The GTA Greenhouse Gas Observatory Network
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The Greater Toronto Area Greenhouse Gas Observatory Network (GTA-GHG-ON) 1s a network of four permanently installed Bruker EM27/Sun spectrometers at different locations throughout the GTA. Spectra
are processed using the EGI wrapper for the GGG retrieval software. XCHy4, XCO7, XCO, and XH>O are retrieved from near infrared spectra. This poster presents data from the updated network, and early

examples of the scientific analysis using the data from the network.

Introduction
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Figure 1: Locations of the current and proposed observatory sites.

Total column observations of greenhouse gases (GHGs) have
been used to quantify emission on local, regional, and continen-
tal scales [3, 6, 5].

In order to quantify emissions on a regional scale, networks of
low resolution EM27/Sun spectrometers have been used to mea-
sure urban emissions of GHGs [2, 1]. The GTA-GHG-ON con-
sists of four permanent installations of EM27/Sun spectrome-
ters. The longest serving station, operational since July 2017,
1s located at the downtown University of Toronto St. George
Campus (UTSG), and it home to the instrument we label za.
The second permanent station was installed at the Downsview
(DOW) Environment and Climate Change Canada (ECCC) site.
It 1s currently home to the td spectrometer, and i1t has been op-
erational since summer 2019. The observatory at the University
of Toronto, Mississauga (UTM), home to the 7c was installed
in November 2021, with the University of Toronto, Scarborough
being home to the fourth spectrometer b, installed in May 2022.
The total time series of our over 1 000 000 successful measure-
ments from UTSG are displayed in Figure 2, along with the data
from UTSC. Similar time series are shown for the UTM and
DOW sites are shown in Figure 3.
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Figure 2: The complete time series of Xy at left: UTSG observatory at
McLennan Physical Laboratories, home of the Department of Physics at the
University of Toronto, and right the observatory at the University of Toronto
Scarborough located on the roof of the Arts and Administration building.

DOW XCHas Time Series UTM XCHas Time Series

1.92¢ - td . kb B 1921 | @ tc i
tc 1 |
1.90 T )"“ ‘ H‘w | |‘ 1.90 | | .
did B e :
_188¢ g l i j!mwl_' '.1-; v 188t
3 T
g186; i Hl“ 1_5.] g186; :
a;: 1.84 l ' é 1.84 1 .
182} <182}
1.80 1.80
1.78 } 1.78 |
2018-01:0%5019-01-0% 130-01-0% 5 121.03-0% 1.01-0% 2018:03:0%5419:03-0% 120-01-0% 121.00-0% 190101
DOW XCO:z Time Series UTM XCO:2 Time Series
4251 | o tg 4251 | @ tc
420 | |' ‘ | Ahll‘ 420 | : “
—_ | | . “ | :||' ! I_E —_ | *
E 415 '\H” ItE 4 ¥ | J E 415 '
5 410 b gt ' | I 5 410
S @ W b g
< ‘ Jl; . ” ' <
405 | 405 |
A
400 | ' 400 |
395 | | ! , ! ! 395 | | ! , ! !
2018-01'01 2019'01'012020-01'012021'01'01 2022-01'01 2018-01'01 2019'01'012020-01'01 2021'01'012022-01'01
DOW XCO Time Series UTSC XCO Time Series
td ® tc
210+ | @ tc 210 +
180+ _180°F
0 0
g g
o 150 | I o 150+
QO Q
< R ! ‘| ( <
120 B ; [ \ 48 J| 120 +
e ? | 1 e | | I |
Il{tl g .ji‘i,lL'I.":l|_il\”_ | | I Ia | !w
! I'qu. o B RN A { ] | 2 4 '
1 f
| y | -~ , | . | y | , |
20180301 5510-01-0% 4500301 121.01-0% 557010 20180101 519-01-0% ) 10-01-01, 121.01-0F 5520101

Figure 3: The complete time series of X the left: UTM observatory
William G. Davis building at the University of Toronto, Mississauga and
right: the DOW observatory at the Downsview ECCC laboratory.

Please note, some of the data (those from 2022 and later) have
not yet had instrument-to-instrument bias correction applied to
the time series data.

Comparing Coincidental Data

The tb instrument was deployed at UTSG alongside ta from Jan-
uary to March, 2022 to compare instrument-to-instrument bias.
With 10 minute averaged data, a linear correction brings instru-
ments into agreement within 0.1ppb for XCH4. In this observa-
tion series, we noticed that the less protected ¢b instrument had
a tendency to drift as the difference between the internal tem-
peratures grew thanks in part to the frigid outdoor conditions

(-15°C).
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Figure 4: tb vs ta when the instruments were deployed side-by-side from
January 2022 until April 2022. Top: XCH4. Middle: XCO,. Bottom: XCO.

Enhancement Ratios

Ratios of observed GHG enhancements have been used to quan-
tify emissions based on well constrained inventories of a single
GHG tracer gas [6, 5]. The current stations of the GTA-GHG-
ON are well suited for characterizing emissions from the City of
Toronto at the core of the GTA. Figure 5 show an example of the
enhancement ratio data.
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Figure 5: The difference in XCHy vs the difference in XCO, between the
UTSG and DOW observatories. Colour indicates the datapoint frequency.

Comparison with TROPOMI Observa-
tions

XCHy4 and XCO observations from the TROPOMI satellite [4]
agree well with observations from the EM27/Sun spectrometers
in the network. Of the coincidental observations within 30 min-
utes of a TROPOMI measurement in 2021, the median differ-
ence 1s 1.5ppb for XCH4 and 2 ppb for XCO.
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Figure 6: Comparing 2021 TROPOMI XCH, observations over Toronto with
measurements from UTSG (Downtown) and DOW (Downsview).

O DoWntown | | |
S | o Downsview | o o
4 Tl 2T B
o - e .
> :.' p gt
34 B S o B S
g
8H ,."'1|§!..
O "t
= ol ./ ."' ..........................................................................................
(0]
8 -|| ___________________________ S A A
60 80 100 120 140

EM27/SUN XCO (ppb)

Figure 7: Comparing 2021 TROPOMI observations over Toronto with mea-
surements from UTSG (Downtown) and DOW (Downsview).

Future Research

e Deploy a fifth permanent observatory at the Centre for Atmo-
spheric Research Experiments (CARE) to measure ‘clean air’
background concentrations.

e Compare observed enhancement ratios with emissions mod-
elled using high resolution inventories.

e Compare XCO» observations from OCO-2 and OCO-3 with
measurements from the GTA-GHG-ON.
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