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	SUMMARY AND PURPOSE OF DOCUMENT

This document provides a report of the work of the Rapporteurs on Scientific Assessment of Impact Studies since the sixth Session of the ICT-IOS, together with subsequent progress, and recommendations.

  


ACTION PROPOSED


The ICT is invited to take the contents of this report into consideration during its deliberations.

______________

OBSERVING SYSTEM EXPERIMENTS AND OBSERVING SYSTEM SIMULATION EXPERIMENTS
1.
INTRODUCTION 
In this report, the Rapporteurs on Scientific Assessment of Impact Studies summarize recent progress on impact of the several observing systems in terms of benefit to Numerical Weather Prediction. The main results from recent Observing System Experiments (OSE) are presented with emphasis on the future evolution of the GOS. The status of the Joint Observing System Simulation Experiment and other OSSE initiatives is also given. Recommendations and priorities for future studies are provided.
Since 1997, a comprehensive review of the impact of the different operational observing systems has been carried out through the WMO Workshops on the Impact of Various Observing Systems on NWP in Geneva 1997, Toulouse 2000, Alpbach 2004 and Geneva: 2008. The fifth workshop in the series will take place in Sedona, AZ, 22-25 May 2012. The series of workshops has proved very successful providing substantial input for reviewing the Statements of Guidance for Global and High-resolution NWP, the Vision of the GOS for 2025 and the ET-EGOS IP.

This document describes the latest activities in this area. It provides an update with respect to earlier reports but is not in itself a comprehensive review. The next comprehensive report will be prepared following the fifth workshop. In the meantime, the immediate outcome and main conclusions of the workshop are provided in Doc 6.8(2).

2.
UPDATE ON RECENT OSEs/OSSEs 
1. Adjoint-based sensitivity to forecast error: Results obtained with adjoint-based sensitivity tools are receiving increasing attention. Bar charts showing the relative importance of each component of the GOS are produced by several NWP centres on a regular basis. The results are based on the observation sensitivity with respect to (typically) 24-hour forecast error measured in terms of dry or moist total energy. With the adjoint technique, the impacts of all observations are computed simultaneously from one single execution of the system, for one chosen measure of forecast error, allowing results to be aggregated easily according to data type, location, satellite sounding channel, or other attributes. The technique is economical as compared with running multiple data denial OSEs, but its accuracy is generally limited to forecast ranges of 1-3 days. 
2. Despite differences in the assimilation algorithms and forecast models, the impacts of the major observation types are generally similar comparing results from different global NWP systems. However, regional details and other aspects of the results can differ substantially. Large forecast error reductions (beneficial impacts) are provided by satellite radiances (AMSU-A, IASI and AIRS), radio occultation, geostationary satellite winds, radiosondes and aircraft. Other observation types provide smaller impacts individually, but their combined impact is also significant.
3. In a recent report (Joo et al. 2012), using the Met Office NWP system, the observation impacts of various observations are compared, with emphasis on space-based observations. Satellite data are found to account for 64% of short-range global forecast error reduction, the remaining 36% being due to assimilation of surface-based observation types. Metop-A data are measured as having the largest impact of any individual satellite platform due to the complement of Metop’s sensors (IASI, ASCAT and GRAS). Microwave (e.g. AMSU) and hyper-spectral infrared (e.g. IASI and AIRS) sounding techniques are found to have the largest total impacts; however, the GPS radio occultation technique was measured as having the largest observation impact per sounding.
4. With this technique it is possible to arbitrary define subsets of observations in order to assess and compare their impacts. In a study for EUCOS, the Met Office (UK) demonstrated that for a large number of AMDAR observations from the London airports the measurable impact is relatively low on global model scale, whereas there is a relatively high impact of fewer observations from the more remote Shannon airport in Ireland. A second study contrasted the impact of E-ASAP soundings in the North Atlantic with that of 20 remote island radiosonde stations and a similar number of European continental land-based stations. The results showed a very positive impact of ASAP soundings and remote-island soundings in comparison to the land-based stations in Europe. These results have been confirmed by performing the equivalent study based on the ECMWF NWP system.
5. The adjoint data assimilation systems of NASA/GMAO and ECMWF have been used to examine the impact of ConcordIASI dropsonde data on 24-hour forecasts over the southern polar region during September-December 2010. ConcordIASI is a multi-year international project (led by Meteo-France) whose objectives include improving analyses and forecasts over Polar Regions. The field phase of ConcordIASI during Austral spring 2010 provided unprecedented meteorological data coverage over the southern polar region, with dropsondes launched from 19 super-pressure balloons providing over 30,000 measurements of wind, temperature and humidity at levels up to 60 hPa over a three-month period. The dropsonde impact was compared with that of other in-situ and satellite observing systems. Results show that the dropsondes, which are relatively few in number compared with most other data types, have a small positive impact in an overall sense, but a relatively large positive impact per observation. Dropsonde temperature observations pole ward of 80°S and below 400 hPa had the largest impacts.
6. Observation impact tool for ensemble Kalman filters. The Center for Weather Forecast and Climate Studies from the National Institute for Space Research (CPTEC/INPE, Brazil) is developing and testing a Local Ensemble Transform Kalman Filter (LETKF), to include the .capability to evaluate observation impacts based on the approach of Liu and Kalnay (2008; QJRMS, 134, 1327-1355). NCEP (Washington) have conducted tropical cyclone case studies using this methodology, concluding that upper air soundings are the most important observation type for Tropical Cyclone forecasting.
7. The international Joint OSSE: OSSEs are a powerful tool to assess the potential impact on the NWP forecast skill of planned or hypothetical future observing systems. Over the last several years an international Joint OSSE collaboration has emerged (Masutani et al. 2007 and Riishojgaard et al. 2011,) centred on the use of NASA's and NOAA's data assimilation systems. A 13-month Nature Run provided by ECMWF (Andersson and Masutani 2010) has undergone extensive validation. Simulated observations have been generated from the Nature Run. These observations include simulated errors of both instruments and representativeness. The simulated observations with added observation errors are suitable for initial OSSE applications by the community of researchers and investigators. 
8. An additional very high-quality nature run simulation of a hurricane in the Tropical Atlantic has been generated, using the ARW-WRF model with 1 km horizontal resolution, 60 vertical levels, and the latest physical parameterizations. The simulation is not based on a real storm, but rather one that is produced within the 6-month Joint OSSE Nature Run. The structure of the cyclone has been validated in comparison to a number of observational diagnostics: the pressure-wind relationship, the outward slope of the eye wall, the decay of wind with height along the radius of maximum winds, the inflow depth and temperature structure of the boundary layer, and the distribution of convective versus stratiform precipitation. High resolution OSSEs based on this Nature Run will follow.
9. The Global Wind Observing Sounder (GWOS) concept, which is being developed by NASA, is expected to provide global wind profile observations with high vertical resolution, precision, and accuracy. The assimilation of space based Doppler wind Lidar from the GWOS concept is being conducted in the OSSEs at the Joint Center for Satellite and Data Assimilation (JCSDA). The impact of different pairs of telescopes has been assessed in terms of meteorological analyses and forecasts. The impacts from the different pairs of the GWOS telescopes were assessed by comparing the forecast results through 120 hours. In this OSSE study, a control simulation utilizing all of the data types assimilated in the operational GSI/GFS system was compared to three OSSE simulation which added lidar wind data from the different pairs of telescopes (one-, two-, and four-look), respectively. The results show that assimilation of the Lidar data from the GWOS (whatever one-, two-, or four-“look”) can improve the NCEP GFS wind and mass fields forecasts. Larger benefits are found in the southern hemisphere, although a significant positive impact is also found in the northern hemisphere.
10. Advanced IR sounders in regional models: Atmospheric temperature and water vapour information are the key parameters needed in the regional numerical weather prediction (NWP) model for accurate convective storm forecasting. Radar measurements have been used widely in the regional NWP model and have demonstrated very useful resource, however, radar provides useful information mostly when the storm is initiated. In the earlier stage of the storm, the clear sky atmosphere is dynamically unstable, the spatial, temporal and vertical distributions of the atmospheric temperature and moisture information in pre-convection environment are important for NWP. The AIRS, IASI and CrIS advance sounder instruments provide temperature and moisture profiles with high vertical resolution and good accuracy; both AIRS single field-of-view soundings and science team sounding product are used in the regional WRF (Weather Research and Forecasting) model with 3DVAR, Ensemble Kalman Filter (EnKF), and 4DVAR assimilation techniques. The AIRS soundings were applied to severe storms such as convective precipitation and hurricane for forecast improvement. Results show that AIRS soundings with both WRF (Weather Research and Forecasting)/3DVAR and WRF/DART (data assimilation research test bed) assimilation and forecast systems improve the hurricane track and intensity forecasts, AIRS soundings also improve the precipitation forecast with 4DVAR assimilation technique.
11. Radio occultation data: The Global Positioning System (GPS) radio occultation (RO) technique has emerged as a powerful and relatively inexpensive approach for sounding the global atmosphere in all weather. On average, COSMIC-1,2,4,5,6, GRAS, GRACE-A, TERRA-SAR-X, C-NOFS and SAC-C provide 1,000 – 1,200 GPS RO soundings per day. The data distribution is relatively uniform around the globe with relatively less density in the tropics. RO sounding is able to penetrate clouds and precipitation with virtually no impact on its accuracy. With its ability to take measurements over the ocean, where there are few traditional observations, GPS RO soundings have demonstrated significant NWP impact. In particular, it has been shown that GPS RO soundings provide valuable information on the moisture in the tropical lower troposphere, which is crucial for the development of tropical storms. Taiwan and the U.S. Navy are planning the COSMIC follow-on mission, (COSMIC-II), which promises to provide 8,000 to 10,000 GPS RO soundings per day. A second GRAS instrument will become operational with the launch of Metop-B in May 2012.
12. Use of the Chinese FY-3A and 3B data: Xiang Wang et al. (AMS 2011) compared measured radiances from FY-3A and AMSU-A against simulated radiances calculated from coincident profile measurements of temperature and humidity from COSMIC. Excellent agreement was found between FY-3A and COSMIC GPS RO data, similar to that between AMSU-A and COSMIC GPS data. It can therefore be concluded that FY-3A and AMSU-A data are of similar quality. This has been confirmed by William Bell and co-workers at ECMWF who have monitored the quality of FY-3A data within the operational 4D-Var system at ECMWF. The corrections developed at ECMWF (Lu et al, JTECHA, Nov 2011) for the passband shifts and radiometer non-linearity achieved FY-3A MWTS data quality equivalent to AMSU-A.  This data delivered positive impact when added to a full ECMWF system.  Similar, but not identical, corrections were later (March 2011) implemented in the ground processing systems at CMA.  Unfortunately, the FY-3A MWTS data quality does not quite match that achieved previously at ECMWF and forecast impacts from this data stream has proved to be slightly negative. Operational assimilation at ECMWF has, therefore, been postponed until these issues can be resolved. ECMWF and CMA will continue to work together to resolve these.
13. The Japan Meteorological Agency (JMA) also conducted an OSE for FY-3A MWTS data for August 2011 by using low resolution version of JMA global data assimilation system as an initial assessment. The departure statistics showed the data quality was similar to or slightly better than that of NOAA18 AMSU-A. The OSE result showed positive impact on temperature forecast.
14. Initial indications from the FY-3B instruments, assessed at ECMWF during September 2011- March 2012. are that the data is generally of good quality and forecast impacts are neutral when measured against a full ECMWF system.
15. Accuracy of humidity observations from aircraft: EUCOS have initiated studies of the impact of the Tropospheric Airborne Meteorological Data Reporting (TAMDAR) network, operated by AirDat LLC. TAMDAR measures humidity, pressure, temperature, winds, icing and turbulence by commercial airlines along the flight routes. The data is licensed by AirDat at a charge and EUMETNET have negotiated access for European OSEs. Several European NWP systems will be run over a North American domain focusing on assessing the humidity impact. In previous studies, TAMDAR measurements have been assimilated into the WRF-based RTFDDA (4D-Var) system for the CONUS domain at 12-km and 4-km resolutions. Case studies focused on episodes of warm season rainfall, with positive results reported.
16. Impact of Radar reflectivity and ground based GPS: JMA has been operating 20 C-band radars in Japan. The reflectivity data was used for estimating relative humidity (RH) profiles and the RH retrievals were assimilated in mesoscale data assimilation system. By assimilating the RH data, displacement error was much reduced and water vapour profiles of initial conditions were improved. Precipitable Water (PW) can be estimated from ground-based GPS observations. In Japan, such GPS PW can be obtained from a nationwide permanent GPS network which is called GPS Earth Observation NETwork (GEONET). The GEONET is operated by the Geospatial Information Authority of Japan. The number of the GEONET GPS sites is about 1,200. JMA has been using the GPS PW from GEONET in the operational mesoscale data assimilation system since October, 2009. For the global data, the international GNSS Service (IGS) operates a global network of ground-based GPS stations continuously for GPS satellite tracking, and provides GPS observation data via its FTP server. Result show that the estimated GPS PW is close to the one estimated by radiosonde observation. The impact of the GPS PW data on JMA's global four-dimensional variational data assimilation system has been evaluated. Assimilation of the GPS PW brought positive impact compared without the GPS PW in the geopotential height forecast at 500 hPa.
17. Accurate information of the spatial distribution and temporal variations of water vapour is essential for the study of short-term severe weather phenomena, such as localized heavy rainfalls that often cause serious damages during the summer season on the Korean Peninsula. In particular, a good description of the initial conditions for the three-dimensional water vapor field is crucial for the simulation of convective systems and situations leading to heavy rainfall events in numerical model. Since the emergence of a new technique to retrieve an amount of atmospheric water vapour from ground-based GPS observation, numerous meteorological studies using precipitable water (PW), slant wet delay (SWD) and zenith total delay (ZTD) derived from GPS measurements have been conducted and showing encouraging results in various fields of meteorology, especially for improving moisture fields of numerical weather prediction from development (Kuo et al. 1993) to operational use (Gutman et al. 2003). The impact of ground-based GPS-PW and ZTD assimilation on a rainfall forecast has been examined. A series of assimilation experiments were performed using the WRF (Weather Research and Forecasting) model and its three-dimensional data assimilation (WRF 3DVAR) system. PW and ZTD data derived from 39 GPS sites over the Korean Peninsula is assimilated with cold-start and cycling techniques. The results show that the assimilation of GPS-PW is effective in reducing the error of PW in the initial condition. Both negative bias and the rms error of the PW contained in original analysis (background) are significantly reduced after the assimilation of GPS-PW. The improved moisture field in initial conditions benefits the forecast of rainfall initiation at the right time and intensity.
18. Composite LEO/GEO Winds: The composite LEO/GEO winds are distributed by CIMSS. The data complements data gaps between GEO atmospheric motion vectors (AMV) and LEO polar AMV. NRL showed the positive impact with their adjoint based sensitivity study and started operational use of November 2010. The assimilation test was conducted at JMA with the low resolution version of the global data assimilation system and the result also showed the positive impact.
19. Impact of targeting: “Targeted observations” refers to the selection of additional, specially chosen observations to be assimilated into operational numerical weather prediction models. Observation locations are chosen in order to improve forecasts of high-impact weather events of importance to society. Examples include dropwindsondes launched from aircraft or balloons, additional rawinsonde ascents, remotely sensed observations, and the inclusion of enhanced regular satellite observations (such as radiances or winds) that may normally be excluded from data assimilation due to routine thinning or quality control procedures. 
20. The emphasis of the THORPEX DAOS group has been on the evaluation of the impact of observations, including targeted observations, based on results from field experiments (ATReC, AMMA, IPY, T-PARC), OSEs and OSSEs. Their comprehensive report has recently become available (Targeted observations for improving NWP: An overview, by Majumdar et al., WWRP/THORPEX No. 15). The main outcomes from these impact studies may be summarized as follows:

· The value of extra-tropical targeted data has been found to be positive but small on average

· Observations taken in sensitive areas have more value than observations deployed randomly

· Past experiment do not provide evidence of major impact obtained from just a few observations (when averaged over a large sample of cases)

· There are limitations to the current assimilation methods to be able to detect the small signal associated with precursors of meteorological systems

· The methods employed to identify sensitive areas do not appear to be a major problem

· Additional observations around tropical cyclones have proven to be useful

· Benefit may be obtained from regional (versus highly localized) and systematic targeting during low predictability flow regimes on a continuous basis (days or weeks) and/or via adaptive processing and data selection of satellite data.
The mechanisms behind how TC forecast can be improved further by targeted observations are being investigated.
3.
Proposed topics for NWP impact studies relevant to the evolution of global observing systems
A comprehensive proposal for OSEs and OSSEs of particular interest to ET-EGOS has been developed as part of the preparations for the fifth workshop on the Impact of Various Observing Systems on Numerical Weather Prediction. This new list of specific studies and science questions has been distributed widely as it formed part of the invitation to the workshop. The list is shown here in the table below.

	Short name: Full name
	Science question

	Surface-based

	S1MarinePs: Surface pressure over ocean
	What density of surface pressure observations over ocean is needed to complement high-density surface wind observations from satellites?  Suggestions: (a) network density reduction OSE in N. Atlantic, (b) southern oceans OSSE.

	S2Strat: In situ observations of the stratosphere
	What network of in situ observations is needed in the stratosphere to complement current satellite observations (including radio occultation)?   What about the tropics?

	S3AMDAR: Coverage of AMDAR
	What is the impact of current AMDAR observations?  What are the priorities for expansion of the network?

	S4ASAP: Coverage of ASAP
	What is the impact of current coverage of profiles from the Automated Shipboard Aerological Programme (ASAP)?  How might coverage be optimised for a given level of resources?

	S5Radar: Radar observations
	What are the impacts of current radar observations, including radial winds and reflectivities?

	Space-based

	S6RO: Radio occultation saturation
	At what level, in terms of profiles per day, does the impact of radio occultation observations start to saturate?

	S7SatLand: Satellite radiances over land
	What is the impact of new developments in the assimilation of radiance data over land?

	S8Sounders: Impact of multiple satellite sounders
	What benefits are found when data from more than one passive sounder are available from satellite in complementary orbits, e.g. multiple AMSU-As, AIRS + IASI ?

	S9AMVs: AMVs
	What impacts are currently found from AMVs?


	General

	S10Thinning: Data density and data thinning
	What impacts/benefits are found from data density/thinning strategies from various observation types?

	S11PBL: Observations of the PBL for regional / high-resolution NWP
	What should be the focus of improvements for observations of the PBL in support of regional/high-resolution NWP?  Which variables and what space-time resolution?

	S12UA: EUCOS-like upper air OSEs
	Can EUCOS-like upper air studies be performed for other regions?

	S13AdjEns:  Regional application and adjoint and ensemble methods
	What insights can be gained from more tailored use of adjoint- and ensemble-based measures of observation impact, for example, in the tropics or at the meso-scale where metrics other than global energy may be appropriate?

	S14ExtRange: Impact of observations on extended range forecasts
	Which observations are particularly important for the 7-14 day forecast range?

	S15Targeting: Targeted observations
	What do experiments on targeted observations tell us about observing system design?

	S16aAMMA, S16bIPY: AMMA and IPY legacy
	What impacts/benefits could be expected by sustained components of the AMMA and IPY special observing systems?


4.
Achievements (in relation to Terms of Reference)

In relation to its Terms of Reference (Appendix I), the Rapporteurs on Scientific Assessment of Impact Studies achieved the following:
a) Prepare and maintain reviews of OSEs, OSSEs and other studies that are being undertaken by various NWP Centres around the globe and provide information for consideration by the OPAG on IOS; 


Such a report has been provided herein.

b) Organize the fifth Workshop on the Impact of Various Observing Systems on Numerical Weather Prediction in 2012 and chair the organizing committee;


The fifth workshop in the series will take place in Sedona, AZ, 22-25 May 2012.See Document 6.8(2) of ICT-IOS-7.
c) Provide input to the ET-EGOS regarding the Evolution of the GOS and to the ET-SAT on findings that might influence future satellite missions;


A report was presented to ET-EGOS-7, May 2012, were ET-SAT was represented

d) Provide advice and support to the Chairperson of OPAG-IOS on development and implementation of WIGOS concept.


Through the participation of the Rapporteurs on Scientific Assessment of Impact Studies at ICT-IOS-7.
5.
Recommendations

The Rapporteurs on Scientific Assessment of Impact Studies is proposing the following recommendations to the ICT-IOS and the CBS-XV:

1. Recommendation 1 – Encourage continued development and research of adjoint-based observation impact assessment tools, as a complement to traditional OSEs.
2. Recommendation 2 – Encourage NMHSs to conduct OSEs and OSSEs to address the he specific science questions listed in Section 3.
6. 
Proposal for the Terms of reference of the Rapporteur

No changes are proposed by the Rapporteurs on Scientific Assessment of Impact Studies to its Terms of Reference at this point.

7.
Work plan

A draft Work Plan for the Rapporteurs on Scientific Assessment of Impact Studies for the period 2012-2014 is included in the draft Work Plan for the ET-EGOS.
