
 

 

ESU-services Ltd. Vorstadt 14 CH-8200 Schaffhausen
Niels Jungbluth jungbluth@esu-services.ch T +41 44 940 61 32
Christoph Meili meili@esu-services.ch T +41 44 940 61 35
www.esu-services.ch  F +41 44 940 67 94

 
 

2018 

 

Aviation and Climate Change: Best practice 
for calculation of the global warming 
potential 



 

© ESU-services Ltd. - i -  

 

Aviation and Climate Change: Best prac-
tice for calculation of the global warming 
potential 
Working paper version 31 August 2018. 
 
 

 

 

 
 

Authors 
Niels Jungbluth;Christoph Meili 
ESU-services Ltd. 
Vorstadt 14 
CH-8200 Schaffhausen 
jungbluth@esu-services.ch 
www.esu-services.ch  
Tel. +41 44 940 61 32 
 
 



 

© ESU-services Ltd. - ii -  

Contents 

ABSTRACT IV 

KEYWORDS IV 

SUMMARY V 

1 INTRODUCTION 1 

2 OVERVIEW ON APPROACHES USED IN LIFE CYCLE ASSESSMENT AND 
CARBON FOOTPRINTING 5 

3 RECOMMENDATIONS FOR BEST PRACTICE 11 

4 RESULTS 11 

5 OUTLOOK 12 

6 REFERENCES 12 
 

  



 

© ESU-services Ltd. - iii -  

 

  

Imprint 

Citation 
Niels Jungbluth;Christoph Meili (2018) Aviation and Climate Change: Best practice for calcula-
tion of the global warming potential. ESU-services Ltd. commissioned by ESU-services Ltd., 
Schaffhausen, Switzerland, www.esu-services.ch/de/publications/ 

The company 

ESU-services Ltd., fair consulting in sustainability 
Vorstadt 14, CH-8200 Schaffhausen 
www.esu-services.ch 
Phone 0041 44 940 61 32, Fax +41 44 940 67 94 
jungbluth@esu-services.ch  

About us ESU-services Ltd. has been founded in 1998. Its core objectives are consulting, coaching, train-
ing and research in the fields of life cycle assessment (LCA), greenhouse gas footprints, water 
footprint in the sectors energy, civil engineering, basic minerals, chemicals, packaging, telecom-
munication, food and lifestyles. Fairness, independence and transparency are substantial char-
acteristics of our consulting philosophy. We work issue-related and accomplish our analyses 
without prejudice. We document our studies and work transparency and comprehensibly. We 
offer a fair and competent consultation, which makes it for the clients possible to control and 
continuously improve their environmental performance. The company worked and works for vari-
ous national and international companies, associations and authorities. In some areas, team 
members of ESU-services performed pioneering work such as development and operation of 
web based LCA databases or quantifying environmental impacts of food and lifestyles. 

Liability Statement 
Information contained herein have been compiled or arrived from sources believed to be relia-
ble. Nevertheless, the authors or their organizations do not accept liability for any loss or dam-
age arising from the use thereof. Using the given information is strictly your own responsibility. 

Version 31.08.18 07:35  
https://esuservices-
my.sharepoint.com/personal/mitarbeiter1_esuservices_onmicrosoft_com/Documents/310 RFI 
best practice/Bericht/jungbluth-2018-RFI-best-practice-3.0.docx 



 

© ESU-services Ltd. - iv -  

Abstract 
Aircrafts have a contribution to global warming that is higher than their CO2-emissions alone. 
The gap between science on the one side and the missing of applicable GWP (global-warming-
potential) factors for relevant emissions on the other is a shortcoming for carbon footprint (CF) 
calculations. Here we present the state-of-the-art for accounting. Approaches are ranging from 
RFI (radiative-forcing-index) factors of 1 to 2.7 that can be multiplied with the direct CO2 emis-
sions in order to calculate the total global warming potential of aviation services.  

An RFI of 2 on total aircraft CO2 (or 5.2 for the CO2 in higher atmosphere) is identified as best-
practice because it is based on the correct interpretation of the most recent scientific publica-
tions. This factor can be multiplied with the CO2 emissions in the higher atmosphere for calcu-
lating the GWP of transport services provided by aircrafts. 

Keywords 
global warming potential, aviation, radiative forcing index, climate change, aircraft, transport 
services 
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Summary 

Purpose 
There are specific effects of emissions in high altitude, which lead to a higher contribution of 
aviation to the problem of climate change than just the emission of CO2 from burning fuels. 
The exact relevance is subject to scientific debate, but there is a consensus that aircrafts have 
an impact that is higher than just their contribution due to the direct CO2-emissions. The gap 
between this scientific knowledge on the one side and the missing of applicable GWP (global 
warming potential) factors for relevant emissions on the other side is an important shortcoming 
for life cycle assessment (LCA) or carbon footprint (CF) studies which aim to cover all relevant 
environmental impacts of the transport services investigated. 

Methods 
In this paper the state of the art concerning the accounting for the specific effects of aircraft 
emissions in LCA and CF studies has been identified. Therefore, the relevant literature was 
evaluated, and practitioners were asked for the approaches used by them. 

Results 
Five major approaches are identified ranging from an RFI (radiative forcing index) factor of 1 
(no factor at all) to a factor 2.7 for the total aircraft CO2 emissions. If only emissions in the 
higher atmosphere are considered, RFI factors between 1 and 8.5 are used or proposed in prac-
tice. 

Conclusions 
For the time being an RFI of 2 on total aircraft CO2 (or 5.2 for the CO2 emissions in the higher 
atmosphere) is the best-practice approach to be used in LCA and CF studies because it is based 
on the latest scientific publications, this basic literature cannot be misinterpreted. Furthermore, 
it is also recommended by some political institutions. These factors can be multiplied by the 
direct CO2 emissions of the aircraft to estimate the total global warming potential. 
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1 Introduction 
Climate change is one of the environmental impacts addressed in nearly every life cycle assess-
ment (LCA) and it is in the focus of carbon footprinting (CF). The metrics commonly used for 
the assessment is the global warming potential (GWP). This is expressed in most cases in the 
unit of kilogram of carbon dioxide equivalents per functional unit (kg CO2-eq). Most LCA 
studies use the most recent characterisation factors published by the Intergovernmental Panel 
on Climate Change (IPCC) with the reference year 2013 (IPCC 2013) or sometimes the older 
version with the reference year 2006 (Solomon et al. 2007). The characterisation factors allow 
assessing the relative impact of different greenhouse gases to the problem of climate change. 
Different greenhouse gases such as methane (CH4) or dinitrogen monoxide (N2O) are expressed 
as carbon dioxide (CO2), equivalents. 

These characterisation factors did not change much in the past, based on more recent measure-
ments. The impact of such updates on calculated results was typically in the range of +/-5%.1 
Between 2013 and 2018 no indications on more relevant changes in these characterisation fac-
tors were found within the LCA community2. 

However, there is one specific issue in this context, for which so far, no standardized method-
ology is available. There are several specific effects of emissions by aircrafts in the higher at-
mosphere which lead to a comparable higher contribution of aviation to the problem of climate 
change than just the emission of CO2 (and other greenhouse gases) from burning the aviation 
fuels. The following pathways are discussed (Penner et al. 2000; UBA 2012): 

 Nitrogen oxide (NOx) emissions leading to ozone (O3) formation and methane (CH4) deg-
radation 

 Stratospheric water 

 Contrails 
 Sulphate aerosols reflecting sunlight 

 Soot aerosols absorbing sunlight 
 

Nevertheless, it is difficult to estimate global warming potential (GWP) characterisation factors 
for the different emissions that contribute to the problem and Penner et al. (2000) states: 

“GWP has provided a convenient measure for policymakers to compare the relative climate impacts of two differ-
ent emissions. However, the basic definition of GWP has flaws that make its use questionable, in particular, for 
aircraft emissions. For example, impacts such as contrails may not be directly related to emissions of a particular 
greenhouse gas. Also, indirect RF (radiative forcing) from ozone produced by NOx emissions is not linearly pro-
portional to the amount of NOx emitted but depends also on location and season. Essentially, the build-up and 
radiative impact of short-lived gases and aerosols will depend on the location and even the timing of their emis-
sions. Furthermore, the GWP does not account for an evolving atmosphere wherein the RF from a 1-ppm increase 
in CO2 is larger today than in 2050 and the efficiency of NOx at producing tropospheric O3 depends on concurrent 
pollution of the troposphere. In summary, GWPs were meant to compare emissions of long-lived, well-mixed gases 
such as CO2, CH4, N2O, and hydrofluorocarbons (HFC) for the current atmosphere; they are not adequate to 
describe the climate impacts of aviation. In view of all these problems, we will not attempt to derive GWP indices 
for aircraft emissions in this study. The history of radiative forcing (Figure 1), calculated for the changing atmos-
phere, is a far better index of anthropogenic climate change from different gases and aerosols than is GWP.” 

                                                      
1  https://www.pre-sustainability.com/news/updated-carbon-footprint-calculation-factors, 15.08.2018 
2  https://support.simapro.com/articles/Article/LCA-Discussion-List/, 15.08.2018 
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Figure 1  Radiative forcing from aircraft movements in 2005 and quality of assessments (Lee et al. 
2009)3 

The newer publications of the IPCC do not provide as much details for the contribution of 
aviation anymore as shown in Figure 2. 

                                                      
3  https://www.icao.int/Meetings/EGAP/Presentations/E-GAP_Session%20I_David%20Fahey.Avia-

tion%20Climate.final.pdf 



Introduction 

© ESU-services Ltd. - 3 - 

 

Figure 2  Radiative forcing estimates in 2011 (IPCC 2013:30) 

The exact relevance of the emissions from aviation is still the subject of scientific debate. Some 
of the relevant emissions have a short life time. Thus, the concept of GWP, which has been 
developed for long-lived emissions, is not applicable. Calculations for the contribution of NOx 
to these effects show a high variation. The effect of aircraft emissions depends also considerably 
on the exact location and timing of the emission due to the nonlinear chemistry, which is an 
important difference compared to the effects caused by “normal” greenhouse gases (see 
Solomon et al. 2007, chapter 2, paragraph 2.10.3.4 for further references). Several studies have 
addressed the direct impact of contrails, but the indirect effect of contrails has not yet been 
investigated in detail (Penner et al. 2000:3.6). 

Another study shows that contrail cirrus gives the largest warming contribution in the short 
term but remain important at about 15% of the CO2 impact in several regions even after 100 
years. Results in this paper also illustrate both the short- and long-term impacts of CO2: while 
CO2 becomes dominant on longer timescales, it also gives a notable warming contribution al-
ready 20 years after the emission (Lund et al. 2017). 

On the other side there is not much doubt that aircrafts have an impact on climate change that 
is higher than just its direct contribution due to the CO2 emissions from burning the aviation 
fuels (e.g. UBA 2012). Even if the effects of aviation have a short-time effect and would 
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diminish soon after stopping this technology, this does not seem to be a realistic scenario for 
the time frame of decisions made today with LCA and CF studies and when considering the 
exponential growing importance of aviation today.4 

The gap between this scientific knowledge on the one side and the missing of applicable GWP 
factors on the other side is an important shortcoming for life cycle assessment (LCA) or carbon 
footprint (CF) studies which aim to compare all relevant environmental impacts of transport 
services. 

The application of only the GWP for greenhouse gases thus leads to an underestimation of 
radiative forcing effects caused by aircrafts. 

Different publications calculate so-called radiative forcing index (RFI) factor ranging from 1.9 
to 5 that should be multiplied by the direct CO2 emissions from burning aviation fuels in order 
to account for all climate change effects of aviation (e.g. Grassl & Brockhagen 2007; IPCC 
2001, 2007; Penner et al. 2000). But, so far there is no clear recommendation on a specific 
factor to be used. 

This RFI factor is based on the observation of the present impacts that can be attributed to the 
total aircraft emissions within one reference year. It is assumed that the amount of emissions 
will be more or less in a steady state in order to estimate their contribution to climate change. 
So far it is not related to a specific time frame of observation while GWP can be calculated for 
20, 100 or 500-year time horizons. 

The total RF of aviation is estimated with 0.078 W m-2 in 2005 and represents approximately 
4.9% of total RF from all human activities (Fahey & Lee 2016). 

Based on different publications, IPCC 2013 assesses the combined contrail and contrail-in-
duced cirrus effective radiative forcing for 2011 to be +0.05 (+0.02 to +0.15) W/m² take into 
account uncertainties on spreading rate, optical depth, ice particle shape and radiative transfer 
and the ongoing increase in air traffic (IPCC 2013:610). A low confidence is attached to this 
estimate. 

Since the assessment of the IPCC for 2005 not much new insights have been gained concerning 
the relevance of aviation (Fahey & Lee 2016). Thus, some researchers recommend neglecting 
these effects in global assessments (e.g. Brasseur 2008:38). 

It is not possible to calculate easily characterisation factors for the emissions caused by aircrafts 
which lead to this specific problem and thus the concept of GWP cannot be applied directly. 
There is a lively debate within the scientific community if it makes sense to develop some type 
of metrics for the emissions due to aviation that is comparable to the GWP used for other green-
house gases (Fuglestvedt et al. 2010). This article presents also a literature review for GWP 
developed for all types of transport related emissions. 

The variability of approaches can also be found in practical applications. So far there are many 
approaches used by different carbon footprint calculators and LCA practitioners to deal with 
this issue. A discussion of the approaches used in practice is the focus of this article. For un-
derstanding the different calculations practices some key questions must be answered: 

 Which RFI factor is used by the practitioners in the calculation? 
 Is the RFI factor multiplied by the total CO2 emissions during the operation of the aircraft 

or just with the part of emissions in the higher atmosphere?  
 If the latter approach is used: how has the share of emissions in the higher atmosphere been 

calculated? 
 

                                                      
4  http://data.worldbank.org and ICAO sustainability report 2016 (https://www.icao.int/environmental-

protection/Documents/ICAO%20Environmental%20Report%202016.pdf), online 11.06.2018. 
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The focus of this paper is to evaluate the state of the art and the best practice of accounting for 
the specific effects of aircraft emissions. Therefore, LCA and CF experts were asked directly 
and via different email discussions lists. Furthermore, relevant literature and internet investiga-
tion have been used to find further examples on this issue. It is not an aim of this article to 
provide further knowledge or insights in the complicated matter as such. But, the article should 
help practitioners to interpret and understand the different approaches correctly and apply them 
according to the goal and scope of their studies. A first version as a working paper has been 
published in 2012 on www.esu-services.ch/ourservices/pcf/ and was than updated and extended 
in view of presentations at conferences in 2018. 

2 Overview on approaches used in life cycle 
assessment and carbon footprinting 
Five major approaches for the interpretation of available literature, which are used in practice, 
have been identified during the intensive literature research over the last five years. All found 
approaches are shown in Table 1. They range from an RFI factor of 1 (no factor at all) to an 
RFI factor 2.7 applied on all aircraft CO2 emissions. 

In life cycle inventory analysis (LCI), information about the specific amount of aircraft CO2 
emissions is difficult to extract (e.g. ecoinvent Centre 2010; European Commission 2010; 
Hischier et al. 2001). But, in some databases such as ecoinvent CO2 emissions in the strato-
sphere are accounted for as an emission in a specific sub-compartment (Frischknecht et al. 
2007a; Spielmann et al. 2007). This does allow to assign a specific GWP characterisation factor 
for this sub-category of CO2 emissions in the life cycle impact assessment. 

In ecoinvent data v2.2 for average passenger transports by aircraft, the share of CO2 emissions 
in the lower stratosphere and upper troposphere is 23.9% of the total aircraft CO2 emissions 
(corrected data5 from Spielmann et al. 2007). Thus, it is possible to recalculate the RFI factor 
for this specific share of emissions in the higher atmosphere. The above mentioned RFI factor 
of 1 to 2.7 corresponds then to an RFI factor of 1 to 8.5 that can be applied on the CO2 emissions 
in the lower stratosphere and upper troposphere. The column showing these figures is labelled 
as “RFI, fully on CO2, stratosphere” in Table 1. These basic assumptions are also still valid for 
ecoinvent data v3.4 (ecoinvent Centre 2017). 

1. The first group of approaches does not apply a specific RFI factor to aircraft CO2 emis-
sions. Thus, these approaches take a conservative interpretation of the available litera-
ture and only account for the GWP of greenhouse gases (IPCC 2007, 2013). The inter-
pretation that aircrafts emissions do not have a specific higher impact is mainly made 
by database developers (e.g. European Commission et al. 2011; Frischknecht et al. 
2007b), software providers such as SimaPro (SimaPro 8.5.3), life cycle impact assess-
ment methods (European Commission et al. 2011; Frischknecht et al. 2009; Goedkoop 
& Spriensma 2000; Goedkoop et al. 2009; Huijbregts et al. 2017) and in several inter-
national standards related to LCA and carbon footprinting (e.g. Carbon Trust & DEFRA 
2011; International Organization for Standardization (ISO) 2011; WBCSD & WRI 
2011). Considering the broad range of literature confirming the surplus impacts of air-
crafts concerning climate change these approaches are not considered to be appropriate 
to be used in assessment. 

2. The second group of approaches includes the GWP caused by contrails, water vapor and 
aviation induced cirrus clouds. But, the contribution of clouds is neglected as the esti-
mate is considered to be too uncertain. Thus, this approach can be categorized as 

                                                      
5  An error in ecoinvent data has been discovered while elaborating this working paper and has been 

corrected. The calculation of average contributions by Spielmann (2007:Table 7-7) was erroneous 
and has been corrected with the shares of mode of operation provided by Spielmann (2007:Table 
7-10).  
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minimum estimate of the possible effects (e.g. Ecoplan / Infras 2014:307; Frischknecht 
et al. 2016). 

3. The third group of approaches applies a RFI factor of 2.7-3 only to the CO2 emissions 
in the higher atmosphere (e.g. atmosfair 2008; Grießhammer & Hochfeld 2009; Knörr 
2008). It seems as if it is not clear how the older IPCC publications have to be interpreted 
and if the factor provided in these publications has to be applied to the total CO2 of the 
aircraft or just the part in the higher atmosphere (Grassl & Brockhagen 2007; IPCC 
2007; Penner et al. 2000). This approach was mainly found to be used in the German 
language area. It seems to be based on a report and interpretation published by the Ger-
man federal environmental agency (Mäder 2008). It is used by some companies for cal-
culations necessary to provide carbon offsetting for passenger flights (e.g. atmosfair 
2008). As these approaches are based on partly outdated literature, that is not easy to 
interpret, they are not considered for providing recommendations in this article. 

4. The fourth group of approaches applies a factor of 1.7 to 2 to all CO2 emissions from 
aircrafts, which corresponds to a factor of about 3.9 to 5.2 for emissions in the higher 
atmosphere. This approach is also used in more recent papers published in scientific 
journals (Lee et al. 2009; Lee et al. 2010; Peters et al. 2011). These papers provide clear 
recommendations how they applied and used the RFI factor. The Stockholm Environ-
ment Institute and the German Umweltbundesamt came also to these RFI figures based 
on a more political discussion of different literature sources (Kollmuss & Crimmins 
2009; UBA 2012). This RFI factor is used by at least one company providing carbon 
offsetting services (myclimate 2009). A new but in the range similar calculation has 
been made (Azar & Johansson 2012). They calculated emission weighting factors 
(EWFs) for the CO2 from aircrafts with 5 different metrics (GWP, GTP, SGTP, and two 
economic metrics, relative damage cost (RDC) and a cost-effective trade-off (CE-TO)). 
The range found for the EWF was 1.3 to 2.9. They named 1.7 to be the best estimate 
using the GWP metric. This group of approaches seems to be based on the most recent 
literature. The range of results is confirmed by different independent researchers. Thus, 
this group of approaches seems to be the most appropriate one for a best-guess estima-
tion of the effects. 

5. The last group of approaches is based on the same original literature as the third one 
(IPCC 2007), but interprets the factors 2.7 to 2.8 in a way that it has to be applied to the 
total CO2 released by aircrafts (Frischknecht et al. 2007b; Gössling & Upham 2009). 
This would correspond to an RFI factor of about 8.1 to 8.5 on the CO2 emissions in the 
higher atmosphere. This approach is used by some companies providing carbon offset-
ting services such as Primaklima6 and greenmiles7. As this seems to a misinterpretation 
and overestimation of the effects this group of approaches is not considered for the rec-
ommendations in this article. 

The scenarios calculated by two groups of authors (Frischknecht et al. 2007b; Peters et al. 2011) 
consider also the share of different types of emissions to the total. This would allow calculating 
specific GWP factors for the contribution of single air emissions as described in the beginning 
of this article. Nevertheless, these GWP factors depend on the actual total amount of emissions 
contributing to these pathways and thus it would be more complicated to be updated.  

Another approach to tackle this problem is the characterisation of emissions like water, 
NMVOCs, particulates, NOx, SOx etc. with characterisation factors. Two publications have 
been found that suggest such factors (Fuglestvedt et al. 2010; Lund et al. 2017). We tried to 
apply these factors in our LCA software SimaPro, but different difficulties occurred in the in-
terpretation of the published factors (e.g. they are not provided per kg of emission or infor-
mation concerning the share of emissions in higher and lower atmosphere were missing). Both 
                                                      
6  www.prima-klima-weltweit.de  
7  www.greenmiles.de 
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approaches also still applied an additional factor on the CO2. Results of this calculation seem 
to be lower than the RFI factor recommend by us by a factor of five, but due to the uncertainty 
of the interpretation we refrain from publishing these results here. 

Due to these uncertainties an approach to apply characterisation factors on different single emis-
sions is thus not further followed up in this article because of the high uncertainties while in-
terpreting the available literature. 
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Table 1 Overview on approaches used for the calculation of greenhouse gas emissions related to aviation. If not provided in the publication, the “RFI, fully on CO2, 
stratosphere” has been calculated based on the share of this type of emissions in ESU database 2018. 

Group Application 
RFI, CO2 
stratosp-

here 

RFI, other 
airplane 

CO2 

RFI, fully 
on CO2, 
stratos-
phere 

calculated 
GWP per 

pkm 
Interpretation Scientific background paper 

1 Ecoinvent 1 1 1.0 0.168 Frischknecht et al. 2007b  IPCC 2007  

SimaPro 1 1 1.0 0.168 SimaPro 8.5.3  IPCC 2007  

PAS 2050:2011 1 1 1.0 0.168 
Seperate reporting of aircraft CO2 
is necessary 

Carbon Trust & DEFRA 2011  

ISO/CD 14067.3:2011 1 1 1.0 0.168 
CO2 from aircrafts should be re-
ported seperatly, no recommen-
dation for assessment 

International Organization for 
Standardization (ISO) 2011  

Product Accounting & Report-
ing Standard 

? ? ? ? 

For air travel emission factors, 
multipliers or other corrections to 
account for radiative forcing may 
be applied to the GWP of emis-
sions arising from aircraft trans-
port. If applied companies should 
disclose the specific factor used. 

WBCSD & WRI 2011  

ILCD Handbook 1 1 1.0 0.168 Not mentioned as a specific issue Hauschild et al. 2011  

2 
Frischknecht et al. 2016 
http://www.lcaforum.ch/por-
tals/0/df66/DF66-02_Frisch-
knecht.pdf 

1.35 1.35 1.50 0.210 

Additional GWP caused by con-
trails, water vapor and aviation in-
duced cirrus clouds. Contribution 
of clouds neglected as to uncer-
tain, 70% of CO2 in stratosphere 

Ecoplan / Infras 2014:307, Lee 
et al. 2010 

Forster et al. 2006, 2007, wit-
hout cirrus 

1.2 1.2 1.8 0.192 Gössling & Upham 2009  

Cited as Forster et al. (2006, 
2007), http://www.sciencedi-
rect.com/science/ar-
ticle/pii/S1352231005010587$ 

3 PCF - Germany 2.7 1 2.7 0.216 Grießhammer & Hochfeld 2009  IPCC 2007; Penner et al. 2000 

Atmosfair 3 1 3.0 0.225 atmosfair 2008  

Grassl & Brockhagen 2007 ba-
sed on IPCC 2007 
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Group Application 
RFI, CO2 
stratosp-

here 

RFI, other 
airplane 

CO2 

RFI, fully 
on CO2, 
stratos-
phere 

calculated 
GWP per 

pkm 
Interpretation Scientific background paper 

EcoPassenger 3 1 3.0 0.225 
Based on (atmosfair 2008), calcu-
lated range of total RFI of 1.27 to 
2.5 based on travel distances. 

Knörr 2008  

CO2OL, www.co2ol.de 1.27-2.7 1.27-2.7 3.0 0.225 

Depending on travel distance. 
Own assumption based on 
(Grießhammer & Hochfeld 2009; 
Knörr 2008). 

Knörr 2008  

ESU-services, scenario, 2010 2.99 1 3.0 0.224 
geometric mean of RFI 1.9 to 4.7, 
atmosfair concerning application 
only to CO2, stratosphere 

Grassl & Brockhagen 2007 ba-
sed on IPCC 2007 

4 Stockholm Environment Insti-
tute 

2 2 5.2 0.286 Kollmuss & Crimmins 2009 IPCC 2007  

myclimate 2 2 5.2 0.286 myclimate 2009  Kollmuss & Crimmins 2009 

Lee et al. 2009 2 2 5.2 0.286 N. Jungbluth Lee et al. 2009; Lee et al. 2010 
Klima-Allianz Schweiz 2 2 5.2 0.286 Klima-Allianz Schweiz 2016 Lee et al. 2009; Lee et al. 2010 

Peters et al. 2011 1.9 1.9 4.9 0.280 

N. Jungbluth, Soli: I think, but 
don’t remember 100% sure, that 
the share of air emissions oc-
curing in higher altitudes were 
adapted by the cicero people to 
reflect the aviation industry 
average, but that the fuel use data 
from the air process given in the 
report, were used. 

Peters et al. 2011  

Azar 2012 1.7 1.7 3.9 0.251     
  

This study 2 2 5.2 0.287 
Recomendation for best-prac-
tice 

This paper 

5 Forster et al. 2006, 2007, with 
max. cirrus 

2.8 2.8 8.5 0.381 Gössling & Upham 2009  

Cited as Forster et al. (2006, 
2007) 

ecoinvent, scenario 2.72 2.72 8.2 0.372 Frischknecht et al. 2007b  IPCC 2007  

Primaklima 2.7 2.7 8.1 0.369 
http://www.prima-klima-welt-
weit.de/co2/kompens-berech-
nen.php  

IPCC 2007  
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Group Application 
RFI, CO2 
stratosp-

here 

RFI, other 
airplane 

CO2 

RFI, fully 
on CO2, 
stratos-
phere 

calculated 
GWP per 

pkm 
Interpretation Scientific background paper 

greenmiles 2.7 2.7 8.1 0.369 
Personal communication with Dr. 
Sven Bode (Greenmiles GmbH) 

IPCC 2007  
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3 Recommendations for best practice 
This paper cannot solve all the scientific issues and difficulties behind calculating RFI or GWP 
of aircraft emissions. Nevertheless, it seems to be necessary to better harmonize the approaches 
used in LCA and CF calculations and to provide better guidance on this issue. In the moment 
different approaches come to quite different results and thus have an enormous influence on the 
outcome of studies where emissions from aircrafts play a significant role.  

Different approaches have been evaluated in depth in the previous chapter. The influence on 
the results has been highlighted in Table 1. Currently a characterisation factor (CF) of 2 on total 
aircraft CO2 (or 5.2 for the emissions in the higher atmosphere if using ecoinvent v2.2, ecoin-
vent v3.4 or ESU 2018 data) is seen as the most convincing approach for the following reasons. 
It is based on the different approaches used in scientific publications (Azar & Johansson 2012; 
Lee et al. 2009; Lee et al. 2010; Peters et al. 2011). This basic scientific literature cannot be 
misinterpreted (as it is the case for the third and fifth group of approaches). Furthermore it is 
also recommended by some political institutions (Kollmuss & Crimmins 2009; UBA 2012). 

It is recommended to apply the factor if possible only on the emissions in the higher atmosphere 
because this allows for a better differentiation between short and long-distance flights. Based 
on the evaluations of the state of the art in this article, it is recommended using this factor as a 
best practice approach for the time being. 

While using other databases the average share of emissions in higher atmosphere must be con-
sidered in the calculations and the characterisation factor for CO2 emission in the higher at-
mosphere can be calculated accordingly according to the following formula: 

𝐶𝐹 𝐶𝑂2, 𝑠𝑡𝑟𝑎𝑡𝑜𝑠𝑝ℎ𝑒𝑟𝑒 =
𝑅𝐹𝐼 𝑎𝑙𝑙 − (1 − 𝑆ℎ𝑎𝑟𝑒 𝐶𝑂2, 𝑠𝑡𝑟𝑎𝑡𝑜𝑠𝑝ℎ𝑒𝑟𝑒)

𝑆ℎ𝑎𝑟𝑒 𝐶𝑂2, 𝑠𝑡𝑟𝑎𝑡𝑜𝑠𝑝ℎ𝑒𝑟𝑒
 

 

5.2 =
2 − (1 − 23.9%)

23.9%
 

 

Depending on the goal and scope of their study, LCA practitioners might also apply other ap-
proaches as described in the previous chapter. This article can than help to provide arguments 
in view of such a choice. 

4 Results 
Figure 3 shows the implications of this recommendation for the calculation of the GWP with a 
100 year time horizon according to IPCC (2013) and expressed in carbon dioxide equivalents 
(CO2-eq). Without applying an RFI factor, long and short-distance flights show a carbon foot-
print between 118 and 230 grams of CO2-eq per passenger-kilometre, respectively. Including 
additional impacts in the higher atmosphere rises this to 230 to 340 grams of CO2-eq. Taking 
the RFI factor into account, flying is clearly worse from a global warming point of view than 
other means of passenger transportation compared in Figure 3. Without the application of an 
RFI factor short distance flights would have about the same emissions as average passenger 
cars. 

The results presented in this figure can also be directly compared with the results for an average 
airplane calculated with all approaches investigated in this paper as shown in Table 1. 
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Figure 3 Global warming potential 2013 of different means of passenger transports based on ESU 
database 2018 (ESU 2018; LC-inventories 2018; Spielmann et al. 2007) considering the 
recommended RFI factor of 5.2 for emissions in the higher atmosphere. RER – European 
average, CH – Switzerland, DE – Germany, FR – France, IT - Italy 

5 Outlook 
This recommendation should be revised as soon as the IPCC provides clear recommendations 
on this issue or if new scientific results are published leading to different conclusions. 

This is an ongoing debate. Thus, comments to this paper and its usefulness are highly welcome. 
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