Routine verification of radiation and cloudiness
forecasts at ECMWF using CM SAF data
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Forecast skill

500 hPa geopotential = 2 m temperature
= 6 h precipitation === 10 m wind speed
= 850 hPa temperature == Total cloud cover
== 850 hPa vector wind
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Evolution of forecast skill

scora 12mMA raches 80%

500 hPa Geopotential (anomaly correlation)
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Total cloud cover

Total cloud cover
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Downward solar radiation (daily means)

Downward surface solar flux (W/m2), obs, 20111001 Downward surface solar flux (W/m2), fcst, 20111001
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Latitudinal and seasonal scaling
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Non-dimensional solar flux

Nondimensional downward surface solar flux, bias, 2011 Nondimensional downward surface solar flux, sdev, 2011
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Non-dimensional solar flux

Nondimensional downward surface solar flux, skill, 2011
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Nondimensional downward surface solar flux, sdev, 2011
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Non-dimensional solar flux

Nondimensional downward surface solar flux, skill, 2011 Mondimensional downward surface solar flux, skill, 2011
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Gulf of Aden

Nondimensional downward surface solar radiation [lon= 48.0 lat= 13.0]
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Prognostlc aerosol (MACC)

b 20120418 s, fest, EOIEDdiE

CM SAF

Climatological =
aerosol

4th CM SAF User Workshop, Grainau

Prognostic
aerosol




0.8

0.6

0.4}

0.2

0.0

L
2011

Brazil

Nondimensional downward surface solar radiation [lon=-50.0,lat=—12.0]
! | | | I I I

!
— OBS
— FCST

—

i "l[JW\»

AT \F

4th CM SAF User Workshop, Grainau Slide 13 —AECMWF
A 4



Problem area Southern Ocean

Downward surface solar radiation [lon=30 lat=-55]
T T T T

400 T T T T T T T T
—— OBS
—rsr | Southern Ocean
300} 4
250 g
¥
S 2001
I fl
150 ‘ V] g
A / |
100} L \ ' , ‘ -
i \ L \
50 y . B
0 1 1 1 1 1 | 1 1 I 1 1 1
01 08 15 22 29 06 13 20 27 03 10 17 24 01
L 1 1 ]
Sep 2011 Oct 2011 Nov 2011 Dec 2011
Downward surface solar radiation [lon=0,lat=51.5]
400 T T T T T T T T T T T T
— OBS
350} —— FesT i Southern UK
3001

F (W/m2)

01
1 I ! ]

Sep 2011 Oct 2011 MNov 2011 Dec 2011

4th CM SAF User Workshop, Grainau Slide 14 —AECMWF
\ 4




Downward solar, Oct-Dec 2012, correlation
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Latitudinal variation of total cloud cover
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Solar downward vs TOA reflected

Hﬂndimansional downward surface solar flux, bias, 2011 . Nondimensional TOA reflected solar flux, bias, 2011
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BSRN observations

Currently 50+ stations, number increasing

Subset with data available up to 2013
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Estimated/expected errors

« Solar downward at the surface

CM SAF target accuracy (MAE): 10 W m2 (monthly), 20 W m-2 (daily)
BSRN target accuracy: 5 W m-2

CM SAF: Mueller et al (2009), Macke et al (2010), Posselt et al (2012)
BSRN: Ohmura et al (1998), Augustine et al (2005)
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F (W/m2)

ECMWF vs CM SAF and BSRN

Downward surface solar radiation, Cabauw [52.0N, 4.9E]
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ECMWF vs CM SAF and BSRN

Downward surface solar radiation, Carpentras [44.1N, 5.1E]
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Tamanrasset, Algeria

Downward surface solar radiation, Tamanrasset [22.8N, 5.5E]
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Clear-sky: range of 40 W m-? spanned by datasets
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ECMWF bias in TOA solar reflected

MNondimensional TOA reflected solar flux, bias, 2012
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Stratocumulus

Wood (2012)
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Why iIs Sc difficult to forecast?

» Small vertical extent
» Weak synoptic forcing

» Subtle interactions between radiation, microphysics, and turbulence

— Model errors partially ‘hidden’ by compensation effects

Longwave
cooling Solar

heating

Latent heating
1
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Turbulent  § il
mixing '..: '. '. Drizzle f f BOUNDARY LAYER

Sea surface Surface fluxes
energy & moisture Wood (2012)

Evaporative cooling
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ECMWF bias in TOA solar reflected

MNondimensional TOA reflected solar flux, bias, 2012
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Verification of cloud water content (ARM site)
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ECMWEF approach to reducing Cu/Sc errors
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» More consistent test-parcel in PBL cloud scheme
» More nonlinear autoconversion/accretion
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c) Diurnal composite of low cloud LWDN
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ECMWF bias in TOA solar reflected

MNondimensional TOA reflected solar flux, bias, 2012
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Downward solar, Oct-Dec 2012, correlation
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Total cloud cover 06-18 UTC, Oct-Dec 2012, skill




Downward solar, Oct-Dec 2012, central alps

Downward surface solar radiation [lon= 10.0,lat= 46.6]
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Downward solar, Oct-Dec 2012, correlation
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Udine

Downward surface solar radiation [lon= 13.0,lat= 46.1]
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Danube valley

Downward surface solar radiation [lon= 14.2 lat= 48.2]
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Low stratus representation problem
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Evolution of forecast skill
TOA reflected solar radiation
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Conclusions

« CM SAF very useful addition to forecast evaluation
« Systematic model errors: interpret with care
 Non-systematic errors: highlights ‘problem areas’
« Issue of cloud misidentification over snow

 Near real-time aspect is important

 To-do list at ECMWF

« Extend use of CM SAF products (e.g. cloud fraction, cloud
top temperature)

e Evaluate ENS forecast

« Evaluate extended range and seasonal forecasts
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TOA reflected solar, Jun-Aug 2012, correlation
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TOA reflected solar, Oct-Dec 2012, correlation
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Downward solar, Jun-Aug 2012, central alps

Downward surface solar radiation [lon= 10.0,lat= 46.6]
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Sede Boquer, Israel

Downward surface solar radiation, Sede Boquer [30.9N, 34.8E]
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ECMWEF: solar radiation overestimated on disturbed days
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Downward solar, Jun-Aug 2012, correlation
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