
Boundary layer monitoring
• NOAA Doppler LIDAR
• Eddy flux at 3-4 towers

INFLUX multi-method, multi-year 
greenhouse gas emissions quantification

Tower-based GHG 
measurements
• 8 years of continuous 

observations
• Communications towers 

~100 m AGL
• 12 Picarro CRDS sensors: 

(CO2, CH4, and CO)
• 6 NOAA automated flask 

samplers (14CO2, other 
trace gases)

Airborne sampling
• 54 mass balance flights over 10 

years, CO2, CH4, and CO, flasks
• Additional “grid” and eddy 

covariance flights

Modeling / inversion system
• WRF-Chem FDDA, 1 km
• Lagrangian Particle 

Dispersion Model
• Bayesian matrix inversion

Fossil emissions inventory
• Hestia - 250m resolution, 

daily and seasonal cycles
• utility, residence, aircraft,  

commercial, traffic sectors
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Fossil fuel CO2 emissions, day, most of Indianapolis, Nov/Dec 2014.
Area, time of day, non-fossil CO2, background corrections. Turnbull et al., submitted.

Inventory Tower-based 
inversion

Airborne mass-balance

Indianapolis CO2 emissions estimates 
converge to within 10%!  

Sufficient to evaluate whole-city emissions changes



WRF-Chem boundary layer CH
4

with EPA 

2012 gridded emissions inventory 

Standard Error (x2) of the difference between backgrounds

Number of hours sampled

SW wind – similar for other directions

5 hours of data = 15+ 

ppb random error in 

urban enhancement

50 hours of data = 5 ppb 

random error

C
H

4
E

n
h
a
n
c
e
m

e
n
t
 
R

a
n
d
o
m

 
E

r
r
o
r
 
(
p
p
b
)

Improving urban emissions estimates via synergistic 
use of inventories and tower-based methods

Natasha Miles1, Nikolay Balashov1, Kenneth Davis1, Scott Richardson1, Thomas Lauvaux2, Aijun Deng1

Colm Sweeney3, Jocelyn Turnbull3,4, Kevin Gurney5

1Penn State University, 2LSCE, 3NOAA/University of Colorado, 4GNS Science, 5Northern Arizona University

Natasha Miles (nmiles@psu.edu)

CO2-USA Meeting 
October 2018
Salt Lake City, Utah

An example: An under-represented power plant

Predominant w
ind direction

C.C. Perry

Harding Street

National Institute of Standards and Technologyhttp://influx.psu.edu

Detecting changes in point source emissions
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The standard deviation of the CO2 mole fraction within each 
hour is used as an indicator of the power plant plume.

Tower 03

Tower 10
Power Plant

Power plant plume

Tower 10 Tower 10

Detection of point source emissions

Point source emissions:  Change in time

2013 2014

2015 2016 2017

• Standard deviation 
during afternoon 
hourly data 
measured at Tower 
10 (6 km east of the 
power plant), as a 
function of wind 
direction and wind 
speed (Jan – June)

• Conversion to 
natural gas 
complete in March 
2016 – apparent in 
data

• Hourly (afternoon) CO2 standard
deviations for 2012 – 2017 at Tower 10

• Decreases from peak in 2013 to levels
similar to other directions in 2017

• Compare to NW winds – no change in
time
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Conclusions

• Harding Street Power Plant in Indianapolis converted from coal to natural gas, with completion in March 2016
• Power plant comprised 20% of afternoon city emissions prior to the conversion to natural gas (Hestia Inventory, 2013)
• Can we detect change in CO2 tower data alone?

Mean CO2 standard deviation (ppm)
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Indianapolis Flux Experiment (INFLUX)

Atmospheric measurements as part of the Indianapolis Flux (INFLUX) project began in 2010.  Map of the 
Indianapolis, IN, region, is shown to the right, including INFLUX tower-based greenhouse gas (CO2/CH4/CO) sites. 
The Harding Street Power Plant and the smaller C.C. Perry Power Plant are also indicated. Stationary atmospheric 
observations also include a Doppler lidar, 3 eddy covariance flux towers, 3 flask samplers (14CO2, other trace gases).  
Mobile atmospheric observations include periodic aircraft flights (GHG, met, flasks) and  periodic automobile GHG 
sampling.

• The Harding Street Power Plant in Indianapolis gradually switched from coal to natural gas over the 2014 – 2016 time
period

• CO2 data from the INFLUX tower network were used to detect a change in the measurements due to the power plant
conversion process

• This technique, involving no modeling, has promise for detecting other temporal changes in emission strength,
complementing inventories.

• While inventories are the ”gold standard” for spatial emissions data, they are reliant on the reporting agencies and can
have errors. Tower-based methods can provide near real time information. Inventories and tower-based
measurements can be used synergistically to improve both.

Forward model CO2 comparison to observations 
• Hestia is a state-of-the-art, building-level, hourly time resolution inventory 

data product.
• Shown below is the Hestia inventory for Marion County (Indianapolis, IN) 

converted to 1 km x 1 km (prior)

Background

Before

• The overall goal of the Indianapolis FLUX (INFLUX) project is to develop and assess methods of quantifying 
greenhouse gas (GHG) emissions at the urban scale, using Indianapolis as a test bed.  

• Inventories are the traditional method to determine city emissions and are critical to improving our 
understanding of carbon budgets.

• Atmospheric (tower-based) methods are complementary to inventories, allowing an independent assessment 
of emissions.

• Determination of emissions via atmospheric inversions is under development and these emissions are typically 
compared to inventories which are considered the “gold standard”.  

• Inventories are, however, reliant on the reporting agencies and their complexities.
• In this poster we describe two examples of using tower concentration data to complement inventories.  

After inventory 
update

Tower 03Tower 07

Tower 10

Harding Street power plant

C.C. Perry power plant:  
Previously under-
represented
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• Forward modeled CO2 enhancements using the Hestia 
inventory as prior, convolved with influence function, as
a function of observed tower mean CO2 enhancements 
using Tower 01 as background, afternoon, 1 January –
30 April 2013 (magenta).  The correlation between the
observed CO2 and modeled CO2 is high (r2 = 0.90). The 
modeled CO2 following the Hestia update (described 
below) as a function of observed CO2 is shown in green.  

• There is an apparent overall underestimation of the 
emissions in the inventory.  The inversion indicated 
emissions 30% higher than Hestia during this period. 
Following the inversion, the observed to modeled 
results are closer to 1:1 (as shown in Oda et al., 2017).

• Tower mean CO2 enhancements 
using Tower 01 as background, 
afternoon, 1 January – 30 April 2013 
(red) with forward modeled results 
using Hestia inventory as prior 
convolved with influence function 
(green).  In the observations Tower 
03 measures the highest CO2, 
whereas the model results indicate 
Tower 10 as the largest.  The forward 
modeled results following an update 
to Hestia (described below) are 
shown in blue.  

• The pattern in the above figure suggested a possible missing source near Tower 03 but 
unknown direction or distance and lead to further investigations near that tower. Likely to 
be large and/or within 10 km of tower.  

• Another possibility is that the transport model errors are large with towers close to a large 
emission source, i.e., too much horizontal/vertical diffusion at Towers 03 and 12 and/or 
too little at Tower 10. 

• Further investigation revealed the the C.C. Perry Power Plant CO2 emissions in the original 
version of the Hestia inventory did not reflect the effect of co-generation of heat because 
of the way in which the emissions are reported by the EPA.  The C.C. Perry power plant is 
not a large facility compared to the Harding Street power plant in Indianapolis, but the 
difference in CO2 was sizeable for this facility - a factor of 13x increase.  The Harding Street 
power plant emissions were also updated between versions of the inventory.  The other 
primary update between the two versions of the inventory was the traffic sector.

• The forward modeled CO2 after the inversion update is shown in blue.  There is an overall 
increase in modeled CO2, with the spatial pattern more closely matching the observed, 
except for Tower 10 is too large.  

• While there may issues with the transport model as well as the missing power plant, this 
example highlights a way in which tower-based measurements can improve even a state-
of-the-art inventory.    

A first step in the inversion process to optimize emissions based on tower CO2 concentration measurements 
is to produce forward CO2 concentrations

– Initial map of CO2 emissions based on inventory (prior)
– Model transport (weather) and tower influence functions
– Predict forward CO2 concentrations at tower locations and compare with measurements
– Optimize emissions by minimizing difference between modeled and observed concentrations

Shown below is the difference between the two inventory versions, convolved with 
the averaged footprints over the time period for each of the four towers with the 
largest difference in terms of CO2 concentration before and after the inversion 
update.  For example, Tower 03 was most affected by the change at the C.C. Perry 
power plant, but also affected by the update to the Harding Street power plant and 
nearby traffic.   
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