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1.  Full OSSE 
 

Building and maintaining observing systems (OS) with new instruments is extremely costly, particularly when satellites are involved.  Objective methods that can evaluate the improvement in forecast skill due to the selection of instruments and configurations have long been sought. The forecast skill evaluation using simulation experiments with a proxy truth atmosphere called 


Nature Run is known as an Observing System Simulation Experiments (OSSEs, Arnold and Dey 1986, Lord et al 1997) have been proposed.  Although the OSSE itself is a very expensive project, the cost of an OSSE is a small fraction of the total cost of an actual OS.
Various simplified observing system simulation experiments have been attempted and are often called OSSEs (Masutani et al 2009).   In a Joint OSSE, the term OSSE refers to a simulation experiment with a Nature Run model significantly different from the Numerical Weather Prediction (NWP) model used for data assimilation.  These are assessed based on calibration experiments, where real and simulated data impacts are compared.   We call this OSSE as "full OSSE" to distinguish other simulation experiments.  
By running full OSSEs, current operational data assimilation systems (DAS) will be evaluated, improved and upgraded to handle new data types and their volume, thus accelerating the use of future instruments and OS design. Additionally, OSSEs can hasten database development, the development of data processing techniques and quality control softwares. All of these will accelerate the operational use of new OSs. Through the OSSEs future OS will be designed that can be effectively used by DAS and forecast systems to improve weather forecasts, thus giving the maximum societal and economic benefits. 


2. Collaboration and coordination in OSSEs 

OSSEs also require the best knowledge in many areas of the Numerical Weather Prediction (NWP) system. The Nature Run has to be produced using a state of art NWP model at the highest resolution. Simulating data from a Nature Run requires experts for each instrument.  Simulations and assimilations have to be repeated with various configurations. Efficient collaborations are essential for producing timely and reliable results.  
From the experience of the OSSEs performed during recent decades, we realize that introducing a new Nature Run consumes significant amount of resources. The simulation of observations requires access to the complete model level data and a large amount of resources, and it is important that the simulated data from many institutes be shared among all the OSSEs.  By sharing the Nature Run and simulated data, OSSEs will be able to produce results which can be compared, which will enhance the credibility of the results.  Based on these experiences a broad group of US and international partners formed the "Joint OSSEs" (Masutani et al. 2007, Masutani et al. 2008).

3. Nature Run

3.1 Requirement for the Nature Run
The Nature Run is a long, uninterrupted forecast by a model whose statistical behavior matches that of the real atmosphere.  The ideal Nature Run would be a coupled atmosphere-ocean-cryosphere model with a fully interactive lower boundary.  Meteorological science is approaching this ideal but has not yet reached it.  For example, it is still customary to supply the lower boundary conditions (SST and ice cover) 
appropriate for the span of time being simulated.

 In Joint OSSEs, succession of analyses are not being used for the Nature Run. In the case of four-dimensional variational assimilation (4D-VAR), although the analyses may each be a realizable model state, they all lie on different model trajectories. Each analysis marks a discontinuity in the model trajectory, determined by the information content extracted by a DAS from the existing global observing systems and forced by observations. Furthermore, residual systematic effects due to the spatially non-uniform and often biased observations, the DAS, or the model state, may either favorably or unfavorably affect the potential of new observing systems to improve the forecasts. Thus, considering a succession of analyses as truth seriously compromises the attempt to conduct a “clean” experiment. 
The advantage of a long, free-running forecast is that the simulated atmospheric system evolves continuously in a dynamically consistent way. One can extract atmospheric states at any time. Because the real atmosphere is a chaotic system governed mainly by conditions at its lower boundary, it does not matter that the Nature Run diverges from the real atmosphere a few weeks after the simulation begins provided that the climatological statistics of the simulation match those of the real atmosphere. A Nature Run should be a separate universe, ultimately independent from but representative of the real atmosphere.

3.2 Joint OSSE Nature Run
The Nature Runs and simulated data ought to be shared between many institutes carrying out the actual OSSEs. OSSEs with different Nature Runs are difficult to compare but OSSEs using different DAS and the same Nature Run can provide a valuable crosscheck of data impact results.  

The primary specifications for a new Nature Run are:

• To cover a long enough period to span all seasons and to allow selection of interesting sub-periods for closer study;

• To provide data at a temporal resolution higher than the OSSE analysis cycle;

 • Simulates the atmosphere at scales compatible with the main OS;

• To use daily SSTs;

• To have user-friendly archiving.

Based on the recommendations from NOAA and NASA, ECMWF produced a new Nature Run in July 2006 at T511 (40 km) spectral truncation and 91 vertical levels, with the output saved every 3 hours. Two high resolution Nature Runs at T799 (25km) horizontal resolution and 91 vertical levels have been generated to study data impacts when forecasting hurricanes and midlatitude storms.  The output is saved every hour. A hurricane period from September 27 to November 1 was selected.  A period from April 10 to May 15 was selected to study midlatitude storms. The version of the model used was the same as the interim reanalysis at ECMWF (cy30r1). The initial condition is the operational analysis on 12Z May 1st, 2005 and the Nature Run ends at 00Z June 1st, 2006. The model was forced by daily SST and ice provided by NCEP (also used in the operational forecasts) which is used throughout the experiments. 
The complete data for the T511NR and T799NR are saved at ECMWF, NCEP, NASA/GSFC, and ESRL. The complete Nature Runs are accessible from the NASA/GSFC/NCCS portal system. Access to the data from this site requires an account, which is available to the research community. The complete Nature Runs will also be available from ECMWF. Verification data (1degx1deg data)for the T511NR are also available from NCAR/ CISL Research Data Archive as data set ID ds621.0 and JMA. Complete verification data for T511NR and T799 NR are also available from NRL/Monterey, University of Utah, and Mississippi State University. (Masutani et al 2008)

3.3 Evaluation of the Nature Run

Midlatitude cyclone statistics were produced using Goddard’s objective cyclone tracker.  Distribution of cyclone strength across the pressure spectrum, cyclone lifespan, cyclone deepening, regions of cyclogenesis and cyclolysis, distribution of cyclone speed and direction are studied.  All statistics showed the Nature Run is within interannual variability (Masutani et al 2007).  Location and intensity of the jet was found to be realistic. The cloud cover were also evaluated and found to be much improved from any other nature runs (Fig.1). 

Once over the Atlantic Ocean, signs of the development and organization of some waves into smaller-scale circulations are observed.  In particular, the ECMWF Nature Run seems to also show the capability of spontaneously producing realistic Atlantic hurricanes.These findings, albeit preliminary, are suggestive that the ECMWF Nature Run simulates a realistic meteorology over tropical Africa and the nearby Atlantic and may prove itself beneficial to OSSE research focused over the AMMA or the Atlantic Hurricane regions (Reale et al 2007).
4.  Progress in simulation of observations and calibration

Simulation of observations requires experts from every instrument. Since this process requires access to the full resolution of the Nature run, computing facilities with large memory are  required. If the observational errors, added to the true values extracted from the nature run, are properly specified, then the statistical behavior of the assimilation system will be similar in the simulated and real worlds, and the OSSE will be properly calibrated. The calibration process  is time consuming and calibration was not often performed in most of OSSEs except for the OSSE at NCEP (Masutani et al. 2006).

Initial preliminary simulation of conventional data was conducted by NCEP, NESDIS and ESRL.  The data are made available to Joint OSSE for calibration purpose. In order to simulate radiance data, vertical profiles were generated at the based on actual operational usage to keep some statistics similar to a real assimilation.   Initial simulation of GOES, AMSUA and AMSUB radiance data are also completed for the whole period of the T511 NR.

An extensive effort for simulation of observations was conducted at NASA/GSFC/Global Modeling and Assimilation Office (GMAO.)  GMAO simulator has been set up to simulate HIRS2, HIRS3, AIRS, AMSUA, AMSUB, MSU radiance data as well as conventional data.   Calibration experiments were also conducted at GMAO using an adjoint technique (reference, e.g. Gelaro et al.)
GMAO simulation software includes:

•   Software for generating conventional obs (Observation type included in NCEP .prepbufr file)

The codes are set up for  raobs, aircraft, ships, vad winds, wind profilers, surface station data, SSMI and Quick scat surface winds, Cloud Motion Vector (CMV)

•  Software for simulating radiances 

Code to simulate HIRS2/3, AMSUA/B, AIRS, MSU has been set up.  Community Radiative Transfer Model (CRTM) is used for forward model.  

•  Software for generating random obs. error

Observations are generated without errors but software to simulate error is provided.


The output of the data is saved in BUFR format which can be read by the Gridpoint Statistical Interpolation (GSI). GSI is a DAS used at NCEP, GMAO and ESRL.  The codes are flexible and include many tunable parameters. The codes will be available to Joint OSSE and software is well documented.  Since the software will continued to be developed, all interested people are expected to contact GMAO (Ronald Errico: ronald.m.errico@nasa.gov) or  Joint OSSE (Michiko Masutani: michiko.masutani@noaa.gov).    The GMAO simulation software was successfully installed at NCEP and initial simulation AIRS, HIRS2 and HIRS3 radiance data were completed for the entire period of T511 NR. It is also versatile to simulate other observing systems. 
Calibration using the adjoint technique has been conducted at GMAO and remarkable similarity between simulated data impact and real impact has been achieved. Further detail adjustments are being conducted. ESRL, NCEP, and NESDIS are working on calibration experiments including GOES. Some initial results are reported by Privé et al (2009). Significant inconsistent results are observed in data impact of CMV and SSMI winds, that is possible due to the preliminary sampling strategies. In initial simulation, CMVs have been simulated using actual observation locations. SWA has developed strategies for realistic sampling of CMV from the Nature Run and a coordinated effort will be conducted to simulate more realistic CMV.  
Alternative software to simulate radiance data using the Stand-alone AIRS Radiative Transfer Algorithm (SARTA) as well as the CRTM is also being developed at NESDIS. NESDIS software includes results from various research. This will be important to evaluate CRTM in Joint OSSEs.
The preliminary data used for ongoing calibration require further tuning and evaluations and should be used with caution. These are useful to build and test scripts and are made available to participating scientists who are expected to share the results.

5. Expanding collaboration

The joint effect to conduct global OSSEs is a productive sharing of the strengths and resources of the participants. Many groups have expressed interest in conducting OSSEs within Joint OSSE and seeking funding to conduct OSSEs.

 Various experiments to evaluate future and current instruments are proposed:  

•  Various DWL designs and configurations proposed by both NASA and the European Satellite Agency (ESA) 

•  Additional Radio Occultation observations

•  UnManned Aircraft System (UAS, Prive et al. 2009)
•  Investigate the usage of GOES radiance data in real assimilation and preparation for GOES-R data. 

•  Evaluation of GOES-R and NPOESS instruments


OSSE will be also used to design and evaluate observing systems

•  Evaluation of  targeted observing system

(UAS, DWL and T-PARK related project)

•  Targeted sampling of satellite data.
•  Interacting effect among various observing systems.

Some groups are interested in using OSSEs to study DAS

•  Data impact in climate data assimilation

•  Study of error in DAS

•  Comparison of various data assimilations system


There is great deal of interest toward regional OSSEs to study data impact on forecast of hurricanes and  midlatitude storms. Even if using same global Nature run, regional OSSEs have to deal with handicaps.

•  Lateral boundary conditions eventually dominate the forecast inside the regional domain, obscuring any effect of the observation mix on forecast accuracy.  This must be considered when evaluating the OSSE:

•  The size of the geographic region controls the length of forecasts that can be considered shorter for smaller regions.

•  Ideally, the same observation mix should be used in the regional model as in the global model that supplies the boundary conditions.

•  One is forced to execute two nature runs and coordinate two data assimilation and prediction systems.


If regional Nature Runs with higher resolution is produced nesting within the global nature run, uncertainty in regional OSSE will become much more serious. Several groups in Joint OSSEs are investigating strategies for credible regional OSSEs.

6. Summary and concluding remarks for OSSEs 

The  OSSEs (Masutani et al. 2006, Woollen et al. 2007) have demonstrated that carefully conducted OSSEs are able to provide useful recommendations which influence the design of future observing systems. Based on this work, OSSEs can be used to investigate: 

· The effective design of orbit and configuration of an observing system; 

· The effective horizontal and vertical data density;

· The evolution of data impact with forecasts;

· The balance between model improvement and improvements in data density and quality; 

· The combined impacts of mass (temperature) data and wind data; 

· The development of bias correction strategies.
· OSSEs should also be used to design 
optimal sampling strategies (example: aircraft flight patterns and sensor payloads).

Ideally, all new instruments should be tested by OSSEs before they are selected for construction and deployment. OSSEs will also be important in influencing the design of the instruments and the configuration of the global observing system. While the instruments are being built, OSSEs will help prepare the DAS for the new instruments. Developing a DAS to assimilate a new type of data is a significant task. However, this effort has traditionally been made only after the data became available. The OSSE effort demands that this same work be completed earlier; this will speed up the actual use of the new data and proper testing, increasing the exploitation lifetime of an innovative satellite mission.

OSSEs will be conducted by various scientists with different interests.  Some want to promote particular instruments while others may want to aid in the design of the global observing system.  Specific interests may introduce bias into OSSEs but they also introduce strong motivations.  Operational centers such as NCEP will perform the role of finding a balance among conflicting interests to seek an actual improvement in weather predictions.  They may be unbiased but often have a difficult time finding resources. 
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Fig. 1  Annual mean total cloud cover.  T511NR and observed estimate from MODIS data.
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