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ECMWEF forecasting systems

Medium -Range Monthly Seasonal
Forecasts Forecasts Forecasts
(Deterministic and EPS)
|| Atmospheric model || Atmospheric model "
|| Wave model || Wave model "

AT AT % 4

L, Ocean model ‘—"47

Real Time Ocean Delayed Ocean
Analysis ~8 hours Analysis ~12 days
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Data assimilation system (4D -Var)

Time
Observations Observations Observations
1 : Forecast l - Forecast l - Forecast
Analysis » Analysis » Analysis

\ Medium-range forecast

U The observations are used to correct errors in the short
forecast from the previous analysis time.

U Every 12 hours we assimilate 4 1 8,000,000 observations to
correct the 100,000,000 vari ab|l es
virtual atmosphere.

U 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
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Example of conventional data coverage

Obs Type

15671 SYHOP 1700 SHIP 11760 METAR

ECMWF Data Coverage (All obs)
09/0CT/2005; 12 UTC
Total number of obs = 29131
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ECMWF Data Coverage (All obs)
09/0CT/2005; 12 UTC
Total number of obs = 589

1somer 12000 soow = s we 1m0

- TEMP

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

Obs Type

ECMWF Data Coverage (All obs)
09/0CT/2005; 12 UTC
Total number of obs = 5413
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ECMWF Data Coverage (All obs) - AIRCRAFT . -
09/0CT/2005; 12 UTC

Total number of obs = 40926
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e of 6 -hourly satellite data coverage
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What types of satellites are used in NWP?

Advantages Disadvantages
GEOQO| - large regional coverage - no global coverage by single satellite
- Global Geostationary Satellite Coverage
7 “;: = “ﬁé.DES-B Met!::sa.t Elrj{troﬂ GaS GO‘IgS-W GOES-E Metgjsa.t
- very high temporal resolution - moderate spaﬁal 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

o

_ high spatial resolution [ S
>pest for NWP!
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Observation numbers per cycle

I EXP-HI EXP EXP-SV EXP-CLI EXP-RND

1strument
Global:
HIES 0982.945 422.655 460.711 462.547 460,154
AMSU-A 3.505.122 985.211 1178.005 1170.900 1161.762
AMSU-B 261.901 64.471 78.831 81.141 73.795
MHS 83.175 19.236 23.999 24.698 22401
AIRS 7.326.514 2.355.9064 2.750.827 2.743.310 2.717.863
IASI 7.380.481 2.007.018 2.484.908 2.499.628 2.432.534
SSM/I 216.847 44,944 62.276 66.829 57.472

Average AMSR-E 372.267 78.259 108.699 115.528 99.268

; MVIRI 69.082 13.616 15.162 1.4263 14.646

radlance data SEVIRI 325.098 65.644 73.688 73431 68.169

count per GOES Imager 109,767 33.624 34.641 34,543 34.632

anaIySIS from MTSAT Imager 40,832 9.459 10.173 10,116 10.109

. Southern

perIOd hemisphere:

08/12/2008_ HIES 515.742 220.349 258.145 258.800 256.479
AMSU-A 1.821.699 505.831 698.469 691.226 682.044

28/02/2009 AMSU-B 139.670 34.071 48.242 50471 43.211
MHS 47.116 10.872 15.595 16,259 13,988
AIRS 4.010.976 1.292.183 1.684.301 1.676.059 1.650.544
TIASI 4.186.551 1.141.298 1.616.747 1.630.198 1.563.424
SSM/I 132.030 27.267 44.638 49181 39828
AMSR-E 222.327 16.581 77.064 83.872 67.598
MVIRI 35.545 7.026 8.545 7.626 8.006
SEVIRI 144,896 29.192 37.259 37.510 32.248
GOES Imager 40.277 12.307 13.340 13.030 13.114
MTSAT Imager 19.612 4,538 5.225 5.178 5.170
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Data Assimilation d Incremental 4D -Var

Xo = Ap

\/
BWIECREEREEEEE »  High-resolution non-linear trajectory T799L91

P Departures d = y — H(x;) : :

0 YY Y Y yy
6.x;=0 Trajectory

(

Low-resolution linear model —_ ] T95L91
T159L91

Low-resolution adjoint model —>» VJ T255L91
lterative minimisation algorithm

Quter loop
—P—

Inner loop

JCE--H =XE'+S_I(5 JCE-)

g omenere »  High-resolution non-linear forecast T799L91 (Trémolet 2004)
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Data Assimilation d Radiances

Transfer of information between radiances and control variables

Control Variable / Forecast State at Radiative Radiance
state vector model time i transfer observations
Xo M i X H i Y
0 T 0 T 0
J M | HT . 9
O ( 0 (. O/
0 i -
Wind and mass, Dynamics, Wind and mass, Clear, cloud and Clear, cloud and rain
humidity moist physics humidity, rain including ”

clouds and rain scattering
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What is the observation operator?

Example 1:

Radiosonde profile of T

Example 2:
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Clear-sky radiance observation
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Example 3:

Cloud/rain radiance observation

%ﬁ
1
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H = spatial interpolation

H = spatial interpolation + clear-sky radiative transfer
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Anomaly correlation (%)

Anomaly correlation (%)
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Combined impact of all satellite data

a Northern hemisphere
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Forecast Day

b Southern hemisphere

Forecast Day
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EUCOS Observing System
Experiments (OSESs):

2007 ECMWEF forecasting system,
winter & summer season,
different baseline systems:
no satellite data (NOSAT),
NOSAT + AMVSs,
NOSAT + 1 AMSU-A,
general impact of satellites,
impact of individual systems,
all conventional observations.

<« 500 hPa geopotential height

anomaly correlation
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Impact of microwave sounder data in NWP:
Met Office OSEs

o .- 2003 OSEs:
AN-15,-16 and -17 AMSU
50 [HEENO MWS (2003) | AN-16 & N-17 HIRS
" B NO MWS (2007) AAMVs
% 40t - AScatterometer winds
= ASSM/I ocean surface wind speed
=z 30 - AConventional observations
L
! u
< 2007 OSEs:
S ol | AN-16, N-18, MetOp-2 AMSU
ASSMIS
ol - MBNLLEENNLLLLUNNNNNENE ' AARS&IASI
RRRRH23 2088882222 483838¢R
gggg%%%%;;;;;gggg%%%%; ASSM/I ocean surface wind speed
= ® AConventional observations
(W. Bell)
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Sensitivity of analysis increments to observations

2007 GMAO/GSI system, 1.875°, 64 levels, 6-hour window;
J from analysis increments; August 2004.

J = X SO x

'JT_NF'

a
a
i I.|
temperature € Y
North-Pacific a4 AN ﬂwf \ " \ M
g '_I'-'I' -\Uﬂ . 3~ LI
.l:l I? :‘
! | 15 B ;
ﬁﬁys '
\J'r_us
18
C
temperature g” I lllll'- 'I W o~ \;f ‘_I/\k\
US é g' -.III'.,-'II. v
- = = satellite A N VN
-=aaaees cONventional ¢ q S -
tOta| Days

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

Jowe

{K P
20 - |
SN PN AN VRN A A zonal wind
SUNL T oA L T W U -
W " B A ) T F
g North Pacific
:.é‘ 10 L %
(=]
[=]
=
2."u
i NN T
I 6 8 i5 18 2 24 B¢
Days
Ju_us
50
d
| A )
o Fou oA J_-z:_L__-' 1
= 1F AR s zonal wind
Esof WY : e, /¢ 1
3 2 A H
g W VA 1. US
2 20 = - i
&
=]
=
10
——— _,-"'“‘_,"‘-\-»_zﬁ.\'\_/
3 8 12 15 13 21 27
Days

Zhu & Gelaro 2008)

wECMWF



Advanced diagnostics

Data assimilation:

max. 12 hours

® >
State at NWP State at Observation Observation
initial time model time i operator simulations
State at Sensitivity of AD of Sensitivity of AD of Cost
analysis <= costtochange «+— forecast <—costtochange <— observation <+— function J
time at initial time model in state at time | operator T
Observations

Forecast sensitivity:

max. 48 hours

® >
State at NWP State at
initial time model time |
Sensitivity of Sensitivity of AD of Cost
costto <= costtochange <— forecast <*—| f nction J
observations at initial time model T
Analysis

S ECMWF
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Advanced dlagnostlcs

GOES-Rad
MTSAT-Rad
MET 9-Rad
MET 7-Rad
AMSU- %

Relatlve FC error reduction per system

The forecast sensitivity
(Cardinali, 2009, QJRMS,
135, 239-250) denotes the
sensitivity of a forecast error
metric (dry energy norm at 24
o or 48-hour range) to the
 GOFS Rad observations. The forecast
e TR sensitivity is determined by
ke the sensitivity of the forecast
error to the initial state, the
innovation vector, and the

Kalman gain.

DRIBU mass
AIREP-mass
SYNOP-mass
SCAT-wind
MODIS AMV
AMV

MTSAT "AMV
GOES-AMV
PILOT-wind
TEMP-wind
DRIBU-wind
AIREP-wind

SYNOP-wind !

DRIBU mass
AIREP-mass
SYNOP-mass
SCAT-wind
MODIS-AMV
MET-AMV
MTSAT- AMV
GOES-A
PILOT- Wlnd

BRIB0-wind Relative FC error reduction per observation

AIREP-wind
SYNOP-wind . . !

0 5 10 15 20 25 30
(C. Cardinali) FEC per OBS %
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Advanced diagnostics 0 MW sounder denial

3 AMSU-A, 2 MHS VS 1 AMSU-A, 0 MHS

03
GOES-Rad
MTSAT-
MERIS
Met-Rad
Met-Rad
AMSU-B
MHS
SSMI
GPS-RO
|ASI
AIRS
AMSU-A
HIRS
SCAT
Met-AMV
GOES-
PILOT
TEMP
DRIBU
AIREP
SYNOP

0 1 2 3 4 5 6 7 8 9
Forecast error reduction [%0]

(C. Cardinali)
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Advanced diagnostics o MW imager denial

03
GOES-Rad
MTSAT-Rad
MET-Rad
AMSU-B
MHS
MERIS
SSM/I
GPS-RO
IASI
AIRS
AMSU-A : . : ; : : g
HIRS -
SCAT I I I | - No MW-imagers
MET-AMV : - Control
GOES-AMV . :
PILOT ' :
DROP
TEMP
DRIBU
AIREP
SYNOP

(C. Cardinali)
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Data monitoring d time series

Statistics for Radiances from Aqua / AIRS

Channel = 2104, All Data
Area: lon_w= 0.0, lon_se= 360.0, lat_n= -70.0, lat_s= -90.0 (over sea)
EXP = 0001

— OBS-FG OBS-AN e bear OBS-EG boor OB 5-AH

Time evolution of
statistics over predefined
areas/surfaces/flags
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Data monitoring

Time evolution of
statistics for several
channels

Useful for quick and routine
verifications

Can not be used for high
spectral resolution
sounders

(M. Dahoui)

.
3

B e L
-+ TT T T T T 1T

L=

AAS

A

2.

1=
THod1E8 2 B 011D

- Lkt Ul i T
1014182226 2 610141823

0.4

FEB Kl&R
foer e
aad T
o A
Ea ke TR e T L TR

L4+

1I:l1-1- 1E_:EH - o) BR F-fecte -3 i)
FEB KR

o

1014122238 2 8101412228
FEB hER

L il A A L LA Ll G Ll
14182226 2 810141822630
FEB MR

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

0 overview plots

Statlsties for Radlances from Polar-orbiting Satelltea
Area: Global, 10 Feb- 1 Apr 2009
Dperaticnal Sulte {3001}
Departures: blue = uncoriected, red = blas eorrected +1 50 {dots)

o5 (ONFRT Sesl)
L) D'._'T':
Tos
-1 N |
1I:|141E_E2 810K 1822630
FEB RlAR
PR
054
.
< O
T FR N ot g
1.5+
-1 Lkl il bkl skl |
1I:|141LE2 E‘II:"H-‘IE“‘E:I
FEB Rl&R
1 lored Sea)
e 0.5
T o
DS = rem=————
1013182226 2 6 10 H 18 2260

FEB Mﬂg‘w -

= T B e e i oy

1014122238 2 & 10 ¥ 182 2830
FEB KR
1 toer s

e T ik O o i

N T R e A

L0 A A A A L0 Sl 0 il L
0141822262 810 W 1822630
FEB MR

= 05

k]

L5 T

{1 N R

k]

L5

AR

o (i e

QAP A o

o

1I:l1-1- 13_23 2 B 10H 13222630
FEB K&R

fonver e

Py

c-

1014122228 2 & 10 12222830
FEB HER
lorer Sed)

vt = e

. fEEI nlﬁgw -

[l EMEENLTE R

I et T SR ———

1014122238 2 & 10 #12222830
FEB h&R
=a)

g T e s
E'—l--.—u—--\-rr'w—"
44
o

1I:l1-1- 1E_E 2 E 1I:l 1-1- 1E_E:l
FEB NAR

RTTQV version upgrade

<> ECMWF

10418223 2 & 101418222630
FEB &R

Ui T —
34

2 e o B Gl T et R 1
P e e Y
o o .

RE

-7 P A [ B

':||||||||||||
1014182238 2 & 1014 18222830
FEB AR

N leried S |
P v R g
1_m
Ol il

RE

'"}--.‘«-'- = r--—b,:,xl"‘ri

E.
- ) ) 3 .
13
e ]
15
_}?..u--.__...{ e B )

1014 1'3_:!3 3 & 101418222830

B

E-IIIIIIIIIIII
1014 182256 2 6 1014 18223530

FEE haR
3 )
}: n
1]
e — .
_1.:-;-.-—1-—“—-.—1;“""‘"“'_*""'
B e ey

1D1-1-1E_E 2 E 1D1-1-1E_m:l
FEB Na&R



Data monitoring d automated warnings

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

Selected statistics are checked against an expected range.

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

4.0 —
3.8 —
3.8
3.4 —
3.2

304 : N
2.8 - - = —

R NAARLLARALAAAAAARRLLLIRASARAIRARAAAR LA RRARRLL  CALLLRL CAAAAER L RAAAAR AL ARR AR ARAARARL
15 20 25 40 D’N 14 18 24 01 06 11 16 21 ZB M0 15 20 25 30 05

Email-alert

avg(biascorr)

January Fehruary tlarch Al

Soft limits (mean 5 stdev being Hard limits (fixed)
checked, calculated from past

statistics over a period of 2( _
ending 2 days earlier) Email alert:

GOES-12 GOESIMG 2 clear radiances : out of range:
avg (fg_depar)=1.34775547847879, expected range: —-0.38 0.47
avg (biascorr)=4.10498646958382, expected range: 3.0 2.4

(M. Dahoui & N. Bormann)
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Data monitoring

Statistics for Radiances from NOAA-168 f AMSU-A

Channel = 10,| Selected data: clear|
Area: lon_w= 00, lon_e=380.0, lat_n= 90.0, lat_s=-90.0 {all surface types)
EXF =0001
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d automated warnings

(M. Dahoui & N. Bormann)

<> ECMWF



