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	Summary and Purpose of Document

The document provides information on the EUCOS observing system.




ACTION PROPOSED

The Expert Team is invited to review the results from the EUCOS observing system experiments and to consider the implications of the results for the evolution of the GOS.

__________________

DISCUSSION

Summary of previous studies

1.
The EUCOS Scientific Advisory Team (E-SAT) at its spring meeting 24-25 May 2005 held at ECMWF, Reading, UK, reviewed results from Observing System Experiments carried out by major NWP centres in Europe.

2.
The main results were summarised in the Meeting Report as follows:

A-TReC studies

· Results for the full A-TReC period come out rather neutral or marginally positive (Met Office, Meteo-France and ECMWF).

· Results are rather noisy for small verification areas (Meteo-France).

· More detailed studies with emphasis on selected high impact cases will be undertaken.

HF AMDAR
· It was concluded that there is little sensitivity to hourly AMDAR profiles over the data rich, central European area. Three hourly, homogeneous coverage (optimised to provide no more than one profile every three hours at airports spaced every 250 km) appears to be acceptable in this region.

· Over less well observed regions such as Scandinavia and Iberia the more frequent (up to hourly) profiles provide a positive impact and should be retained.

Space-Terrestrial Study (preliminary results)
· The Met Office and ECMWF found significant impact (degradation of 6-12 hours) when comparing the baseline system with the full observing system.

· The signal is very consistent over Northern Hemisphere and tropics in the short range (day 1) and to a lesser extent around day 6.

· The signal is weaker in the Southern Hemisphere.

Other Observation impact studies OSEs
· The value of high quality surface pressure data from hourly automated ship observations was emphasized.

· E-SAT appreciated the efforts of SRNWP to obtain real-time dissemination of hourly SYNOP data from Europe.

Recent studies

3.
Since this last E-SAT meeting further work has been carried out at these NWP centres to study the impact of various components of the observing system, both from a global and a regional perspective. Short summaries with updates of the results were provided by Meteo-France, Met Office and ECMWF. Their reports are provided in the Annex. The contributions received from Jean Pailleux, Richard Dumelow, Erik Andersson, Carla Cardinali, Jean-Noel Thepaut and Graeme Kelly are gratefully acknowledged.

4.
The main findings from these reports are given below. Further details can be found in the report given in the Annexes.

(i)
EUCOS/ECMWF OSEs: Space terrestrial link

Investigating the current relative contributions of the various terrestrial observing systems within the context of modern NWP data assimilation (ECMWF) utilising a range of satellite systems and a minimum basic terrestrial observing system/ experiments have been run for winter. The outcome is being investigated and the summer period remains to be done.

Results: Surface base observing systems have a significant positive impact on the NWP performance in the Northern Hemisphere, to a lesser extent in the Southern Hemisphere (see figure 1 and annex 1).

(ii)
EUMETSAT/ECMWF OSEs: Space observing system

Investigating the current relative contributions of the various space observing systems within the context of the ECMWF data assimilation system, assuming that the current full conventional observing system is maintained and evaluating how specific satellite sub-systems contribute individually to the robustness of the GOS.

Results: All the satellite sub-systems contribute to a varying degree to the performance of NWP systems with the largest impacts on 500 hPa level geopotential height coming from AMSU-A, AIRS, HIRS and Atmospheric Motion Vectors. Utilising the complete GOS gives the best results by a large margin (see figure 2 and annex 2).

.

(iii)
Impact studies at Meteo-France

Experimentation carried out with the 3D-Var assimilation system in ALADIN confirmed the positive impact of surface data and of SEVERI radiances from MSG, already documented at the E-SAT meeting in May 2005.

Further experiments with GPS Zenithal Total Delay (ZTD) data in the global 4D-Var assimilation system gave positive results in short-range precipitation forecasts.

For further details see annex 3.

(iv)
ECMWF OSE studies

a)
High-frequency AMDAR EUCOS trial and data denial experiments in accordance with the EUCOS data collection strategy:

Results (see also annex 4):

· In the Central European area, the analysis is quite insensitive to the RQ reduction in data collection. Larger differences are found in Eastern Europe, over the European Seas and coastal regions, and Scandinavia.

· For Central Europe it is quite clear that the AMDAR collection can safely be reduced, given the present level of data redundancy in that area, as shown by information content analysis.

· Our results lend some support to EUCOS proposed data collection strategy, showing that its implementation will lead to a more uniform, and largely sufficient data coverage, at a lesser cost, with only very minor degradation in NWP performance.

· The data reduction should be limited to Central Europe profiling AMDAR, whereas elsewhere in Europe and at flight level, efforts should be made to maintain high AMDAR data coverage, and to further extend it in the future.

b)
OSE ATreC: summary of results

ECMWF studied the impact of targeted observations in two experiments. The results are summarized in annex 5.

c)
Observation targeting: ATreC case study

Between October and December 2003 targeting campaigns have been planned and carried out in the context of THORPEX. Different meteorological centres provided sensitivity areas in which additional data from aircraft, radiosonde and dropsonde observations were collected. Rapid scan winds were also available, but these observations are not yet assimilated at ECMWF. These sensitive areas were identified using total energy (ESV) and Hessian (HSV) singular vectors and the Ensemble Transform Kalman Filter (ETKF). This work investigates the impact of targeted observations in the analysis (observations influence) and their contribution to the forecast error given the sensitivity to initial condition provided by ESV. Attention is focused on the targeting campaign that took place on 5 December 2003. Results indicate that targeted observations had a positive impact, with radiosonde and dropsonde having a positive while aircraft a slightly negative impact.

Reference: Carla Cardinali and Roberto Buizza, 2005: Observation sensitivity to the analysis and the forecast: a case study during ATreC targeting campaign. THORPEX Symposium Proceedings, Commission for Atmospheric Science, WMO TD 1237.

(v)
Result of ATreC studies at the Met Office

Met Office studied the impact of additional ATreC observations, i.e. radiosondes, dropsondes, ASAP and AMDAR observation with the UK Met Office global model.

The experiment set-up was as follows:

· The forecasts from the campaign have been re-run with three different initial conditions:

· A) Only observations from the operational network included: Control forecasts

· B) The operational observation network and additional observations targeted for the particular case: NAtarg forecasts
· C) All available observations, the operational network and NATReC observations at the initial time as well as earlier in the campaign, i.e. cycling of data: NATReC forecasts
· The overall impact of targeted observations in the European region was neutral or slightly positive. More than 50 % of the cases show an improvement due to ATreC observations, but there are cases where the additional observations have a negative impact. This can be expected as the data assimilation scheme is designed to guarantee positive influence of the data only in a statistical time averaged sense. The cycling of data from earlier times in the campaign does not increase the number of cases with less forecast error. In some cases the NATReC forecast is even considerably worse than the NAtarg forecast.

(vi) 
Results of ATreC studies at NCEP

Results of dropsonde impact studies (Y.Song, NCEP, Z.Toth, NWS, and S.Majumdar, Univ of Miami) were presented at the recent WGNE meeting (November 2005).  The evaluation method can be summarized as follows:

· Compare two parallel analysis/forecast cycles with the NCEP GFS (T126L28 resolution)

· Operational: including dropsondes and all other available data from ATReC

· Control: excluding dropsonde data in the targeted area

· Effect of other targeted data (eg, aircraft, radiosondes, etc) not assessed here

· Due to telecommunication problems, only 8 out of 16 flights dropsonde data arrived at NCEP for operational processing.

· Verify against observations over the pre-selected area of interest (verification region)

· Use rawinsonde observations for surface pressure, 1000-250mb temperature, wind speed and moisture

· 10 verification regions associated with 8 evaluated flights

The results are summarized in the following table:

	Variable
	# cases improved
	# cases neutral
	#cases degraded

	Surface pressure
	7
	0
	3

	Temperature
	8
	0
	2

	Vector Wind
	7
	0
	3

	Humidity
	7
	0
	3


· Surface pressure and temperature forecasts show more improvement than wind and humidity

· Overall 80% of investigated targeted forecasts improved

· Only dropsonde data impact for 8 out of 16 flights is evaluated here

· Overall results are similar to that of WSR04 except that humidity and vector wind improvements are not as significant

ANNEX 1
1. EUCOS/ECMWF OSEs: Space-terrestrial link

We have investigated the current relative contributions of some of the various terrestrial observing systems within the context of modern NWP data assimilation utilizing a wide range of satellite systems, and a minimum basic terrestrial observing system. It has been shown that NWP data assimilation systems do not perform well in the absence of surface pressure data (EUCOS initiated studies). The baseline experiment therefore included some surface pressure data from the terrestrial component.

In recognition of the fact that many satellite systems rely on the existing radiosonde network for calibration, we have included in the baseline experiment a minimum radiosonde network (e.g. the GUAN network). The essential role of the GUAN radiosondes for climate monitoring, global NWP and verification is thus underlined. The contributions of other components of the terrestrial observing system is investigated by adding observational data sets (and combinations of data sets) to the baseline experiment.

Observational scenarios are:

(i) all current satellite observations used in NWP (radiances, cloud-drift winds, scatterometer winds), the GUAN radiosonde network (all available soundings), hourly GSN surface land data and hourly buoy observations (no ship data)

(ii) as (i) add aircraft data

(iii) as (i) add non-GUAN radiosonde wind profiles

(iv) as (i) add non-GUAN radiosonde temperature and wind profiles

(v) as (i) add wind-profiler data

(vi) as (iv) add aircraft data

(vii) as (iv) add radiosonde humidity profiles

(viii) as (vii) add previously excluded surface data, that is, the full combined observing system

These experiments have been run from 2005120400 until 2005012512. The first 10 days constitute the warming-up phase and scores have only been scrutinised after 2005121400, accumulating 86 cases (10 day forecasts have been systematically produced from each 00 and 12Z analysis).

The results are still under evaluation, but Figure 1 summarises the main outcome of this winter study.
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Fig:1 500 hPa geopotential height anomaly correlation forecast scores for each EUCOS assimilation experiment (see text for detail). Top: Northern Hemisphere. Bottom: Southern Hemisphere.

Figure 1 indicates that in the Northern Hemisphere, most of the terrestrial observing systems improve the forecast skill as compared with the baseline scenario. The impact of these observing systems is much more reduced in the Southern Hemisphere. More detailed diagnostics (including statistical significance tests) have been produced (not shown), enabling to rank the contribution of each individual component of the terrestrial Observing system.  The results obtained so far over the Northern Hemisphere can be summarised as follows (discussed in terms of 500hPa Geopotential RMSE relative improvement of scenario (a) over scenario (b)):

· (ii) over (i): adding aircraft data to the baseline scenario (i) improves significantly up to day 6, the short-range impact (up to day 3) reaching 10%

· (iii) over (i): Adding non GUAN (including ASAP) wind profiles to the baseline scenario (i) improves significantly up to day 3, with an 8% improvement at day 1, reaching 3% at day 3.

· (iv) over (i): Adding non GUAN (including ASAP) wind and temperature profiles to the baseline scenario (i) improves significantly up to day 10, the short-range impact (up to day 3) being higher than 10%, the medium-range impact (day 6 to 8) reaching around 5%.

· (v) over (i): Adding wind profilers to the baseline scenario (i) has a overall neutral impact from day 1 onwards, with a small but significant degradation ( ~3%) noticed at day range 6-7. This result will require further investigation.

· (vi) over (i): Adding non GUAN (including ASAP) wind and temperature profiles + aircraft data to the baseline scenario (i) improves significantly up to day 10, the short-range impact (up to day 3) varying from 18% to 10%, the medium-range impact (day 6 to 8) reaching 7%. This result reveals the added value of the aircraft network over the Temperature/wind radiosonde observing system.

· (vii) over (iv): Adding moisture radiosonde profiles to scenario (iv) has a neutral impact up to day 10. Moisture diagnostics and synoptic evaluation remain to be done to evaluate this very specific component of the Observing System.

· (viii) over (i): Adding the rest of previously excluded insitu data (buoys, non GSN observations, etc) to the baseline scenario (i) improves significantly up to day 10, the short-range impact (up to day 3) being close to 15-20%, the medium range impact (day 6-7) reaching 8-10%.

More diagnostics will be produced and a full report summarizing the outcome of the winter experiments will be provided to EUCOS no later than 31st March 2006.

ANNEX 2

EUMETSAT/ECMWF OSEs: Space observing system

Previous studies suggest the overwhelming importance of satellite observations as a whole in NWP (Kelly et al. 2004). The various space observing systems are studied within the context of the ECMWF data assimilation system. The studies assumed that the current full conventional Observing System is maintained, and the main focus is to evaluate how specific satellite systems (infrared temperature soundings, microwave temperature soundings, imagers, scatterometers, etc…) contribute individually to the robustness of the GOS. 

The observational scenarios   are:

(i) Full combined conventional observing system (radiosonde temperature, humidity and wind profile data, wind profiler data, aircraft data, all in situ surface data). This scenario is considered as the baseline.

(ii) as (i) add Atmospheric Motion Vectors (AMVs). This scenario is considered as the reference on top of which the individual space observing systems are added. 

(iii) as (ii) add HIRS radiances

(iv) as (ii) add AMSU-A radiances

(v) as (ii) add AMSU-B radiances

(vi) as (ii) add SSM/I radiances

(vii) as (ii) add GEO Clear Sky Radiances

(viii) as (ii) add AIRS radiances

(ix) as (ii) add SCATT winds

(x) as (ii) addall instruments (This scenario is considered as the control).

These experiments have been run from 2005120400 until 2005012512. The first 10 days constitute the warming-up phase and scores have only been scrutinised after 2005121400, accumulating 86 cases (10 day forecasts have been systematically produced from each 00 and 12Z analysis).
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Fig:2 500 hPa geopotential height anomaly correlation forecast scores for each EUMETSAT assimilation experiment (see text for detail). Top: Northern Hemisphere. Bottom: Southern Hemisphere.

Figure 2 indicates that the largest impact of the space systems is in the Southern Hemisphere. Most of the space observing systems improve the forecast skill as compared with the baseline scenario with AMSU-A, AIRS,  HIRS and Atmospheric Motion Vectors giving significant impact. In the Northern Hemisphere the impact is reduced. More detailed diagnostics (including statistical significance tests) have been produced (not shown), enabling to rank the contribution of each individual component of the space Observing system.

The results obtained so far over the can be summarised as follows (discussed in terms of 500hPa Geopotential RMSE relative improvement of scenario (a) over scenario (b)):

A comparison of (i) baseline and (ii) control shows the impact of the Atmospheric Motion Vectors. The impact in the Northern Hemisphere is 5% at day 3, reducing to neutral after day 4. In the Southern Hemisphere, the impact is about 35% at day 3 and remains positive up to day 10. This experiment (ii) has been used as the control on top of which additional Space Observing systems have been introduced individually.

The sensors which have the largest impact in both hemispheres are AMSU-A  (iv), AIRS (viii), and HIRS (iii). All other experiments show a much lower but positive/neutral impact of additional instruments in both hemispheres. Due to the lack of conventional observations the Southern Hemisphere, the impact of each Space Observing system is always larger in the Southern Hemisphere. 

A summary of  the impact of different scenarios (compared with the control=baseline+AMVs) is provided below: 

· (iii) over (ii) adding HIRS to control improves the forecast in the Southern Hemisphere significantly up to day 6 and the short-range impact (up to day 3) reaches 15%.

· (iv) over (ii) adding AMSU-A to control improves the Southern Hemisphere forecast significantly through out the range, the short-range impact (up to day 3) reaching 35%.

· (v) over (ii) adding AMSU-B to control improves the forecast in the Southern Hemisphere up to day 6, with the short-range impact (up to day 3) reaching 5%.

· (vi) over (ii) adding SSMI to control marginally improves the forecast in the Southern Hemisphere up to day 4, with the short-range impact (up to day 2) reaching 5%.

·  (vii) over (ii) adding GEO clear sky radiances to control is neutral through out the forecast range.

·  (viii) over (ii) adding AIRS to control improves the forecast in Southern Hemisphere significantly through out the whole forecast range, the short-range impact (up to day 3) reaching 30%.

· (ix) over (ii) adding SCAT winds to control improves the forecast in the Southern Hemisphere through up to day 4, with the short-range impact (up to day 3) reaching 5%.

More diagnostics will be produced and a full report summarizing the outcome of the winter experiments will be provided to EUMETSAT and EUCOS no later than 31st March 2006.

ANNEX 3


Meteo France impact studies relevant to EUCOS

Jean Pailleux, Météo-France – October 2005 

The most significant change in operational data assimilation at Météo-France in 2005 has been the implementation of a 3D-VAR assimilation system at 10km horizontal resolution for the ALADIN-France model. This ALADIN 3D-VAR was implemented in July 2005 following several weeks of parallel tests. The experimentation carried out for this implementation has confirmed the significant positive impact of surface data and of SEVERI radiances from MSG, already documentad in the E-SAT meeting of May 2005. Note that since July 2005, the SEVERI radiances are actually used in the ALADIN-France 3D-VAR.

More results have been obtained during summer 2005 on the impact of GPS Zenithal Total Delay (ZTD) data from some european stations on the global 4D-VAR assimilation and forecast. The positive impact of GPS ZTD on short-range precipitation forecasts has been shown on some cases (see figure).
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Figure: 6h ARPEGE precipitation forecast with (top right) and without (top left) GPS ZTD data from 24 April 2004, 00UTC. Contour interval = 1 mm of precipitation. Bottom left picture is the radar precipitation estimate, and bottom right the raingauge measurements. Both the observed maps and the ZTD forecasts show between 5 and 10 mm of precipitation over the South West and the centre of France. Note that this result was obtained with the global ARPEGE system which is not the most appropriate for using this type of mesoscale information.

The studies aiming at using operationally AIRS data, SSM/I, and more cloud winds have been pursued. The target is to use these data operationally at the beginning of 2006.

 Météo-France is not involved in the EUCOS/EUMETSAT  “space / terrestrial “ studies. No more results are expected from the A-TreC 2003 studies compared to what was presented in the E-SAT meeting of May 2005.

ANNEX 4

Summary of recent ECMWF OSE studies and results

High-frequency AMDAR EUCOS trial

The observing system experiment was conducted with the objectives to investigate the relative benefit derived from: 

·  European AMDAR profiles captured where possible at up to ½ hour frequency (otherwise as E-AMDAR fleet coverage allows) together with the associated level flight data. HF_AMDAR 
·  AMDAR coverage according to the current EUCOS requirement, this being 3-hourly profiles (and associated flight-level data) from airports spaced every 250 km. RQ_AMDAR 
The extra high-frequency AMDAR data were collected and distributed on the GTS in two 6-week study periods: 20030305-20030416 and 20030820-20030930. These HF_AMDAR data were used in ECMWF operational data assimilation system. Both periods were later re-assimilated with EUCOS-required data collection frequency, i.e. the RQ_AMDAR data set.  For further details see ECMWF Technical Memorandum No 457 by Andersson et al. (2005).

Conclusions from the EUCOS high-frequency AMDAR trial:

· In the Central European area, the analysis is quite insensitive to the RQ reduction in data collection. Larger differences are found in Eastern Europe, over the European Seas and coastal regions, and Scandinavia. 
·  For Central Europe it is quite clear that the AMDAR collection can safely be reduced, given the present level of data redundancy in that area, as shown by information content analysis. 
·  Our results lend some support to EUCOS proposed data collection strategy, showing that its implementation will lead to a more uniform, and largely sufficient data coverage, at a lesser cost, with only very minor degradation in NWP performance. 
·  The data reduction should be limited to Central Europe profiling AMDAR, whereas elsewhere in Europe and at flight level, efforts should be made to maintain high AMDAR data coverage, and to further extended it in the future. 
ANNEX 5

OSE ATreC: summary of the results 

In the campaigns verification areas

To investigate the impact of targeted observations during ATreC campaigns ECMWF carried out an OSE that consists of 2 experiments:

· ATreC with all observations including targeted 

· Control using only the routine observation network. 

12hour-4DVar at resolution T511 (trajectory/forecast) T95 (1st minimization) T159 (2nd minimization) and L60 (model levels) has been used .

Forecast impact in terms of RMS forecast errors differences between Control and ATreC computed in the verification regions indicated by the targeted campaigns (see ATreC Matrix) has been computed. Verification regions and forecast time are changing every campaign (forecast time varies from 36 to 54 hours). Results are similar for the all fields (t,u,v and z) but they can vary by level.

In percentage the full observation campaign (17 Oct- 15 Dec 2003) counts of  

	Case Improved 
	Case Worsen
	Case Neutral 

	24%
	10%
	66%


where neutral means an impact between ±10%.

In general, the assimilation of targeted observation gives little impact in terms of number of cases and forecast impact magnitude. The reduced forecast impact at ECMWF compare to Meteo-France is likely due to the different number and type of the observations assimilated. In fact, Meteo-France (6-hour 4DVar) do not assimilated many satellite observations as AIRS, AMSU-B, SSM/I, Scatterometer, GEOS, Meteosat and Ozone.

In the ATReC verification area

Forecast impact has also been computed in a larger area defined as ATReC verification region 75N,-90W,25S,30E. Results indicate that ATReC has a slightly positive impact at day 1 and 3 at all levels and slightly negative impact at day 2 in the low troposphere.

No Cycling

An other experiment has been performed that differs from ATReC because it does not contain the cycling effect. In particular, the experiment uses at every cycle the Control background fields then the difference with the Control experiment is only due to targeting observations. The impact of the extra observations is furthermore reduced. 
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