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Study objectives and timeline
1. Conceptual framework (Dec 2022)

Establishing a conceptual and (simplified) 
modeling framework, in which to assess the 
climate impact of Swiss emissions from different 
sectors, particularly agriculture and aviation.
Milestone and exchange point 1 (19.01.23)

2. CO2-equivalence for non-CO2 emissions 
(Mar 2023)

Establishing CO2-equivalence between non-CO2 
emissions and CO2-emissions for the two sectors 
of interest, i.e., agriculture and aviation by:
- considering different time horizons,
- using different scenarios,
- applying different approaches,
- developing portable methodologies.
Milestone and exchange point 2

3. Demand for negative emissions (June 2023)
Determining the demand for negative CO2 
Emissions (NETs) to compensate for remaining 
GHG emissions for all the different cases 
considered above, targeting two objectives:

(i) net-zero GHG emissions by 2050, and 

(ii) net-zero climate forcing by 2050.

Milestone and exchange point 3

4. Climate strategy implications (Sep 2023)
Defining climate policy scenarios and assessing 
their implications.

Milestone and exchange point 4
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Climate models
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• e.g., FaIR (Finite Amplitude Impulse Response)

Smith et al., Geosci. Model Dev. 11 (2018) 2273

Enting, CSIRO Atmos. Res. Tech. Paper 38 (1998)

• Chain of causality 



1. Conceptual framework – Objectives

• Establishing a conceptual and (simplified) modeling framework, in which to assess the

climate impact of Swiss emissions from different sectors, particularly agriculture and

aviation. This will be done by:

i. modeling the correlation between GHG emissions and their concentration in the atmosphere;

ii. establishing the relationship between Swiss GHG emissions, their contribution to altering the

GHG concentration in the atmosphere, and their impact on radiative forcing;

a) establishing the correlation between radiative forcing and temperature anomaly;

b) introducing the differential perturbation approach;

iii. clarifying the difference between CO2 emissions (long-lived climate polluntants) and non-CO2

emissions (short-lived climate pollutants);

iv. assessing the accuracy of the simplified modeling framework by comparison with results from

metrics calculation and available climate models, e.g., FAIR model.
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i. GHG concentration vs. emissions (non-CO2)
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τN2O =110 y
τCH4 =   12 y

EMISSIONS

DECOMPOSITION

• The solution is given by the term describing the decay of the 
initial state (at t=0), plus the convolution integral of the 
emissions from t=0 on. 

• The equations above apply to both SLCFs (e.g., CH4) and 
LLCFs (e.g., N2O).

• The difference between the two is quantitative, but not 
qualitative.



i. CO2 concentration vs. emissions

19.01.2023 ETH Zurich - Marco Mazzotti and Viola Becattini 6

EC(t) cC(t)

c2(t)

c3(t)

c4(t)

• Exchanges between compartments are linear in
• Anthropogenic emissions are only into the atmosphere. 
• CO2 does not decompone hence it is conserved.
• The greenhouse effect is due to CO2 in the atmosphere only.
• CO2 climate impact is indeed cumulative, for two reasons.  

ci(t).

j 0 1 2 3

τj [y] ∞ 394 37 4

aj [-] 0.22 0.22 0.28 0.28



ii. From GHG concentration to radiative forcing
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• Radiative forcing of a CFi is a non-linear function of its concentration:

• The overall radiative forcing is the sum of the contributions of all GHGs.

• For CO2 the functional relationship is logarithmic:



ii. From GHG concentration to radiative forcing
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Lightfoot and Mamer, Energy Environ. 25 (2014) 1439-1454



ii. From GHG concentration to radiative forcing
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• Radiative forcing of a CFi is a non-linear function of its concentration:

• The overall radiative forcing is the sum of the contributions of all GHGs.

• For CO2 the functional relationship is logarithmic:

• CO2 radiation efficiency (slope of the tangent)                                                                              
depends on CO2 concentration, but not on its                                                                                 
reference value.

Lightfoot and Mamer, Energy Environ. 25 (2014) 1439-1454



iii. SLCFs vs. LLCFs (short-lived vs. long-lived)
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Carbon dioxide

Methane

Nitrous oxide



ii.a) Modeling T-anomaly vs. radiative forcing
• Two-layer energy balance model (s: land + near-surface ocean; d: deep ocean; Cs/Cd ≈ 0.07) to 

determine temperature anomaly, with respect to pre-industrial level.

• The solution evolves on two time scales, i.e., s1 ≈ 4 and s2 ≈ 250 years, as a linear functional of the 
overall radiative forcing, hence radiative forcing caused by one CFi has an equivalent warming 
effect as that of another CFj.

• Considering time scales, the classical equations used by climate scientists are recovered, e.g.:
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ii.b) Differential perturbation approach

• Let us consider the climate impacts of individual emitters, or individual countries, or individual 
sectors, whereby the corresponding emissions of the CFi are a small percentage of the global 
emissions, say in the order of a few percent or less (e.g., the whole Switzerland, or one of its 
specific economic sector). 

• Then such emissions can be considered an emission differential, ∆Ei, with respect to all the other 
global emissions, which leads to a differential variation of the corresponding concentration ∆ci, 
which in turn yields a differential variation of the radiative forcing caused by that GHG, ∆Fi, and 
finally to a differential temperature anomaly, ∆Ts.

• Because of the linear functional relationship between emissions and concentrations, and 
between radiative forcing and temperature anomaly, and because of the linearization of the 
radiative forcing vs. concentration relationship, one can write the sequence of equations on the 
next slide.
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ii.b) Differential perturbation approach

• Through this approach, we can focus on specific emissions (national/sectoral) of interest, 
without the need to calibrate the model considering initial state or the evolution of past 
and future global emissions (but radiative efficiency depends on current state).

• Thereupon LWE can thus be established: 
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Allen et al., Environ. Res. Lett. 16 (2021) 074009



ii.b) Differential perturbation approach – LWE 
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Carbon 
dioxide

Methane

Nitrous oxide

CO2 for nitrous oxide

CO2 for methane



iv. Comparison with FAIR model
• FaIR – Finite Amplitude Impulse Response simple climate model:

i. reduced-complexity climate model used for scenario assessment

• The simplified model (emETH):

i. is linear;

ii. depends on a few parameters;

iii. is transparent;

iv. retains first order effects;

v. has no nonlinear feedbacks.
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iv. Comparison with FAIR model
• FaIR – Finite Amplitude Impulse Response simple climate model

i. is a “reduced-complexity climate model used for scenario assessment”.

• The simplified model (smETH)

i. is linear,

ii. depends on a few parameters,

iii. is transparent,

iv. retains first order effects,

v. has no nonlinear feedbacks.

• In the scope of the project, with focus on climate policy, we aim at

i. using emETH for scenario analysis,

ii. simulating interesting cases with higher accuracy using FAIR,

iii. providing BAFU with user-friendly version of emETH.
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iv. Comparison with FAIR model – sustained 

• CO2 emissions: 0.001 
GtC/year for 100 years, 
equivalent to 3.7 MtCO2/year 
→ “Specific emissions”

• FAIR model run for 4 cases, 
varying background emissions 
wrt specific emissions: e.g., 
dashed orange line (0.01%) 
shows the forcing calculated 
in FAIR as the difference 
between 10 GtC/y and 10.001 
GtC/y. Similarly, blue dashed 
line (10%) shows the forcing 
calculated in FAIR as the 
difference between 0.011 
GtC/y and 0.011 GtC/y. 
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iv. Comparison with FAIR model – ramping up 

• CO2 emissions increasing 
linearly from 0.001 GtC/year 
to 0.01 GtC/y over 100 years, 
equivalent to 3.7 MtCO2/year 
→ “Specific emissions”

• FAIR model run for 4 cases, 
varying background emissions 
wrt specific emissions

•
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2. CO2-eq. for non-CO2 effects – Objectives

• Establishing CO2-equivalence between non-CO2 emissions and CO2-emissions for the

two sectors of interest, i.e., agriculture and aviation by:

i. considering different time horizons (not only from 1990 to 2060 as to EP 2050+, but also

extending backward in the past, and possibly further into the future);

ii. considering different reference conditions (1990 emissions levels, pre-industrial emissions

levels, no emissions)

iii. using different scenarios, e.g., Net Zero 2050 Standard, Business as Usual as to EP

2050+,..., including those proposed by the agricultural sector;

iv. applying different approaches, i.e., metrics or models, namely GWP100, GWP20, GWP* and

LWE (Linear Warming Equivalent);

v. developing and implementing methodologies relevant for the different approaches, that are

used not only in this study, but possibly also in future studies based on scenario analysis.
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2. CO2-eq. for non-CO2 effects – Approaches

• software platform available: emETH

• including different metrics
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Allen et al., Environ. Res. Lett. 16 (2021) 074009



2. CO2-eq. for non-CO2 effects – Approaches

• software platform available: emETH

• including different metrics

• acquired, analyzed, and implemented (partially) the EP2050+ data

• key questions: 
• what is the “global” reference? 

• what is the “specific” perturbation?

• what is the onset point in time?
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Allen et al., Annu. Rev. Environ. Resour., 2022
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Allen et al., Annu. Rev. Environ. Resour., 2022
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Allen et al., Annu. Rev. Environ. Resour., 2022
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