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SI Section 1: Justifying a 6-hour Stochastic Time-Inverted Lagrangian Transport (STILT) back trajectory for 
characterizing urban CO2 enhancements with a local background observing framework 

  Studies that assess CO2 profiles from tower observations to understand urban CO2 generally use 

air masses that have traveled ~days back in time. However, when assessing an urban core against its 

direct urban background with a local background observing framework, e.g., downwind airborne 

transects, where air masses upwind of the urban core are likely capturing similar surface influences, it is 

less necessary to assess upwind influences – assessed air masses need only to traverse the urban core. 

In addition, running STILT at fine resolutions 72-hours back in time can become prohibitively 

computationally expensive. Thus, we choose a time (6 hours) to run STILT backwards that can capture 

the entire urban air mass across cities while still capturing the regional background CO2 contribution 

(see SI Fig. 1 confirming each urban area is captured with a 6-hour back trajectory). The focus of this 

observing framework is to measure the urban-suburban-rural gradient along a transect – what happens 

far upwind of the city is mostly homogenous and doesn’t directly affect the local gradient. We use a 

base number of hours and not transect-dependent number of hours for computational efficiency 

purposes. Here, we utilize the NYC-0413 transect, as this was the only transect whose 72-hour back 

trajectory stayed within the Continental US (where we had surface emission flux data) (SI Fig. 3). We 

found that >90% of the CO2 fossil fuel and combined (fossil fuel + biosphere) source contribution within 

each season along the airborne transect occurred within 6 hours of the ensemble being released 

compared to a 72-hour run (SI Fig. 6), suggesting the 6-hour approach adequately captures near-field 

impacts and can be used to assess urban CO2 profiles that are assessed with a local background 

observing framework.  



SI Fig. 1: The airborne transects whose urban CO2 outflows were used in model space for this study, 
including modeled city boundaries and STILT-derived, 6-hour back trajectories of receptors along each 
downwind transect. In the transect-specific back-trajectory plots, the tan region indicates back 
trajectories along receptors that are defined as urban while the green swaths represent receptors that 
are defined as urban-background.  

 

 

 



 

 

 

 

 

 

 

 

  

 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



SI Fig. 2: Fossil fuel and biosphere CO2 source contributions on the day of each airborne transect for 
each transect assessed in this study, shown with both modeled biosphere representations: (left column) 
VPRM and (right column) SMUrF. In each plot, the fossil fuel contribution is indicated by the black lines 
with open circles, the biosphere representation is indicated by the black lines with closed circles, and 
the combined (fossil fuel plus biosphere) impact is indicated by the red line.  

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 



SI Fig. 3: Location of 400 released air parcels and surface footprint profile from an idealized-located 
tower site downwind of New York City as part of the NYC-0413 transect (the only transect whose 72-
hour back trajectory stayed in CONUS). The 72-hour source contribution approach included the near-
field domain (first 6 hours) where STILT was run at a 0.02°x0.02° resolution and the far-field domain 
where STILT was run at a 0.2°x0.2° resolution 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



SI Fig. 4: Gridded SMUrF and VPRM surface fluxes for a winter and summer month (February and 
August, respectively) across urban study domains 

BALTIMORE 

BOSTON 

 



WASHINGTON D.C. 

 

NEW YORK CITY 

 



PHILADELPHIA 

 

PROVIDENCE 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



SI Fig. 5: Simulated fossil fuel contribution (%) for each airborne transect in each study domain (6 cities 
and 1 power plant) over the course of a year. The averages of each city are shown in Main Text Fig. 2.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 SI Fig. 6: One-week averaged fossil fuel, biosphere, and combined (fossil fuel + biosphere) CO2 
enhancement across seasons for the NYC-0413 transect modeled 78 hours back in time. We find that 
across seasons, the first 6 hours captures >90% of the combined CO2 enhancement.  

 

 

 

 

 

 

 

 



SI Table 1: Comparison of percent differences between the two calculation approaches as shown in 
Main Text Eqn. 1 across all urban areas for all months. The highlighted value indicates the percent 
difference that was shown in Main Text Table 2 and used in the analysis 



SI Table 2: Monthly fossil fuel contribution (% of simulated CO2 enhancement) within each of the study 
domains (6 cities and 1 power plant) for both biosphere representations (VPRM and SMUrF). The 
monthly averages presented here are the averages of the 6-hour daily period aligned with the STILT 
simulations across model spaces  

   

 

 

 

 

 

 

 

 

 


