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Abstract

Highly urbanized and industrialized cities across the globe have been known
for a long time to be major anthropogenic sources of greenhouse gases
(GHGs), yet there is still no consensus on an adequate methodology to mon-
itor their ambient concentration. This work describes the initiation of a GHG
monitoring program at Bronx Community College (BCC) of the City Univer-
sity of New York (CUNY) in Bronx, New York using a Picarro GHG monitor
(Model g2301). Results show average atmospheric levels of carbon dioxide
(CO,) and methane (CH,) that are above 400 and 2.0 ppmv, respectively.
Similar daily fluctuations, with peaks levels resulting from emissions likely
occurring during morning rush hour, indicate that there are common sources
for both gases. This monitoring system is replicable, sustainable and scalable
and will make it possible to more quantifiably link emissions produced in
New York City to their material sources. As more data is collected, reduction
projections for GHG-producing materials will more accurately be associated
to reduction projections for atmospheric CO, and CH, levels originating in
New York City. In the process, empirical models on air exchange rates and
convective boundary layer homogenization through turbulence could also be
improved.
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1. Introduction

Over the past few decades, evidence has mounted that planetary-scale environ-
mental changes are occurring primarily as a result of relatively recent large-scale

and rapid industrialization. These changes range from the artificial fixation of
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nitrogen and the emission of greenhouse gas (GHGs) to the conversion and
fragmentation of natural vegetation and the loss of biological species. It is such
activities that give rise to the phenomenon of global change [1]. These concerns
have led to much research to monitor, sequester, and mitigate the amounts of
these substances in the atmosphere. To that end, there has been much research
done worldwide over the decades to track anthropogenic gases, especially CO,,
as begun by the pioneering work of Dave Keeling who began monitoring CO, at
Mauna Loa, Hawaii and the South Pole, Antarctica in the 1950s. Keeling’s re-
search provided reliable data on the progressive rise in CO, levels over the dec-
ades and was very important in establishing awareness of the link between rising
CO, levels and rising global average temperatures [2]-[7]. It is feared that the
continuously increasing levels of GHGs in the atmosphere along with other
anthropogenic and volatile compounds, mainly originating from urban and
highly industrialized centers, will eventually lead to irreversible increases in av-
erage global temperatures. Despite urban areas representing a small proportion
of the total land mass, they are responsible for the majority of GHG emissions
[8] [9] [10] [11]. It is therefore very crucial to gear efforts toward reducing GHG
emission levels in urban areas. Since 2006, New York City (NYC) has actively
participated in the Global Protocol for Community-Based Greenhouse Gas
Emission Inventories (GPC) in order to track the amount and sources of GHG,
as well as the mechanisms by which these gases eventually reach the atmosphere.
Through this protocol NYC has determined natural gas and petroleum to be the
principal culprits; approximately 73% and 21% of GHGs are emitted by build-
ings and from transportation sources, respectively [12]. NYC is using this in-
formation to devise ways to reduce greenhouse gas production and emissions
down to 20% by 2050. Unfortunately, an important fact was overlooked when
these projections were made. The relationship between the amount of material
used at the GHG sources and the actual amount of GHG added to atmospheric
levels is neither direct nor linear. The relationship is very complex; for instance,
certain mitigation efforts may efficiently reduce the amount of material needed
while simultaneously producing just as much greenhouse gas. The result is that
cities participating in the GPC may actually meet or exceed their target con-
sumption reduction projections and nonetheless observe a poor reduction in
actual atmospheric greenhouse gas levels, if at all. Once the gases are produced,
other methods and strategies are needed to further reduce GHG levels before
they reach the atmosphere. Since Keeling’s work, much of the research con-
ducted has largely been tailored for very specific regions and environmental set-
tings, making them limited in scope, applicability or scalability. Only recently
has work been done to develop replicable and scalable monitoring systems that
track emission levels of anthropogenic gases [13] [14] [15]. Such work is essen-
tial to understand how human activity and behavior directly contribute to in-
creases in GHG levels, particularly in highly urbanized environments such as
New York City. The results obtained here begin to provide meaningful data to

improve air exchange rate models [16] which are crucial to connecting the con-
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sumption of GHG-producing materials to the actual contributions made to at-
mospheric GHG levels. In this paper, we report some initial data from a GHG
monitoring system begun at Bronx Community College in New York City.

This work focuses on examining the average daily fluctuations in CO, and
CH, atmospheric levels from April 2016 to December 2017, particularly as it re-
lates to data reported by the City of New York in its GHG inventory. The results
of this work have shown that CO, and CH, levels fluctuate similarly, suggesting
common sources for both gases; additionally, average levels appear to be consis-
tent with levels observed globally. Fluctuations in water vapor levels at this site
are also presented. Sustained data-collection of this type will make it possible to
empirically improve atmospheric air exchange rate models, including those that
are related to understanding the homogenizing effect of turbulence in the con-
vective boundary layer on GHG concentrations [17] [18], and improve reduc-
tion projections of atmospheric GHG produced in major urban centers such as
New York City.

2. Experimental Methods and Materials

Picarro Instrument

Picarro Cavity Ring-Down Spectroscopy (CRDS, Model G2301) Analyzer (for
CO,/CH,/H,0 in air) was used as shown in Figure 1. It is an infrared spectro-
meter that uses a three-mirror cavity that analyzes the decay rate profile of a la-
ser signal whose wavelength is absorbed by a gas, relative to the decay rate pro-
file of an unabsorbed wavelength. The cavity has a path length of 25 cm, and af-
ter the laser signal reaches a threshold level, it is shut off and the light cycles ap-
proximately one hundred thousand times within the cavity during the decay
process. The cycling produces an effective absorption path length in the vicinity
of 20 km and makes it possible for the Picarro CRDS model G2301 to measure
the greenhouse gases down to parts-per-billion (ppbv) sensitivity. The system is
sufficiently robust to provide continuous, months-long data collection. Picarro’s
G2301 analyzer enables measurement of dry-gas mixing ratios for carbon dio-
xide and methane directly in the wet gas stream, an important factor that allows
for immediate data analysis without the need for extrapolation of data to dry air
conditions. A customized Python program was made by the manufacturer in
order to convert the raw.txt files into Excel-ready files for graphing and other
analysis. As shown in Figure 2, the Picarro greenhouse gas monitor is located on
the rooftop of Meister Hall at the Bronx Community College (BCC), CUNY that
continuously measures the three GHGs. Additionally, the Picarro system also
monitors temperature, pressure, solar radiation, wind direction, wind speed, and

humidity.

3. Results/Discussion

Figure 3 shows average monthly CO, and CH, atmospheric levels from April
2016 to December 2017 with the exception of data between November 2016 and
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Figure 1. Picarro instrument and computer setup.

Figure 2. Picarro detection system on the rooftop.
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Figure 3. Average monthly CO, and CH, atmospheric levels from April 2016 to Decem-
ber 2017 (Data between November 2016 to January 2017 were not recorded).

January 2017, which failed to be recorded. The greenhouse gas levels reach their
highest in the winter months and their lowest during summer months, consis-
tent with known data on seasonal variations in atmospheric CO, and CH,
worldwide.

Figure 4 shows average weekly CO, and CH, atmospheric levels for the
months of January 2017 (a), May 2017 (b), July 2017 (c), and November 2017
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Figure 4. (a)-(d) Average weekly CO, and CH, atmospheric levels during the months of January 2017 (a), May 2017 (b), July 2017
(c), and November 2017 (d).

(d). The data for each month was representative of results obtained for other
winter, spring, summer, and fall months, respectively. GHG have many common
sources therefore as expected, CO, and CH, levels appear to rise and fall at simi-
lar moments, with similar degrees of fluctuation between emission peaks and
valleys, representing fluctuations of approximately 20 to 40 ppm for CO, and
around 0.2 ppm for CH,. Of the four graphs, the variability in the emission fluc-
tuations is most pronounced in Figure 4(a), in the winter month of January, and
is least pronounced in Figure 4(c), in the summer month of July. The seasonal
changes in average greenhouse gas levels appear to be largely independent of the
fluctuations that occur on a daily basis in New York City whereas the fluctua-
tions themselves appear to be caused by local factors. The daily atmospheric CO,
and CH, peaks generally appear to occur around midday, however, as research
has shown, these increases are likely caused by greenhouse gas emissions that
occurred earlier in the day and took time to eventually reach the atmosphere.
The length of the time delay depends on conditions such as temperature, wind
speed, etc, and will tend to vary day-to-day, however, it is plausible that the
morning period between from 6 to 9 am, commonly referred to as “rush hour”,

is when the surge in greenhouse gas emissions occurs. If rush hour is indeed
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when the emission increases occur that would suggest a time delay of approx-
imately three to six hours between the production and eventual mixing of gases
in the atmosphere. The delay appears to be shorter during the summer and
longer during the winter. It could also be expected that an equivalent emission
peak would be caused by emissions occurring during the evening rush hour pe-
riod that happens between 4 to 7 pm, and that the emissions would reach the
atmosphere approximately three to six hours later as well. There are some chal-
lenges to demonstrating when the second emission surge appears in the data be-
cause of many factors, principally the fact that the mechanism that draws the
gases into the atmosphere during the day, solar heating, is not present in the
evening. The result would be a more diffuse, irregular, and slower propagation
of the gases in the evening hours.

In Figures 5(a)-(d), CO, and CH, emissions are shown for randomly chosen
days during the same months as shown in Figures 4(a)-(d). The emission peaks
appear to occur between 10 am to 3 pm with other minor peaks occurring as
well, similarly to what was observed in Figure 4 where average atmospheric le-
vels of CO, and CH, peaked after sunrise, in the late morning to early afternoon
period.

In Figures 6(a)-(d), atmospheric H,O levels are compared to CH, levels for
the same days as chosen for the graphs in Figure 3. With the exception of
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Figure 5. (a)-(d) CO, and CH, atmospheric levels for January 4, 2017 (a), May 4, 2017 (b), July 30, 2017 (c), and November 22,

2017.
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Figure 6. (a)-(d) H,O and CH, atmospheric levels for January 4, 2017 (a), November 22, 2017 (b), May 4, 2017 (c), and July 30,

2017 (d).

January 4, the levels and fluctuations in H,0O and CH, appear to be very similar,
again showing that these emissions are being generated in large part from com-
mon sources.
Considerations on Modelling:

The total CO, and CH, levels above any geographical area comes from the
amounts of gases generated within that location that escape into the atmosphere
and the net flow of gases into and out. Mathematically, this process can essen-
tially be modelled as a standard mixing problem wherein a quantity of gas flows
in, mixes with a quantity of gas already present or generated on site, then exits
that area. This model, however, cannot be refined to greater detail and reasona-
bly be expected to reflect actual conditions or predict future trends in green-
house gas levels because there is insufficient real-time and sustained, long term
data collected on which to build. This information is extremely important be-
cause it is only when that specific data is obtained that quantifiable projections
and reliable estimations on mitigation efforts that target sources of GHG can ul-
timately be made and be connected to actual atmospheric GHG levels. A crucial
component of that work is a determination of the air exchange rates (AER) be-
tween indoor and outdoor environments. Up to now there are only very basic,
very simplified models in controlled settings that cannot be used to compare to

real data because that data is currently unavailable. Another consideration in
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developing better models to track, analyze, and provide more reliable projec-
tions, is understanding more fully the role of turbulence in homogenizing the
convective boundary layer. The work reported here begins to provide the kind of
real-time and sustained data needed to produce better empirically-supported
models by eventually making it possible to disaggregate the roles of turbulence,
atmospheric air flow, and air-exchange rates in atmospheric GHG level fluctua-

tions.

4. Conclusion

In this work, the beginning of a replicable, sustainable, and scalable GHG moni-
toring system was discussed using CO, and CH, atmospheric data over the
course of the past 18 months. The data obtained showed an overall upward track
in those two GHG levels. Daily fluctuations in GHG levels were attributed to
on-site human activity with peak levels likely caused by emissions occurring
during morning rush hour, however, continued data collection will be needed to
develop better models to disaggregate the primary factors that contribute to dai-
ly atmospheric GHG level fluctuations.
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