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U
niversity of Toronto A

tm
ospheric 

O
bservatory: TA

O
 

• 
43.66°N

, 79.40 °W
, 174 m

 asl 
• 

P
rim

ary instrum
ent: B

om
em

 D
A

8 FTIR
 

→
 C

oupled to C
om

m
unity S

olar Tracker (pointing 
accuracy of 10-20 arc seconds, 0.0028°) 

→
 S

em
i-autom

ated M
IR

 m
easurem

ents  
→
 C

an be rem
otely accessed/operated 

→
 C

olum
ns and vertical profiles retrieved using 

the S
FIT4 algorithm

 

• 
A

dditional instrum
ents:  

→
 E

C
C

C
 B

rew
er (on loan 2005-2016) 

→
 E

C
C

C
 P

andora U
V

-visible spectrom
eter for 

O
3 , N

O
2,  O

4 , H
C

H
O

, H
O

N
O

, etc. (#109 N
ov 

2016 – M
ay 2018, #145 since 15/5/2018) 

→
 W

eather station (D
avis V

antage P
ro 2 P

lus, 
and V

aisala P
TU

300) 

P
hoto: C

yndi W
haley 



TA
O

 FTIR
 M

easurem
ents  

• 
O

ctober 2001 –  B
om

em
 D

A
8 operational 

• 
M

ay 2002 to present – regular solar m
easurem

ents 
• 

M
arch 2004 – N

D
A

C
C

 certification  



Status of N
D

A
C

C
 D

ata 
M

ost recent (ninth) archiving: M
ay 2019 

• 
R

etrievals to D
ecem

ber 2018 w
ere uploaded in M

ay 2019 
• 

A
nalyzed using S

FIT4 V
0.9.4.4 w

ith full error analysis, H
ITR

A
N

 
2008, W

A
C

C
M

 v6 a priori profiles, S
N

R
 calculated from

 spectra, 
and form

atted as H
D

F 
• 

IR
W

G
 standard gases: C

O
, C

2 H
6 , *C

H
4 , H

C
l, H

C
N

, H
F, H

N
O

3 , 
N

2 O
, O

3 , (not C
lO

N
O

2 )  
• 

A
dditional gases: C

2 H
2 , C

H
3 O

H
, H

C
H

O
, H

C
O

O
H

, N
H

3 

• 
Full tim

e series (2002-2018) of O
3 , C

O
 and C

H
4  w

ere reprocessed 
using C

A
M

S
 R

apid D
elivery retrieval and error analysis because 

N
D

A
C

C
 rejects consolidated files for R

D
 gases unless they m

eet 
C

A
M

S
 Q

C
 criteria 

*Consolidated	C
H

4  files	w
ere	not	archived	as	w

e	investigate	scatter	in	the	data	
• 

B
egan archiving Toronto C

O
, C

H
4 , and O

3  for C
A

M
S

 R
apid 

D
elivery in M

arch 2018 



Total 
colum

ns 
for IR

W
G

 
standard 
gases 

A
ldona W

iacek, 
Jeff Taylor, 

C
yndi W

haley,  
Ilya S

tanevich,  
S

tephanie C
onw

ay,  
O

rfeo C
olebatch 

and m
any others 

P
lot: S

hom
a Yam

anouchi 

A
nalyzed 

using S
FIT4 

V
0.9.4.4 

TA
O

 FTIR
 Tim

e Series: 2002-2018 



A
dditional gases w

ere also retrieved using S
FIT4 V

0.9.4.4 

TA
O

 FTIR
 Tim

e Series: 2002-2018 

A
ldona W

iacek, 
Jeff Taylor, 

C
yndi W

haley,  
Ilya S

tanevich,  
S

tephanie C
onw

ay,  
O

rfeo C
olebatch 

and m
any others 

P
lot: S

hom
a Yam

anouchi 

Total colum
ns for additional gases 



H
B

r Instrum
ent Line Shapes 

• 
H

B
r cell #48, m

easured on 26 A
pril 2019 

→
 

100 scan H
B

r, 0.004 cm
-1, filter 3 

→
 

B
ackground: N

orton-B
eer strong apodization, 0.01 cm

-1, filter 3 
→
 

A
nalyzed w

ith LIN
E

FIT v14.5 
→
 

ILS
 m

easurem
ents w

ere updated to 100 scan + low
-resolution background 

in February-M
arch 2017 



H
B

r Instrum
ent Line Shapes 

R
ecent results 

The M
E

 decreased in A
pril 2019 after repair of internal source 

m
irror m

otor and beam
-selecting m

irror solenoid. W
e suspect 

the beam
-selecting m

irror is not pointing correctly – w
ill fix this. 



R
etrieved H

B
r C

olum
ns: C

ell #48 



TA
O

 A
ctivities over the Past Year 

• 
M

easurem
ents 

→
 S

em
i-autom

ated daily m
easurem

ents w
ith rem

ote desktop functionality 
→
 G

enerating daily sum
m

ary reports show
ing FTIR

 spectra, sun-tracking, 
solar radiation and w

eather conditions 
→
 R

unning TA
O

 125M
 O

P
-FTIR

 and recom
m

issioning E
gbert D

A
8 

• 
R

esearch 
→
 Shom

a Yam
anouchi (see talk) – biom

ass burning (paper in prep.), 
trend analysis, retrievals and analysis for C

A
M

S
 R

D
 (TA

O
) 

→
 Erik Lutsch (see talks given by Tyler) – w

ildfire pollution (paper in 
prep.), data analysis for C

A
M

S
 R

D
 and TR

O
P

O
M

I 
→
 B

rendan B
yrne – O

P
-FTIR

 G
H

G
 m

easurem
ents (A

tm
osphere-O

cean, 
subm

itted) 
→
 Erik, Shom

a, Stephanie C
onw

ay – TA
O

 retrievals (E
S

S
D

 in prep.) 
• 

C
ontributions to other studies

 
→
 C

orinne Vigouroux – N
D

A
C

C
 H

C
H

O
 tim

e series (A
M

T 2018) 
→
 Zitely Tzom

pa-Sosa – C
2 H

6  em
issions (JG

R
 2019) 



R
ecom

m
issioning Egbert D

A
8 FTIR

 
• 

H
ave been given E

C
C

C
’s E

gbert D
A

8 on long-term
 loan 

→
 Located at E

C
C

C
’s C

entre for A
tm

ospheric R
esearch E

xperim
ents 

(44°14'N
, 79°47'W

), a rural site approx. 75 km
 N

N
W

 of Toronto 

• 
R

eplaced old D
enver sun-tracker w

ith B
ruker sun-tracker 

and new
 housing 

• 
C

urrently w
orking on realigning the D

A
8 (last operated by 

E
C

C
C

 in 2011) and com
pleting the recom

m
issioning 

©
 E

nvironm
ent C

anada, 2008 
N

ew
 suntracker 

+ housing 

O
ld D

enver 
suntracker 



O
pen-Path FTIR

 in Toronto 

https://uoftlongpath.w
ordpress.com

/ 

• 
B

ruker 125M
 w

ith telescope 
and retroreflector from

 E
C

C
C

 
• 

O
pen-path operation w

ith 
initial focus on C

O
2 , C

O
, C

H
4  

and N
2 O

 in dow
ntow

n 
Toronto 

B
rendan B

yrne, O
rfeo C

olebatch 



U
ofT O

P-FTIR
 Tim

e Series 

B
rendan B

yrne, O
rfeo C

olebatch 
(“M

onitoring urban greenhouse gas 
em

issions using open-path Fourier 
transform

 spectroscopy”, subm
itted to 

A
tm
osphere-O

cean) 

• D
aily m

easurem
ents 

since N
ovem

ber 2017 
• C

o-located m
et station 

• R
etrievals w

ith M
A

LT 
softw

are  
• Investigating sensitivity 

to m
eteorology 

• Tw
o P

icarro G
H

G
 C

R
D

S 
instrum

ents w
ere 

deployed from
 12-16 

N
ov 2018 for calibration 

of C
O

2 , C
O

, and C
H

4 



O
utlook &

 Future W
ork 

• 
O

ngoing D
A

8 m
easurem

ents, analysis, interpretation 
• 

Integration of m
easurem

ents and m
odelling (G

E
O

S
-C

hem
)  

in collaboration w
ith D

ylan Jones (U
ofT) 

• 
U

rban (TA
O

) and rural (E
gbert) FTIR

 m
easurem

ents 
• 

N
ew

 project w
ith C

am
ille V

iatte and C
athy C

lerbaux 
(LA

TM
O

S
/C

N
R

S
): “The Im

pact of A
m

m
onia E

m
issions on 

U
rban A

ir Q
uality (A

m
m

onA
Q

)”  
• 

N
ew

 project w
ith V

itali Fioletov (E
C

C
C

): “V
alidation and 

interpretation of vertical colum
n density m

easurem
ents of air 

pollutants from
 satellite instrum

ents” w
ith P

andoras and FTIR 
• 

Funding 
→
 N

atural S
ciences and E

ngineering R
esearch C

ouncil of C
anada 

→
 C

anadian S
pace A

gency (C
S

A
) 

→
 E

nvironm
ent and C

lim
ate C

hange C
anada (E

C
C

C
) 

→
 U

niversity of Toronto 


