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Partial radiative perturbation method

Reference CH4 surface emissions: 625.3 Tg a-1

▪ CCM EMAC (Jöckel et al., 2016) 

▪ T42L90MA resolution

▪ Time slice simulations representing year 2010

▪ Chemical mechanism consisting of 265 gas-

phase, 82 photolysis and 12 heterogeneous 

reactions for 160 species

ERF: Effective Radiative Forcing

SSTfix: prescribed SSTs and SIC (HadISST; Rayner et al., 2003)

chem: interactive chemistry

→ ERF & rapid radiative adjustments

SSTvar: Mixed Layer Ocean

nochem: prescribed chemical tracer distributions of O3 and CH4

from ERFCO2
SSTfix

chem / ERFCH4
SSTfix

chem

→ Influence of interactive chemistry on climate sensitivity

ECC: Equilibrium Climate Change

SSTvar: Mixed Layer Ocean

chem: interactive chemistry

→ Slow climate feedbacks & climate sensitivity

CO2 (concentration) and CH4 (emission) perturbation experiments:

Motivation & Research Questions

Methane (CH4) is removed from the atmosphere via chemical degradation. Here, we assess the radiative feedback of 

atmospheric CH4 resulting from changes in its chemical sink, which is mainly the oxidation with the hydroxyl radical 

(OH), and which is influenced by temperature and the chemical composition of the atmosphere.

We explore the feedback of CH4 in sensitivity simulations perturbed by either CO2 or CH4 increase to assess the 

following questions:

• How large are the rapid radiative adjustments and the slow climate feedbacks for CO2 and for CH4

perturbations? Which role does the interactive chemistry play?

• What is the feedback from interactive CH4 on the climate sensitivity in CO2- and in CH4- driven equilibrium climate 

change simulations?

• How does the climate feedback of CH4 affect the climate feedback of tropospheric ozone (O3)?
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𝛼𝑝ℎ𝑦𝑠 = 𝛼𝑃𝑙𝑎𝑛𝑐𝑘 + 𝛼𝐿𝑎𝑝𝑠𝑒 𝑅𝑎𝑡𝑒 + 𝛼𝐻2𝑂 + 𝛼𝐶𝑙𝑜𝑢𝑑 + 𝛼𝐴𝑙𝑏𝑒𝑑𝑜
𝛼 = 𝛼𝑝ℎ𝑦𝑠 + 𝛼𝑐ℎ𝑒𝑚 = 𝛼𝑝ℎ𝑦𝑠 + 𝛼𝑂3 + 𝛼𝐶𝐻4 + …

Offline radiative transport with the Modular Earth 

Submodel System (MESSy) basemodel RAD (MBM 

RAD), which is fully consistent with EMAC radiation

(default radiation scheme of ECHAM5 or Psrad

(Pincus and Stevens, 2013) available).

(following e.g., Rieger et al., 2017)

Full response (ECC)Fast response (ERF)

1.35x

CO2

2.75x

CH4

▪ Increase of CH4 emissions by factor 2.75 results in an increase of CH4 surface 

mixing ratios by factor 4.76.

▪ The increasing abundance of OH due to warming and associated moistening of 

the troposphere, and the temperature dependence of the reaction rate coefficient 

lead to the shortening of the atmospheric CH4 lifetime. This results in a decrease of 

the CH4 mixing ratios, a negative CH4 climate feedback.

Reference CH4

Climate response

1.35x

CO2

2.75x

CH4

Climate response of tropospheric O3 reduced by negative CH4 feedback

▪ Less O3 is formed from CH4 degradation

▪ Counteracted by enhanced O3 formation from increased biogenic and lightning NOx emissions

▪ Climate response of O3 (Full response – Fast response) consistent for CO2 and CH4 perturbation

Full response (ECC)Fast response (ERF)

Winterstein et al., 

2019 (EMAC-

ECHAM5) [Wm-2]

EMAC-

PSrad

[Wm-2]

2xCH4 0.23 0.56

5xCH4 0.51 1.68
Reference CH4: 1.8 ppm

Myhre et al. 

1998

[Wm-2]

Etminan et  al.

2016 

[Wm-2]

0.53 0.62

1.55 -

▪ CH4 emissions instead of prescribed CH4 mixing 

ratios at the lower boundary

▪ Inverse optimized emission inventory 

representing the year 2010 (Frank, 2018)

▪ No feedback of emissions: either reference 

emissions or increased by global mean 

factor
Rapid adjustments:

▪ CO2: dominated by stratospheric temperature 

adjustment (strat. temp. adj.); chemical 

contributions small

▪ CH4: important chemical contributions from 

H2O and O3

Feedbacks: 

Either (1) strat. temp. adj. for each feedback 

individually included or (2) separate strat. temp. 

adj.

▪ Residual (σ𝑖 𝛼𝑖 + 𝑅𝐹𝑎𝑑𝑗/𝑖𝑛𝑠𝑡) larger for (1): 

points to non-radiative driven feedback of 

stratospheric temperature

▪ Inclusion of strat. temp. adj. important for 

feedback of strat. H2O, O3 and potentially CH4

▪ Radiative CH4 feedback underestimated by 

ECHAM5 radiation scheme (see Outlook)

Scan for abstract:

R: net radiative flux at 

TOA

FW: Forward

BW: Backward

T: temperature

p: pressure
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𝛼𝑖 + 𝑅𝐹𝑖𝑛𝑠𝑡 = 0.06 Wm−2

Conclusions:

▪ Negative climate feedback of atmospheric CH4

resulting from changes in its chemical sink 

explicitly simulated.

▪ CH4 feedback reduces climate feedback of 

tropospheric O3, which results in overall 

stronger negative feedback of O3.

▪ Effect consistent for CO2 and for CH4 

perturbation.

▪ Magnitude of radiative CH4 feedback 

underestimated by used radiation scheme 

(ECHAM5 default).

Outlook:

▪ Additional radiation scheme, PSrad (Pincus 

and Stevens, 2013), implemented in EMAC.

▪ PSrad represents radiative effect of CH4 better.

▪ Set-up with PSrad radiation online in 

chemistry-climate simulations in preparation.
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