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Impact of emission change in a chemistry transport model
Example: Effect of different emission inventories on modeled ozone andcarbon monoxide in Southeast Asia (Amnuaylojaroen et al.,2014))
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WRF-Chem

How does an emission change become anO3 change?



What is really happening (in the model) to emitted VOC?

Emission Inventory SpeciesCO,NOx,SO2,NH3,...NMVOC

Many reasons to be aware of modeled pollutants sensitivity to emitted VOCs: update to inventory, inclusion of new VOCs, future scenarios,impact of pollution mitigation policy, air quality directive...

VOCsaggregation/disaggregation

The chemical mechanism selection also controls the aggregation/disaggregation of Inventory Species to Model Species

WRF-Chem: MOZART, CAM-ChemCHIMERE: MELCHIOR, SAPRC-07ACMAQ: CB05, CB6, CRACMM1, CRACMM2, RACM2,SAPRC07

The CTM is estimating the impact on air quality through the lens of the selected chemical mechanism

Chemistry Transport Model (simplified)
chemicalmechanism ODEsintegration O3concentration

How does the choice of the chemicalmechanism affect the sensitivity of modeledpollutants to VOC emissions?



Measuring ozone sensitivity to VOC emission change
The Maximum Increased Reactivity scale(Carter, 1994a, 2010, Venecek et al., 2018, ...)
• Ideal boxmodel simulations of 1988 urban areas pollutionplumes• NOx emissions selected for highest O3 sensitivity to VOC• In turn, increase each VOC emission by a small amount• MIR: change in max(O3) per unit of added VOC

• systematically calculated for 39 cities across the USA• updated for each version of SAPRC90 to SAPRC07• updated scenario to 2010 conditions in Venecek et al.,2018
• Derwent et al. (2010) comparison SAPRC vs MCM3.1

The chemical mechanisminfluences MIR!
Detailed models are rarely used in real air qualitystudies

Chemical conditionsinfluence MIR!
20%decrease



MIR for a simplified chemical mechanism
Carter (1994b): Compute MIR directly for Carbon Bond 4 model species

• Use emission aggregation tables to calculate MIR of explicit VOCs,assuming that MIR can be combined linearly



A tentative methodology to evaluate ozone sensitivity to chemical mechanisms choice

Emission Inventory SpeciesCO,NOx,SO2,NH3,...NMVOC

Boxmodel
chemicalmechanism ODEsintegration O3concentration



A tentative methodology to evaluate ozone sensitivity to chemical mechanisms choice

Emission Inventory SpeciesCO,NOx,SO2,NH3,...NMVOC chemicalmechanism ODEsintegration O3concentration

n-heptaneheptene1-decenetoluenepropane2,4-dimethylpentaneo-xylenen-hexanen-butanem-xyleneisopentaneethylbenzenecis-2-penteneethane1-hexene...n-pentaneethylenepropene1-butenetrans-2-butenecis-2-butene1-penteneisoprenetrans-2-pentenecis-2-pentene1-hexeneethyneethanepropaneisobutane...

HERMES_Δ

Boxmodel



HERMES_Δ: A bottom up inventory for Spain

https://github.com/BSC-ES/HERMES_DeltaPaula Camps: talk on Thursday 13:20Òscar Collado: poster: 1.14P

Spatial mapping of nationally reported emissionsover a detailed map of pollution sources +Temporal hourly distribution by activity sector



A tentative methodology to evaluate ozone sensitivity to chemical mechanisms choice

Emission Inventory SpeciesCO,NOx,SO2,NH3,...NMVOC chemicalmechanism ODEsintegration O3concentration

n-heptaneheptene1-decenetoluenepropane2,4-dimethylpentaneo-xylenen-hexanen-butanem-xyleneisopentaneethylbenzenecis-2-penteneethane1-hexene...n-pentaneethylenepropene1-butenetrans-2-butenecis-2-butene1-penteneisoprenetrans-2-pentenecis-2-pentene1-hexeneethyneethanepropaneisobutane...

HERMES_Δ

Oliveira et al., 2023



Oliveira et al., 2023: A detailed VOC speciation for HERMES_Δ
Disaggregation of VOCs into ~900 explicit species, according to emissionsector, fuel source, factory types, etc...

Available aggregation to multiple chemical mechanisms:CB05, CB6, RACM2, CRACMM1, CRACMM2, MELCHIOR, ...



A tentative methodology to evaluate ozone sensitivity to chemical mechanisms choice

Emission Inventory SpeciesCO,NOx,SO2,NH3,...NMVOC chemicalmechanism ODEsintegration O3concentration

n-heptaneheptene1-decenetoluenepropane2,4-dimethylpentaneo-xylenen-hexanen-butanem-xyleneisopentaneethylbenzenecis-2-penteneethane1-hexene...n-pentaneethylenepropene1-butenetrans-2-butenecis-2-butene1-penteneisoprenetrans-2-pentenecis-2-pentene1-hexeneethyneethanepropaneisobutane...

HERMES_Δ

Oliveira et al., 2023

Ideal boxmodel simulation ofBarcelona plume



Idealized boxmodel simulation in Barcelona
• Summer 2023 typical day

• HERMES_Δ emissions averaged over Barcelona• NMVOC emissions speciation according to Oliveiraet al. (2023)• meteocat meteorological variables• PBL height from MPLnet (lidar)• Boundary conditions (dilution) from MONARCH

Acknowldegment: Arnau Garcia Mesa



Barcelona: CB05 example



Barcelona: CB05 example
varying NOx



Barcelona: CB05 example

For these NOx emissions, the modeledO3 is most sensitive to VOC increase

When increasing total VOCemission by a set amount(10ppbC/day),the O3 maximum increases by5 ppb



Barcelona: comparison with CB6, CRACMM1, RACM2

i.e.in the same chemical environment, amodel running with RACM2 or CB05would be more sensitive to VOCemission change than a model runningwith CRACMM1

Different mechanism exhibit differentsensitivities to NOx emissions

Similar emissions could yield differentozone production regimes



MIR in Barcelona: individual VOCs with CB05
alkanes aromatics

alkenes
oxygenated

Carbon Bond 5: Yarwood et al. (2005)



Testing in Barcelona: CB05 vs CB6

Carbon Bond 6: Yarwood et al. (2010)



Testing in Barcelona: CB05 vs CB6 vs CRACMM1

CRACMM15: Pye et al. (2023))



Testing in Barcelona: CB05 vs CB6 vs CRACMM1 vs RACM2

RACM2: Goliff et al. (2013)



Testing in Barcelona: CB05 vs CB6 vs CRACMM1 vs RACM2



Summary and Next Steps
• The choice of chemical mechanism is crucial when predicting the impact of VOC emissionschanges.
• The Maximum Increased Reactivity scale is a well-known tool that can be used to quantifydifferent mechanisms ozone sensitivity.
• Preliminary results highlight significant differences in mechanisms O3 responses to VOCemission changes.
• Investigation of differences: need to look into mechanisms as well as HERMES aggregationtables
• Can this be extended to SOA? Sensitivity to both gas mechanism and SOA parametrization
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camille.mouchel@bsc.es


