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6 to 11 urban towers

Census-designated

3 background towers

urban areas

Highwresolution prior
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Estimates reflect seasonality with a decreasing trend over
time

Detect a decreasing trend in CH, emissions over 5 years
using Bayesian inversion with tower observations.
Estimated urban emissions correlate with natural gas

consumption.

Thermogenic emissions are higher in winter than in
summer suggesting that emission seasonality is driven by
natural gas.

City inventory

Top-down




NOAA/ARL, NIST, and NOAA/GML
collaborating on creating a near-real time
system for urban inversions.

Beginning with quantifying CO, and CH, in the
DC/Baltimore area using NIST tower
observations.

Goal is to make analyses like those shown

more operational and also extensible to other
urban areas.

Using HYSPLIT and Carbon-Tracker Lagrange
code base.

https://www.arl.noaa.gov/research/atmospheric-transport-and-dispersion/urban-gemms/




Measuring additional tracers that correlate
with a given gas for a given source sector
can provide some differentiation.

We have ethane and methane
measurements from flask samples collected
at several towers, but they are sparse.

Also measuring 14CQO2 (radiocarbon) for
fossil-fuel CO2 quantification. Using

measurements together with biosphere
modeling (VPRM) to understand urban
biospheric fluxes.




Stonybrook U./Purdue U. flight tracks used for GHG flux

estimation. Figure from Hajny et al, 2022. Refs: Pitt et al., ES&T (2024); Lopez-Coto et al., ES&T (2020,
2022), Pitt et al., Elementa (2021), Ren et al., JGR (2018); Hanjy et
al., Elementa (2022) & many more
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Cody R. Floerchinger, Roisin Commane, Paul B. Shepson; Spatial attribution of aircraft mass balance experiment
CO2 estimations for policy-relevant boundaries: New York City. Elementa: Science of the Anthropocene 5 January
2023; 11 (1): 00046. doi: https://doi.org/10.1525/elementa.2023.00046
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Traffic Counts

ACES inventory

Powerplant Emissions (CEMS)

Flight numberin Feb 2016

Large variability in posterior by flight

Lopez-Coto et al., ES&T, 2020, “Wintertime CO2, CH4, and CO
Emissions Estimation for the Washington, DC-Baltimore

Metropolitan Area Using an Inverse Modeling Technique”.




/ Flight-to-flight variability in
posterior CO2 emissions is almost
entirely explained by each flight’s

sampling spatio-temporally
varying emissions from EGUs and

traffic!
- /

Lopez-Coto et al., ES&T, 2020, “Wintertime CO2, CH4, and CO
Emissions Estimation for the Washington, DC-Baltimore
Metropolitan Area Using an Inverse Modeling Technique”.

CEMS, TMAS,
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« CO emissions quantification over 6 yrs
« Trend & anomaly detection

Long-term aircraft campaign:
- 70 flights over 6 years
- Bayesian inversion framework

Airborne campaigns, when conducted regularly over multiple years, are an effective tool
for trend and anomaly detection as well as absolute quantification of emissions.

Ref: Lopez-Coto et al., ES&T (2022)



Leveraging the spatial distribution of thermogenic and non-thermogenic emissions

Priors by sector

posterior

prior

thermogenic

New York Urban Area Thermogenic fraction:

Mean = 0.69
Median = 0.74

Ref: Pittetal., ES&T (2024)




Develop network infrastructure to support an
autonomous and scalable network




Aircraft campaigns
* U. Maryland
» Stonybrook/Purdue

Tower network
Collaboration with NOAA/GML: Measure multiple * Earth Networks

species in flask samples collected ~weekly at 4 tower * NIST
stations ('#CO,, hydrocarbons, CFCs, etc.)

HE R EWAE
« NOAA/CU
* GNS Science

Routine Hysplit/STILT footprints for tower network

using different meteorological products (NAM, ERAS, Emissions modeling
& custom WREF runs). « NAU (Hestia)

NOAA/CSL (GRA2PES)

Atmospheric modeling

Biosphere
SIF Testbed
VPRM
Flux towers




Aircraft campaigns
« U. Maryland
« Stonybrook/Purdue

Hestia CO, emissions model

Tower network
 Earth Networks
« NIST

Flask analysis
« NOAA/CU
« GNS Science

Emissions modeling
* NAU (Hestia)
- NOAA/CSL (GRA2PES)

Atmospheric modeling

Biosphere

« SIF Testbed

- VPRM
Flux towers




Aircraft campaigns
« U. Maryland
« Stonybrook/Purdue

VPRM CO, biosphere flux model

Tower network
 Earth Networks
« NIST

Flask analysis
« NOAA/CU
« GNS Science

umol m=2 s71

Emissions modeling
* NAU (Hestia)
- NOAA/CSL (GRA2PES)

Atmospheric modeling

understanding from the NIST FOREST project (collab. with :
L. Hutyra @ BU) Biosphere
' « SIF Testbed
« VPRM
Flux towers
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« Seasonal methane emissions suggest that natural gas losses are
higher in winter when use is greater.

* Distribution system or facility leaks?

» Leakage within homes/buildings (post-meter or beyond-the-
meter leaks), e.g. at appliances due to transients on/off and
start-up emissions.

e Decline of 4% to 5% in both urban areas.
« About half could be attributed to decreasing NG usage

* Not clear if pipeline replacement programs are also contributing
to the decline.

« Other sectors (e.g., waste) could be a large factor.
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Yadav et al., GRL, 2021

LA: Mar 17% +/- 9%; Apr 34% +/- 6%

Baltimore-Washington DC: Mar 25% +/-
14%; Apr 33% +/- 11%

Assessing declines depends on baseline
choice.

Differences from month to month and year
to year are real, and can be caused by
various drivers.

In this case we were successful in using
activity information to isolate and attribute
the changes due to the lockdown, by looking
at the variability in activity associated with
CO, emissions.
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