
SESSION 12: SIMULATED 
DATA IN WRA· 



 Data can generally be considered “observed” or “modeled” 

 We will consider observed data to be meteorological / 
geophysical data collected by an instrument at a certain place 
or time. 

 We will define “modeled” data to be data generated by a set of 
computer code using dynamical equations, parameterizations, 
and the incorporation of observed data. 



 Radiosondes 
measured the 500 
mb wind speeds at 
00z today. 



 The GFS (that was 
initialized at 18z) 
simulated winds at 
500 mb 



Observed Data

 Irregularly spaced 

 Describe the current state 
of the atmosphere 

 Include instrument error:
 Bias 
 Random error 

 Example include
 Radar 
 Satellite
 Surface measurements

Simulated Data

 Calculated on a grid

 Includes parameterizations 
for non-resolved things 

 Incorporate observed for 
initial conditions 

 Generally used for 
forecasting or hindcasting 

 Examples include: 
 NWP Forecast models
 Research models 
 Reanalysis Datasets  



 Simulated data rely on the observed 
data for initial conditions. 

 However, observations are typically 
irregularly spaced / shaped, and 
can be sparse. 

 Early on, hand analysis was used to 
provide simulations with initial 
conditions.

 Proved not to be good enough for 
longer-time forecasting, so 
interpolation via objective analysis 
was developed.
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 Once the observations are interpolated to a grid, they can be 
used to either provide:
 The initial conditions for a simulation 
 Corrections to simulations at regular intervals. 

 This process of merging observed data with model data / 
model physics is called data assimilation (DA). 



This example is for an 
operation forecast model 
(like the GFS) 

Balancing refers to making 
sure the observations and 
the model agree 



 Observed data can also be used to “correct” model data in 
regular intervals 



 Common DA techniques include: 
 Optimal Interpolation (OI)  older technique 
 Variational techniques 
 3D VAR
 4D VAR

 Ensemble techniques 
 EnKF



MERRA - 2
Developed by NASA as an update to the original 

MERRA dataset. Considered to be greatly improved 
over the MERRA-1. 

 Specs: 
 0.5° x 0.625° grid
Vertical grid: Single-level or 42 pressure levels
 1980 to present
 3D Var Assimilation technique
Variables are output as either time average or 

instantaneous





Gelaro et al.  (2017)



 MERRA-2 offers 3 heights of wind data:
 2 m 
 10 m 
 50 m 

 Data are available hourly as either instantaneous (0:00 time 
stamp) or time averaged (0:30 time stamp). 

 Data are also available on pressure levels w/ 14 layers between 
0 and 2 km. 



 Multiple studies have used MERRA-2 for regional WRA and / or 
wind power prediction. 

 Jourdier (2021)  use two levels to get alpha, then power law to 
adjust to hub height. This process is done at each time step to try to 
account for stability. 

 Ren et al. (2019)  Log Law using BL parameters available in 
MERRA-2 



ERA5
Developed by ECMWF (European Centre for 

Medium Range Weather Forecasting) and replaces 
ERA-Interim
 Specs: 
 0.25° x 0.25° grid
Vertical grid: Single-level or 37 pressure levels
 1959 to present
 4D Var Assimilation technique
 Analysis (meteorological) variables are only output 

as instantaneous



 ERA5 offers 2 heights of wind data: 
 10 m 
 100 m 

 Data are only available hourly as instantaneous (0:00 time 
stamp)

 Data are also available on pressure levels w/ 28 levels between 
0 and 2 km and approximately 14 levels below 500 m.
 Wind is available on each pressure level, but the data have to be 

interpolated to a regular height grid. 



Gualtieri (2021)
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