
Detection of local-scale changes in 
urban greenhouse gas emissions using 

micrometeorological methods and 
comparison to high-resolution inventory

Helen C. Kenion
Department of Meteorology and Atmospheric Science, Penn State University 

Kenneth J. Davis, Natasha L. Miles, Geoffrey Roest, Kevin R. Gurney, Jocelyn 
Turnbull, Hayden Young, Scott J. Richardson, Jooil Kim, Ray Weiss

1



Motivation

• Urban areas account for a large fraction of emissions (Birol et al. 2008)

• Greenhouse gas (GHG) emissions sources must be understood for 
planning mitigation strategies

• Emissions inventories
• Bottom-up estimates of GHG emissions based on human activity data
• Large differences when compared to one another (Gately and Hutyra 2017; Gurney et al. 

2021)

• Atmospheric emissions monitoring 
• Emissions monitoring networks, such as Indianapolis Flux Experiment 

(INFLUX) (Davis et al. 2017)
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INFLUX monitoring network

• 7 mole fraction monitoring sites (Miles et al. 2017)

• Used for large scale GHG emissions 
estimation (inversions)

• Inversions have been used to evaluate 
inventories on a large scale (e.g., Lauvaux et al. 2020)

• 2 eddy covariance (EC) sites
• Directly measure GHG emissions (flux) on a 

local scale
• A few sites complement inversions

• Most inventory evaluations focus on large 
scale – what if we could use mole fraction 
sites to produce small scale flux 
estimates?
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Monin-Obukhov Similarity Theory (MOST)
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• Flux-variance relationship: relate variance with flux, stability (Kaimal and Finnigan 1994)

• Can be used to approximate urban GHG emissions from mole fraction measurements 
(Kenion et al., submitted)

• Hourly, local-scale emissions

• This study:
• Carbon monoxide (CO), carbon dioxide (CO2), methane (CH4) flux estimation

• Combination with tracer ratio to get fossil fuel CO2 flux (CO2ff) using CO
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Methods: MOST at three sites
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Los Angeles Megacities Carbon 
Project in Los Angeles, CA (Verhulst et al. 2017)

• COM: CO, CO2, CH4; 25m AGL

Indianapolis Flux Experiment 
(INFLUX) in Indianapolis, IN
• Site 3: CO, CO2, CH4; 30m AGL
• Site 7: CO, CO2, CH4; 54m AGL
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Inventory: Hestia CO2 emissions product

• Developed by Gurney lab at NAU for 
Indianapolis and LA (Gurney et al. 2012, 2019)

• Activity-based CO2 emissions estimate
• Building energy models, traffic data, 

reported power plant emissions, etc.
• 2 sub-domains in Indianapolis 

surrounding sites 3 and 7 (Roest et al. 2023)

• 20m spatial resolution
• Hourly temporal resolution
• Entire 2020 year
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Key research questions

• Using MOST, can temporal changes in GHG emissions be 
detected and quantified?

• What can we learn from trends in urban fluxes inferred using 
MOST methods? Can we identify the causes of changes in 
emissions?

• Do the CO2 fluxes calculated using MOST agree with bottom-up 
(inventory) emissions estimates across time at individual sites?
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Abrupt changes in emissions can be 
detected and quantified using MOST

Site 3 monthly median 
weekday CO2 fluxes
• April 2020: 46% lower 

than previous years 
• July 2018: 45% lower

than previous years

April 2020 decreases 
also detected in CO and 
CO2 flux at COM, CO 
flux at Site 7
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Pandemic stay-
at-home order
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Seasonal changes in emissions can be 
detected using MOST 

COM monthly 
median weekday 
CH4 fluxes
• Clear seasonal 

pattern
• Cause unknown
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Seasonal changes in emissions can be 
detected using MOST 

Site 7 monthly 
median weekday 
CH4 fluxes
• No clear seasonal 

pattern
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Key research questions
• Using MOST, can temporal changes in GHG emissions be detected 

and quantified?
• MOST can be used to quantify abrupt changes in emissions
• MOST can be used to monitor seasonal trends in emissions

• What can we learn from trends in urban fluxes inferred using MOST 
methods? Can we identify the causes of changes in emissions?

• Some changes correlate with changes in human activity
• Can provide important clues about emissions sources

• Do the CO2 fluxes calculated using MOST agree with bottom-up 
(inventory) emissions estimates across time at individual 
sites?
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Methods are close in magnitude at Site 3, agree 
there is decrease in CO2 emissions April 2020 
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Site 3 monthly 
median weekday 
CO2 fluxes in 2020
• Methods are 

close in 
magnitude

• Agree there was 
a drop in April

• Some 
discrepancies



Atmospheric estimates help identify 
potential errors in spatial distribution
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Hestia Flux-variance
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Hestia > Flux-var

Hestia < Flux-var

Atmospheric estimates help identify 
potential errors in spatial distribution

Potential cause: Onroad emissions attribution in Hestia



Conclusions
• Using MOST, can temporal changes in CO2 emissions be detected 

and quantified?
• MOST can be used to quantify abrupt changes in emissions
• MOST can be used to monitor seasonal trends in emissions

• What can we learn from trends in urban fluxes inferred using MOST 
methods? Can we identify the causes of changes in emissions?

• Some changes correlate with changes in human activity
• Can provide important clues about emissions sources

• Do the CO2 fluxes calculated using MOST agree with bottom-up 
(inventory) emissions estimates across time at individual sites?

• MOST is a useful tool to evaluate inventories at high spatial and temporal 
resolution

42



Acknowledgements

This work was supported by the 
National Oceanic and Atmospheric 
Administration’s (NOAA) AC4 
Program (Grant NA21OAR4310227) 
and the National Institute of 
Standards and Technology (NIST, 
Grant 70NANB10H245). 

43



References
Birol, F., and Coauthors, 2008: World Energy Outlook 2008. OECD/IEA, 1–569 pp.

Davis, K. J., and Coauthors, 2017: The Indianapolis Flux Experiment (INFLUX): A test-bed for developing urban greenhouse gas emission 
measurements. Elementa: Science of the Anthropocene, 5, 21, https://doi.org/10.1525/elementa.188.

Gately, C. K., and L. R. Hutyra, 2017: Large Uncertainties in Urban-Scale Carbon Emissions. Journal of Geophysical Research: Atmospheres, 122, 
https://doi.org/10.1002/2017JD027359.

Gurney, K. R., I. Razlivanov, Y. Song, Y. Zhou, B. Benes, and M. Abdul-Massih, 2012: Quantification of Fossil Fuel CO 2 Emissions on the 
Building/Street Scale for a Large U.S. City. Environ Sci Technol, 46, 12194–12202, https://doi.org/10.1021/es3011282.

——, and Coauthors, 2019: The Hestia fossil fuel CO2 emissions data product for the Los Angeles megacity (Hestia-LA). Earth Syst Sci Data, 11, 1–
27, https://doi.org/https://doi.org/10.5194/essd-11-1-2019.

——, J. Liang, G. Roest, Y. Song, K. Mueller, and T. Lauvaux, 2021: Under-reporting of greenhouse gas emissions in U.S. cities. Nat Commun, 12, 
553, https://doi.org/10.1038/s41467-020-20871-0.

Kaimal, J. C., and J. J. Finnigan, 1994: Flow Over Flat Uniform Terrain. Atmospheric Boundary Layer Flows, Oxford University Press.

Kenion, H. C., K. J. Davis, N. L. Miles, V. C. Monteiro, S. J. Richardson, J. P. Horne, submitted: Estimation of urban greenhouse gas fluxes from mole 
fraction measurements using Monin-Obukhov Similarity Theory.

Lauvaux, T., and Coauthors, 2020: Policy-Relevant Assessment of Urban CO2 Emissions. Environ Sci Technol, 54, 10237–10245, 
https://doi.org/10.1021/acs.est.0c00343.

Miles, N. L., S. J. Richardson, K. J. Davis, and B. J. Haupt, 2017b: In-situ tower atmospheric measurements of carbon dioxide, methane and carbon 
monoxide mole fraction for the Indianapolis Flux (INFLUX) project, Indianapolis, IN, USA. Penn State Data Commons, 
https://doi.org/doi:10.18113/D37G6P.

Roest, G., K. R. Gurney, E. J. D. Vogel, and H. C. Kenion, 2023: Hestia Fossil Fuel Carbon Dioxide (FFCO2) Data Product -Indianapolis, Version 3.2, 
20m grid at flux towers. Penn State Data Commons, https://doi.org/10.26208/H62J-4004.

Verhulst, K. R., and Coauthors, 2017: Carbon dioxide and methane measurements from the Los Angeles Megacity Carbon Project - Part 1: Calibration, 
urban enhancements, and uncertainty estimates. Atmos Chem Phys, 17, 8313–8341, https://doi.org/10.5194/acp-17-8313-2017.

44


