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The comparison of observations and chemical model simulations has traditionally used time series plots to look at their 
agreement. This simplistic approach can mask deficiencies that may be representing serious flaws in the way we reproduce 
chemical species within models.4A novel method of comparison is the use of spectral analysis, displaying signals in the frequency 
domain, as opposed to time. Using this we can see how the periodicity of the concentration of a species varies over differing time 
scales.  Thus, providing a more rigorous evaluation of model simulation accuracy than a standard time series.   
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•  Type of Spectral Analysis – looks at power in range of frequencies. 
•  Traditionally would use Fourier Analysis > Doesn’t work for 

gapped datasets > Lomb-Scargle does! 
•  Produces Power Spectral density (PSD). 

Fig. 8. Lomb-Scargle 
Periodogram of 

smoothed Observational 
surface O3 PSD plotted 

against 13 HTAP 
(Hemispheric Transport 
of Air Pollution) model 

surface O3 PSD’s (as well 
as GEOS-Chem), at 

Cape Verde. Smoothed 
using Savitzky-Golay 

filter.  
 

Fig. 4. % ratio 
between smoothed 

GEOS-Chem v90103 
4x5 surface O3 PSD 
and smoothed obs. 
surface O3 PSD, at 

Mace Head.  
Datasets pre-

smoothed using 
Savitzky-Golay filter. 

Fig 1.  Time Series of surface 
Cape Verde Obs. O3 plotted 
against GEOS-Chem V90103 

4x5 surface O3 . 

•  Looks like good agreement between Obs. and GEOS-Chem. 
•  HOWEVER, plot is for 2 different years! 
•  Humans naturally pattern match, ignoring areas which do not agree 

well. 
•  How can we analyse in a more informed way? 

Fig. 2.  Lomb-Scargle periodogram of Observational 
surface O3 plotted against surface GEOS-Chem 

v90103 4x5 O3 , for 2006-2012 hourly data at Mace 
Head. 

•  Clear peaks in certain periods – diurnal, half-annual, annual.  
•  Clear differences in gradients between regimes described as 
    ‘Weather’ & ‘Macroweather’. (Lovejoy & Schertzer, 2013).  
 

•  Short time period disparity between obs. and model – WHY? 

Fig. 5. % ratio between smoothed GEOS-
Chem v90103 nested Europe 0.5x0.666  

surface O3 PSD and smoothed obs. 
surface O3 PSD, at Mace Head.  Datasets 
pre-smoothed using Savitzky-Golay filter 

(plotted over baseline Fig. 4). 

Fig. 6. % ratio between smoothed GEOS-
Chem v90103 4x5 (with MERRA met. 

Input) O3 PSD and smoothed obs. surface 
O3 PSD, at Mace Head. Datasets pre-
smoothed using Savitzky-Golay filter 

(plotted over baseline Fig. 4). 

Fig. 7. % ratio between 
smoothed GEOS-Chem 

v90103 4x5 for 4 surface 
met. Parameters and 4 
surface chem. species 
PSD’s and respective 

smoothed obs. surface 
PSD’s, at Cape Verde. 

Datasets are pre-
smoothed using  

Savitzky-Golay filter.  

•  Variability between different species in short periods also!  
•  Met. Parameters closer to obs. than modelled species – WHY? 
•  Difference between modelled species – different chemical lifetimes. 

INTRODUCTION 

FURTHER WORK 

•  Variability between different models in short periods too! 
•  GEOS-Chem does reasonable job on balance. 

          
 

Future work will place emphasis on the daily, synoptic (2-7 days) and annual cycles rather than the short 
timescales (<1 day). How does the power on these timescales change spatially between observations and 
models, for Ozone and other compounds?  What can we learn from this type of analysis? 
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Fig. 3.  Smoothed Lomb-Scargle periodogram of 
Observational surface O3 plotted against surface 

GEOS-Chem v90103 4x5 O3 , for 2006-2012 hourly 
data at Mace Head. Smoothed using Savitzky-Golay 

filter.  
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The short term disparities between observations and model 
simulations can be partially attributed to 2 distinct processes: 
1. GEOS-Chem Spatial error.              
2. GEOS-Chem Temporal error. 

Obs. Gradient =  1.55 
Model Gradient =  2.50 

 
 Obs. Gradient =  0.002 

Model Gradient =  0.002 
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