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Timeline of the Montreal Protocol

1974
Scientific 
Warning

Scientists warn 
CFCs are harming 

the ozone layer

1985
Antarctic 
Discovery

Report released on 
recurring hole in 
the ozone over 

Antarctica; 
formalization of 

Vienna Convention 

1987
Global Action

Formal adoption of 
the Montreal 

Protocol

1989
We're Live!

MP enters into 
force on January 

1st

1990
Time to Get to 

Work
CFC phase-out 
begins; interim 

financial 
mechanism 
established

1993
Its Official!

MLF is established 
on a permanent 

basis

2005
Ugh oh!

Largest record 
Antarctic ozone 

hole 26.6 million 
km²)

2008
Great Success
First multilateral 
environmental 

treaty with 
universal 

ratification

2013
A Global Sigh 

of Relief
Scientific 

assessment 
confirms ozone 
layer is healing, 

will return to 
pre-1980 levels by 

mid-century

2016
On to HFCs!

Kigali Amendment 
adopted on 

October 15thAmendments

All parties complete the phase out of consumption/production of CFCs, 
halons, carbon tetrachloride, and other fully hydrogenated ODS (2010)



Major Amendments Pre-Kigali



Kigali: From Ozone to Climate Treaty

Emission Growth
While HFCs account for 2% of global GHG emissions, 
they are growing at 10% per year without controls.

Climate Protection Shift
Adding HFCs to the Montreal Protocol shifted focus 
from ozone-depleting substances to broad climate 
protection.

Global Reductions
Developing nations froze HFC use in 2024; global use is 
expected to fall by 8085% by 2047.

Kigali Impact
Could prevent up to 0.5C warming by 2100. 173 
countries have formally ratified/accepted the treaty.



Success but not without a scandal or two…

Rogue emissions of CFC11
The Montreal Protocol faced a significant challenge 
when unexpected spikes in CFC11 emissions were 
detected, after the global phase-out was complete.

•Production phased out in developed 1996) and 
developing 2010) nations.

•Alarming increase detected around 2012, with 13,000 
extra tonnes/year from 20142016.

CFC11 has a GWP of 4750 and is the baseline chemical 
used to measure the ozone depleting potential of all 
other substance.

Source Investigation
Research and atmospheric data traced these rogue 
emissions back to specific factories in Eastern China.

Resolution
By 2019, the continued spotlight on this issue at the 
Protocol-level and more and more research from 
TEAP/SAP helped drive CFC11 emissions in the region 
back down to pre-2012 levels.



HFC23 A Repeat of the CFC11?

Unexpected Rise in 
HFC23
While not an ozone-depleting substance, HFC23 
has a staggering Global Warming Potential GWP 
of 14,800 - highest GWP and longest atmospheric 
lifetime of HFCs.

● By-product: Primarily emitted during 
HCFC22 production, which was phased 
out for refrigerant use.

● Feedstock Loophole: Production is only 
allowed for feedstock use, provided that 
by-product emissions are destroyed and 
reported.

Atmospheric Discrepancy
By 2019, the gap between reported destruction and 
detected levels reached 15,000 metric tons (approx. 
222 million metric tons of CO2.

Source Attribution
Data from NASAʼs Gosan station in South Korea 
suggests Eastern China may be responsible for up to 
50% of the global emissions gap.



Bottom-up v. Top-down HFC23 Emissions 
2008  2023

See also: Emissions of HFC-23 Do Not Reflect Commitments Made Under the Kigali Amendment, Adam et al (2024)

https://www.nature.com/articles/s43247-024-01946-y


The Need for More Protocol-Backed Monitoring 

Emission Detection Successes
● Rogue CFC11 emissions detected by Mauna Loa 

Observatory NOAA
● HFC23 increases detected in Gosan, South 

Korea NASA AGAGE

Global Monitoring Gaps
Multiple 'blind' regions exist where no monitoring 
occurs, preventing verification of reported data.
Network largely propped up by US-backed projects and 
funding.

Strategic Path Forward
Multi-meeting effort focused on securing funding for pilot projects to enhance regional monitoring 
efforts globally.



Last Yearʼs Decision on Atmospheric Monitoring 

Site Evaluation: Continue suitability evaluation of sites with 
voluntary support from interested parties. Parties previously 
decided to pull $400,000 from MPʼs Trust Fund for these 
efforts.

Infrastructure: Prepare next steps for possibly establishing 
new monitoring sites once sites are evaluated.

Budget & Reporting: $100,000 for activities from the MPʼs 
Trust Fund and request to Ozone Secretariat for a progress 
report at next OEWG and MOP

Funding Window: Request for ExCom MLF) to consider a 
funding window for pilot projects 



Proposed Sites Based on Analysis Thus Far

Does a site have existing infrastructure? Correct tower height? Lab analysis capacity? Staffing 
capacity?



Last Yearʼs Decision on HFC23

Preambular Platitudes: although the problem still persists, it 
is common to acknowledge previous progress to date of 
Parties.

SAP/TEAP Update: A formal request for an update on 
HFC23 emissions for the next MOP, incorporating any new 
party data and atmospheric measurement discrepancies.

Party Invitations: Invites parties to share estimation methods 
for HFC23 emissions from HCFC22 production and 
collaborate with research institutes on emission source 
analysis. 

          *an invitation is not legally binding.



A Slight Decline, but the Gap Persists



Main Takeaways

Global Impact
Most successful multilateral treaty of all time.

Diplomatic Reality
Diplomacy is a process, and progress can be slow at times; decisions often result in incremental changes.

US Engagement Concerns
General concern regarding US engagement for the remainder of the Trump administration, including risks of pulling 
back MLF funding, blocking decisions, and disabling monitoring networks.


