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Thermosphere upper atmosphere models 

Datasets selected for model assessment 



Selected annual periods 
low (2007), medium (2012), high (2001) solar activity 
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Selected storm periods 
 



Metrics (linear space) 

•  IDL post-processing (standard IDL functions) 

•  R: correlation coefficient is a measure of the degree of linear relationship between two variables. 

 R = CORRELATE(𝑀𝑜𝑑𝑒𝑙, 𝑂𝑏𝑠) 

 
•  RMSE: root mean square error is a quadratic scoring rule which measures the average magnitude of 

the error (i.e., the difference between values predicted by a model and the values actually observed). 

 RMSE = √⁠​(∑↑▒​(​(𝑂𝑏𝑠−𝑀𝑜𝑑𝑒𝑙)∕𝑂𝑏𝑠 )↑2  )∕𝑁   
•  BIAS: determines whether results are consistently too high or too low relative to a given actual 

value of the measured or estimated variable. 

 B = ¯(​(𝑂𝑏𝑠−𝑀𝑜𝑑𝑒𝑙)∕𝑂𝑏𝑠 )  
•  SD: standard deviation measures the dispersion of a set of data from its mean value. 

 SD = STDDEV(​(𝑂𝑏𝑠−𝑀𝑜𝑑𝑒𝑙)∕𝑂𝑏𝑠 ) 

 
•  RMSE2  =  BIAS2 + SD2 
 

Fedrizzi et al., 2012  



GOCE data provided by Eelco Doornbos and Sean Bruinsma 

2012 GOCE/CTIPe Comparisons: Along Orbit vs. Orbit Averaged 

R= 0.94 
RMSE= 0.13 
BIAS= -0.04 
SD= 0.12 

R= 0.95 
RMSE= 0.09 
BIAS= -0.04 
SD= 0.08 



Metrics (log space) from Eric Sutton 

In linear space (upper figure)  
distribution skewed 

Bias: – mean of model-to-observation  

Root Mean Square Error:  

Standard deviation of model-to-observation :  



Metrics Comparison 2012 orbit average (linear vs log space) 

Bias:                                                      1.0388                    1.0355 

Root Mean Square Error:                       0.092                       0.087 

Standard deviation:                                0.084                       0.080  

Log space Linear space 

Similar values in linear and log space, same interpretation 



Example of specific orbit periods 
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Computed (blue) and Observed (red) density, and density ratio O/C (black)

Mean / StD O/C = 0.881 / 0.075
Normalized Std O/C = 8.5%
Mean / StD O-C = -8.95e-15 / 5.37e-15
R = 0.955

Number of observations: 2500



Neutral Density Spatial and Temporal Scales 

GOCE small scale fluctuations not captured by CTIPe model -> drivers, model resolution?  



~ 90 
min, 

40000 
km 

~9 
min, 
4000 
km 

~ 0.9 
min, 

400km 

~ 
10sec, 
78km WINDOW (km) R RMSE BIAS SD 

40000 0.986 0.060 0.059 0.015 
4000 0.915 0.105 0.057 0.089 
400 0.880 0.128 0.057 0.116 
78 0.875 0.131 0.057 0.120 

Neutral Density Spatial and Temporal Scales (cont’d) 



Neutral Density Spatial and Temporal Scales (cont’d) 


