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	SUMMARY AND PURPOSE OF DOCUMENT

The document provides a short overview of various observing system design studies undertaken in the United States.



ACTION PROPOSED


The Meeting is invited to note the information contained in this document when considering its recommendations.

____________
DISCUSSION
1. Introduction.
1.1
A number of design studies have been done using the so-called Joint OSSE framework established by NASA and NOAA based on the T-511 Nature Run provided by the European Center for Medium Range Weather Prediction. This framework makes it possible to study the consequences and impact of a wide range of possible future observing system scenarios. In addition,several impact studies for already existing data have been done using operational and research numerical weather prediction (NWP) systems operated by NCEP, the US Navy and NASA’s Global Modeling and Assimilation Office.

1.2
Among the studies carried out are:
1. Impact experiments for a notional 3D-Wind Lidar Mission concept developed by NASA in response to the NRC Decadal Survey.
2. Support studies for the DoD Analysis of Alternatives for the early morning sun-synchronous low-earth orbit.
3. Impact studies for two inexpensive Doppler Wind Lidar pathfinder concepts deployed on the International Space Station

4. Observation System Simulation Experiment for Unmanned Aerial System Data Impact on Hurricane Track Forecast.

5. General Observing System Simulation Experiments (OSEs) in support of the WMO RRR and the Fifth WMO Impact Workshop in Sedona, May 2012

1.3
A brief summary of the over rationale and the main results from each of these studies is provided in the next five sections of this document, while the final section describes the plans for additional studies to be undertaken in the United States over the next couple of years (2013 through 2015).

2. Observing System Simulation Experiments for 3D-WINDS
2.1
The National Research Council Decadal Survey undertaken for the National Academy of Sciences in the US in 2005/2006 recommended 15 flagship missions to be undertaken by NASA in the future, at a pace dictated by the availability of funding. The so-called 3D-WINDS mission – a four-telescope Doppler Wind Lidar incorporating both coherent and direct detection technologies – was identified as the main weather mission among the 15, and it is intended to facilitate a significant increase in numerical weather prediction skill as well as improved climate reanalysis capabilities. The Joint Center for Satellite Data Assimilation has undertaken a series of Observation System Simulation Experiments to assess the expected impact of such a system on medium range numerical weather prediction skill (Riishojgaard et al., GRL 2012).

2.2
The general case for adding more wind observations to improve forecast skill and the specific case for a 3D-WINDS-like DWL mission appears to be well supported by the JCSDA experiments, and in a more general sense the results also show that the current GOS is far from saturated with wind measurements. The positive impact of the lidar winds was shown to be statistically significant at the 95% level in the extratropics in both hemispheres as well as in the tropics. As one would expect, the impact was very large at upper levels in the tropics but tended to dissipate rather rapidly during the forecast range. In the extratropics the information retention is generally better and here the impact remains strong throughout the range.
3. Early morning orbit sounder OSSEs for the US Department of Defense

3.1
Following the reconfiguration of the US NPOESS Program into two separate programs, namely JPSS (NASA/NOAA) and DWSS (DoD), the agencies implementing these new programs have had to reassess the expected impacts of their respective systems. For polar orbiters, one of the primary applications is data assimilation and numerical weather prediction (NWP), and the impact on forecast skill of numerical models is therefore one of the most important assessment metrics. The Joint Center for Satellite Data Assimilation, in collaboration with the USWRP OSSE testbed, made its Joint OSSE capability available (see Section 2 above) to the Cost Analysis and Program Evaluation group of the Office of the Secretary of Defense (CAPE/OSD) for assessment of the expected consequences of a variety of possible programmatic decisions regarding an instrument payload located in the early morning orbit (0530 Local Equatorial Crossing Time). This orbit has traditionally been covered by the US Defense Meteorological Satellite Program (DMSP), and it was one of the two orbits intended to be covered by the NPOESS program, until the program was canceled in 2010.

3.2
The following five experiments were carried out by JCSDA:

1. A control run in which all relevant observations from observing systems (conventional and space-based) other than DWSS are assimilated (cntrl)

2. Same as 1., but without any early morning orbit coverage (no NOAA-16/DMSP-F17) (nossmis)

3. Same as 2., but with JPSS (i.e. CrIS and ATMS) added in the early morning orbit (atmscris)

4. Same as 2., but with VIIRS in the early morning orbit (i.e., polar winds) (viirs)

5. Same as 2., but with VIIRS and ATMS in the early morning orbit (atmsvirs)

3.3
The results of these experiments clearly demonstrated the importance of a meteorological satellite in the early morning orbit, above and beyond the already existing contributions from the mid-morning and early afternoon orbits. It was found that losing SSMI/S (Experiment 2) leads to decreases in model analysis and forecast skill, especially in the Southern Hemisphere and for the tropical wind fields.  Improvement in skill was seen when either a combination of ATMS/CrIS (Experiment 3) or a combination of ATMS/VIIRS (Experiment 4) was simulated in the early morning orbit. However, flying the VIIRS imager alone in the early morning orbit (Experiment 5) yielded little improvement in skill. Greater impacts were noted for forecasts initialized at 06Z and 18Z due to the absence of radiosonde data at these times.  Similar impacts were also noted between July/August and January/February on a global scale, with the respective winter and summer hemispheres demonstrating similar results, though some non-significant differences were noted.

3.4
It should also be noted that only planetary-scale diagnostics were performed for the experiments run and summarized in the final report from the project. Tropical cyclone diagnostics as well as other regional measures would have been likely to shed additional light on the impact of data from an early morning orbit satellite mission, but resource constraints did not permit the investigation of these. 

4. Observing System Simulation Experiments for WISSCR and OAWL/ISS

4.1
The 3D-WINDS Decadal Survey mission mentioned above was aiming to demonstrate the capability of the wind lidar technology to meet the most of the WMO requirements for wind observations. Since this mission is likely at least 15-20 years in the future, several initiatives have emerged toward demonstrating how to at least partially satisfy the requirement for wind observations with a simpler, less expensive system that could be deployed earlier. 
4.2
Two such concepts have been developed to varying degrees of maturity with the aim of soliciting NASA funding under the Earth Venture Program, namely Winds from the International Space Station for Climate Research (WISSCR), which is a slimmed-down version of 3D-WINDS, and the Optical Autocovariance Wind Lidar (OAWL), which is a single-technology direct detection aerosol wind lidar developed by Ball Aerospace and Technologies Corporation under NASA funding.
4.3
The impact on forecast skill of data from both concepts has been assessed using the JCSDA OSSE framework through a NASA-funded study, the primary objective of which was to evaluate the relative advantages and potential impact of these two alternative wind lidar technologies.
4.4
Three separate OSSE experiments (CTRL, OAWL and WISSCRCOH) were run in order to compare forecast skill with and without wind lidar data at a resolution of T382-64 layers.. First, each experiment performed data assimilation cycling experiments with a 6-h assimilation window over a four-week period from 28 July to 24 August 2005. Then 7-day forecasts were issued from the analyses performed at 0000 UTC each day.

4.5
Analyses and forecasts from the three OSSE runs were verified against the Nature Run using the NCEP operational verification package. The results indicate that assimilation of the lidar data (either OAWL or WISSCRCOH) can substantially improve the NCEP GFS wind and mass forecasts. A slightly larger impact can be found in the Southern Hemisphere, although a significant positive impact is also found in the Northern Hemisphere. The OAWL lidar observations have larger impact on both analyses and forecasts than coherent technique observations from WISSCR.

4.6
There are two possible reasons for the larger impact seen from the OAWL data. One is the continuous coverage that effectively translates into twice as many locations covered in the horizontal. Where WISSCR alternates between using the fore and aft telescope, roughly 12 seconds at a time, OAWL measures continuously through both of its two telescopes, which eliminates the along-track gaps between subsequent wind profiles. The other reason is the increased sensitivity of OAWL due to a higher energy-aperture product. This translates into much better vertical coverage for OAWL than for WISSCR, especially in the free atmosphere, that are particularly important for NWP skill.

4.7
It should be mentioned that the estimates of impact are likely to be conservative for a number of reasons. The observational weights given to the wind lidar data are not tuned and therefore be seen as representing first guesses rather than optimal weights. The same is true for the data selection. Both quality control limits and the horizontal density of observations will need to be tuned before an optimal impact is found, and due to time constraints, no such tuning was performed here. Any real implementation of new satellite data thus typically involves several rounds of tuning and refining the observation error covariances, quality control and data thinning or other density reducing procedure before a discernable impact is seen. In spite of these reservations, the OSSE study has conclusively demonstrated the potential benefits of adding space-based wind lidar wind observations on top of the data currently used by NCEP for operational numerical weather predictions 

5. Observation System Simulation Experiments for Unmanned Aerial System Data.
5.1
NOAA’s Earth Systems Research Laboratory has done a series of  OSSEs for a notional future Unmanned Aerial System (UAS) specifically targeted at improving the prediction of tropical cyclones.

5.2
To improve hurricane forecast, unmanned aerial systems are usually used to provide additional observation data around the vicinity of hurricanes. It is important to know where these data have impact and where they may be deployed to obtain optimal impact. A preliminary global OSSE was conducted to evaluate the potential impact of high-altitude, long-endurance (HALE) Unmanned Aerial Systems (UAS) dropsonde observations on hurricane track prediction. The results from this initial experiment show potential for UAS to improve hurricane track forecasts. In particular, the extended spatial and temporal coverage permitted by HALE UAS demonstrate the potential for further improvement

5.3
The circumnavigation scenarios were chosen as likely possible flight paths that could be planned well in advance of a UAS mission to provide sampling of the storm environment.

Sampling both the outer and inner storm regions yielded greater track improvement in comparison to repeatedly sampling only the inner storm environment. This result indicates that observing a larger area can be effective even when locations are not subject to repeat sampling. In addition, an extended observing period of greater than 24 hours was found to result in the greatest reduction of forecast errors. This indicates that continuous observation by multiple platforms or by platforms with multi-day flight capabilities are needed.

5.4
The UAS sonde observations provided information that significantly improved the track forecast. However, the sampling area required to achieve the best possible track forecast was too large to be realistically observed by one UAS. One region that might be sensitive to additional observations (80—90W) was located over land in an area not suitable for UAS operations.

5.5
The results were initially confined to a single case study, and as such should not be broadly applied to general cases. The synoptic situation and source of forecast errors is different for every tropical cyclone and each forecast per storm. Evaluation of additional hurricanes from the Nature Run are expected to  give a broader view of the potential impact of UAS observations on track forecasts, and may give guidance on the best choice of a set of 'standard' UAS mission strategies. 
6. General Observing System Experiments (Data Denials)

6.1
Several research and operational organizations in the US have been active in performing data denial experiments and compiling NWP diagnostics such as FSO (Forecast Sensitivity to Observations) in support of the WMO Rolling Review of Requirements. Comprehensive suites of data denial experiments have been done by the Joint Center for Satellite Data Assimilation and by NASA’s Global Modeling and Assimilation Office, while FSO diagnostics highlighting the role of the various GOS components in bringing down the short-range (24-hour) forecast error have been computed for all major GOS components by NASA/GMAO the Naval Research Lab, and NCEP. Individual presentations from all of these studies were made at the “Fifth WMO Workshop on the Impact of Various Observing Systems on NWP” in Sedona, May 2012 and are available, along with the Final Report from the Workshop, at:
http://www.wmo.int/pages/prog/www/OSY/Meetings/Wshop-Impact-NWP-5/2ndCircular.pdf
7. Future Plans

7.1
Several impact experiments and design studies are planned for the coming years in the US, including data denial studies designed to investigate the potential impact of one or more gaps in the afternoon coverage currently provided by Suomi/NPP, to be replace by JPSS-1 in 2016. Two possible gaps are currently under investigation; one is between Suomi/NPP and JPSS-1, the other is between JPSS-1 and JPSS-2 in the 2020-21 time frame. 
7.2
Also, Observing System Simulation Experiments to study the impact of an operational follow-on to the very successful COSMIC GPSRO constellation are in development, along with a series of OSSEs to assess the impact of deploying hyperspectral infrared sounders in geostationary orbit.

7.3
Results from these and other impact and design studies will be reported to WMO as they become available.
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