, 09, 15, 21 UTC

= Observation cut-off hh+ 30min
= Lateral boundaries from hh-3hr run of 12km NAE model

d Intermediate cycles at 00, 06, 12, 18 UTC

= Observation cut-off hh+ 2hr 40min
= Lateral boundaries from hh NAE run
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System configuration SUKF

Met Office

UM v7.4
PS 24

« Surface observations : now SYNOPs hourly

- AMDAR : now every hour take off and landing

 Radiosondes

« SEVIRI imagery (clear radance): every 15mins / one per analysis (3DVAR)
« Rainfall rate analysis

 Doppler radar winds

* GPS: hourly

* Hourly AMVs

© Crown copyright Met Office
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<7~ Assimilation setup SUKF

Met Office
Observations
Convention an
satellite
] |
[ BackgroundJ l [ Background]
t | IAU 3/4D-VAR | t

| RH & Latent Heat nudgingl

Hourly Cloud cove
(MOPS)
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UK 1.5km — surface analyses

Met Office
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UK 1.5km — surface analyses
Met Office SSUPTIAMD 1 Do 3 W i 88 g #f

O Soil moisture updated daily

= QOver UK - from UKPP offline
land surface model run on 2km
grid

= Qutside UK - from interpolated
global model analysis

(nudging with increments from
screen level observations)
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Land Surface Emissivity

Met Office

© Crown copyright Met Office

We would like to derive emissivity from
observations, but we need a good first guess
to allow accurate cloud detection

Many groups are currently using the University
of Wisconsin surface emissivity product for this
purpose.

This product is itself derived from the MODIS
LSE product

So how good is it?....
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Monthly mean emissivity for SEVIRI Ch09 derived from MODIS
g emissivity atlas mapped to SEVIRI pixels. (January ). The colours

—-\_/; represent various emissivity ranges:

brown <.949, green >.95 and <.959, blue >.96 and <.969, yellow >.97

Met Office and <.979, red >.98 and <.989 and white >.999
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Wisconsin/MODIS emissivity product
Applying the good g/c flag over the British
Isles

Met Office

August 2006 V2.1 (MYD11 C004)

14.3 um
'ﬂj -
FLAG2=4 = = = = = FLAG <=2
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Met Office

Cloud free as
determined by
IASI cloud
detection
scheme

Clear IAS| Obs per UKV

© Crown copyright Met Office
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Met Office

IASI Active retrieval of emissivity using 1DVAR

In order to reduce the problem of infrared emissivity retrieval to a small number
of variables, the surface emissivity spectrum is represented in terms of its
leading principal components.

The first 12 PCs have been found to provide a good representation of the
important spectral features.

A training dataset of laboratory-derived emissivity spectra is used to compute a
set of eigenvectors which represent the variability in emissivity expected over
diverse surface types

The training dataset that is currently used is based on the UCSB MODIS
surface emissivity database

© Crown copyright Met Office
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IASI| 1-DVAR simultaneous

werormee  F€trieval including emissivity

|ASI spots with cloud fraction < .1 Emissivity retrieval
red > .95 blue > .96 yellow > .97
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Clear MSG data over land

Met Office

* | discovered large, diurnally varying O-B biases over land
(using UKV 3-hour forecast as background) suggesting
potential errors in the model radiative skin temperature,
implying 1D-Var analysis of the land skin temperature will
be heavily reliant on observations and emissivities

* Analysis atmospheric state from 3D-Var may be
iInconsistent with model skin temperature

« Met Office land surface scheme has been optimized to
give accurate fluxes (for forecast accuracy), which may
have led to non-optimal radiative skin temperature

© Crown copyright Met Office
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Clear MSG data over land In
UK forecast suites

Met Office

« Up until now, only high-peaking water vapour channels
have been assimilated over land (SEVIRI Ch. 5, 6)

* Initial trials assimilating IR window channel radiances
over land did not give forecast improvement in the
(computationally cheaper) UK4 forecast suite

© Crown copyright Met Office
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weome oasSe studies

| investigated three cases in 2010: 15 May — 2 Jun, 8 Oct
— 2 Nov, and 18 Nov — 22 Dec

Observations were only used which were at least 4km
from cloud in both the model and in the observational
cloud flags, and where operational QC was OK

Comparing like with like — surface under clear sky in both
cases

| produced histograms of SEVIRI brightness temperature
O-B for different times of day

| will first discuss the 8 Oct — 2 Nov 2010 case

© Crown copyright Met Office
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New interpolation of RT profile

Met Office

 In operations RT profiles are on 43 standard RTTOV v7
vertical levels

* Interpolation to these levels can affect layered structures
such as inversions

« RTTOV v9 was tested using the vertical levels of the
NWP model to avoid this interpolation

* Little effect — but gave a small reduction in the number of
extreme O-Bs

© Crown copyright Met Office
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Additional QC Flagging

Met Office

* Observations near to coastlines were removed (wider
coastal exclusion — to 10km)

 Locations QC flagged in the MODIS emissivity atlas”
were also excluded

© Crown copyright Met Office
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~_—— Convolving simulated image with

O satellite point-spread function
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~_—— Convolving simulated image with

O satellite point-spread function
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Convolution and QC-flagging

Met Office
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MSG O-Bs over land

Met Office

Hour (UT)

Hour (UT)

1.58 .17 4.75 6.33 7.92 9.50 11.09
Percentage (of 0-Bs in this time window) in the 0—B bin
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MSG O-Bs over sea

Met Office

Hour (UT)

5

21.0
0-=B bin

89 10.55 13.16 15.79 18.42

7\.)":;

Percentage {(of 0—=Bs in this time window) in the

© Crown copyright Met Office

23.68

Hour [UT)
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Diurnal O-B bias summary

Met Office

* Improved radiative transfer modeling and QC gave O-Bs
with a narrow distribution around a diurnally-varying bias

* The amplitude of the diurnal variation in O-B is similar in
summer and winter, although in winter the daytime peak
IS less extreme, and the pre-dawn trough is much more
extreme (and slightly more variable) — seems correlated

to the net radiation

© Crown copyright Met Office
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Met Office
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Diurnal O-B bias summary

Met Office

* Improved radiative transfer modeling and QC gave O-Bs
with a narrow distribution around a diurnally-varying bias

* The amplitude of the diurnal variation in O-B is similar in
summer and winter, although in winter the daytime peak
IS less extreme, and the pre-dawn trough is much more
extreme (and slightly more variable) — seems correlated

to the net radiation

« 1D-Var analyses of these observations showed a similar
diurnal bias in the analysed land skin temperature

© Crown copyright Met Office

Thursday, 19 May 2011 25



Summary

Met Office

« Land radiative skin temperature in the current Met Office
model shows significant diurnally-varying error, possibly
correlated with the diurnal variations in net radiative flux

* Improvements to the generation of simulated radiances
gave improvements to O-Bs, applicable to assimilation
over land and sea

* O-B errors can be reduced by applying a diurnal bias to
the observations, allowing assimilation of window-channel
radiances over land without contamination from skin
temperature errors

© Crown copyright Met Office
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UKVD O-B SEVIRI channel 9

Met Office
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ﬁ SEVIRI O-B time series control
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UK4 Data denial experiments

Impact of AMV's
0.200 A-. ok PNEL e o i
no amv
B amv
diff
0.150
 0.100
0.050  4— — —
0 -
Surface Visibility 6 hr Plenpactuof cleaf @EVMPRI Amount Cloud Based Height (3/8 Cover)
0.300
no seviri
W seviri
diff
0.225
= 0.150
0.075 4= — —
0

© Cr8 eélésﬁsl)}yl ght I\ﬁgrtpé‘fﬁ éécum Total Cloud Amount Cloud Based Height (3/8 Cover)

Impact of ground GPS

no gps

M gps
diff

Surface Visibility

6 hr Precip Accum Total Cloud Amount Cloud Based Height (3/8 Cover)

% Change in weighted ETS

amv (68cases)

gps (68 cases) seviri (60 cases)
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UK 1.5km DA - future developments

Met Office
0 Hourly cycling 4DVAR

= hourly 2 15min radar
= 15km radar - 5km radar

New covariances

U

= Compute from lagged UK1.5 forecast differences
New humidity control variable

Revise observation errors

Doppler radial winds

High Resolution AMVs

Uses of cloud imagery

O 000 DO

© Crown copyright Met Office
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with operational cov for Temp v Temp (horz)
Comparsion of 3/6 hr lagged NMC cov

Met Office
HRTM 3D-Var - Single obs experiments

Explore 2D maps

CovStars: Gen BE NMC 6h-3h samelLBCs 'I CovStrats: UKV 288360 v.1.1.0 ’I
I-obs Type: 1emp 'I.&' kevel: 01 (~2.5m) 'I 1-cbs Type: temp ¥ I & level: 01 (~2.5m) 'l
Analysis increment Fieks: temp ¥ Is kvel: 01 (~25m) ¥ I Analysis increment Field: temp ¥ | & levek 01 (~2.5m) 'I
- analLinc_GenBE ) ) s -Jrul_ < UKV )
STASH code: 4 Level: 1 Volicity tima: 12:00 on 07 /07 /2009 STASH cade: 4 Level: Validity time: 12:00 on 07/07/200%

AT

\/\/

|~ P \“w
| A
| /

1

Meoarn: 1. 359TE~02, RMS: 2.6085E~02, Mox: 3363 ~01, Mn: 1.0665€-07 Neon: TOO34E~02, NS BO9T7S1E~02, Wax: Z2.1066E~01, Mic JNGSTEDE
“048-04-0320246018-008 0 002018 024 032 0.4 048 w0480 4032024016008 O 005 012 024032 04 D48
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Comparsion of 3/6 hr lagged NMC cov with
operational cov for Temp v Temp (vertical)

Met Office

Explore Vertical Sections

CovStats: Gen_BE NMC 6n-3h samel8Cs ~ |

1.0bs Type: temp v I& level: 01 (~Z.5m)
Analysis increment Field: temp v I & section: latsudinal 'l

LoRude ~05% STASH cooe

als

4 Vohdby tima 13300 on 97/07 /32008

FR T 1

A i
w

T

A
"

™ o
Vars TOURE-GN, MO 101008, Bes ANOM-ON, W -JARDE-D

] HA AR N LM Qe
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Comparsion of 3/6 hr lagged NMC cov with operational

cov for Hum v Hum (horz)
Met Office
HRTM 3D-Var - Single obs experiments

Explore 2D maps

CovStats: Gen_BE NMC 6h-3h samelBCs 'I CovStats: UKV 288380 v.1.1.0 'I
I.obs Type: humidity ¥ | & level: 01 (~25m) ~| 1-obs Type: humidty ¥ |& level: 01 (-2.5m) -
Analysis increment Field: Pumidty ¥ I & Jevel: 01 (~25m) 'I Analysis increment Field: humidity 'I& level 01 (<2.5m) 'l
analinc_GenBE analdnc_ UKV
STASH code: 18001 Level 1 Voldity time: 12:00 on 07/07/2003STASH coge: 18001 Level 1 Validity time: 12:00 on 07/07/2009

T b ] \
W |

—

/ / L /

1

Mean: B.3513E-07, NS 2.2825E-06, Max: 4.4458E-05, Min: B8.4728E-12 Moan: 1.1084E-05, RMS: 1.9647€-05, Mox: 401714E-05, Mic 4.6745E-10
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Comparsion of 3/6 hr lagged NMC cov with
operational cov for Hum v Hum (horz)

Met Office

Explore Vertical Sections

CovStars: Gen_BE NMC 6h-3h samelBCs |~ | CovSrars: UKV 268360 v.1.1.0 -|
l.cbs Type: humidty 'l& kevek 01 (~2.5m) l.obs Type: humidity ¥ li level: 01 (~2.5m)
Analysis incrernent Field: humidity ¥ I& section: kattudnal 'I Analysis increrment Field: humidey 'I& section: latitudinal '|
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NWC SAF

NWCSAF High Resolution Winds product

Met Office

Input data

o SEVIRI/HRVIS & IR10.8

g Nw?e%%rature, Wind, Geopotential, Surface temperature

e NWCSAF/Cloud Type output

Output data
° Basic scale up ?4“{3\’& glsfferent scales of tracers
Detailed scale 12 pixels
o

Ho basic tracers
= Basictracers are large

Current version of NWCSAF/HRW product
¢ HRWv3.0 spring 2010

43
© Crown copyright Met Office
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NWCSAF (AEMET) High Resolution Winds NWC SAF
product

Main steps of HRW algorithm:

Met Office

© Crown copyright Met Office

Drenrocessing

Tracer calculation. .
i'ztraalent Tracer characteristics

Height assignment

Cloud top Cloud base

Tracer frackina [ Wind caley\ghiadn, gifferences  Cross correlation

Quality control Eumetsat Quality Indicator

Orographic flag test
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~-NWCSAF/HRW algorithm: Tracer calculation

Met Office

Methods for the tracer calculation:
e Gradient / Sharp edge:

—> Very efficient, fast, well proven.

® Tracer characteristics: o
—> Longer, but still reasonable computing time.

®
(the cloudiness in front and the background).

(trying to avoid “too linear” cloudy elements).

(to avoid multilevel cloudiness).

© Crown copyright Met Office

NWC SAF
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Low level AMVs in UK Nowcasting
~—~~~  region
Met Office

© Crown copyright Met Office

Thursday, 19 May 2011



. Low level AMVs in UK Nowcasting
' '
< region
Met Office
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SEVIRI Imagery Monitoring

Met Office
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Observed Model

SEVIRI Channel 7
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Conclusions(1)

Met Office

Using the MODIS emissivity atlas for quality control is OK but whether the
emissivity atlas values are an improvement on fixed emissivity remains to be
determined.

There is a problem of bias of the surface temperature in the daytime in
summer.

The additional diurnal bias correction has been included in the current
experiments but is not the best solution.

Addition work is underway to model the forward operator for SEVIRI better,
taking into account the SEVIRI instrument geometry.

This is important because the model grid of the 1.5km UKV is much smaller
than the FOV of SEVIRI.

This first UK4 run suggests we can use clear SEVIRI over land.

© Crown copyright Met Office

Thursday, 19 May 2011 42



Conclusions(2)

Met Office

Work on improved forecast error covariance (COV) is important we are
currently not making use of high resolution data.

The first stage is to use a sharper isotropic COV and later and follow the path
of our global system and make use of a meso ensemble to have more flow
dependent COV.

The use of meso AMVs is being studied in both direct data assimilation and
also AMVs derived form model simulated cloudy radiances.

Work is underway to directly use cloudy SEVIRI rather than using SEVIRI in
MOPS
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Questions?
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