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Overview
Central questions 
1. CH4 pathways and its impact on regional (European) surface O3
2. Impact of regional and global emission reductions 

In this talk
- IIASA CLE and LOW emission scenarios up to 2050
- Box-model CH4 concentrations
- Global and regional simulations using the EMEP MSC-W CTM



Emission scenarios

21.04.2023

Base (CLE) and LOW (MFR + diet changes) scenarios from IIASA
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Anthropogenic CH4 emissions reduced by 50% 
relative to 2015, 60% relative to 2050 CLE



Background CH4 pathways

21.04.20234

2015 1834 1834 1834

2030 1979 1683 1692

2050 2215 1431 1389

 CLE            LOW            LOW CH4 only   

2070 2331 1307 1245

~10% decrease from 2050 to 2070 when 
2050 LOW emissions are continued

2050

Natural CH4 ≈ 240 Tg/yr by tuning to 
observed 2015-2019 global average



EMEP MSC-W model

21.04.2023

- Global 0.5° x 0.5° and regional (nested) 0.1° x 0.1° EMEP domain simulations
- 2015 meteorological year based on IFS, including 100 hPa O3 BC
- Annual mean background [CH4] specified in the chemistry
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N = 138 EU stations from 
the EBAS dataset vs. 
global and regional EMEP 
models

Nearly identical O3 results 
between the coarse and 
fine grids
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Global simulations for JJA O3max 

By 2050 compared to 
present day:
Global LOW: 6-24 ppb
CH4: 1-2 ppb

Impacts of CH4 and other emission reductions compared 
to 2015 (base)

(a)   {BaseEm,BaseCH4} -  
       {CLE2050,BaseCH4}  

(b)   {CLE2050,BaseCH4} - 
       {CLE2050,CLE2050CH4} 

(c)   {BaseEm,BaseCH4} - 
       {LOW2050,BaseCH4} 

(d)   {LOW2050,BaseCH4} - 
       {LOW2050,LOW2050CH4} 

Note the different colour scales
Baseline CH4 = 1834 ppb
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Impacts of LOW emission reductions and CH4 relative to 
2050 CLE

(a)   {CLE2050,CLE2050CH4} -  
        {LOW2050,CLE2050CH4}  

(b)   {LOW2050,CLE2050CH4} -
        {LOW2050,LOW2050CH4}

784 ppb difference between LOW 
(1431) and CLE (2215) CH4 

Global simulations 

Compared to 2050 CLE, LOW scenario 
EU O3max reductions ⅔ from emission 
reductions, ⅓ from CH4
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Relative impact CH4 on O3 reductions compared to 2050 CLE

a.  JJA O3max 
c.  Peak season MDA8

Percentage total O3 reductions due to 
CH4 relative to 2050 CLE

~⅓ contribution of CH4 
in total reductions 
relative to 2050 CLE

JJA O3max

Peak season MDA8



European and non-European mitigation by 2050
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Regional (Reg) EMEP domain 
with nested (Nest) BCs from 
LOW & CLE global runs for 
2050

(a)   {LowNest,BaseReg} - 
        {BaseNest,BaseReg}   

(b)   {LowNest,LowReg} - 
        {LowNest,BaseReg}   



Relative O3max (JJA) impacts

Compared to 2050 CLE, 
effect of CH4 mitigation on 
JJA O3 max of the same 
magnitude as LOW ROW 
and LOW Europe

Comparing to present day 
(2015), global LOW is 
much more important and 
CH4 less important



Peak season MDA8 in 2050 LOW

Regional model with LOW emissions + LOW BCs and LOW CH4 (1431 ppb)

WHO guidelines not met 
in the 2050 LOW 
scenario

Meteorological year?



Conclusion

50% CH4 emission reduction relative to 2015 reduces background CH4 by 22% (~400 ppb) by 2050 relative 
to 2015 (1834 ppb), but by 35% (~800 ppb) relative to 2050 CLE (2215 ppb)

Results for 2050 European surface O3
- Relative to present day, the impact of CH4 is small compared to the impact of emission reductions
- JJA O3max reductions between CLE and LOW are ~⅓ due to CH4 and ~⅓ due to both ROW and 

regional non-CH4 emission reductions

Challenges
- Natural CH4 emissions are uncertain (100-300 Tg/yr), as are anthropogenic CH4 emission projections
- Feasibility of the CLE scenario
- Inter-model variability in CH4 response
- Impact of meteorological year → Climate change?

Policy on CH4 is important for further reducing 
projected surface O3 concentrations



Extra slides



Comparison to earlier work
Jonson et al. (2018) reported annual mean 1.2 ppb 
surface O3 increase over Europe with 20% CH4 
increase (~400 ppb)

→ consistent with the current model setup shown 
below {2015 baseline CH4 x 1.2 - 2015 baseline}

Contribution to European 
surface O3 from a 20% CH4 
increase relative to 2010 
background concentrations 
(1798 ppb) (Jonson et al., 
2018).



Box-model 
- Box-model background CH4 concentrations for 

CLE and LOW emission scenarios
- Natural CH4 ≈ 240 Tg/yr by tuning to observed 

2015-2019 global average



Impact meteorology on peak season MDA8

2050 LOW scenario shows 
considerable peak season 
MDA8 variability between 
different meteorological 
years
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Relative impact CH4 on O3 reductions compared to 2050 CLE

a.  JJA O3max 
b.  SOMO35
c.  Peak season MDA8
d.  Annual mean

Percentage total O3 reductions due 
to CH4 for different O3 metrics

Generally between 
20-40% contribution 
from CH4, highest for 
JJA O3max

JJA O3max SOMO35

Peak season MDA8 Annual mean


