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1. Summary

The impact of different downscaling methodologies used in the construction of the 
four RCP (“Representative Concentration Pathway”) emissions scenarios on the 
modelled impact of the megacities of the world on global tropospheric ozone, and 
conversely, the extent to which megacities are influenced by emissions of ozone 
precursors from outside of the megacities, is examined. Despite accounting for about 
6% of present-day anthropogenic emissions of ozone precursor species, the 
contribution of emissions from megacities to global tropospheric ozone is calculated 
to be 0.84%. By 2100 this contribution falls to between 0.18% and 0.62% depending 
on the scenario, with the lower value being for the most-polluting of the four future 
emissions scenarios due to stringent controls on ozone precursor emissions from 
highly populated areas, combined with a stronger tropospheric background ozone 
field. The higher end of this range is from the least-polluting of the four emissions 
scenarios, due lower background tropospheric ozone combined with the use of the 
less sophisticated proportional downscaling methodology used in the construction of 
the scenario. Although the absolute impact of megacities on global ozone is small, an 
important result of this study is that under all future scenarios, future air quality in 
megacities is expected to be less influenced by local emissions within the cities, but 
instead more influenced by emission sources outside of the cities. Air quality trends in 
the megacities of the developing world are projected to be similar to observed trends 
in developed world megacities over the last few decades. Assumptions made when 
downscaling the emissions scenarios onto the grids used in such modelling studies 
can have a large influence on these results. Future work should concentrate on the 
creation of spatially explicit scenarios of urban development for use in global 
chemical transport models.

Butler et al., Megacity ozone air quality under four alternative future scenarios, Atmos. 
Chem. Phys., 12, 4413-4428, 2012.  

2. Global RCP emissions

Despite large differences in the emissions of CO
2
, and consequent 

radiative forcing throughout the 21st century, global average emissions 
of ozone precursor species are quite similar between the four RCP 
scenarios. This is due to similar assumptions about the spread of 
emissions control legislation (van Vuuren et al., The representative 
concentration pathways: an overview, Clim. Change, 109, 5–31, 2011)

3. Megacity proportion of global emissions

Despite the similar global trends in emissions of ozone precursor 
species, the proportion of these emissions due to megacities varies 
considerably between the scenarios. These differences are due primarily 
to the geographical downscaling methods used in their construction.
● RCP 2.6 and 4.5: same sectoral distribution used consistently 
(proportional downscaling)
● RCP 6.0: variable population distribution, constant per-capita emissions
● RCP 8.5: variable population distribution, more stringent emissions 
controls in highly populated regions
•In order to investigate differences in downscaling, we developed a 
proportionally downscaled version of RCP 8.5 (RCP 8.5-P) 

4. Illustration of downscaling methodologies

RCP 8.5 is contrasted with RCP 2.6, showing the relative difference between 
2000 and 2100 NO emissions for (top) all sectors and (bottom) only the 
domestic sector.

5. Global modeling results
Simulations are performed with the global CTM MATCH-MPIC at a resolution of 
2.8x2.8 degrees. The relatively coarse model resolution allows the performance of a 
large number of model runs (all four RCPs for 2005, 2030, 2050, and 2100, and in 
each of these cases as a base run, a run with no megacity emissions, and a run with 
megacity emissions reduced by 25% and redistributed throughout respective host 
countries. 
To the left are shown the results of model runs using 2005 emissions.
●Top panel: tropospheric ozone column density fro the base run
●Middle panel: percentage change in tropospheric ozone when megacity emissions 
are removed
●Bottom Panel: percentage change in surface ozone when megacity emissions are 
redistributed

6. Seasonal cycles of megacity ozone air quality
Below is shown (left panel) the seasonal cycles of monthly mean ozone mixing ratio in the 
megacities considered in our study. Cities are aggregated into latitude bands, and the range 
of values within each band is represented by vertical bars. The effect of emissions 
redistribution is shown (right panel) as a percentage change in ozone mixing ratio relative to 
the base run. This change in ozone mixing ratio is a measure of the extent to which megacity 
ozone mixing ratio is influenced by local emissions.

7. Change in megacity ozone mixing ratio under future scenarios
Above is shown the percentage change in ozone mixing ratio in each of the megacities considered in this study relative to 2005 
(from left to right) in 2030, 2050, and 2100, and (from top to bottom) in the RCP 8.5, 8.5-P, 6.0, 4.5 and 2.6 scenarios. By 2100, 
ozone increases consistently in both versions of RCP 8.5, while summertime ozone decreases under all other scenarios.

8. Change in local megacity influence under future scenarios
Above is shown the percentage change in megacity ozone mixing ratio due to the redistribution of megacity emissions for (left to right) 2030, 
2050, and 2100, and (top to bottom) RCP 8.5, 8.5-P, 6.0, 4.5 and 2.6. Clearly the sophisticated downscaling methodology used in the 
construction of RCP 8.5 leads to a lower local influence of megacity emissions on megacity air quality, compared to scenarios using a simpler 
approach. The large increases in megacity ozone simulated under this scenario (Part 7) are due to increases in background ozone mixing 
ratio.
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