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OBSERVING SYSTEM STUDIES

Update on recent OSEs/OSSEs
(Submitted by Mr Erik Andersson (ECMWF))

	Summary and Purpose of Document
The document provides for a review of the current activities with Observing System Experiments (OSEs) and Observing System Simulation Experiments (OSSEs) with emphasis on the design of the future of the GOS.



ACTION PROPOSED
The meeting is invited to note the information contained in this document for discussion under the appropriate agenda items.
_________________
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Appendix:
Fourth WMO Workshop on the Impact of Various Observing Systems on NWP (Geneva, Switzerland, 19‑21 May 2008)
Discussion

1. The fourth WMO Workshop on the Impact of Various Observing Systems on NWP was held in Geneva, Switzerland, from 19 to 21 May 2008.  The workshop was organized into four sessions, (i) global forecast impact studies (including studies with some regional aspects), (ii) regional aspects of impact studies, (iii) sensitivity, impact assessment techniques, observation network design studies, and, (iv) workshop conclusions and recommendations. Draft recommendations from the workshop were presented to ET‑EGOS‑4. The final recommendations from the workshop are provided in the Appendix.
2. The workshop proved quite successful and provided substantial input for reviewing the Statements of Guidance for Global and Regional NWP, the ET-EGOS Implementation Plan for the Evolution of the GOS, and the Vision of the GOS for 2025.

3. The same approach for the organization of future observing systems impact studies and the reporting on their outcomes can certainly be used again, for example, a similar workshop in 2012.  However, several other organizations are possible and worth discussing, taking into account the existence of the THORPEX Programme with activities within the same scientific subject.
4. The 5th WMO Symposium on Data Assimilation took place in Melbourne, Australia, 5-9 October, 2009. The emphasis was on data assimilation methodology with few talks on observation impact: mainly GPS radio occultation data was covered showing substantial positive results in the medium range (see below).
5. Observation targeting (e.g. T-PARC) and observation impact results were also presented at the 3rd THORPEX International Science Symposium, Monterey California, 14‑18 September 2009. The focus was on dropsonde impact on tropical cyclones, and their extra-tropical transition in the west Pacific region. Adjoint-based data impact tools were also presented (see below).
6. There was a session on the use of observations and observation targeting at the European Meteorological Society meeting held in Toulouse, 28 September to 2 November 2009. This session had presentations on observation targeting and on the assimilation of satellite sounding data or in-situ measurements (radiosondes, dropsondes). The presentations on satellite sounders showed how the use of both microwave and infra-red sounders has been enhanced by using more specific information on the soil properties and/or the cloud estimation. This has been done in contexts as different as continental Africa (AMMA campaigns) and Antarctica (CONCORDIASI). It is very encouraging that positive impacts of the enhancements on the forecast quality could be identified in almost all the experiments. There is still important potential in using more satellite sounding data along these lines. AMMA was also an excellent opportunity to improve the very poor radiosonde network over Western Africa. It is interesting to note that the extra data have a demonstrative positive impact on forecast accuracy, including at day 3 in mid-latitudes far away from the AMMA area.
7. Adaptive observing and targeting is being trialled within the MEDEX campaign (October -December 2009), in collaboration with EUCOS. The technical framework of the EUCOS/PREVIEW data targeting system (DTS) is being used to calculate the forecast sensitive areas, and the areas where additional observations may be the most beneficial. Evaluation of the earlier EUCOS/PREVIEW DTS campaign, which covered most of 2008, is underway.

8. The WISDOM program (Weather In Situ Deployment Optimization Method), developed by NOAA's Office of Atmospheric Research (OAR), employs "super-pressure balloons" balloons to obtain atmospheric data around the periphery of a hurricane (not in the storm itself). The idea is for the balloons to probe the winds hundreds of miles around a storm which steer a hurricane and determine its eventual track. The winds are obtained by GPS. Individual balloons can stay aloft up to a week or more and obtain data over large areas of the Atlantic basin otherwise poorly observed. The WISDOM program's objective is to improve the hurricane track prediction in the 3 to 5 day range and enable extending forecasts to 7 days before a possible landfall. Proof-of-concept trials are ongoing (autumn 2009), with OSEs to follow.
9. FY-3A impact has been studied (at CMA and ECMWF). Its four instruments are MWTS (AMSU-A), MWRI (AMSR-E), IRAS (HIRS) and MWHS (AMSU-B/MHS). The quality of FY-3A data is generally comparable or slightly lower than for the corresponding MetOp or NOAA-series data, which is consistent with its slightly higher instrument noise levels. Successful assimilation has been demonstrated, with positive forecast impact. 
10. Several OSEs have demonstrated substantial positive impact of GPS-RO. At the current time there are 6 COSMIC satellite delivering 2000 profiles per day, GRAS on MetOps delivering 650 profiles per day, as well as CHAMP and GRACE data. Traditional OSEs and ensemble-based impact assessments are planned to help determine the optimal GPS-RO constellation. Continuation of the COSMIC constellation beyond 2012 is not secured. There is no GRAS equivalent on NPOESS. 
11. The advanced sounders, AIRS (on Aqua) and IASI (on MetOp), are now in general use in global NWP centres. Substantial benefit of their impact has been reported, based on OSEs over long periods.

12. Adjoint sensitivity tools have been developed at several NWP centres. The forecast error sensitivity with respect to observations can be computed and accumulated. Average observation impact can be deduced. Recent results indicate that AMSU-A, AIRS, IASI and GPS-RO are the main satellite contributors to forecast performance, whereas AMDAR, TEMP and SYNOP are the main conventional observing systems. This is in good correspondence with general global OSE results.
13. The joint OSSE project is coordinated by NCEP. A 13-month Nature Run at T511 (40 km) resolution has been provided by ECMWF. Most conventional and satellite observation data types have been simulated from the NR data. Detailed calibration of OSSE impacts against OSE results is ongoing.

14. For Europe a set of OSEs are being run under EUCOS coordination. The goal is to assess the impact of reducing the potential overlap between profiles obtained from aircraft and radiosondes, respectively, to within certain horizontal spacing thresholds. Preliminary results indicate that thinning of vertical profiles to 100 km spacing over Europe can be done without detectable forecast degradation.
_________________
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FOURTH WMO WORKSHOP ON THE IMPACT OF
VARIOUS OBSERVING SYSTEMS ON NWP
(Geneva, Switzerland, 19‑21 May 2008)
4. Workshop conclusions and recommendations

The discussions on the Workshop presentations and results took also into account the reports from the preceding workshops and the latest comments made by ET-EGOS. They led to the following conclusions and recommendations.
Almost all centres were able to identify positive impacts on forecast skill of practically all parts of the observing system. This is a testament both to the quality of the Global Observing System and to the increasing level of maturity of the models and assimilation systems used to ingest the information for numerical weather prediction. A tremendous activity is now evident in regional NWP using variational assimilation systems to explore new data types. The methodology has converged, and rapid progress is being made in many countries

Several studies seemed to indicate that the impact of simultaneous use of mass (temperature) and wind observations exceeded the sum of the individual impacts in experiments where the two types of information were used separately, especially in the tropical regions. This will have implications for the requirements of the observing system of the future as far as the balance between observations pertaining to the different model variables is concerned.

4.1. Interaction between NWP centres, data providers and data users

a) Some regional observation data sets appear to be more and more useful for regional NWP and will soon be useful also for global NWP. It is recommended to implement a global exchange of these data sets, starting by:

(i) Radar data radial wind and reflectivities as the highest priority,
(ii) (ii) GPS surface networks as second priority.

b) For polar orbiting satellite instruments, the quick availability of data in real-time NWP is important for operational NWP (global and regional). It is then recommended to develop and maintain ad hoc telecommunication means allowing the quick re‑transmission of some data (like the existing systems EARS and AP-RARS).

4.2. Observational data requirements

a) Because of the lack of profile-type observations in the polar latitudes, every effort should be made to maintain the existing radiosonde sites, and/or find new systems to observe the vertical structure of the atmosphere (wind, temperature, humidity) in the polar areas. The IPY year is an opportunity to have new systems deployed (e.g. drifting balloons and unmanned aerial vehicles). An exhaustive list of these IPY-specific observations should be made available to all NWP users, and the extension of some of these systems beyond the IPY should be considered.

b) One of the highest priorities in terms of observation requirements is to add more profile observations in many data-poor areas. Thus, all the AMDAR opportunities should be used to improve the wind and temperature data coverage, especially in data-poor areas like the inter-tropical regions or Central and South Africa. This implies collecting new wind and temperature profiles at certain airports by equipping some aircraft flying  regularly to these airports, and also to get the data from cruise levels in these regions (which are otherwise data-poor regions).

c) Remote radiosonde stations are still of exceptional value (as shown with isolated islands, ASAP observations and AMMA radiosonde observations). They are essential and should not be closed although they are the most expensive. We have not yet reached the point of satellite utilisation that makes it possible to close down such stations.

4.3. Proposals for future studies
a) The use of the adjoint technique to compute the Forecast Impact of Observations (FIO) is highly recommended to complement OSEs and DFS, to all the centres which can afford it (the adjoint of a forecast model is needed). A somewhat systematic exchange of results between some centres (as is currently done for monitoring of observation availability and quality) is also desirable.

b) For studying rapidly and objectively the optimization of stations of the Regional Basic Synoptic Network in the WMO Regions (especially radiosondes to start with), it is recommended to study the feasibility and potential utility of a simple mathematical tool, in the form of a portable software, based on the optimal estimation theory. If assessed feasible and potentially useful, the design could be pursued along the lines of Pokrovsky in the present proceedings, but using appropriate NWP background statistics rather than climatology, and taking into account the cost of each individual station.

c) More attention should be given to the forecasts at ranges 7 to 14 days, in some future impact studies. In this context, some studies should address the requirements in surface variables such as soil moisture, SST and sea-ice and also the observation requirements in the stratosphere. Ensemble prediction systems could be a helpful tool for these future studies.

d) Concerning the stratosphere, the requirements for conventional observations will have to be studied again in the new context where GPS-RO has started to play a major role, and when ADM-AEOLUS wind data are likely to be available within few years. The current Joint OSSE project provides a test-bed for studies to answer the general question of observation requirements in the stratosphere.

e) Studies related to surface emissivity over land are highly required for regional NWP in order to fully exploit the satellite observations. Some are already available, but the efforts should be increased.
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