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OBSERVING SYSTEM SIMULATION EXPERIMENTS	


OBJECTIVES: 
1.  To provide a QUANTITATIVE assessment of the potential impact of 

proposed observing systems on earth system science,data assimilation, 
and numerical weather prediction. 

2.  To evaluate new methodology for the processing and assimilation of 
remotely sensed data. 

3.  To evaluate tradeoffs in the design and configuration of proposed 
observing systems (e.g. coverage, resolution, accuracy and data 
redundancy). 

4.  Can also be used to determine the ability of existing observing system to 
detect climatic trends and to optimize the global observing system for 
climate monitoring and other applications. 



EARLY SIMULATION STUDIES 
1.  PROVIDED AN ANALYSIS OF "

•  GARP DATA REQUIREMENTS"
•  “USEFUL” RANGE OF PREDICTABILITY"
•  NEED FOR REFERENCE LEVEL DATA"
•  RELATIVE USEFULNESS OF ASYNOPTIC vs SYNOPTIC DATA ASSIMILATION"

2.  INDICATED THAT"
•  ALL THREE OF THE PRIMARY VARIABLES (TEMPERATURE, MOISTURE, WIND) COULD 

BE DETERMINED IF A CONTINUOUS TIME HISTORY OF ANY ONE OF THESE VARIABLES 
WERE INSERTED INTO A GENERAL CIRCULATION MODEL. (“CHARNEY CONJECTURE”)"

 



LIMITATIONS OF PREVIOUS STUDIES 

•  MOST IMPORTANT IS THE USE OF THE SAME MODEL 
FOR NATURE AND ASSIMILATION / FORECASTING 
“IDENTICAL TWIN EXPERIMENTS”"

•  MODEL DEPENDENCE OF RESULTS"

•  TREATING OBSERVATIONAL ERRORS AS RANDOM 
AND UNCORRELATED"



Cane et al. (1981) OSSE for Seasat"







Previous OSSEs"
1.  EVALUATED THE RELATIVE IMPACT OF TEMPERATURE, WIND AND 

MOISTURE DATA - These experiments showed wind  data to be more effective than 
mass data in correcting analysis errors and indicated significant potential for space-
based  wind profile data to improve weather prediction.The impact on average 
statistical scores for the northern hemisphere was modest, but in approximately 10% 
of the cases a significant improvement in the prediction of weather systems over the 
United States was observed. 

2.  EVALUATED THE RELATIVE IMPORTANCE OF UPPER AND LOWER LEVEL 
WIND DATA.- These experiments showed that the wind profile data from 500hpa and 
higher provided most of the impact on numerical forecasting.  

3.  EVALUATED DIFFERENT ORBITAL CONFIGURATIONS AND THE EFFECT OF 
REDUCED POWER FOR A SPACE-BASED LASER WIND SOUNDER (LAWS).- 
These experiments showed the quantitative reduction in impact that would result from  
proposed degradation of the LAWS instrument. 

4.  DETERMINED DRAFT  DATA REQUIREMENTS OF SPACE-BASED LIDAR 
WINDS.-These experiments evaluated different coverages, resolutions, and accuracies 
for lidar wind measurements to estimate both research and operational requirements 
for the Global Tropospheric Wind Sounder (GTWS) Mission. 



Previous OSSEs (continued)"

5.  DEVELOPED AND TESTED IMPROVED METHODOLOGY FOR ASSIMILATING 
SATELLITE SCATTEROMETER DATA. - Applying this methodology resulted in the 
demonstration of the first significant positive impact of real scatterometer data in 1983. 

6.  DEVELOPED AND TESTED DIFFERENT METHODS FOR ASSIMILATING 
SATELLITE SURFACE WIND SPEED DATA.- This led to assimilation of SSM/I 
wind speed data to improve ocean surface wind analyses. 

7.  EVALUATED THE QUANTITATIVE AND RELATIVE IMPACT OF ERS AND 
NSCAT YEARS PRIOR TO THEIR LAUNCH.- These results were confirmed after 
the launch of both instruments. 

8.  EVALUATED THE QUANTITATIVE  IMPACT OF AIRS SOUNDING DATA AND 
THE IMPORTANCE OF CLOUD-CLEARING. These results were also confirmed by 
later  data impact experiments with real AIRS data. 



ILLUSTRATION OF AN OSSE 
•  TO EVALUATE THE POTENTIAL FOR SPACE-BASED WIND PROFILE 

DATA TO IMPROVE ATMOSPHERIC ANALYSES AND NUMERICAL 
WEATHER FORECASTS. 

•  TO DETERMINE IF THE IMPACT OF SPACE-BASED WIND PROFILES 
WOULD BE SUBSTANTIALLY REDUCED IN THE PRESENCE OF 
ADVANCED SOUNDER OR WITH A MORE ACCURATE FORECAST 
MODEL.  

•  TO EVALUATE THE IMPACT OF SPACE-BASED WIND PROFILES ON 
THE ANALYSIS AND FORECASTING OF PHENOMENA NOT 
PREVIOUSLY STUDIED IN OSSEs. (eg. Hurricanes, jet streaks, and the 
hydrologic cycle.) 

 



DESCRIPTION OF EXPERIMENT 
•  The nature run was generated using the FVGCM at .5 deg 

resolution for the period from September 11 to  December 31, 
1999. 

•  A detailed evaluation of the nature run was performed. 

•  All conventional and satellite observations (that were 
assimilated at  NASA at this time) were simulated with existing 
coverages and expected accuracies.  



DESCRIPTION OF EXPERIMENT 
•  Space-based wind profiles were simulated first in a very 

idealized way, with the same coverage as TOVS, 1m/s 
accuracy at all levels and no degradation due to cloud effects; 
in later experiments somewhat more realistic lidar winds with 
attenuation due to clouds, but still 1m/s accuracy were 
assimilated.  

•  The OSSE system was validated through comparison with real 
data impact experiments. 

•  The results of the OSSE were evaluated in terms of standard 
metrics (rms, anomaly correlation) and  phenomena based 
metrics ( cyclones, jet streaks, hydrologic cycle). 



The Finite-volume GCM 
•  The finite-volume GCM (fvGCM) was developed as a next generation 

modeling system based on a finite-volume dynamical core and the community 
built physical parameterizations and land surface model. 

•  Physical parameterizations are based on the NCAR CCM3.  

•  Partners in  developments of the fvGCM: NOAA/GFDL, ESRL and AOML, 
NASA, NCAR, DOE, and Universities. 



The f-v Dynamical Core 
•  Terrain following Lagrangian control-

volume vertical discretization of the 
basic conservation laws: 
–  Mass 
–  Momentum 
–  Total energy 

•  2D horizontal flux-form semi-
Lagrangian discretization 
–  Genuinely conservative 
–  Gibbs oscillation free 
–  Absolute vorticity consistently 

transported with mass  dp within the 
Lagrangian layers. 

•  Computationally efficient 



DJF 500-mb eddy height 
fvCCM (15-yr amip-2 run) 

DJF 500-mb eddy height 
ECMWF analysis (15-yr) 



NASA FVGCM forecast of severe winter storm  





Validation of Ozone Prediction 

4-day prediction TOMS Ozone Satellite 





Simulated Eye Wall: wind speed 













































Description of Experiments"
NATURE  RUN: 

 FVGCM at .5 deg resolution for the period from September 11 to  December 31, 1999.  
 

GLOBAL DATA ASSIMILATION SYSTEM USED:  

 GEOS-3, 1 X 1 deg horizontal resolution 
 GEOS-4, 1 X 1.25 deg horizontal resolution 

 
SPINUP: 35 days  
 

PERIOD OF ASSIMILATION:  Sept. 11 - Oct. 31, 1999 
 

CALIBRATION EXPERIMENTS (REAL and SIMULATED): 
     CTRL (Conventional Data + TOVS + CTW + QSCAT) 
     CTRL-ALL SAT   (Conventional Data only) 
     CTRL-SAT TEMP   (Conventional Data + CTW + QSCAT) 
     CTRL-QSCAT  (Conventional Data + TOVS + CTW) 
SIMULATED DATA EXPERIMENTS: 

 CTRL + Lidar Winds (with varying coverage)   



















Potentional Impact of new "
space-based observations on a"
Hurricane Track Prediction"
"
•  Tracks"

•  Green: actual track"

•  Red: forecast beginning 63 hours 
before landfall with current data"

•  Blue: improved forecast for same time 
period with simulated wind lidar"



"
SUMMARY OF LIDAR WIND EXPERIMENTS USED "
IN THE HURRICANE 1 CASE STUDY"
"
PERIOD OF ASSIMILATION:  Sept. 11 - Sept. 14, 1999"
FIVE DAY FORECASTS:  From Sept. 14, 1999"
"
LIDAR WIND EXPERIMENTS:"
"
CTRL + Full Lidar (complete profile and + / - 1100 km swath)"
CTRL + Full Lidar (no data after Sept. 13, 1999, 0.0z)"
CTRL + Full Lidar (no data before Sept. 13, 1999, 0.0z)"
CTRL + Upper Lidar  (500mb and above)"
CTRL + Lower Lidar (1000 - 700mb)"
CTRL + Full non-scanning Lidar "
"







Preliminary Adaptive Targeting Experiment  
Purpose of Experiments 
  To assess a lidar adaptive targeting method on hurricane forecasting 
 
Experiments 
  Control:          Conventional + cloud motion winds + TOVS  + Quikscat observations 
  Center Orbit:   Control + Lidar observations centered over hurricane 
  West Orbit:      Control + Lidar observations over west portion of hurricane 
   East Orbit:      Control + Lidar observations over east portion of hurricane   
 
Assimilations 
NASA FVSSI hybrid DAS (T62) Sep 12 00Z to Sep 17 18Z 1999 
 
Forecasts 
    24 FVGCM forecasts at 1.25 deg resolution 
   Initial conditions from Sep 12 00Z to Sep 17 18Z 1999 every 6 hours 
 
Adaptive Observing System 
  Coherent lidar with step-stare scanning. 
  A lidar pass over hurricane occurs every 06Z and 18Z. 
  Lidar wind information introduced to DAS as line-of-sight winds. 
 
 
 





















"
IMPACT OF LIDAR WINDS ON CYCLONE PREDICTION"
"
5-day Average Reduction in Position Error"
"

"Global: " "35 km (10% improvement)"
"N. America: " "48 km (11% improvement)"

"
10-day Average Reduction in Position Error"
"

"Global; " "66 km (17% improvement)"
"N.H.X.T: " "17 km (5% improvement)"
"S.H.X.T: " "48 km (24% improvement)"

"
Reduction in Hurricane Landfall Position Error"
"

"For United States:  239 km (66% improvement) at 63h"





















Potential Impact of Lidar Winds in the presence of a more advanced 
" " " "forecast model"









Description of Quick OSSE Experiments 
Nature Run :  fvGCM .25 x .36 deg horizontal resolution, 
                       start on Sep. 11, 2004 at 12z 

Observations :  simulated from the Nature Run  
                         for Sep. 11, 12z – Sep.12, 12z, 2004. 
 
Data Assimilation Experiments : fvSSI , 1 x 1.25 deg resolution, 
                                                   ran  Sep. 11, 00z – Sep.12, 12z, 2004. 
 
Control - compliment of operationally globally observed data, 
                including satellite temperature profiles 
Lidar     - Idealized wind profiles added in the vicinity of the hurricane 

5 Day Forecasts :  Started on Sep.11, 12z, Sep.12, 00z and 12z 
ran at both 1 x 1.25 deg  and .25 x .36 deg horizontal resolution 













Current and planned OSSEs for hurricanes 
•  OSSEs to determine potential impact of UAS and to optimize 

sampling strategies. (ESRL, AOML,RSMAS, JCSDA) 

•  Sensor Web OSSEs (NASA GSFC, SWA, AOML, RSMAS) 

•  OSSEs in support of HFIP to evaluate sampling strategies for 
hurricane reconnaissance, new observing systems, modeling 
and data assimilation and predictability. (NOAA, Academia) 

Current work aimed at developing rigorous regional OSSE system for 
USWRP OSSE Testbed. (AOML, ESRL, SWA, RSMAS)"









High Resolution Hurricane Nature Run:"
WRF Simulation Embedded Inside the ECMWF Nature Run"

60 levels; 3km resolution; double-moment microphysics; advanced radiation 
schemes."

R
I"

ECMWF	
  
T511	
  

Nature	
  Run	
  

3	
  km	
  
WRF-­‐ARW	
  
Nature	
  Run	
  



Further improvements expected from 1 km resolution:"

3km simulation 
nested to 1km"
for 18 hours"

•  More realistic distribution of precipitation"

•  20 grid points between each arrow shown above"





Initial Ocean OSE/OSSE Activities 
at AOML 



Observing System Experiments 
•  Evaluate impact of WP-3D profiles on ocean analyses during the DWH oil 

spill 

Twin data-assimilative HYCOM 
experiments, one denying the 
P-3 observations, demonstrate 
reduction in both bias and RMS 
error in temperature over the 
upper 360 m (left) between the 
ocean analyses and observations 
 
Future work will study impact of 
data assimilation procedure, 
update cycle, etc. on these 
results. 

RED:   With P-3 assimilation 
BLACK: No P-3 assimilation 



Observing System Simulation Experiments (1) 

•  Status of OSSE System Development: 
–  Implement multiple data assimilation schemes in HYCOM 

•  SEEK filter already implemented 
•  Three other schemes being evaluated 

–  Ensemble Kalman filter 
–  MVOI 
–  ROIF filter 

–  Develop and test OSSE software toolbox 
•  Generation of synthetic observations from nature run 

–  Altimetry, ship and satellite SST, ship profiles, ARGO floats already 
implemented 

–  Realistic errors are added to the synthetic observations 
•  Post-processing software to quantify evolution of analysis and forecast errors with 

respect to the “true” ocean (nature run) 



Observing System Simulation Experiments (2) 
•  OSSEs in the Gulf of Mexico 

•  Improve ocean model analyses for regional climate studies 
•  Improve initialization for ocean forecasting (e.g. oil spill, hurricanes) 
•  New very-high-resolution (~1.8 km) GoM HYCOM available for nature run 

–  Tests of SEEK filter data assimilation in this model are shown below 
Observed SSH (cm) SEEK SSH (cm) – DA: SSH+SST 

May 25 

May 1 

Location of Loop Current 
and surrounding eddies 
corrected by SSH and SST 
assimilation. 



Observing System Simulation Experiments (3) 
•  OSSEs to design global ocean climate observing strategies 

–  Initial tests of HYCOM-based OSSE software toolbox performed in low-
resolution (2°) Atlantic domain (not intended to be a rigorous OSSE) 

Objectives: 1. Test and evaluate HYCOM DA system and OSSE software toolbox 
                     2. Demonstrate feasibility of HYCOM fraternal twin approach 
 
Approach:   1. Run two multi-decadal runs using two HYCOM configurations 
                     2. Demonstrate that these runs differ significantly in representation of the AMOC 
                     3. Sample synthetic obs. from one runs (nature run model ) and assimilate  
                         into the model with the alternate configuration (operational model) 
                     4. Test below illustrates impact of assimilating ARGO float profiles on AMOC transport 
                         with a gradual correction of transport magnitude in the operational model 

Four Model Runs 
 
Nature Run Model 
 
Operational model, no DA 
 
Assimilate synthetic ARGO 
profiles to 2000 m 
 
Assimilate synthetic ARGO 
profiles to 6000 m 



Observing System Simulation Experiments (4) 
•  Initial rigorous ocean climate OSSE 

–  Fraternal twin experiments to be performed using 0.72° global HYCOM 
(right) as nature run, lower-resolution Atlantic HYCOM (with different 
configuration as the operational model 

–  Global model run 1948-2010 using two configurations 
–  AMOC transport streamfunction for 2000 shown below for two 

configurations – structures and magnitudes are realistic but differ 
substantially 

–  Next step: perform OSSE to evaluate impact of extending ARGO profiles 
into the deep ocean 

Sea Surface Height 

Stream function of the 
Atlantic Meridional 
Overturning Circulation as 
reproduced by the two 
versions of the model."
The MOC transport at 
26.5°N in the upper panel is 
18 Sv in agreement with the 
observations."
"



Near-Term Plans 

•  We are ready to perform a large suite of ocean OSSE studies 
–  GoM OSSEs  

•  Evaluate the impact of current and new observing systems 
–  Gliders 
–  Coastal high-frequency radar 
–  Targeted airborne observations to improve ocean forecasts 

–  Global Ocean Climate OSSEs 
•  Perform observing system design studies for monitoring changes in the Atlantic and 

Global Overturning Circulation 
•  Expand these studies to other critical ocean climate problems (e.g. tropical Atlantic 

variability) 
•  Develop the capability at AOML to perform OSSEs for a broad range of 

oceanographic problems on relatively short notice 
–  Develop a library of regional and global validated nature runs 
–  Develop capability to set up relocatable regional domains on short notice 



Conclusions  
1.  Observing System Simulation Experiments (OSSEs) provide an effective 

means to:"
•  Evaluate the potential impact of proposed observing systems"
•  Determine tradeoffs in their design"
•  Evaluate new data assimilation methodology"

2.  Great care must be taken to ensure the realism of the OSSE’s and in the 
interpretation of OSSE results."

3.  Previous OSSE’s conducted with 4 different data assimilation systems (from 
1985-1999) all showed significant potential for space-based lidar wind 
profiles to improve atmospheric analyses and weather predictions."

4.  OSSEs are currently being conducted to assess the potential impact of of 
many new observing systems in current data assimilation systems."

5.  Rigorous OSSE methodology is being extended to severe storm, ocean and 
climate applications.	




