
 

 

Usage of Wind Products from Geostationary Satellites at Major 
NWP Centres 
Most of the information in Table 1 and Table 2 has been collected by JMA (Japan) on behalf of CGMS. Exceptions are data from NCEP and 
NOGAPS, which together with the information in Table 3 has been collected as a joint effort by ECMWF (Graeme Kelly) and EUMETSAT. 

The information is, if not otherwise mentioned in the tables, valid as of September 2000. If any information is not up-to-date or if your NWP 
centre is missing, please contact Kenneth Holmlund. For any other inquiries please contact us via our EUMETSAT web page. We would like 
to thank the NWP centres for their contributions and co-operation. 

mailto:kenneth.holmlund@eumetsat.int?subject=NWP
http://www.eumetsat.int/


 

  
 
 

 

 
 

 
 

  
 

 
 

  
 

Table 1. Observation errors of satellite and radiosonde winds and background error of winds assigned at NWP centers 

NWP center 
(Assimilation 

method) 

Level (hPa) 1000 850 700 500 400 300 250 200 150 100 

BoM 
(Australia) 
(3D-OI with 
T239 L29 

model) 

Satellite (m/s) 3.0 3.0 3.0 3.0 6.0 6.0 6.0 6.0 6.0 6.0 

Radiosonde (m/s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

Background 
(6-hour prediction) 

Background errors of winds from 1000 to 100 hPa vary with latitude, but are mostly 
between 2 m/s (500 hPa and below) and 5 m/s (100 hPa), for each component. 

CMA 
(China) 

(3D-OtI with 
T106 L19 

model) 

Satellite (m/s) 2.5 2.5 2.5 2.5 5.0 5.0 5.0 5.0 5.0 5.0 

Radiosonde (m/s) 2.2 2.5 2.6 3.1 3.7 3.8 3.3 3.0 2.8 2.4 

Background 
(6-hour prediction) 

Background errors of winds from 1000 to 100 hPa vary with altitude and latitude, and 
depend on the data density in previous analysis. A typical tropical profile of the U-
component background error increases from 1.0 m/s at 1000 hPa to 5.8 m/s at 300 hPa, 
and then decreases to 5.0 m/s at 100 hPa. 

CMC 
(Canada) 

(3D-Var with 
0.9 deg. L28 

model) 

Satellite (m/s) 3.8 3.8 3.8 3.8 7.5 7.5 7.5 7.5 7.5 7.5 

Radiosonde (m/s) 1.6 1.7 1.8 2.0 2.2 2.5 2.6 2.5 2.2 2.0 

Background 
(6-hour prediction) 

The background errors vary with latitude and altitude. Typically, they are around 2.5 to 3.0 
m/s at mid levels and varies from 3.0 to 4.5 m/s at jet level. The current values were 
determined from an ensemble of 48-24 hour forecasts statistics. 

CNMCA 
(Italy) 

(3D-Var with 

Satellite (m/s) 4.0 4.0 4.5 5.0 5.0 5.5 6.0 6.0 6.0 6.0 

Radiosonde (m/s) 2.1 2.0 2.0 2.3 3.0 3.2 3.2 3.2 3.0 3.0 

http://www.bom.gov.au/
http://www.cma.gov.cn/
http://www.msc-smc.ec.gc.ca/cmc/index_e.html
http://www.meteoam.it/index.php


 

  
 
 

 

  
 

 
 

 

  
 

0.25 deg. L31 
model) 

(New 6.7.2004) 

DWD 
(Germany) 
(3D-OI with 
60km L31 

model) 

ECMWF 
(Europe) 

(4D-Var with 
TL319 L60 

model) 

JMA 
(Japan) 

Background 
(6-hour prediction) 

Satellite (m/s) 


Radiosonde (m/s) 


Background 

(6-hour prediction) 


Satellite (m/s) 


Radiosonde (m/s) 


Background 

(3-hour prediction) 


Satellite (m/s) 

Background (6h prediction): specified wind components background errors have been 
computed through a statistical analysis of radiosondes observation increments over the 
analysis domain. They vary with latitude and altitude, from around 2.5 m/s at low levels to 
5.0 m/s at jet level. 

3.0 3.0 3.0 3.0 6.0 6.0 6.0 6.0 6.0 6.0 

2.0 2.4 2.5 3.4 3.6 3.8 3.2 3.2 2.4 2.2 

The background error is determined by a modified (dependant from analysis error of 
previous analysis) climatology of first guess errors. In region of satellite winds (subtropics 
and tropics, around 400-150 hPa) the background error of wind components starts at 5.0 m/ 
s and reaches values of 15 m/s in very data sparse regions. A revision of the satellite wind 
observation error has to be combined with a revision of the climatology of background 
error. 

2.0 2.0 2.0 3.5 4.5 5.0 5.0 5.0 5.0 5.0 

1.8 1.8 1.9 2.1 2.5 2.6 2.5 2.5 2.4 2.2 

The specified background errors vary strongly with altitude and latitude, and depend on the 
data density in previous analyses. A typical tropical profile of the U-component background 
error increases from 1.0 m/s at 1000 hPa to 2.2 m/s in the upper troposphere. In mid-
latitudes it is also around 1 m/s near the surface - it increases to 2.7 m/s at jet level, and 
then decreases to about 2.0 m/s at 100 hPa. These current values are significantly lower 
than those used at ECMWF until June 2000, which in turn were lower than those used 
before October 1999. 
The reductions in specified background error reflect the gradual improvement in short-
range forecasts accuracy, and that the background now is a 3-hour forecast instead of 6
hour. 

3.0 3.0 3.0 3.0 3.2 3.5 3.7 3.9 4.1 4.5 

http://www.dwd.de/en/en.htm
http://www.ecmwf.int/
http://www.jma.go.jp/JMA_HP/jma/indexe.html


 

 

  
 

 

 

 

  
 

 

 
 

 

(3D-OI with 
T213 L30 

model) 

MeteoFrance 
(4D-Var with 
T199 C3.5 
L31 model) 

MetOffice 
(U.K.) 


(3D-Var with 

0.83 x 0.56 


deg. 

L38 model) 


(Updated 7.1.2003) 

Radiosonde (m/s) 

Background 
(6-hour prediction) 

Satellite METEOSAT 
(m/s) GOES 

GMS 

Radiosonde (m/s) 

Background 
(3-hour prediction) 

Satellite (m/s) 


Radiosonde (m/s) 


Background 

(6-hour prediction) 


1.0 1.0 1.1 1.2 1.3 1.5 1.6 1.8 1.9 2.2 

The background error of winds is the same as the observation error of satellite winds, since 
the latter is assumed to be equal to the former. 

2.75 
2.75 
3.25 

2.86 
2.86 
3.38 

3.08 
3.08 
3.64 

3.85 
3.85 
4.55 

4.29 
4.29 
5.07 

4.62 
4.62 
5.46 

4.84 
4.84 
5.72 

5.06 
5.06 
5.98 

5.06 
5.06 
5.98 

5.06 
5.06 
5.98 

2.3 2.4 2.5 3.0 3.3 3.6 3.7 3.8 3.8 3.8 

They are derived from statistical computations performed on archived forecasts, using the 
so-called "NMC" technique. The background error standard deviation for the basic fields 
varies with latitude and longitude in a way similar to ECMWF. However, there is no 
variation from one assimilation cycle to the next one, except once or twice a year when the 
statistics are recomputed and updated. 
Note that because of the 4D-Var performed on a 6 hour time window, this background error 
standard deviation is directly applicable only at the beginning of the 4D-Var time window 
(21, 03, 09 and 15UTC). For any other time the background error implicitly used is 
dependent also on the atmosphere dynamics (as for ECMWF). 

3.6 2.8 4.0 4.8 6.2 6.2 5.6 5.8 6.6 11.8 

1.8 1.6 1.5 1.9 2.4 2.6 2.8 2.5 2.2 1.9 

The background errors are derived from statistics based on using the "NMC method". They 
are a function of latitude, level, and season, with a covariance model as described in "The 
Statistical Structure of Forecast Errors and its Representation in the Met. Office Global 3D
Var" by N B Ingleby, 2001,QJRMS,127, pp 209-231. 
In the quality control (in our preliminary observation processing), we also allow for some 
dependence of errors on the synoptic situation. 

http://www.meteo.fr/meteonet_en/index.htm
http://www.met-office.gov.uk/


                

                    

   

  
 

 

 
  

  
        

                    

NCEP 
(USA) 

NASA 
(DAO, USA) 

(3D-Var) 

(Updated 
24.6.2002) 

NOGAPS 
(US Navy) 

Satellite Current 
(m/s) New 

GOES 

Radiosonde (m/s) 

Background 
(6-hour prediction) 

Satellite (m/s) 

Radiosonde (m/s) 

Background 
(6-hour prediction) 

Satellite All 
(m/s) Hi dens. 

CIMMS 

Radiosonde (m/s) 

3.9 3.9 6.1 
1.8 2.1 3.0 3.0 3.0 3.0 3.0 3.0 

1.5 1.5 1.6 1.7 1.9 2.2 2.5 2.7 2.7 2.7 

2.0 2.2 2.3 2.7 3.2 3.4 3.4 3.3 2.7 2.7 

A 6-hour background error for height is used with a geostrophic relation to derive the 
background error for the wind. Near the equator it's handled differently since a geostrophic 
relation between height increments and wind increments cannot be assumed there. This is 
a smoothed array of background (sigF) errors from maximum likelihood tuning (over a 
month): 

level (mb) 1000 850 700 500 400 300 250 200 150 100 


sigF raob 2.0 3.3 3.5 3.6 3.7 4.1 4.0 4.0 4.0 3.5 

sigF 2.5 3.0 3.8 5.0 5.5 6.0 6.0 6.0 6.0 6.0 

satUV 


2.8 2.8 3.8 4.8 5.8 6.5 6.5 6.5 6.5 6.5 
1.7 1.7 2.3 2.5 3.5 3.9 

http://wwwt.ncep.noaa.gov/
http://polar.gsfc.nasa.gov/
https://www.fnmoc.navy.mil/
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Table 2. Assimilation of satellite winds at NWP centers 

NWP Center Method of Assigning 
Observation Error 

Thinning Procedure Height Re
assignment 

Additional information 

BoM The observational errors for 
satellite tracked winds were 
based on advice from data 
producers some years ago. 

Satellite winds are thinned by means of 
"superobs" (optimal averaging of closely 
spaced observations). 

No. Wind products from GOES, 
GMS and Meteosat are 
used. A special local wind 
data set is produced for the 
Australian region from 
GMS. 

CMA The observational errors of 
satellite tracked winds were 
determined in a pure empirical 
way some years ago. 

The satellite tracked winds over land of 
which latitude is greater than 30 degrees 
of north are not used. 

No. 

CMC The observational errors for 
satellite tracked winds were 
based on values used at 
ECMWF many years ago. 

No. No. 

http://www.bom.gov.au/
http://www.cma.gov.cn/
http://www.msc-smc.ec.gc.ca/cmc/index_e.html


 

 

 

CNMCA 

(New 6.7.2004) 

DWD
 

Values have been derived from 
data producers’ collocation 
statistics with radiosondes 

We are monitoring the satellite 
winds against the 6-hour 
forecast of our global NWP-
model. In general the standard 
deviations of wind components 
satellite wind against model 
show values in the range 
between 3.5 and 5.0 m/s 
depending on the satellite/ 
height/type of wind (IR,VIS, 
WV). The mean difference of 
wind component is mostly 
negative and its maximum 
reaches up to 2.0 m/s (zonal 
wind, jet region, depending on 
satellite). The observation 

Satellite winds are thinned in 120 Km 
boxes and 20 hPa vertically. Winds with 
higher QI are chosen 

Satellite winds are thinned to the model 
resolution of the global model. In a 
vertical slab of 40 hPa for the analysis at 
one grid point the effective number of 
satellite winds used is as follows: 

50 25 9 6 rest [percentage of grid points 
with satellite winds] 

1 2 3 4 > 4 [satellite winds] 

-depending on actual availability and data 
coverage-
The satellite wind nearest to the grid point 
is taken first, so the impact is maximal. 

Yes, by 
finding the 
minimum of 
a cost 
function 
which takes 
into account 
the wind 
observation 
increments 
and the 
height 
mismatch. 

High resolution visible and 
water vapour winds from 
Metosat 5-7 are used. 
Winds from Meteosat 8 are 
monitored. Winds are not 
used over land north of 35° 
N. QI thresholds for HRV 
(QI>0.65) and HRWV 
(QI>0.8) are used. 

No. At present the following 
satellites and channels are 
used: 

GOES, GMS and Meteosat 

IR, VIS and WV. 

Where available, except 
over land north of 20N and 
south of 20S. 

http://www.meteoam.it/index.php
http://www.dwd.de/en/en.htm


 

 
 

 

 

errors used in the analysis are 
quite large. The reason for this 
is mainly the fact that in 
optimum interpolation schemes 
only the ratio of observation to 
first guess error dominates the 
impact of observations used. 
(See Table.1) 

ECMWF	 The sum of observation and 
background errors has been 
estimated through study of 
histograms of departures 
between observations and 
short-range forecasts. The 
background component of 
these error estimates is fairly 
well known by other means, 
and can be subtracted. The 
observation error estimates 
thus obtained are inflated in an 
ad hoc way, in a attempt to 
partly compensate for the 
otherwise neglected effects of 
observation error correlation. 

Before final assimilation all satellite winds No. At present the following 
are thinned to the following: One wind satellites and channels are 
per box 1.25 x 1.25 degree;One per used: 
nearest model pressure level. 

METEOSAT: IR, VIS, WV 
and HRVIS (not at 
asynoptic time). 
GOES: IR & WV. 
GMS: IR & VISData are 
used only if within a circle of 
55 degree from the sub
satellite point. 

The infrared CMW are used 
above 400 hPa and below 
700hPa. 
The water vapour CMW are 
used only above 400 hPa. 
The visible CMW are used 
only below 700 hPa. 

http://www.ecmwf.int/


 

 

 

JMA The observation errors of Satellite winds are thinned so that the The GMS 
satellite tracked winds in our minimum distance of the winds is 50 km. winds are 
global assimilation system are 
determined so that the errors 
are comparative to the 
background errors of winds. 

Satellite winds are rejected if any reports 
from radiosonde, wind profiler, AIREP, 
AMDAR are available within 50km. 

re-assigned 
to 200hPa if 
the vertical 
level of 
reported 
winds are 
higher than 
200hPa. 
Other 
satellite 
winds are 
not re
assigned. 

Data over land is used only 
if south of 20N and above 
500 hPa 
Meteosat-7: instead of 20°N 
a threshold of 35°N is used 
in order to allow usage of 
these data over North 
Africa. Meteosat-5: Used 
everywhere over land 
above 500 hPa, except over 
Himalaya, (25 < LAT < 40) 
and (70 < LON < 105) 

Normal cloud track winds 
and water vapour track 
winds are processed in 
exactly the same way, since 
the quality of both data sets 
is almost the same. 

http://www.jma.go.jp/JMA_HP/jma/indexe.html


 

 
 

  

 

 
  

 

 
 

 

 

 

MeteoFrance 

MetOffice 

(Updated 7.1.2003) 

In a pure empirical way The above ECMWF thinning technique is No. Winds from Meteosat 5 and 
combining the experience of used except for the box size which is 2.5° 7, GOES E, GOES W and 
producers, what is usually rather than 1.25°. This is currently GMS (IR, VIS and WV) are 
done in other centres, and (Autumn 2000) under investigation: it assimilated. 
(mainly) through experiments seems that with 2.5°, too many GOES 
studying the response of our winds are still kept and not enough winds Data north of 30°N is not 
assimilation system to the use from other satellites. used between 55 and 100° 
of satellite winds. W and also not north of 30° 
Note that INSAT has never N over land. 
been used, and the figures 
given for INSAT in Table 2 of 
the working paper CGMS
XXVII EUM-WP-28 are for 
quality control and monitoring 
only, not for operational use. 

For winds received in SATOB GOES SATOB and Meteosat BUFR No. Wind sets currently used: 
code, averaged over the winds are thinned to one wind per Meteosat-7 and Meteosat-5 
course of a year, on different 2deg/2deg/100hPa box. IR, HR WV (cloudy) and HR 
levels: We calculate the VIS. 
observation minus background 
RMS wind component 

For the GOES, the wind closest to the 
centre of the box is chosen. For the 

GMS-5 IR, WV and VIS. 
GOES-8 and GOES-10 IR. 

difference (RMS(O-B)) from 
monitoring statistics. We make 
the assumption that 
background error variances 
and observational error 

Meteosat BUFR, the wind with highest 
quality indicator is chosen. Standard wind use: 

Reject low level (below 700 
hPa) winds over land north 
of 20N. 

variances have about the 
same magnitude, so we 

Reject WV below 400 hPa 
and VIS above 700 hPa. 

estimate the RMS Also reject mid-level (400

http://www.meteo.fr/meteonet_en/index.htm
http://www.met-office.gov.uk/


 

  

       

observational error by dividing 700 hPa) IR winds from 
the RMS(O-B) by square root GMS-5. 
of two. Values are for all 
satellites combined, however 
INSAT statistics are not used 
in this calculation. 
The values calculated as 
above are then doubled, in 
order to give less weight to 
satellite winds. This has been 
found to improve our forecasts 
using current quality control 
methods. 

NCEP At NCEP satellite winds 
from GOES 8 and GOES 9 
and Meteosat are used 
everywhere south of 20°N, 
and only over ocean north 
of 20°N. Satellite winds 
from Japan GMS are used 
everywhere. 

http://wwwt.ncep.noaa.gov/


 

 
  

  

 
 

       

NASA The bias is removed before All satellite winds are thinned to one per No Currently the following 
computing error. 1.75 deg X 1.4 deg box, satellite winds are used for 

(Updated 
24.6.2002) 

The mean of Observed-minus-
Forecast (OmF) residuals is 

selecting the wind nearest the center of 
the box. The fvDAS 

all locations. 
EUMETSAT winds (limited 

assigned to background bias uses IR and visible winds. to IR only, QI > 0.8), GMS 
(ie: we assume zero winds, and NESDIS GOES 
observation bias). Then the IR and VIS. 
standard deviation of OmF is 
separated into Observation 
and Forecast error by 
maximum likelihood 
deconvolution. It is assumed 
that forecast/background error 
is horizontally correlated while 
observation error is 
uncorrelated. 

NOGAPS Wind products from GOES, 
GMS and Meteosat are 
used. In addition high-
density multispectral wind 
observations produced by 
the University of Wisconsin-
CIMSS from the GMS-5 
and GOES-8 imagery are 
used. These observations 
are being used only from 
40°S-40°N and are 
combined into superobs at 
an approximate resolution 

http://polar.gsfc.nasa.gov/
https://www.fnmoc.navy.mil/


of 200 km. The observation 
errors assigned to these 
superobs are given in Table 
1 in column ‘hi-dens. 
CIMSS’. 



               

               

               

 
     

             

           
     

               
               

               

Table 3 - Detailed usage of Meteosat winds at NWP centers 

Centre CMW 
(SATOB) 
Monitored 

CMW 
(SATOB) 

Assimilated 

ELW (IR) 
(BUFR) 

Monitored 

ELW (IR) 
(BUFR) 

Assimilated 

HWW 
(BUFR) 

Monitored 

HWW 
(BUFR) 

Assimilated 

HRV 
(BUFR) 

Monitored 

HRV 
(BUFR) 

Assimilated 

Assimilation 
cycle 

Additional information 

BoM x x 6 hour 

CMA x x 6 hour 

DWD x x 6 hour 

CNMCA x x 6 hour (New 6.7.2004) 

ECMWF x x x x x x 4D-VAR All data are monitored 
irrespective of passing or 

failing the selection 
checks. 

JMA x x x 6 hour 

MeteoFrance x x x x 6 hour 

MetOffice x x x x x x 6 hour (Info updated 7.1.2003) 

NCEP x x 6 hour 

NASA x x 6 hour (Info updated 24.6.2002) 

NOGAPS x x 6 hour 

http://www.bom.gov.au/
http://www.cma.gov.cn/
http://www.dwd.de/en/en.htm
http://www.meteoam.it/index.php
http://www.ecmwf.int/
http://www.jma.go.jp/JMA_HP/jma/indexe.html
http://www.meteo.fr/meteonet_en/index.htm
http://www.met-office.gov.uk/
http://wwwt.ncep.noaa.gov/
http://polar.gsfc.nasa.gov/
https://www.fnmoc.navy.mil/
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