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(a) standalone forward GEOS-Chem UCX model 

        
(b) pre-UCX GEOS-Chem adjoint forward component 

        
(c) GEOS-Chem UCX adjoint forward component 

Figure 1: Zonal-mean column ozone for 2008-2012 from the standalone forward GEOS-Chem UCX model (a), the pre-UCX GEOS-
Chem adjoint base (forward component) model (b) and the GEOS-Chem UCX adjoint the base (forward component) model (c). O3 
is shown for the forward UCX model and Ox for the adjoint forward components. 

 

Figure 1 shows the zonal-mean column ozone (in Dobson Units) for the 5-year long run for the forward UCX model, the 5 

forward component of the adjoint model ('pre-UCX' adjoint) and the forward component of the UCX adjoint model (developed 

as part of this work), shown in the top, middle and bottom subfigures respectively. Due to tracer differences between the 

models, O3 is used for the forward UCX model and Ox for the adjoint forward components. However, we note that the openly 

available v36 now uses O3 as a tracer instead of Ox (in addition to NO and NO2 instead of NOx). Similar to Eastham et al. 

(2014), we use the ozone layer to demonstrate the improved stratospheric modelling, as it is a key feature of the stratosphere 10 

and sensitive to a variety of stratospheric processes (e.g. halogen cycles, aerosol formation, short-wavelength photochemistry, 

etc.). First, we are able to reliably reproduce the behaviour at mid-latitudes using online chemistry - this was achieved through 

relaxation to a known climatology in the pre-UCX adjoint forward component. This is also evident in Figure 2, which shows 

the mean ozone column as a function of latitude for 2010 for the three model versions. Second, the Antarctic ozone seasonal 

cycle, a feature not captured in the 'pre-UCX' adjoint forward component, is now replicated (as in the standalone UCX model). 15 


