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ACE Satellite (Limb View)

Bernath, JQSRT 186, 3 (2017).  

http://www.ace.uwaterloo.ca/
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Greenhouse Gases (IPCC 2013)1. CO2
2. CH4
3. CFCs/HCFCs/

HFCs
4. N2O

Indirect GHGs
1. CO
2. VOCs
3. NOx

Aerosols

All significant gases and aerosols 
associated with climate change are measured by ACE mission.



ACE-FTS Version 4.0 Species
Tracers: H2O, O3, N2O, NO, NO2, HNO3, N2O5, H2O2, HO2NO2, O2, N2, SO2

Halogen-containing gases: HCl, HF, ClO, ClONO2, CFC-11, CFC-12, CFC-113, 
COF2, COCl2, COFCl, CF4, SF6, CH3Cl, CCl4, HCFC-22, HCFC-141b, HCFC-
142b, HFC-134a, HFC-23 

Carbon-containing gases: CO, CH4, CH3OH, H2CO, HCOOH, C2H2, C2H6, OCS, 
HCN, CH3C(O)CH3, CH3CN, PAN, high and low altitude CO2 as well as 
pressure and temperature from CO2 lines 

Isotopologues: H2
18O, H2

17O, HDO, O13CO, OC18O, OC17O, O13C18O, 18OO2, 
O18OO, O17OO, OO17O, N15NO, 15NNO, N2

18O, N2
17O, 13CO, C18O, C17O, 

13CH4, CH3D, OC34S, O13CS, 15NO2, H15NO3

New routine species are in red.

ACE is now in its 15th year on orbit. This longevity makes
trend analysis feasible (with care). The change in atmospheric 
composition is the primary driver of climate change.



Low Altitude CO2 (Chris Boone)
• CO2 is used to retrieve temperature, pressure and pointing (tangent height). 
• However, at high altitude (above about 65 km) pointing is known so the CO2

VMR can be determined.
• For v.4, below 17 km, temperature and pressure come from Canadian weather 

forecast model (GEM) and tangent height is determined from the N2 continuum 
(collision-induced absorption). CO2 can therefore be retrieved from 5-17 km.

New ACE data 
product is CO2
VMR at low 
altitude: upper 
troposphere and 
extratropical lower 
stratosphere (5-17 
km)  
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Montreal Protocol (1987) with 
Amendments and Adjustments

Montreal Protocol bans Cl- and Br-containing source gases that deplete the 
ozone layer and are also potent greenhouse gases. 

Montreal Protocol is considered to be the most successful international treaty: 
universal acceptance.

CFC and Halon production is phased out now; HCFCs, which are transitional 
compounds with lower ozone depleting potential, are being phased out; HFCs were 
the final replacement compounds (no chlorine so no potential to deplete ozone), 
but are very powerful greenhouse gases.

Kigali amendment will phase out HFCs by replacing them with molecules with no 
chlorine and a much smaller global warming potential (HFOs). 

 ACE-FTS measures nearly 20 halogen-containing gases including all the main 
CFC, HCFC and HFC source gases, the Cl2CO, FClCO, F2CO intermediates as well as 
the final HCl and HF product gases.

ACE monitors compliance with the Montreal Protocol.



Daily profiles for HCl, CFC-11 and 
CFC-12, plus long term trends now 
on the web

HCl CFC-11 CFC-12

Montreal Protocol Metrics



HCl Trends
Is global ozone recovering? By W. Steinbrecht, et al. Comptes Rendus
Geoscience, Special Issue for the 30th anniversary of the Montreal Protocol
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Hydrofluorocarbons, HFCs

HFC-134a (CF3CFH2) 
is used primarily for 
car air conditioners 
and is the most 
abundant HFC in the 
atmosphere. HFC-23
(CHF3) is the second 
most abundant HFC, 
produced as a by-
product of HCFC-22 
(CHClF2) production.  



HFC-134a (CF3CFH2) 
JQSRT 151, 210 (2015) 

New ACE-FTS retrieval by Chris Boone uses Q-branch of ν6
mode at 1105 cm-1 (not ν5 band at 1186 cm-1 used previously 
by Nassar et al. 2006); strong interference from ozone.



Global Distribution of HFC-134a

Lifetime= 13.4 yr; GWP = 1370 (100 yr); note anomalies in near 
extratropical tropopause at 9.5 km



Global HFC-134a Trends

Note the anomalies near 9.5 km altitude.



HCFC-134a Trends

ACE trend is +7%/year.



HFC-23 (CHF3)

JQSRT 130, 359 (2013) 

New ACE-FTS retrieval by Chris Boone uses Q-branch of ν5 mode at 
1157 cm-1 (same band as used previously by Harrison et al. 2012).



HFC-23 Global Distribution

Lifetime = 228 yr; GWP = 12,400 (100 yr)
cross-sections? spectral interferers?   



HFC-23 Trends

ACE trend is +3%/year. 
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