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Delayed Ocean 

Analysis ~12 days 

Real Time Ocean 
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Monthly 
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Atmospheric model

Wave model
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Atmospheric model
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ECMWF forecasting systems
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Data assimilation system (4D -Var)

ü The observations are used to correct errors in the short 

forecast from the previous analysis time.

ü Every 12 hours we assimilate 4 ï8,000,000 observations to 

correct the 100,000,000 variables that define the modelôs 

virtual atmosphere.

ü This is done by a careful 4 -dimensional interpolation in 

space and time of the available observations; this operation 

takes as much computer power as the 10 -day forecast.
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Satellite observing system

Data types:

Data volume:
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Example of conventional data coverage
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LEO Sounders LEO Imagers

Scatterometers GEO imagers

Satellite Winds (AMVs) GPS Radio Occultation

Example of 6 -hourly satellite data coverage

9 April 2010 00 UTC



Slide 11

ECMWF Training Course - The Global Observing System - 05/2010

What types of satellites are used in NWP?

Advantages Disadvantages

GEO - large regional coverage - no global coverage by single satellite

- very high temporal resolution - moderate spatial resolution (VIS/IR)

> short-range forecasting/nowcasting > 5-10 km for VIS/IR

> feature-tracking (motion vectors) > much worse for MW

> tracking of diurnal cycle (convection)

LEO - global coverage with single satellite - low temporal resolution

- high spatial resolution

>best for NWP! 
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Observation numbers per cycle

Average 

radiance data 

count per 

analysis from 

period 

08/12/2008-

28/02/2009:

EXP-HI EXP EXP-SV EXP-CLI EXP-RND
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(Trémolet 2004)

T799L91

T95L91 

T159L91

T255L91

T799L91

Data Assimilation ðIncremental 4D -Var
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Clear skyClear skyDynamics,

moist physics

clouds and rain

Clear, cloud and 

rain including 

scattering

Clear, cloud and rain

Transfer of information between radiances and control variables

Data Assimilation ðRadiances
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Example 1: Radiosonde profile of T H = spatial interpolation

Example 2: Clear-sky radiance observation H = spatial interpolation + clear-sky radiative transfer

Example 3: Cloud/rain radiance observation H = spatial interpolation + moist physical parameterizations

+ multiple scattering radiative transfer

ModelSSM/I

What is the observation operator?

MVIRI Model
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Combined impact of all satellite data

EUCOS Observing System 

Experiments (OSEs):

2007 ECMWF forecasting system,

winter & summer season,

different baseline systems:

no satellite data (NOSAT),

NOSAT + AMVs,

NOSAT + 1 AMSU-A,

general impact of satellites,

impact of individual systems,

all conventional observations. 

500 hPa geopotential height
anomaly correlation

3/4 day

3 days
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Impact of microwave sounder data in NWP: 

Met Office OSEs

2003 OSEs:2003 OSEs:

ÅÅNN--15,15,--16 and 16 and --17 AMSU17 AMSU

ÅÅNN--16 & N16 & N--17 HIRS17 HIRS

ÅÅAMVsAMVs

ÅÅScatterometer windsScatterometer winds

ÅÅSSM/I ocean surface wind speedSSM/I ocean surface wind speed

ÅÅConventional observationsConventional observations

2007 OSEs:2007 OSEs:

ÅÅNN--16, N16, N--18, MetOp18, MetOp--2  AMSU2  AMSU

ÅÅSSMISSSMIS

ÅÅAIRS & IASIAIRS & IASI

ÅÅScatterometer windsScatterometer winds

ÅÅAMVsAMVs

ÅÅSSM/I ocean surface wind speedSSM/I ocean surface wind speed

ÅÅConventional observationsConventional observations

(W. Bell)



Slide 19

ECMWF Training Course - The Global Observing System - 05/2010

Sensitivity of analysis increments to observations

2007 GMAO/GSI system, 1.875o, 64 levels, 6-hour window;

J from analysis increments; August 2004.

temperature zonal wind

North-Pacific North Pacific

temperature zonal wind

US US

satellite

conventional

total (Zhu & Gelaro 2008)

1
,

2
J x S x
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Relative FC error reduction per system

Relative FC error reduction per observation

(C. Cardinali)

Advanced diagnostics

The forecast sensitivity 

(Cardinali, 2009, QJRMS, 

135, 239-250) denotes the 

sensitivity of a forecast error 

metric (dry energy norm at 24 

or 48-hour range) to the 

observations. The forecast 

sensitivity is determined by 

the sensitivity of the forecast 

error to the initial state, the 

innovation vector, and the 

Kalman gain.
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black cntrl3 AMSU-A, 2 MHS vs 1 AMSU-A, 0 MHS

(C. Cardinali)

Advanced diagnostics ðMW sounder denial

Forecast error reduction [%]
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Advanced diagnostics ðMW imager denial

(C. Cardinali)

Forecast error reduction [%]

No MW-imagers

Control
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Time evolution of 

statistics over predefined 

areas/surfaces/flags

Data monitoring ðtime series

(M. Dahoui)
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Time evolution of 

statistics for several 

channels

Useful for quick and routine 

verifications

Can not be used for high 

spectral resolution 

sounders

RTTOV version upgrade

Data monitoring ðoverview plots

(M. Dahoui)
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Selected statistics are checked against an expected range.

E.g., global mean bias correction for GOES-12 (in blue):

Soft limits (mean 5 stdev being 

checked, calculated from past 

statistics over a period of 20 days, 

ending 2 days earlier)

Hard limits (fixed)

Email-alert

Data monitoring ðautomated warnings

(M. Dahoui & N. Bormann)

http://www.ecmwf.int/products/forecasts/satellite_check/

Email alert:
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Data monitoring ðautomated warnings

(M. Dahoui & N. Bormann)


