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Established tagging in CAM-Chem

Emmons et al. (2012)
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Benefits of TOAST

• Multiple tags in one model run

• Explicitly tagged stratospheric ozone

• Oxygen photolysis

• Upper boundary adjustment

• 100% closed ozone budget

• User’s responsibility to provide tagged emissions

• Tagging of VOCs (!)

• Separate run required

• O3-NOx “null cycle” does not overwrite tags

• NO + O3 -> NO2 -> NO + O -> O3

• NO_A + O3_B -> NO2_???
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NOx tagging schematic
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VOC tagging schematic
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For more details…
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Annual average surface ozone: NOx-tagged

Parts per billion
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Annual average surface ozone: VOC-tagged

Parts per billion
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Contribution to tropospheric ozone burden
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Application: HTAP source/receptor relationships
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Seasonal cycle of surface ozone: North America
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Seasonal cycle of surface ozone: East Asia
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Seasonal cycle of surface PAN: North America
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Ozone production efficiency of NOx precursors
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Ozone production efficiency of VOC precursors
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Conclusion

• Extended version of existing tagging in CAM-chem

• Quantification of VOC precursor contributions to O3

• Long-range anthropogenic VOC influence on springtime O3

• Uses beyond just O3

• Next steps:

• HTAP2 paper: source/receptor, tagging/perturbation

• Ozone source/receptor relationships in future climates

• HTAP3 

• Implement in CESM2

• CAM4 -> CAM6

• TS1 chemistry

• Convince other modelers to use this too
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Comparison with TOAR and HTAP ensemble
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Extended tagging in CAM-Chem

• Introduce a new set of odd-oxygen tracers “X_TAG” species

• NO + RO2 -> NO2 + RO

• NO_TAG + RO2 -> NO2_TAG + NO2_X_TAG

• NO2_TAG     + hv -> NO_TAG

• NO2_X_TAG + hv -> … -> O3_X_TAG

• Null cycle

• O3 + NO -> NO2

• O3 + NO_TAG     -> NO2_TAG         ( + hv -> NO_TAG)

• O3_X_TAG +  NO -> NO2_X_TAG     ( + hv -> … -> O3_X_TAG)
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Implementation

• Perl Scripts

• Specify a list of tags to apply (eg. “TAG”, “FOO”, “BAR”)

• Rewrite the mechanism file, adding new reactions and tracers

• Rewrite model source code (tracers, reaction rates, etc…)

• Each tag adds:

• 155 reactions

• 26 tracers
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Implementation

• Original code:

if( jno2a_ndx > 0 .and. jno2_ndx > 0 ) then
photos(:,:,jno2a_ndx) = photos(:,:,jno2_ndx)

end if

• Manually modified “template” code:

! BEGIN TAGGING CODE
if( jno2_tag_ndx > 0 .and. jno2_ndx > 0 ) then

photos(:,:,jno2_tag_ndx) = photos(:,:,jno2_ndx)
end if
! END TAGGING CODE

• Template code is then automatically processed to produce compiler-
ready code…
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Seasonal cycle of surface ozone: Europe
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Seasonal cycle of surface ozone: oceans and seas


